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Abstract

Recent socio-technical developments caused by ongoing digitalization (e.g., robotic process
automation, artificial intelligence, anthropomorphic systems) or the COVID-19 pandemic (e.g.,
an increasing number of remote working employees and hence, increasing number of virtual
collaboration) change the work environment and culture. Digital and smart workplace technol-
ogies facilitate business processes and provide tools for efficient communication and (virtual)
collaboration, “increasing the productivity of the workforce in the information age” (Attaran et
al. 2019, p. 1). Especially in times of the COVID-19 pandemic, digital technologies play a
crucial role in keeping us socially close, connected, and collaborative while increasing the phys-
ical distance between humans. However, this development affects the health of employees
(Tarafdar et al. 2013). In research, for example, it has long been known that the increased usage
of digital technologies and media (DTM) may cause stress, leading to potentially harmful reac-
tions in individuals. Research has noted this specific form of stress as technostress (Ayyagari
etal. 2011; Tarafdar et al. 2007; Tarafdar et al. 2011; Tarafdar et al. 2019), which is an umbrella
term for causes, negative organizational outcomes, and negative humanistic outcomes resulting

from the use of DTM at work.

The simultaneous consideration of humanistic (e.g., well-being, equality) and organizational
outcomes (e.g., efficiency, productivity) is an integral part of a socio-technical system (Beath
et al. 2013; Mumford 2006), which is at the core of the IS discipline (Bostrom et al. 2009;
Chiasson and Davidson 2005). However, a review from Sarker et al. (2019) regarding published
research articles in one of the top journals within the IS community revealed that most reviewed
studies (91%) had focused exclusively on instrumental goals. They conclude that “many IS
researchers have forgotten or ignored the premise that technologies need to benefit humankind
overall (Majchrzak et al. 2016), not just their economic condition” (Sarker et al. 2019, p. 705).
Especially as humanistic outcomes can lead to even more positive instrumental outcomes.
Hence, Sarker et al. (2019) call for focusing on the connection between humanistic and instru-

mental outcomes, enabling a positive synergy resulting from this interplay.

For this reason, this dissertation adopts a socio-technical perspective. It aims to conduct re-
search that links instrumental outcomes with humanistic objectives to ultimately achieve a
healthier use of DTMs at the digital workplace. It is important to note that the socio-technical
perspective considers both the technical component and the social component privileging nei-

ther one of them and sees outcomes resulting from the reciprocal interaction between those two.
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Therefore, the dissertation focuses on the interaction while applying pluralistic methodological
approaches from qualitative (e.g., semi-structured interviews, focus group discussions) and
quantitative research (e.g., collection from a field study or survey research). It provides a theo-
retical contribution applying both behavioral research (i.e., analysis of cause-and-effect rela-
tionships) and design-oriented research (i.e., instructions for designing socio-technical
information systems). Overall, this work addresses four different areas within the reciprocal
interaction between the social and technical components: the role of the technical component,
the role of the social component, DTMs fostering a fit between the technical and social compo-

nents, and the imminent misfit between these two due to ongoing digitalization.

First, to contribute to an understanding of the technical component’s role, this thesis presents
new knowledge on the characteristics and features of DTM and their influence on employee
health and productivity. Research on the design of digital workplaces examined different design
approaches, in which information exchange and sharing documents or project support were
regarded (Williams and Schubert 2018). However, the characteristics of DTM also play an es-
sential role in the emergence of technostress (Dardas and Ahmad 2015). This thesis presents
ten characteristics of DTM that affect technostress at an individual’s workplace, including a
measurement scale and analysis on how these characteristics affect technostress. Besides, also,
the provision of functional features by DTMs can affect instrumental outcomes or humanistic
objectives. For example, affording users with certain kinds of autonomy regarding the config-
uration of DTM while they work towards their goals could have a tremendous effect on pursu-
ing goals and well-being (Patall et al. 2008; Ryan and Deci 2000). Therefore, this thesis presents
knowledge regarding the design of DTM on the benefits of affording users with autonomy.
Furthermore, it shows that merely affording more autonomy can have positive effects above

and beyond the positive effects of the actualization of affordance.

Second, to contribute to an understanding of the social component’s role, this thesis presents
new knowledge on contextual and individual factors of social circumstances and their influence
on employee health and productivity. In this context, the influence of the COVID-19 pandemic
on the intensity of technostress among employees is considered, as work became more digital
almost overnight. Therefore, this thesis provides empirical insights into digital work and its
context in times of the COVID-19 pandemic and its effect on employees’ well-being, health,
and productivity. Furthermore, measures to steer the identified effects if the situation in the
course of the COVID-19 pandemic persists or comparable disruptive situations should re-occur
are discussed. On the other hand, this research takes a closer look at the effect of an individual
1|
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preference regarding coping styles in dealing with upcoming technostress. A distinction is made
between the effects of two different coping styles, namely active-functional and dysfunctional,
on strain as a humanistic outcome and productivity as an instrumental outcome. In the course
of this, evidence is provided that coping moderates the relationship between the misfit within
the socio-technical system and strain as proposed by the psychological theory of job demands-
resources model (Demerouti et al. 2001).

Third, to contribute to a successful fit between the technical and social components, this thesis
presents frameworks and guidelines on the design of DTM, which understand the social com-
ponent (here the user and her/his environment) and adjust accordingly to the needs of their
users. Therefore, the thesis provides knowledge on the design of DTMs that support users in
applying stress management techniques and build the foundation for stress-sensitive systems
(i.e., systems that aim to mitigate stress by applying intervention measures on the social and
technical component (Adam et al. 2017)). As a matter of fact, a framework for collecting and
storing data (e.g., on the user and her/his environment) is developed and experiences with im-
plementing a prototype for life-integrated stress assessment are reported. The experiences from
this and the existing knowledge in the literature will finally be aggregated to a mid-range design

theory for mobile stress assessment.

To contribute to the fourth and last aspect, the imminent misfit within the socio-technical sys-
tem due to ongoing digitalization, this thesis presents new knowledge regarding digital work
demands that potentially affect both employees’ health and instrumental outcomes. The current
version of technostress’s theoretical foundation was introduced more than ten years ago by
Tarafdar et al. (2007). However, the interaction with and use of DTM has considerably changed
along with the societal and individual expectations. Therefore, this thesis puts the current con-
cept of technostress to test. As a result, a new theory of digital stress, as an extension of the
concept of technostress, is proposed with twelve dimensions — instead of five dimensions within
the concept of Tarafdar et al. (2007) — that could be hierarchically structured in four higher-
order factors. This theory holistically addresses the current challenges that employees have to

deal with digitalization.

To sum up, this dissertation contributes to the IS community’s knowledge base by providing
knowledge regarding the interaction between employees and their digital workplace to foster

the achievement of humanistic and instrumental outcomes. It provides both behavioral research
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and design-oriented research while using pluralistic methodological approaches. For this pur-
pose, this thesis presents knowledge about the different components within the socio-technical
system, design knowledge on DTMs fostering the fit between these components, and an under-
standing of an upcoming misfit due to the ongoing digitalization. Overall, this research aims to

support the successful change towards a healthy digital workplace in the face of digitalization.
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Introduction

1. Introduction
1.1.Motivation

Recent socio-technical developments caused by ongoing digitalization (e.g., robotic process
automation, artificial intelligence, anthropomorphic systems) significantly change the work en-
vironment, individual’s work, and collective work practices (Barley et al. 2017; Forman et al.
2014). Employees are connected to their digital workplace using cloud services and mobile
devices (Mazmanian 2013), physical teamwork is often replaced by work in virtual teams (Gil-
son et al. 2015), and, while utilizing knowledge-sharing platforms and collaboration tools, com-
munication with others takes place via instant messaging, social media, and teleconferencing.
Especially in times of the COVID-19 pandemic, digital technologies and media (DTM) play a
crucial role in keeping us socially close, connected, and collaborative while increasing the phys-
ical distance between humans. This transformation also influences what is expected to be the
“new normal” after the COVID-19 pandemic, when it is anticipated that employees will in-
creasingly work in teleworking settings. However, all of these developments influence employ-
ees’ health (Tarafdar et al. 2013), affecting their physiological, psychological, and social well-
being (World Health Organization 1988).

In the past, political and labor union actors have focused on many different topics (e.g., worker
participation in companies, fair pay, annual leave, sick pay, occupational health and safety)
(Deutscher Gewerkschaftsbund 2019). The health of employees has also been and remains of
central interest here. The physiological aspect of health has been given more attention, which
1s why various regulations focus on maintaining employee’s physiological health. For example,
blue-collar workers (i.e., industrial workers and craftsmen) must wear personal protective
equipment and participate in safety training, while white-collar workers (i.e., those in office,
trade, service, and similar jobs) are encouraged to use ergonomic and stable chairs and low-
reflection surfaces. While physiological health is important, the increasing pervasion of DTM
at employees’ workplaces also strains their psychological health. This risk is currently receiving
a great deal of attention from political and labor union actors (CDU, CSU & SPD 2018; Hoff-
mann 2018).

The changes caused by the rapid development and dissemination of DTM (e.g., virtual and
augmented reality, blockchain, internet of things, bring your own device/identity, knowledge

graphs, and (explainable) artificial intelligence) are mainly related to the way employees work
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(often with each other) and how they interact with their workplace (Benson 2002; Miller-Mer-
rell 2012). Employees today are confronted with an unprecedented acceleration of change due
to an avalanche of new products and production processes (Cooper 2006) — a development that
may lead to worry, uncertainty, and new work environment risks (Cooper 2006). For example,
it has long been known that the increased usage of DTM may cause a specific form of stress
known as technostress (Ayyagari et al. 2011; Brod 1984; Tarafdar et al. 2007; Tarafdar et al.
2011; Tarafdar et al. 2019). Technostress can, on the one hand, lead to various problematic
organizational outcomes (e.g., employees are more dissatisfied with their job, perform worse,
and often think about changing jobs or professions) (Gimpel 2019). On the other hand, tech-
nostress relates to harmful humanistic outcomes (e.g., employees tend to assess their health
status as worse, are more exhausted, and frequently report psychological impairments or ill-
nesses) (Gimpel et al. 2018b). Overall, digitalization is accompanied by problems in balancing
work and private life (van Zoonen et al. 2016), increased exhaustion due to availability require-
ments (Dettmers et al. 2016), quantitative and qualitative work overload (Yun et al. 2012), and

a range of other potential challenges to employee health.

A change in German occupational health and safety legislation addressed this issue of increas-
ing psychological demands at work and tried to prevent this. Sect. 5 para. 3 cl. 6 ArbSchG!
states that employers are responsible for reducing employees’ psychological demands at work
to a necessary minimum. Accordingly, employers are obliged to conduct regular psychological
risk assessments, take appropriate countermeasures if necessary, and document the whole pro-
cess (sect. 5 para. 1 and 2 and sect. 6 para. 1 ArbSchG). Furthermore, sect. 4 cl. 3 and 5
ArbSchG regulates what should be considered when implementing countermeasures, which as-
pects should be considered, and how these aspects should be prioritized. Despite this change in
the law, there are challenges in practice, both in assessing the psychological risk for employees
and in selecting and taking appropriate countermeasures (e.g., choice of the assessment instru-
ment, competence in using an assessment instrument, support in the selection of a measure, and
review of the effectiveness of a measure) that make it incredibly difficult for small and medium-

sized enterprises to comply with the legal requirements.

Three levers can act as starting points to address the increase in employees’ psychological risk
the technological lever, the organizational lever, and the individual lever (Schlick et al. 2018).

! Occupational Safety and Health Act of 71" August 1996, as amended by the Second Data Protection Adjustment
and Implementation Act EU of 20" November 2019
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The technological lever refers to the use of well-designed DTMs. The organizational lever re-
fers to organizational structures, processes, and guidelines (e.g., code of conduct, operating
instructions, briefing, and workplace design). The individual lever refers to countermeasures
that address the individual employee’s behavior, whereby this lever is to be used in subordina-
tion to the previously mentioned levers. In general, regardless of the lever chosen, state-of-the-
art and sound scientific knowledge should be taken into account when selecting and implement-
ing countermeasures. It is precisely this interaction of technological, organizational, and indi-
vidual aspects and their effect on humanistic and organizational objectives that represent the
core of the information systems (1S) discipline (Bostrom et al. 2009; Chiasson and Davidson
2005). Nevertheless, “many IS researchers have forgotten or ignored the premise that technol-
ogies need to benefit humankind overall, not just their economic condition” (Sarker et al. 2019,

p. 705) and mostly focus on organizational objectives.
1.2.The Role of Digital Technology and Media for Employees’ Health

Information technology (IT) is one of the most important driving forces in business in the 21st
century (Agarwal and Lucas 2005). Traditionally, the IS discipline examines the interface be-
tween IT and organizations (Peffers et al. 2007). In doing this, the 1S discipline sees itself as an
applied research discipline, frequently adopting theory from other disciplines — most notably
economics, computer science, and psychology — to inform a central core of knowledge con-
cerning IT (Agarwal and Lucas 2005). The IS research community values these various points
of contact with others (Agarwal and Lucas 2005; Banville and Landry 1989) and calls for fur-
ther diversity in theoretical foundations and research methods (Robey 1996). In the context of
IS research, IT is understood to include technologies involving the development, maintenance,
and use of computer systems, software, and networks to process and distribute data to individ-
uals and processes (Merriam-Webster n.d.). However, it should be noted that there are now
many different types of IT, most of which are used simultaneously, and they interact with the
user as well as with each other. This “combination of information, computing, communication,
and connectivity technologies” (Bharadwaj et al. 2013, p. 471) is what will comprise DTM in

this dissertation.

The IS research community’s identity has evolved since its inception. For example, according
to Hevner et al. (2004), IS research investigates the interaction between people, organizations,
and technology. Lee et al. (2015) refer to IS as a system consisting of a technology component,
an information component, and a social component, where the whole is greater than the sum of
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its parts. In essence, however, the socio-technical tradition for uniquely studying IT and its
relationship with individuals and social collectives (Bostrom and Heinen 1977a, 1977b) is re-
tained, while primary understandings of the individual components and their interaction

changes.

Based on this socio-technical tradition, a system itself consists of two self-contained but inter-
acting components. On the one hand, the human-created technical component is “used to solve
a problem, achieve a goal or serve a purpose that is human-defined, human perceived or human
felt” (Lee et al. 2015, p. 8). It can consist of many different IT components (e.g., hardware and
software, digital identities, data, and sources) (Ryan et al. 2002) and, therefore, is used synon-
ymously with DTM throughout this dissertation. On the other hand, social components include
humans (as individuals or social collectives) and their relationships and attributes, such as social
capital, structures, cultures, and economic systems (Ryan et al. 2002). According to the socio-
technical view, neither the technical nor the social component deserves a privileged position: it
is the harmonious optimization of both together that matters (Pava 1983; Wallace et al. 2004),

as it leads to a balanced and synergistic relationship (Griffith et al. 1998).

Suppose the technical and social components are not properly aligned and there is friction in
the reciprocal interaction. In that case, the result will be harmful humanistic outcomes and neg-
ative organizational outcomes. In the past, IS mostly focused on instrumental goals, such as
efficiency and productivity, since the consideration of humanistic objectives was seen as risky
or expensive (Mumford 2000) and, therefore, not economically viable (Sarker et al. 2013a).
However, a pure focus on instrumental objectives can, for example, lead to dehumanizing ef-
fects (Moore and Piwek 2017), a society focused on efficiency and control (Orlikowski and
Scott 2015), technostress (Tarafdar et al. 2007), problematic use of social media (Turel and
Qahri-Saremi 2016), and work-life conflict due to technological intrusion (Sarker et al. 2018).

These harmful humanistic outcomes can, ultimately, also affect instrumental objectives.

Hence, IS research must not consider both components separately but must, instead, develop
knowledge about their reciprocal interaction (Sarker et al. 2019). In addition, Lee, former edi-
tor-in-chief of MIS Quarterly (one of the most respected journals within the IS research com-
munity), argues that neither the social nor the technical should have an “incidental” or minor
role in this interaction. The focus on harmony/joint optimization between the technical and the
social is important because reciprocal interaction hopefully helps to achieve instrumental ob-

jectives (e.g., higher productivity) as well as humanistic objectives (e.g., greater job satisfaction
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and well-being) (Wallace et al. 2004). It is important to stress that these are not entirely inde-
pendent of each other. Instead, they influence one another, as the achievement of humanistic
objectives can support the realization of instrumental objectives. Figure 1 visualizes the inter-
play between the technical and social components as well as the humanistic and instrumental

objectives resulting from reciprocal interaction.

However, it is necessary to design socio-technical systems properly and, at the same time, un-
derstand the effects of the design on the reciprocal interaction between the social and technical
components. These different perspectives make a pluralism of methods necessary. For example,
methods from the design science paradigm shape the socio-technical system, and the behavioral
science paradigm’s methods contribute to understanding the resulting change in the reciprocal

interaction.

,-- Socio-Technical System ----=--------m-mmmmmm oo .

vd —\ / TN
s
Technical - Social
\ Component / \ Component /
o)
== S_ &

~

Instrumental Humanistic

Objectives Objectives
(e.g., productivity, work efficiency, (e.g., health state, well-being,
economic profitability, sickness absence) job satisfaction, quality of work life)

Figure 1: The Socio-Technical System following Sarker et al. (2019)

Although the IS research community has a crucial role to play in achieving humanistic and
instrumental objectives, especially in the course of digitization and the transition to the digital
workplace, a review by Sarker et al. (2019) shows that published research articles in one of the
top journals within the IS community have focused almost exclusively on instrumental goals in
the past. Moreover, Goes (2013) concludes that, in reality, very few IS works take a pluralist

approach.
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1.3.Aim and Outline of this Dissertation

Sarker et al. (2019) call for a focus on the link between humanistic and instrumental outcomes
caused by the reciprocal interaction between the technological and social components, which
is the core of the IS discipline (Bostrom et al. 2009; Chiasson and Davidson 2005). Responding
to this call, the research in this dissertation adopts a socio-technical perspective. It aims to link
instrumental objectives with humanistic objectives in order to contribute to the achievement of
healthier DTM usage in digital workplaces. It is important to note that the socio-technical per-
spective considers both the technical component and the social component, privileging neither,
and seeks outcomes resulting from the interaction between the two. Therefore, this dissertation
focuses on the interaction while applying pluralistic approaches from both qualitative (e.g.,
semi-structured interviews and focus group discussions) and quantitative (e.g., field study notes
and survey research) research methodologies. It provides a theoretical contribution by linking
behavioral research (i.e., analysis of cause-and-effect relationships) with design-oriented re-
search (i.e., instructions for designing socio-technical IS). Overall, this work addresses four
different areas that are dependent on positionality within the interaction: the role of the technical
component, the role of the social component, the role of DTM in fostering a fit between the
technical and social components, and the imminent misfit between these two components due

to ongoing digitalization.

First, in order to contribute to an understanding of the technical component’s role, this disser-
tation presents new knowledge on the characteristics and features of DTM and their influence
on employee health and productivity. Previous research on digital workplaces’ design examined
different design approaches regarding information exchange and sharing documents or project
support without the impact on technostress (Williams and Schubert 2018). In addition, the char-
acteristics of DTM play an essential role in the emergence of technostress (Ayyagari et al.
2011). However, the current literature does not examine individual technologies’ characteristics
but, instead, asks in general terms about the characteristics perceived by employees in the work-
place. The risk here is that employees mix their perception of using many different DTMs,
perhaps even with those they use at home. Thus, there is a distortion in the reporting of percep-
tion and an inadequate assessment of technology characteristics. Accordingly, it makes more
sense to capture the characteristics of the individual DTMs and understand a digital workplace
as a combination of several characteristics. This dissertation presents ten characteristics of

DTM that affect technostress at an individual’s workplace, as well as a measurement scale and
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analysis of how these characteristics affect technostress. Here, the different characteristic pro-
files of the DTMs used in the workplace are recorded individually and then combined to form
a workplace portfolio profile to avoid biases. Moreover, DTMs functional features can affect
instrumental objectives or humanistic objectives. For example, affording users with certain
kinds of autonomy regarding the configuration of DTM while they work toward their goals
could have a tremendous effect on pursuing goals and well-being (Patall et al. 2008; Ryan and
Deci 2000). However, most DTMs that are used to support users in goal attainment mainly
focus on an appealing design or a wide selection of features (Zhao et al. 2016) and neglect the
potential positive effects of providing autonomy by making a DTM, for example, more adapt-
able to the user’s needs (Pinder et al. 2018). Therefore, this dissertation presents knowledge
regarding the benefits of designing DTM to afford users autonomy. Furthermore, it shows that
merely affording users more autonomy can have positive effects above and beyond the positive

effects of the actualization of the affordances.

Second, to understand the social component’s role, this dissertation presents new knowledge
on the contextual and individual factors of social circumstances and their influence on employee
health and productivity. In this context, the influence of the COVID-19 pandemic on the inten-
sity of technostress among employees is considered. One of the key measures that many com-
panies use to increase their employees’ physical distance is telework, enabling employees to
remain productive. Therefore, work became digital almost overnight, while DTMs played a
crucial role in keeping us socially close, connected, and collaborative. However, this increase in
telework and the accountable lockdown as a measure to contain SARS-CoV-2 led to an unparal-
leled duality of, on the one hand, freeing workers from job design constraints in terms of time,
location, routines, and autonomy while, on the other hand, leaving them alone with deficient
technical, organizational, and social support. Therefore, this dissertation provides empirical in-
sights into digital work and its context during the COVID-19 pandemic, specifically its effect
on employees’ well-being, health, and productivity. Furthermore, measures to steer the identi-
fied effects if the COVID-19 pandemic persists or comparable disruptive situations should re-
occur are discussed. Research has already identified several organizational and individual fac-
tors that positively moderate the relationship between stress induced by DTM use and health
and organizational outcomes (Srivastava et al. 2015; Tarafdar et al. 2015). All of these benefi-
cial factors are outside the individual’s scope of influence. However, little is known about the
actual behaviors or thoughts that individuals deploy to mitigate harmful effects. Coping re-

sponses concerning technostress are under-studied, and interdisciplinary theoretical enrichment
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between psychological literature and IS research is needed (Tarafdar et al. 2019). Therefore,
this research takes a closer look at the effects of individual preferences regarding coping styles
in dealing with increasing technostress. A distinction is made between the effects of two differ-
ent coping styles, namely active-functional and dysfunctional, on the strain, ultimately threat-
ening humanistic objectives and productivity as an instrumental objective. In the course of
making this distinction, evidence is provided that coping moderates the relationship between
the misfit within the socio-technical system and strain as proposed by the psychological theory

of job demands-resources model (Demerouti et al. 2001).

Third, to contribute to a successful fit between the technical and social components, this disser-
tation presents frameworks and guidelines for DTM designs that understand the social compo-
nent (here, the user and her/his environment) and adjust accordingly to their needs users.
Several IS researchers have made explicit calls for developing neuro-adaptive IS, which recog-
nize the user’s neurophysiological state and positively adapt to it (Riedl 2012; Vom Brocke et
al. 2013). For example, Adam et al. (2017) propose a simple design blueprint for stress-sensitive
adaptive enterprise systems (i.e., systems that aim to mitigate stress by applying intervention
measures to the social and technical components). However, the primary challenge in building
such systems is the reliable assessment of employee stress. Therefore, DTM sensing capabilities
need to enable a mobile-based, data-driven approach using user, environment, and user-envi-
ronment interaction data. Various instantiations have already demonstrated such systems’ fea-
sibility for different application scenarios (Gimpel et al. 2015, 2019b; Lane et al. 2011; Lu et
al. 2012; Wang et al. 2014). However, these systems have many commonalities — for example,
regarding their architecture — general guidelines on how to design mobile stress assessment
systems do not yet exist. This dissertation provides knowledge on DTM designs that support
users in applying stress management techniques, building the foundation for stress-sensitive
systems. A framework for collecting and storing data (e.g., on the user and her/his environment)
is developed, and experiences with implementing a prototype for life-integrated stress assess-
ment are reported. Based on experiences with this prototype and the available knowledge from

previous literature, a design theory for mobile stress assessment is developed.

In order to address the fourth and last aspect, the imminent misfit within the socio-technical
system due to ongoing digitalization, this dissertation presents new knowledge regarding digital
work demands that potentially affect both humanistic and instrumental objectives. Tarafdar et
al. (2007) introduced the current version of technostress’s theoretical foundation more than ten
years ago. However, the sheer number and functionalities of DTMs have increased enormously
8
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since that introduction. Furthermore, interaction with these DTMs has changed considerably
due to availability, a changed individual and social view of DTMs, and digitalization expecta-
tions. This raises the question of whether the concept of “technostress” is still up to date and
suits the prevailing circumstances of the information age in which digital technologies infiltrate
all domains of life. Therefore, this dissertation addresses the call for research of Fischer et al.
(2019) and puts the current technostress concept to the test. As a result, a new theory of digital
stress, as an extension of the concept of technostress, is proposed. This theory includes twelve
dimensions — instead of the five dimensions proposed by Tarafdar et al. (2007) — that can be
hierarchically structured according to four higher-order factors. This theory holistically ad-
dresses the current challenges that employees experience in relation to digitalization.

In sum, this dissertation contributes to the IS community’s development by providing
knowledge regarding the interaction between employees and their digital workplace in order to
foster the achievement of humanistic and instrumental objectives. For this purpose, this disser-
tation presents knowledge about the components within the socio-technical system, the types
of DTM design that foster the fit between these components, and the future misfit due to ongo-
ing digitalization. The theoretical background in Chapter 2 presents foundational knowledge
about employee health and the digital workplace, followed by an introduction to methodologi-
cal approaches in IS research, specifically regarding the interplay between behavioral science
research methods and design science research methods. Chapter 3 explores the technical com-
ponent’s role within the reciprocal interaction and provides descriptive and prescriptive
knowledge on the characteristics and features of DTM and their influence on employee health
and productivity. Chapter 4 explores the social component’s role within the reciprocal interac-
tion and provides descriptive knowledge on the contextual and individual factors of social cir-
cumstances and their influence on employee health and productivity. Chapter 5 presents DTMs
that contribute to a successful fit between the technical and social components and provides
descriptive and prescriptive knowledge in the form of frameworks and guidelines for DTM
designs that understand the social component (here, the user and her/his environment) and ad-
just accordingly to the needs of users. Chapter 6 investigates the imminent misfit within the
socio-technical system due to ongoing digitalization and provides descriptive knowledge about
the feared drawbacks for the social component in future reciprocal interactions with the tech-

nical components. Finally, Chapter 7 draws meta-inferences, discusses the results in light of


The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5

Introduction

limitations, and provides a future research path. Figure 2 summarizes this dissertation’s struc-
ture, arranging Chapters 3 through 6 within the reciprocal interaction between the social and

technical components.

Chapter 1 Introduction I

(&, 777773 Theoretical and Methodological Background I

Chapter 4
The Effect of the The Effect of the Social
Technical Component Component

Digital Technology and Media
to Promote the Socio-Technical Fit

Perceived Misfit in
Modern Socio-Technical Systems

_‘Teulmu ol Reciprocal Interaction .,‘ clal
Component Component
(0 7727 A Discussion and Conclusion I

Figure 2: Structure of this Doctoral Dissertation

During the process of developing this dissertation, parts of Chapters 3 through 6 were published
in conference papers as part of a regular scholarly discourse or are under consideration for joint
publications with coauthors.? Major parts of Chapter 3 conform with Becker et al. (2020a) and
Gimpel et al. (2020b). Major parts of Chapter 4 conform with Regal et al. (2020) and Becker et
al. (2020b). Major parts of Chapter 5 conform with Beckmann et al. (2017), Gimpel et al.
(2019b), and Bonenberger et al. (2020). Major parts of Chapter 6 conform with Gimpel et al.
(2020a).

2 This doctoral thesis follows the “Promotionsordnung der Mathematisch-Naturwissenschaftlich-Technischen Fa-
kultéat der Universitat Augsburg (in der Fassung vom 21.5.2014)* and the “Handreichung des Instituts fiir Materials
Resource Management (MRM) fur Doktorandinnen und Doktoranden zur Einbindung von Vorverdoffentlichungen
in eine monografische Dissertation im Rahmen einer Promotion zum Dr.-Ing. an der Mathematisch-Naturwissen-
schaftlich-Technischen Fakultit (MNTF) der Universitdt Augsburg (in der Fassung vom 09.01.2020).
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Theoretical and Methodological Background

2. Theoretical and Methodological Background

The following sections are partly comprised of content taken from published research articles
included in this dissertation (see Section Aim and Outline of this Dissertation). To improve the

readability of the text, | omit the standard labeling of these citations
2.1.Employee Health and Technostress

The World Health Organization (1988) defines health as a “state of complete physical, mental,
and social well-being” whereby these three facets influence each other. In the past, the physio-
logical health of employees has always been of primary concern for employers. For example,
there are regulations for blue-collar workers (i.e., industrial workers and craftsmen), such as
personal protective equipment and safety training, to protect them from negative health conse-
guences. There are also regulations for white-collar workers (i.e., office, trade, service, and
similar jobs) that are aimed mainly at the physiological aspect of health, such as frequent rests,
ergonomic and stable chairs, and low-reflection surfaces. While physiological health is im-
portant, as digitalization inundates the workplace, demands affecting employees’ mental health
are becoming increasingly relevant (CDU, CSU & SPD 2018; Hoffmann 2018). German occu-
pational health and safety legislation was changed in 2013 to address and prevent this issue of
increasing psychological demands at work. Although employers were already responsible for
their employees’ psychological health, this responsibility became anchored in law via this leg-
islative change; thus, it became more prominent (e.g., employers are obliged to conduct regular
psychological risk assessments and take appropriate countermeasures if problems are identi-
fied).

The World Health Organization has reported that stress’ effect on mental well-being has be-
come one of the health epidemics of the 21st century. The concept of stress has been extensively
researched in psychology and biology for many years, resulting in various definitions. While
some describe stress from a purely response-based view (Aamodt 2012), others explain stress
as an independent variable causing a reaction (Earnshaw and Cooper 2000). This dissertation
mainly builds on the Transactional Model of Stress (TMS) from Lazarus and Folkman (1984),
one of the most widely-referenced models for understanding human stress in 1S research (Adam
et al. 2017; Ayyagari et al. 2011; Ragu-Nathan et al. 2008). Lazarus and Folkman (1984) con-

ceptualize stress as a two-way process that involves the production of and response to stressors:
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Stress occurs when an individual recognizes that the demands of stimuli are beyond its per-
ceived coping opportunities, which is similar to viewing “perceived stress [...] as an outcome
variable — measuring the experienced level of stress as a function of objective stressful events,

coping processes, personality factors, etc.” (Cohen et al. 1983, p. 386).

The human mind is constantly challenged by physical or psychological stressors (Lu et al. 2012;
Riedl and Javor 2012), which can come from internal or external stimuli, that influence our
mental or physiological resources (Varvogli and Darviri 2011). Examples of physical stimuli
are noise (Smith and Jones 1992), temperature (Jewell 1998), and vibration (Ayyagari et al.
2011). The range of psychological stressors is much broader, but in a workplace context, these
might, for example, originate from an organizational context (e.g., work overload (Cooper et
al. 2001), corporate culture (Cooper and Cartwright 1994), and role overload (Narayanan et al.
1999). Further, stressors can also result from DTM use (Tarafdar et al. 2007) and different
private and individual aspects of human life; for example, positive or negative life events
(Holmes and Rahe 1967) can be psychological stressors too.

Stressor consequences are the result of complicated psychological and biological processes.
Various sensors in the human body transmit information about the perception of a stressor to
the brain. First, the thalamus and frontal cortex receive information from different sensors about
the perception of an acute stressor, such as loud music or the breakdown of a computer system
(Riedl 2013). Following this, a set of cognitive processes (i.e., mental processes or activities
that occur between the processing of the stressor and the associated reaction) start to happen
and influence each other (Carpenter 2016). During the cognitive process known as the primary
appraisal, the brain unconsciously analyzes the stressor’s importance in terms of taxing or ex-
ceeding an individual’s own resources (e.g., objects, conditions, personality traits, energies that
are important or useful (Hobfoll and Wells 1998) and classifies stressors as stressful (i.e., taxing
or exceeding resources), challenging (i.e., not taxing or exceeding resources), or irrelevant (i.e.,
no significance for well-being or goal achievement). In addition to assessing a stressor’s rele-
vance, the chances of successful coping (i.e., cognitive and behavioral efforts to master, reduce,
or tolerate the stressor (Lazarus and Folkman 1984) are also evaluated. This is particularly rel-
evant if a stressor 1s classified as “taxing or exceeding resources” in the primary appraisal. In
order to address a stressor, another cognitive process — the secondary appraisal — examines the
availability of coping resources (such as an individual’s health, energy, social network, support
systems, skills for problem-solving, money, tools, and equipment), which form the basis for
assessing the chances of successful coping and are relevant for the actual implementation of
12
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coping measures later on. It is important to emphasize that the naming conventions of primary
and secondary appraisal do not imply a sequential order. On the contrary, they influence each
other and work recursively (Carpenter 2016). The interaction of these two has the potential to
lead to an immediate short-term stress reaction when resources are taxed or exceeded and the
chances of successful coping are low. The stress reaction can be distinguished by physiological,
psychological (specifically, cognitive-emotional), and behavioral reactions (Vollmann and
Weber 2011). Increased blood pressure, heartbeat, or skin conductivity are indicators of a phys-
iological response. Psychological reactions manifest, for example, in the form of feelings of
inner restlessness or dissatisfaction, emotions such as fear or anger, or even in thinking blocks.
Behavioral responses include, among others, hasty and hurried behavior (e.g., eating quickly,
not taking breaks), non-targeted work behavior, increased conflict behavior toward others, as
well as in the form of small nervous tics (e.g., frequently looking at the cell phone, wiggling
the foot). It is important to remember that it is possible for a short-term stress response to ex-

press itself in many forms.

Depending on the cognitive processes, the limbic system initializes an emotional reaction. The
hypothalamus activates the autonomic nervous system’s sympathetic division and releases
adrenaline into the bloodstream; this serves as preparation for the “fight-or-flight”-response
(Riedl 2013). The parasympathetic division of the autonomic nervous system is also triggered,
activating the corticotropin-releasing hormone (Riedl 2013) and triggering adrenocorticotropic
hormone release (Riedl 2012), which stimulates cortisol release into the bloodstream (Riedl
2013). Cortisol mediates the physiological and behavioral stress responses (Dickerson and Ke-
meny 2004; Foley and Kirschbaum 2010) to cope with the immediate stress reaction and
achieve a resting state called homeostasis by enhancing blood sugar and delaying unimportant
bodily processes, like digestion. While cortisol can lead to positive changes in perception, cog-
nition, behavior, and health, enduring or repeated enhancements of stress hormones may have

detrimental long-term effects (e.g., burnout, increased sickness absence, dissatisfaction, etc.).

This immediate (short-term) reaction can be mediated by applying coping measures by employ-
ing various response strategies to combat realized or upcoming strain. Gentry (1984) distin-
guishes between two different types of coping: problem-focused and emotion-focused. In
problem-focused coping, the strained person attempts to change or influence the stressful situ-
ation. Potential strategies include requesting assistance and social support (Thoits 1995) or re-
moving the stressor by turning down loud music. In contrast, emotion-focused coping attempts
to influence the emotional arousal caused by stressors by building mental boundaries (Koffer
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2015; Koffer et al. 2015). According to Lazarus and Folkman (1987), the application of coping

measures mediates the short-term reaction and, especially, the emotional response.

In addition to this short-term stress reaction in the sense of acute stress, there are also longer-
term effects due to the repeated experience of stress reactions. Long-term reactions to stress are
commonly referred to as strains; Cassidy et al. (2003) distinguished three types of strains: phys-
ical, emotional, and behavioral. Possible physical reactions include the release of the stress
hormone cortisol (Riedl 2013), increased heart rate (Trimmel et al. 2003), and elevated blood
pressure (Boucsein 2009). Emotional and behavioral strains affect the human psyche, leading
to poor judgment (Smith et al. 2014) or moodiness (The American Institute of Stress 2014). It
should be noted that the immediate stress reaction, as a short-term reaction, and strains, as a
long-term reaction, run parallel. Coping also plays an essential role in long-term reactions
(Lazarus and Folkman 1987). However, the role of coping as a mediator or moderator has not
yet been clarified in research as it differs according to context, coping measure, and outcome.
Thus, some research studies examine coping as a mediator (Bolger 1990; Lazarus 1993;
Somerfield and McCrae 2000), some as a moderator (Lin et al. 2010b; Parkes 1994;
Pirkkalainen et al. 2019), and some examine both using an exploratory approach (Dardas and
Ahmad 2015; Devereux et al. 2009; Frese 1986).

Figure 3 presents the TMS, whereby the temporal order of the process steps is interchangeable,
referring to the “recursive” nature of stress (Lazarus and Folkman 1987). Hence, an outcome
of a situation (i.e., the situation after the use of coping measures to address a stressor) can
become the antecedent of a new situation (in terms of stressors or changes in the availability of

personal or coping resources) and vice versa.

Primary Appraisal Emotion-Based
Immediate Effects Strain
Stressors I — .
Physologca
Physical —_— > BB Fsychological = e
’ - Problem-Based =
Psychological q
Secondary Appralsal T
P
— Cognitive Appraisal — Coping
T considered in | moderates

Figure 3: The Transactional Model of Stress®

3 Please note that although not shown here, the TMS is recursive. Furthermore, immediate stress reactions (in terms
of short-term effects) and strains (in terms of long-term effects) can occur in parallel.
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Previous studies have shown that the usage of DTM may cause stress, leading to potentially
harmful reactions in individuals. This specific form of stress has been given the name “tech-
nostress” (Ayyagari et al. 2011; Brod 1982, 1984; Tarafdar et al. 2007; Tarafdar et al. 2011;
Tarafdar et al. 2019), which is an umbrella term for causes, negative instrumental outcomes,

and harmful humanistic outcomes resulting from the use of DTM at work.

Brod (1984, p. 16) introduced the term “technostress” and described it as “a modern disease of
adaptation caused by an inability to cope with the new computer technologies in a healthy man-
ner,” illuminating the phenomenon from an early perspective. Later, Tarafdar et al. (2007, p.
304) emphasized that “in the organizational context, technostress is caused by individuals’ at-
tempts and struggles to deal with constantly evolving [information and communication tech-
nologies] and the changing physical, social, and cognitive requirements related to their use.”
Hence, employees might experience technostress due to an increased usage of DTM in the
workplace (Ragu-Nathan et al. 2008).

In their recent review of technostress literature, Tarafdar et al. (2019) classified research on
technostress into the following categories: creators, consequences, technological and environ-
mental conditions, moderators of the creators, and outcomes. The five most-cited technostress-
ors are those characterized by Tarafdar et al. (2007) as follows: techno-complexity refers to
situations where employees do not feel able to handle job-related DTMs due to a perceived lack
of skills; techno-insecurity relates to employees’ fear of being replaced by new DTMs or other
employees, resulting in job loss; techno-invasion is connected to blurred boundaries between
work-related and personal periods; techno-overload consists of situations where employees
have to work faster, longer, and harder due to DTM usage; and, finally, techno-uncertainty
describes employees’ confusion about DTM use caused by new developments regarding tech-

nologies applied within the organization.

The described factors may lead to strain as a psychological, physical, or behavioral response to
technostressors (Atanasoff and Venable 2017). In this context, several studies have already
dealt with different facets of strain, such as mental exhaustion (i.e., feeling burned out and
drained (Ayyagari et al. 2011; Srivastava et al. 2015) or problems of psychological detachment
(Barber et al. 2019; Santuzzi and Barber 2018). Furthermore, technostress is associated with
adverse organizational outcomes, such as lower productivity (Tarafdar et al. 2007; Tarafdar et

al. 2015), lower job satisfaction, and lower employee loyalty to the employer (Tarafdar et al.
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2011). Hence, technostress is at the core of IS because it affects organizational outcomes and

humanistic objectives.

To discover methods and aspects for reducing technostress, Ragu-Nathan et al. (2008) investi-
gated three situational factors and organizational mechanisms. First, technical support can help
to reduce technostress when new DTMs are introduced and changed rapidly, forcing users to
constantly adapt. Second, literacy facilitation describes an organizational approach in which
users are encouraged to share their experiences and knowledge about new DTMs. Third, in-
volvement facilitation means that users are consulted about implementing new technologies
and actively encouraged to try them out, reducing technostress. These technostress inhibitors
operate as moderators between technostress and job satisfaction, organizational commitment,
and continued commitment. Further, individual moderating variables, such as technology self-
efficacy (Tarafdar et al. 2015), and personality traits, such as openness, agreeableness, neurot-
icism, and extraversion (Srivastava et al. 2015), have been identified as factors that influence
technostress levels. Ayyagari et al. (2011) emphasized the role different DTM characteristics
play in terms of technostress; following this, a user’s perception of features of a DTM can lead
to stress-creating stimuli, which can create responses and outcomes for the user (strains) (Ay-
yagari et al. 2011; Salo et al. 2019).

The next subchapter provides more detail about how digitalization has made workplaces even
more digital and, thus, posed a greater risk of increasing mental demands and emerging tech-

nostress.
2.2.Digital Workplace as Socio-Technical Systems

The term digital workplace is not a neologism in the course of digitalization, as Jeffrey Bier
had already introduced it in the early 1990s. Since then, our understanding of a digital work-
place has undergone several fundamental shifts. Recent socio-technical developments caused
by ongoing digitalization (e.g., artificial intelligence, robotic process automation, anthropo-
morphic systems, etc.) or the COVID-19 pandemic (e.g., an increasing number of remote em-
ployees, which has led to an increasing amount of virtual collaboration) have dramatically
changed the work environment. The additional rapid development and dissemination of DTM
have further changed the way employees work, as well as how they interact with their work-
places (Benson 2002; Miller-Merrell 2012). As a result, the traditional ways of working are
gradually being abandoned in favor of DTM use (Gimpel 2019; Mulki et al. 2009).
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The change has taken and is taking place on both the technical and organizational levels. Shorter
technology cycles accelerate the process of change, and new challenges become more pressing.
In most cases, it is not the technical innovations that pose problems for companies but, rather,
the organizational ones (Afreen 2014). Nowadays, employees are often connected to their work-
place through cloud services and mobile devices, a phenomenon that profoundly affects the
balance between work life and private life (Mazmanian 2013). Additionally, regular physical
teamwork is more often replaced by work in virtual teams (Gilson et al. 2015), meaning that
communication with others takes place via instant messaging, social media, and teleconferenc-
ing, while collaboration occurs through the utilization of knowledge-sharing platforms and col-
laboration tools (Colbert et al. 2016; Haas et al. 2015).

Therefore, the objective in designing productive digital workplaces, which has gained relevance
in past years, is to improve collaboration and communication within the organization (Yalina
2019). DTMs facilitate business processes and provide tools for efficient communication and
(virtual) collaboration, “increasing the productivity of the workforce in the information age”
(Attaran et al. 2019, p. 1). Digital workplace design is crucial for employees’ productivity,
especially for knowledge workers (Koffer 2015; Yalina 2019). However, what a digital work-
place is and how it is defined is rather general and aspirational when described in the literature.
In an effort to grasp the essence of digital workplaces, Williams and Schubert (2018) reviewed
academic and practical literature and identified three thematic categories: organization, people

and work, and technology.

First, organization refers to a change in corporate culture in the process of creating a new work-
place design. This is intended to lay the foundation for a suitable framework for the design of
digital workplaces. For example, from a material point of view, the digital workplace requires,
in a narrower sense, a change in space design and available equipment, as well as, in a broader
sense, location-based and temporal flexibility. Williams and Schubert (2018) go even further
and state that location is irrelevant for a digital workplace, regardless of whether tasks are per-
formed alone or with others. Especially during the COVID-19 pandemic, DTMs, which provide
flexibility regarding where and when employees work, play a crucial role in keeping us socially
close, connected, and collaborative while increasing the physical distance between humans.
Sophisticated mobile devices allow white-collar work to take place anytime, anywhere (Davis
2002). Some companies have even considered partially or entirely (e.g., the Git-repository host-
ing service provider GitLab and the web search engine DuckDuckGo) eliminating traditional
offices (Mulki et al. 2009). Especially for white-collar workers, the barriers in time and space
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are no longer determined by technological constraints. From a cultural point of view, the intro-
duction of digital workplaces is accompanied by a fundamental change in organizational struc-
tures and the culture of communication and collaboration. Therefore, Dery et al. (2017) argued
that responsive leadership is essential. This kind of leadership refers to how management pri-
oritizes the activities that focus on the development and continuous improvement of the em-
ployee experience in the organization. A change in management mindset is necessary to support
this shift in focus. Examples of responsive leadership include facilitating workplace design,
being open to employee opinions, providing time and space for feedback, remaining curious

about new technologies and new approaches to work, and focusing on systemic learning.

Second, employee acceptance is also of central importance to a successful transition to a digital
workplace. Therefore, a key strand in all definitions is a focus on people and work. The digital
workplace should provide the conditions that enable people to be productive in their work
(Drakos 2019; Marshall 2015; Robertson 2015). It should also be predictive and intelligent “so
that it is able to anticipate the requirements of the user for data, information and knowledge”
(White 2012). Specific emphasis is given to supporting information/knowledge work, employee
engagement, collaboration, and information sharing (White 2012). Specifically, Dery et al.
(2017) emphasized that employee connectedness is crucial for effective digital workplaces. For
this reason, employees’ literacy skills need to be developed (Bahadur and Yadav 2015) so that
they can use today’s available technology effectively (van de Velde and Hantson 2011). The
employees who are most harmed by digital workplace shifts are those who lack the necessary
support to help them develop the skills and capabilities needed to make successful use of tech-
nology (Eisenberg et al. 2006; Goad 2002). Pemberton and Robson (1995) suggested frequently
evaluating employees’ skills and offering advanced training to ensure practical skill develop-

ment.

Third, definitions of the digital workplace focus heavily on underlying technologies, character-
izing them as an integrated platform that provides all of the tools and functionality required to
support people and their work practices while enabling flexible and integrated working condi-
tions (Robertson 2015; White 2012). Hence, a digital workplace contains a collection of DTMs
that enable new and more effective ways of working while raising employee engagement and
agility, as well as taking advantage of consumer-oriented styles and technologies (Gartner
2020). Bharadwaj et al. (2013, p. 471) defined digital technologies as “combinations of infor-
mation, computing, communication, and connectivity technologies” and referred to the im-
portance of the interplay of digital technologies, which include social, mobile, analytics, cloud
18
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technologies, and the Internet of Things (Sebastian et al. 2017). A productive digital workplace
Is characterized by the ability of every stakeholder to access digital technologies and the possi-
bility of interaction without any physical limitations (Dahlan et al. 2018). Digital technologies
can be characterized in different ways depending on the point of view (e.g., along with their
physical components, depending on the data treatment, or whether humans are involved or not)
(Berger et al. 2018). Overall, prior research has taken different perspectives to analyze the im-
pact on technostress. For example, to focus on abstract characteristics of single digital technol-
ogies (Hung et al. 2015; Salo et al. 2019; Westermann et al. 2015) or the focus on digital
technologies in general (Ayyagari et al. 2011; Tarafdar et al. 2007).

These three categories are continually changing in the course of digitalization, and these
changes have an impact on employees and their health via the digital workplace. To understand
the relationship between the different aspects of a workplace and humanistic and instrumental
outcomes, Bakker and Demerouti (2007) developed their Job Demands-Resources Model (JD-
R). According to the JD-R model, different workplace aspects can be categorized as either job
demands or job resources. Job demands are physical, psychological, social, or organizational
aspects of the job that require an individual’s effort and skills. These demands also form the
foundation of internal or external stimuli, which are described as stressors by the TMS.* Exam-
ples of such job demands are workload, organizational changes, emotionally demanding inter-
actions, and computer problems. In contrast, job resources are aspects of the workplace that
help achieve goals, reduce job demands, or foster personal growth, learning, and development
(Bakker and Demerouti 2007; Demerouti et al. 2001). Put in the language of the TMS, these
job resources can either strengthen employees’ mental resources (i.e., their personal resources)
or form the foundation for the application of coping measures.® Examples of personal resources
include resilience, self-efficacy, optimism, and some facets of personality. Autonomy, feed-
back, coaching, team climate, and support are examples of job resources. Where the TMS cat-
egorizes all long-term effects as strain, the JD-R tries to determine the effects of the complex
interplay of demands and resources in terms of the motivation and health of employees. For
example, deficiencies in work design or persistent excessive stress factors lead to the exhaustion
of employees’ mental and physical resources, which can have deleterious health effects. Sim-

ultaneously, resources reduce the influence of job demands on health-related effects (Bakker

4 In the remainder of this dissertation, the terms “stressor” and “demand” are used synonymously and refer to
internal or external stimuli that have the potential to induce stress.

5 In the remainder of this dissertation, the term “resource” refers to both an employee’s personal resources and the
job resources that either strengthen personal resources or provide opportunities for coping.
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and Demerouti 2007; Xanthopoulou et al. 2007). Additionally, the availability of resources can
lead to high commitment, low cynicism, and intrinsic motivation. Consequently, resources and
coping measures play an important role in dealing with demands and influence the relationship
between these and the resulting effects. Ultimately, the motivation and health of the employee

determine the organizational outcomes.

Regarding digital workplaces, the complex interplay of physical, cultural, and technological
arrangements leads to new demands (e.g., blurring boundaries between private and business life
and constant changes regarding the availability and functionality of DTMs). At the same time,
new job resources (e.g., location-based and temporal flexibility and DTMs’ ability to adapt to
users’ needs) for dealing with these arise and become necessary. This results in changes in
health-related and work-related effects, as well as influencing job performance. Hence, the JD-
R reflects the close connection between humanistic and instrumental outcomes and is, therefore,
suitable for research from a socio-technical perspective, while the TMS provides a sound foun-
dation for understanding cause-and-effect relationships regarding stress.

Figure 4 visualizes the causal relationships and interrelations. The model illustrates the rela-
tionships between the individual terms, embeds them in a common context, and focuses on the
concepts upon which this dissertation is based. The model does not claim to be complete and is
simplified in some parts for purposes of comprehensibility.
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Theoretical and Methodological Background

2.3.Research Methods in Information Systems

Two research paradigms are predominant in the IS research community: behavioral science and
design science (March and Smith 1995). While the original differentiation was between “design
science” and “natural science,” Hevner et al. (2004) favored the label of “behavioral science”
over “natural science,” as the IS discipline is considered to be more of a social and business

science than a natural science.

The behavioral science paradigm seeks to develop and justify theories that explain and predict
organizational and human phenomena while analyzing, designing, implementing, and applying
IS (Hevner et al. 2004). Hence, behavioral science is theory-based and empirical. It describes
what is and tries to explain why it is so, thus extending propositional knowledge or the so-called
Q-knowledge (comprising descriptive and explanatory knowledge). In contrast, the design sci-
ence paradigm aims to “add to knowledge of how things can and should be constructed or ar-
ranged (i.e., designed) [...] to achieve a desired set of goals” (Hevner et al. 2019, p. 3). Hence,
design science relies on existing natural or behavioral theories to derive technical components
that act in socio-technical systems (Hevner et al. 2004), thus extending applicable (or prescrip-
tive) knowledge or A-knowledge (Gregor and Hevner 2013).

Hevner et al. (2019) distinguished six different roles research can adopt in relation to behavioral
science and design science. Role 0 extends the Q-knowledge-base by understanding the prob-
lem space. Role one to role four extend the A-knowledge-base by providing prescriptive
knowledge about the design of DTM. Role 1 refers to the design of a technical component that
is built and evaluated over multiple, iterative rounds (Sonnenberg and Vom Brocke 2012), role
two refers to the design of a technical component and the associated processes and procedures
for its deployment and use, role three refers to the design of a technical component as well as
the (re)-design of an entire socio-technical system, and role four refers to development or re-
finement of new design theories. The last role, role five, refers to the usage of a DTM as a
creativity tool within a design science research project; hence, it does not provide knowledge
to the Q-knowledge-base or the A-knowledge-base. Within a single design journey, several re-
search activities can take place, each taking on a different role, leading to the continuous re-
finement and development of knowledge (Vom Brocke et al. 2020). In each research activity,
however, a knowledge chunk (i.e., a reproducible research activity that results in evaluated

knowledge) is created that enables progress within the design journey (Vom Brocke et al. 2020).
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Although behavioral science and design science are two separate research paradigms, Hevner
et al. (2004) argued that both should complement one another. They may compete for scarce
resources (e.g., research effort, time, money), but they also share the same perspectives. They
ask different questions or solve different problems using different methods and approaches, but
their questions and methods are not incommensurable (Strangmeier 2008). However, there is a
clear difference in temporality between these two research approaches (Hevner et al. 2004).
Behavioral science is seen as reactive and retrospective, as it looks backward and tries to explain
what already exists. In contrast, design science is legitimated through proactively creating tech-
nological solutions for the future. It works to develop new artifacts as responses to identified
problems and needs. Hence, March and Smith (1995) characterized behavioral science as

providing “descriptive” knowledge and design science as providing “prescriptive” knowledge.

Researchers must draw from both knowledge bases to develop valuable new artifacts or inves-
tigate artifacts in use (Gregor and Hevner 2013). Studies in behavioral science focus on under-
standing the social component’s behavior in interaction with the technical component by
applying data collection techniques and ultimately deriving explanations and descriptive
knowledge. These explanations and knowledge (i.e., the truth of explained use behavior) inform
the development of theories and guidelines for creating artifacts by applying design research
methods (e.g., action design research). Design science aims to create and evaluate technical
components that offer possible solutions to identified problems (i.e., the utility of newly de-
signed artifacts). The designed components can then be applied within a socio-technical system
in order to understand the relationship between the social component and the technical compo-
nent —and, thus, the effect on reciprocal interaction (as a focal point within behavioral science)
— or to provide data collection techniques (as a facilitator for behavioral science). Figure 5 vis-
ualizes the interaction between design science research and behavioral science research and

shows how they enrich each other.

IS Artifacts
Provide Utility

Design Behavioral
Science Research Science Research

~

IS Theories
Provide Truth

Figure 5: The Relationship between Design Science and Behavioral Science
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Both paradigms use different research methods, which can be categorized into three groups.
First, qualitative research methods are based on constructive paradigms (i.e., appropriate meth-
ods overcome “the naive findings of the world” and enable the construction of knowledge and
science) and focus on analyzing narrative data (Tashakkori and Teddlie 2003b). Examples of
qualitative research methods are expert interviews, focus group discussions, prototyping, and
literature analysis. Second, quantitative research methods are based on positivist paradigms
(i.e., knowledge is based strictly on evidence that is genuine, perceptible to the senses, and
verifiable) and focus on analyzing numerical data (Orlikowski and Baroudi 1991). Examples

of quantitative research methods are laboratory or field experiments, surveys, and simulations.

The combination of qualitative and quantitative research methods comprises the third category.
Mixed-methods research techniques are based in multiple paradigms and focus on analyzing
both narrative and numerical data (Tashakkori and Teddlie 1998a, 2003a). Generally, mixed-
methods research designs should be distinguished from the often synonymously used term,
multi-method research designs (Mingers 2001), as they differ conceptually (Venkatesh et al.
2013). A mixed-methods research design utilizes quantitative and qualitative research methods
(e.g., survey and focus group interviews, prototyping, and field experiments) to answer the re-
search questions (Tashakkori and Teddlie 2003a). In contrast, a multi-method research design
focuses either on applying multiple qualitative (e.g., case study and expert interviews) or mul-
tiple quantitative research methods (e.g., laboratory and field experiment) (Teddlie and Tashak-
kori 2003). Mixed-methods designs offer the ability to “address confirmatory and explanatory
research questions,” to “provide stronger inferences than a single method or worldview,” and
to “produce a greater assortment of divergent and/or complementary views” (Venkatesh et al.
2016, p. 437). Similarly, Creswell (2014, p. 216) argued that researchers “gain a complete un-
derstanding of the research problems” by using mixed-methods strategies. Moreover, mixed-
methods approaches are seen as desirable in IS research with respect “to understanding and
explaining complex organizational and social phenomena” (Venkatesh et al. 2013, p. 22).
Hence, a mixed-methods approach is considered suitable for the analysis and design of socio-

technical systems in the context of work.

This doctoral dissertation applies both behavioral and design science paradigms in primarily
mixed-methods research designs to enable more complementary insights into the socio-tech-
nical system in the context of work in order to derive a more profound understanding of the
reciprocal interaction between the social component and the technical component, ultimately
producing both descriptive and prescriptive knowledge. The dissertation’s overall objective is
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to add to the body of knowledge regarding the design of socio-technical systems that link both
instrumental and humanistic objectives to ultimately achieve a healthier use of DTMs in digital

workplaces.

Chapter 3 engages both behavioral science and design science and employs qualitative and
quantitative research methods to gain descriptive and prescriptive knowledge about the tech-
nical component related to reciprocal interaction. Chapter 4 mainly engages behavioral science
and employs mixed-methods approaches to gain descriptive knowledge about the social com-
ponent related to reciprocal interaction. Chapter 5 engages both behavioral science and design
science and employs qualitative and quantitative research methods to gain descriptive and pre-
scriptive knowledge about the technical component fostering the reciprocal interaction with the
social component. Chapter 6 engages behavioral science and employs a mixed-methods ap-
proach to gain descriptive knowledge about the social component’s perceived misfit in the fu-

ture reciprocal interaction with the technical component.
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3. Analyzing the Effect of the Technical Component

The digital workplace of employees consists of both technical and social components, whereby
technical components are designed to "solve a problem [or] achieve a goal” (Lee et al. 2015, p.
8), thereby supporting employees in the context of social components. Nowadays, technical
components as DTMs are taking on a variety of forms, such as enabling employees to stay
connected to the digital workplace from anywhere via cloud services and mobile devices (Maz-
manian 2013), offering different types of communication services with varying degrees of me-
dia richness, or enabling knowledge-sharing platforms and collaborative tools (Colbert et al.
2016; Haas et al. 2015). Over the course of this process, Ayyagari et al. (2011) emphasized the
role different DTM characteristics play in terms of technostress; based on this, a user’s percep-
tion of the features of a DTM can lead to stress-creating stimuli, which can create responses
and outcomes for the user (strains) (Ayyagari et al. 2011; Salo et al. 2019). Therefore, the re-
search within this chapter focuses on the technical component’s characteristics and features, as
well as their influence on employee health and productivity. Section 3.1 presents descriptive
knowledge regarding characteristics of DTM that affect technostress at an individual’s work-
place, including a measurement scale and analysis on how these characteristics affect employee
health. Subsequently, Section 3.2 presents prescriptive knowledge regarding the design of DTM
upon the benefits of affording users autonomy and the effect on employee health and produc-
tivity. Major parts of Chapter 3 conform with Becker et al. (2020a) and Gimpel et al. (2020b).

3.1.Analyzing the Effect of Technology Characteristics

Digitalization, driven by a wide variety of DTMs, has led to multifaceted changes for individ-
uals, economies, and society (Fitzgerald et al. 2013; Gimpel et al. 2018a). DTMs are ubiquitous
in private but also in business lives. They have changed the workplace from a narrowly defined
and time-bound place to a partly virtual and temporally and locally independent existence
(Zuppo 2012). At the beginning of the year 2020, the COVID-19 pandemic led to the imposition
of confinement or contact restrictions in many countries. Work was transferred to home offices
where possible. For many, this meant a new level of virtual work. This may have a long-term
impact on the equipment of many workplaces with DTMs and their use even after the end of
the pandemic.
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DTMs include devices like smartphones or tablets but also applications that can facilitate busi-
ness processes by providing tools for inter- and intra-organizational communication and col-
laboration (Zuppo 2012). Today's workplace does not only consist of a single DTM but many,
which enable effective ways of working (Gartner 2020). The design of the digital workplace
has become an important factor in increasing the productivity of knowledge workers (Koffer
2015). However, the increased usage of DTMs in the changing world of work may cause tech-
nostress, leading to potentially negative reactions in individuals (Ayyagari et al. 2011; Tarafdar
et al. 2007; Tarafdar et al. 2011; Tarafdar et al. 2019).

In the last years, researchers focused on different aspects of technostress, including technostress
creators (e.g., Tarafdar et al. (2007)), strains (e.g., Gimpel et al. (2018b)), technostress inhibi-
tors (e.g., Ragu-Nathan et al. (2008)) and coping behaviors (e.g., Pirkkalainen et al. (2019)).
Ayyagari et al. (2011) emphasized the question of which role the different characteristics of
DTMs play in terms of technostress. The characteristics of DTMs refer to the functional and
non-functional features perceived by the user, which can be pursued directly or indirectly. Many
other researchers followed the call of Ayyagari et al. (2011) that their list of proposed charac-
teristics might not be exhaustive and that the introduction of new DTMs in the future might also
result in new characteristics. Therefore, Maier et al. (2015) analyzed characteristics of enter-
prise resource planning systems, Salo et al. (2019) focused on characteristics of social network
services, and Hung et al. (2015) regarded mobile phone characteristics influencing technostress.
In summary, there exist additional characteristics resulting from further research focusing on
specific technologies or contexts that extend the list of Ayyagari et al. (2011). However, to
eliminate the black box phenomenon between DTMs and technostress, further research is
needed. Currently, there is no research that uses the extended list of characteristics to analyze
their influence on technostress and no review of whether there are also other characteristics

beyond that.

Furthermore, Ayyagari et al. (2011) analyzed the influence of DTM characteristics on tech-
nostress by incorporating all DTMs that are used at the workplace of their respondents without
referring to a specific DTM. Therefore, it is not ensured that respondents only think about one
DTM they use at work when answering the questionnaire. Instead, it is conceivable that the
respondents mix their perception of using many different DTMs, maybe even with those they
use at home. This is also one of the significant drawbacks that Ayyagari et al. (2011) mentioned
themselves in their limitations section. However, analyzing the relation between the character-
istics of one specific DTM and technostress might seem to be by far more precise and concrete,

27


Defining#_CTVL001baf4b17f23bb4278b46de33bf30ac706
Designing#_CTVL0019fde6b495b5944459f6dc205266a0059
Designing#_CTVL0019fde6b495b5944459f6dc205266a0059
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
Crossing#_CTVL00104998adb70894767a1417e5cf8f18705
The#_CTVL001207adacfc34e4cde8b9b9b6781b2eb39
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
Digitaler#_CTVL001d90959e0308d43e0b3bb285cbcb83606
Digitaler#_CTVL001d90959e0308d43e0b3bb285cbcb83606
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
Deliberate#_CTVL0011f3a139a96d24fc288077118f8d55c79
Deliberate#_CTVL0011f3a139a96d24fc288077118f8d55c79
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Enterprise#_CTVL00174eb612c288a475291c0652486cb8197
Enterprise#_CTVL00174eb612c288a475291c0652486cb8197
Technostress#_CTVL00132eedfdaefd045328ef19cf5644ecdd7
Technostress#_CTVL00132eedfdaefd045328ef19cf5644ecdd7
Does#_CTVL00190f2c6e59d9040b89ec8ec1a571ff792
Does#_CTVL00190f2c6e59d9040b89ec8ec1a571ff792
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085

Analyzing the Effect of the Technical Component

as it does not mix-up and allow for bias when participants have different technologies in mind.
On the other side, it does not properly reflect reality. Typically, people use a combination, and
hence, the assessment of technostress incorporates the experiences with multiple DTMs and not
only with a specific DTM. However, there are no considerations to assess the characteristics of
specific DTMs building DTM profiles in order to summarize these across all DTMs used at the
user's workplace to explain the connection with technostress. Research on the design of digital
workplaces examined people-focused and process-focused design approaches, in which infor-
mation exchange and sharing documents or project support was regarded, without the impact
on technostress (Williams and Schubert 2018). Therefore, an understanding of the characteris-
tics of DTMs, their interplay at the workplace, and how they influence technostress will be
valuable as it can assist developers of digital technologies and designers of workplaces in a way

that can prevent technostress.

Therefore, we aim to add to technostress literature by addressing the following three research
questions (RQ):

RQ1) Which characteristics of digital technologies with relation to technostress exist?
RQ2) How does the characteristic profile of specific digital technologies look like?

RQ3) What is the influence of characteristic profiles of digital technologies used at the work-
place on technostress?

In order to answer our research gquestions, we apply a mixed-methods design. First, we concep-
tualize the relevant characteristics of DTMs based on extant literature and qualitative research.
Next, to be able to evaluate the characteristics quantitatively, we collect existing item scales,
develop new multi-item scales where necessary, and perform an initial reliability and validity
test of our scales via card-sorting and a quantitative pre-test. Then, we further validate the scales
in a large-scale survey with both exploratory factor analyses (EFA) and confirmatory factor
analyses (CFA). Based on survey data, we develop characteristic profiles of multiple specific
DTMs used at the respondent’s workplace and determine their influence on technostress using

structural equation modeling (SEM).

Section 3.1 is structured as follows: The first subsection introduces the theoretical background,
including the characteristics of DTMs that have already been found to influence technostress.
Following this, the methodology is presented, while the subsequent subsection describes the

development of the DTM profiles based on interviews with experts and focus groups as well as
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a survey with 4,560 users of digital technologies in different organizations. The next subsection
analyzes the relationship between the developed DTM profiles of specific technologies with
technostress. Finally, the last subsection within Section 3.1 discusses these results and con-

cludes this section.

Theoretical Background

The objective of digital workplaces is to improve collaboration and communication in the or-
ganization (Yalina 2019). Digital workplaces are characterized by the set of DTMs provided to
execute one's work effectively, irrespective of the location, and whether the task is performed
alone or with others (Williams and Schubert 2018). Bharadwaj et al. (2013, p. 471) refer to the
importance of the interplay of DTMs. Elements of a digital workplace include DTMs accessible
by every stakeholder and interaction is possible without any physical limitations (Dahlan et al.
2018). The design of a digital workplace is crucial for the worker’s productivity, especially for
knowledge workers (Koffer 2015; Yalina 2019). Dery et al. (2017) illustrated how one could
successfully design digital workplaces to drive organizational success. They mention that pos-
itive employee experiences of collaborating with others and dealing with the complexity of
digital workplaces enable innovation and name possible improvements for the digital work-
place, including fast log-in and mobility, but do not consider the possible effects on the indi-

viduals® well-being.

Besides the positive effects of the use of DTMs including an increase in productivity, effective-
ness, and efficiency (Bharadwaj 2000; Melville et al. 2004), research has shown the potential
of DTMs to cause technostress (Brod 1984; Ragu-Nathan et al. 2008). Technostress is not cre-
ated by a DTM itself but emerges from the interaction of human users with DTMs. Whether
technostress emerges depends on the user’s resources, capabilities, assessments, and the type
of DTM (Gimpel 2019). Ayyagari et al. (2011) developed a technostress framework consisting
of the main concepts of stress (technostress creators and strains) and the IT artifact consisting
of DTM characteristics (see Figure 6).

DTM » Technostress » Strains
Characteristics Creators

Figure 6: Technostress Framework by Ayyagari et al. (2011)

Following this framework, a user’s perception of features and attributes of a DTM (DTM char-

acteristics) can lead to stress-creating stimuli, which again create responses and outcomes for
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the user (strains) (Ayyagari et al. 2011; Salo et al. 2019). The most recorded strain is the nega-
tive effect on end-user satisfaction, followed by job satisfaction, performance, productivity, and
organizational commitment (Sarabadani et al. 2018). Tarafdar et al. (2007) stated that higher
technostress results in lower productivity. Ragu-Nathan et al. (2008) showed that technostress
creators decrease job satisfaction as well as organizational and continuance commitment. Both
are emphasized by Tu et al. (2005), who found that next to lower productivity, also higher
employee turnover can result out of technostress. Concerning individuals' health, Mahapatra
and Pati (2018a) found that, in an Indian context, techno-invasion and techno-insecurity can
lead to burnout, which, in turn, is associated with several negative outcomes on the organiza-
tional and individual level including lower productivity, job satisfaction, and higher absentee-
ism as well as depression and anxiety (Maslach et al. 2001). For German employees, Gimpel et
al. (2018b) found that higher levels of technostress go along with a higher number of people
reporting to suffer from headaches, fatigue, sleeping problems, and exhaustion, for example.

DTMs can be characterized in different ways depending on the point of view, e.g., along with
their physical components, approaches, and concepts (Berger et al. 2018). Concerning the link
of DTMs with technostress, prior research analyzed characteristics of single DTMs (Hung et
al. 2015; Salo et al. 2019; Westermann et al. 2015) or DTMs in general (Ayyagari et al. 2011,
Tarafdar et al. 2007). Analyzing social networking services as one DTM, Salo et al. (2019)
found two main characteristics: (1) self-disclose features regarding information about oneself
and (2) information cue paucity referring to the limited, one-sided information delivery. Hung
et al. (2015) characterized mobile technologies by high accessibility, mobility, ubiquity, and
connectivity. Additionally, Westermann et al. (2015) found that push notifications are often
assessed to be disturbing, which can also be seen as a characteristic. Ayyagari et al. (2011)
defined characteristics of DTMs in general based on how individuals perceive them in use.
Ayyagari et al. (2011) found six characteristics categorized in usability, dynamic, and intrusive
features. Usability features are usefulness, complexity, and reliability. The single dynamic fea-
ture is the pace of change. Intrusive features are presenteeism and anonymity. Adding to these

six characteristics, Tarafdar et al. (2019) mention mobility.

Research Process

As we strive to answer three interconnected questions, our research process is divided into three
parts, each of them applying a combination of various methods. We conduct a mixed-methods

approach, as described by Venkatesh et al. (2013). It includes and integrates qualitative as well
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as quantitative investigations, which, according to Venkatesh et al.'s (2013) scheme, serve de-
velopmental purposes.

First of all, we aim to identify the characteristics of DTMs that relate to technostress. For iden-
tifying and conceptualizing the characteristics of DTMs, we follow steps one to six of the pro-
cess of MacKenzie and Podsakoff (2011). We conduct a literature research and interviews with
experts and focus groups. Based on this, we develop multi-item survey scales for the character-
istics of specific DTM. The scales and individual items are refined based on results from card-
sorting regarding their content and face validity. Next, we perform a pre-test and an exploratory

factor analysis (EFA) and, again, refine the scales and individual items.

Second, the resulting scales are then used in a large-scale quantitative survey. For the validation,
the data is split into two random subsets. On the first subset, an additional EFA is carried out
to examine the revised items. Finally, a CFA is performed on the second subset to validate the
scales. Furthermore, we used the data to calculate a normed characteristics profile for specific
technologies by aggregating the answers across many respondents.

Third, as we argue that technostress does not solely depend on the usage of a single DTM but
on the combination of all DTMs used at the workplace, we, hence, use in the further course the
DTM profiles of the used DTMs at the respondents’ workplace. Therefore, we use covariance-
based SEM to estimate the effect on technostress.

The Development of DTM Profiles
Theoretical Conceptualization

In order to build the foundation for our research, in a first step, we conducted a literature search.
The focus was to identify DTM and their characteristics in relation to technostress (creators).
To cover the full picture, the search additionally comprised literature of linked outcomes like
stress and strain (including health and well-being). The list covered a broad picture of literature
in different areas. Databases, namely EBSCO Business Source Premier, EBSCO Academic
Search Premier, EBSCO Psych, Web of Science, and PubMed, were searched in the languages
English and German. Because the seminal paper by Tarafdar et al. (2007) was published in
2007, only publications from this year onwards were included. The list of search strings is
available in Appendix A.1. Types of publications that were considered are (academic) journals,
reviews, proceedings, books, book chapters, and thesis. Overall, 273 articles relevant to our
research were identified.
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To enrich the insights from the literature research, we interviewed practitioners and experts.
The semi-structured interview guideline included questions about technostress creators, tech-
nologies for which usage may cause stress, and DTM characteristics, which the subjects be-
lieved to cause stress and stressful usage behaviors. The complete interview guideline can be
found in Appendix A.2. In total, 15 people participated in face-to-face interviews, including
employee and employer representatives, experts from occupational health management, ethics,
ergonomics, informatics, and human resource management. Each interview lasted between 30
and 90 minutes. The number of interviews was determined by content saturation, meaning in-
terviews were conducted until no new aspects were identified and named by our experts. Inter-
views were audio-recorded, transcribed, and continuously analyzed through MAXQDA with a
formalized coding strategy. Categories were built deductively because the interviews were
structured in sections with questions concerning technologies, their characteristics, and how
these exactly relate to technostress. These particular aspects guided the analysis to gain a better
understanding of the relationship.

Following on from this, six focus groups were conducted (between 5 and 8 participants each)
consisting of employees and managers from four different organizations (n=33). The groups
covered different occupational groups and hierarchies. Participants were contacted by a respon-
sible from the respective company and were asked to take part voluntarily. The groups almost
got identical task descriptions to the experts. First, they named the technologies they use at the
workplace and their characteristics. They rated which of these caused the most stress. Besides,
they were asked for (short-term and long-term) consequences and successful strategies to cope
with the stress. The guideline for the focus group workshop is available in Appendix A.3. The
aim was to get insights from the practical perspective and collect examples for aspects that were
named by our experts. All group discussions were recorded by an observer and the results doc-
umented in a picture protocol. Again, the results were written down, coded, and aggregated.
For the technologies, for example, categories were identified when they named one specific

software product (e.g., Edge as an example for an Internet browser).

The result of these steps is a conceptual understanding of nine characteristics of DTMs relating
to technostress. See Table 1 for their definition. Please note that in a later quantitative pre-test,
one characteristic (information provision) was split into two (push and pull). For brevity of
presentation, Table 1 already shows this split. Simplicity of use refers to the characteristic com-
plexity by Ayyagari et al. (2011). It was renamed to avoid confusion with the technostress cre-
ator techno-complexity (Ragu-Nathan et al. 2008). Reachability refers to the characteristic
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presenteeism by Ayyagari et al. (2011) and was renamed to avoid confusion with a common
psychological phenomenon describing the feeling of obligation by employees to go to work

even though they are ill.

Characteristic Definition

Anonymity Degree to which the use of a DTM stays anonymous and cannot be
identified by others (in accordance with Ayyagari et al. (2011)).

Intangibility of Degree to which results of the work with a DTM are immaterial in

Results nature and therefore intangible (self-developed).

Mobility Degree to which a DTM is usable independent of the location and
enables to work from almost anywhere (self-developed).

Pace of Change Degree to which a DTM changes dynamically and rapidly (in
accordance with Ayyagari et al. (2011)).

Pull® Degree to which information of a DTM is provided only on request
(self-developed).

Push6 Degree to which a DTM automatically provides new information
while using it (in accordance with Westermann et al. (2015)).

Reachability Degree to which a DTM enables the individual to be contacted by
third parties (in accordance with presenteeism in Ayyagari et al.
(2011)).

Reliability Degree to which a DTM works reliably and is free of errors and
crashes (in accordance with Ayyagari et al. (2011)).

Simplicity of Use Degree to which a DTM can be used without major effort or
training (in accordance with complexity in Ayyagari et al. (2011)).

Usefulness Degree to which a DTM supports the accomplishment of tasks and
enhances job performance (in accordance with Ayyagari et al.
(2011)).

Table 1: Characteristics of DTMs, their Source, and Definition

To sum up, we identified characteristics of DTMs that - according to literature and qualitative

empirical research - relate to technostress. This answers RQ1.

Operationalization and Evaluation of Characteristics

For the development of scales for the characteristics of DTMs, we followed the guidelines of
MacKenzie and Podsakoff (2011). Based on this, we collected items for already existing char-
acteristics and further created items for newly identified characteristics resulting in the first
draft of our scales. We created our items to be short and simple and use appropriate language

for employees. During the development, we carefully made sure that the items only address one

® Please note that pull and push were first conceptualized as one characteristic with pull and push at opposite ends
of the continuum. It was revised in later steps. Notifications may, only in some cases for some features, be config-
ured by the user for certain technologies. Hence, individual settings of the users were not considered, and items
were phrased with a general wording.
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single aspect (i.e., no connection of different statements in one item) in order to prevent a con-
fusion of the respondent. Thereby, we also considered recommendations proposed by Podsakoff
et al. (2003) to avoid common method bias (CMB) by “improving scale items” (Podsakoff et
al. 2003, p. 888). We used the anchor points of the existing rating scales to retain the interpret-

ability and comparability of the results with the existing studies.

To evaluate content validity, we conducted a card-sorting via an online matching task with
fellow researchers (n=39) in which they were asked to map items to characteristics (definition
of the constructs) (Moore and Benbasat 1991). 85% correct matches were defined as the mini-
mum boundary for the retainment of an item. Out of the 26 items, 22 were mapped correctly to
the related construct by more than 85% of the persons, so we did not change them. The remain-
ing four items were matched correctly by less than 85% of the participants. Thus, we changed
the wording of these items to fit the corresponding construct better, provide more clarity, and

reduce ambiguity. This step of item generation finished with the revised scales.

To evaluate the structure of our scales and validate our reworked items, we conducted a pre-
test. 445 respondents who were acquired via an online panel took part in the study. The data
was collected anonymously as far as possible (some socio-demographic questions were in-
cluded to evaluate the quality of the intended sample). Participants were instructed to respond
honestly and gave informed consent to participation. This was done to further minimize com-
mon-method bias by “protecting respondent anonymity and reducing evaluation apprehension®
(Podsakoff et al. 2003, p. 888). This principle was applied to all data collection processes. To
get a better understanding of the participant’s digital workplace, each respondent of our survey
stated his or her usage of 40 technologies (Niske et al. 2019), evaluated by 0 = “no usage”, 1 =
“monthly usage”, 2 = “weekly usage”, 3 = “daily usage”, and 4 = “several times a day”. The
list of technologies included common hardware used at the workplace like a printer, laptop or
stationary phone, software like text, table, and presentation programs, simulation programs,
statistical and analysis tools, networks like cloud systems, intranet, wifi, and technologies like
virtual augmented reality and mixed reality. Participants evaluated their perception regarding
the characteristics of one randomly selected DTM that they used at least weekly. We decided

to give each participant only one DTM to reduce dropouts due to the length of the survey.

We performed an EFA (parallel analysis revealed nine factors that were extracted using princi-

pal axis factoring with an oblimin rotation) to carefully assess the quality of our questionnaire
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and did a preliminary analysis of all scales. The result of this EFA properly reflected our as-
sumption of the factor structure of the scales with nine underlying DTM characteristics. How-
ever, we faced some problems. First of all, we observed a few severe cross-loadings between
the constructs simplicity of use and reliability. Also, we originally derived a bipolar construct
“information provision” that contained aspects about how DTMs provide users with infor-
mation distinguishing whether the information has to be requested explicitly by the user (pull)
or whether they are provided automatically when available (push). Regarding the issues with
the properties of the items of this characteristic, we decided to redefine it and created two sep-
arate scales for push and pull as they seem to be more than two ends of one construct. The two
scales refer to the original settings of the technologies. Items were phrased with a general word-
ing, that did not consider the individual settings of the user. In some cases, of course, it is
possible to adjust the individual settings (e.g., turn off notifications on the lock screen of the
smartphone) but this does not apply to all devices and features. In addition, organizational pol-
icies possibly interact with personal preferences (e.g., a user may be able to set his stationary
telephone on mute, but he does not use this option because the supervisor expects him/her to be

reachable on the phone for customers). Finally, we revised the items accordingly.

To evaluate and validate, we conducted a large-scale study distributing a questionnaire that,
among other things, contained our scales on characteristics of DTMs. These were assessed with
the same procedure as in the pre-test: each participant rated the characteristics of one randomly
drawn DTM from the list of 40, which (s)he uses. To evaluate the respondent's technostress
level, the items belonging to the five technostress creators introduced by Tarafdar et al. (2007)
and Ragu-Nathan et al. (2008), namely techno-overload, techno-invasion, techno-complexity,
techno-insecurity, and techno-uncertainty were included in the survey. This served the last step
of our research to test for the influence of DTM profiles on technostress. We acquired respond-
ents for the surveys via an external research panel focusing on German employees. Respondents
were paid for participation in the study. We included control variables to review the represent-
ability of our sample. These comprised gender, employment status, occupational title and sec-
tor, number of hours worked per week, and education. The sample for the evaluation consisted
of 4,560 respondents. The distribution of participants was representative of the German work-
ing population with respect to the control variables age, gender, and occupational sector.

We used a five-point Likert rating scale from 0 = “I do not agree at all” to 4 = “I totally agree”
to measure the technostress creators and the characteristics of DTM. All questions were in Ger-
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man. If necessary, the items were translated. Therefore, multiple German native speakers trans-
lated the questions in parallel. They met afterward to resolve discrepancies and agree on the
most suiting translation. For more detailed information about the final scales used in this study

and their sources, see Appendix A.4. For a list of the technologies, see Appendix A.5.

As the EFA in the pre-test showed few severe cross-loadings, we reinvestigated the factor struc-
ture with an EFA in the data set of the main study. Therefore, we split our study population into
two evenly large subsets. On the first subset (n=2,280), we performed the EFA (parallel analysis
revealed ten factors that were extracted using principal axis factoring with an oblimin rotation).
This time no problematic cross-loadings of the items on a competing construct were observed.
For more detailed information on the results of this EFA see Appendix A.6. Following the EFA,
we performed a CFA on the second subset (n=2,280) with maximum likelihood estimation of
fifteen latent factors (ten characteristics of DTMs, five technostress creators) that were allowed
to intercorrelate in the model to analyze our measurement model further. The descriptive sta-
tistics, item reliabilities, and internal consistency are presented in Table 2.

Construct II\![(;}:: Mean gtea:/ri];jggcrj] Loadings | Cronbach’sa | AVE
Anonymity 4 1.78 1.10 0.76-0.92 0.89 0.82
g‘égﬂﬁisbi"ty of 6 | 158 | 110 | 0.60-0.90 0.92 0.80
Mobility 5 2.55 1.27 0.76-0.93 0.93 0.85
Pace of Change 4 1.78 1.15 0.92-0.94 0.96 0.93
Pull 3 2.47 1.00 0.74-0.89 0.83 0.80
Push 3 2.07 1.17 0.75-0.85 0.85 0.81
Reachability 4 2.71 1.24 0.92-0.95 0.97 0.94
Reliability 3 2.92 0.89 0.86-0.93 0.93 0.90
Simplicity of Use 3 3.13 0.89 0.81-0.92 0.90 0.87
Usefulness 4 2.81 1.05 0.82-0.90 0.92 0.86
Techno-Complexity 5 1.23 1.23 0.81-0.88 0.90 0.71
Techno-Insecurity 4 1.24 1.29 0.78-0.86 0.83 0.66
Techno-Invasion 3 1.28 1.35 0.75-0.90 0.80 0.72
Techno-Overload 4 1.63 1.30 0.79-0.90 0.88 0.74
Techno-Uncertainty 4 1.81 1.23 0.81-0.88 0.87 0.72

Notes: Descriptive Statistics, Item Reliabilities, Internal Consistency, and AVE
Table 2: Statistical Quality of the Measures used in the Study
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All loadings of the items on their respective latent factors in the CFA were above the value of
0.71, which indicates that more than 50 % of the variance of this item is explained by the un-
derlying construct. Only for the intangibility of results, lower loadings were observed. How-
ever, since the average variance extracted (AVE) of intangibility of results (and for all other
constructs) was above 0.50, we did not consider it critical and retained the indicators.

Cronbach’s Alpha showed values of at least 0.80 for all scales indicating internal consistency.

In the next step, we assessed discriminant validity based on the Fornell-Larcker criterion (For-
nell and Larcker 1981) as Cronbach’s Alpha relies on correlations of the items and, thus, does
not account for dimensionality of constructs. The Fornell-Larcker criterion compares the size
of the correlations of the latent constructs to the AVE. The square root of each construct's AVE
was higher than the correlations with the other constructs (see Table 36 in Appendix A.7). An-
other, newer criterion to asses discriminant validity is the heterotrait-monotrait ratio introduced
by Henseler et al. (2015). It sets the average correlation of items measuring different constructs
(heterotrait-heteromethod) in relation to the average correlations of items measuring the same
construct (monotrait-heteromethod). If the indicators of one construct correlate higher with
each other than with the indicators of different constructs, the ratios should be small. Ratios
close to 1 indicate a lack of discriminant validity. The ratios were obtained for the characteris-
tics of DTMs and the technostress creators as they are used in the model to analyze for our
second research question. All ratios were below 0.85, indicating that discriminant validity is
good. For more detailed information on the results, see see Table 36 in Appendix A.7. Overall,

we consider discriminant validity as given.

In the last step of validating our measurement instrument, we evaluated the fit of our model to
gain further information about our assumptions on the data structure. The fit was judged ac-
cording to the following guidelines: The root mean square error of approximation (RMSEA)
indicates good model fit at values smaller than 0.6. The square root mean residual (SRMR)
should show values smaller than 0.05. Comparative fit index (CFI) and Tucker-Lewis index
(TLI) indicate a satisfactory model fit if they are higher than 0.90 and good fit at values above
0.95. We did not consider chi-square for the evaluation of the model fit, because the indicator
has shown to be sensible to sample size in simulation studies (Boomsma 1982). For our model,
CFI (0.956) and TLI (0.951) were above 0.95, indicating good fit of the initial model with ten
latent, correlating characteristics. Both SRMR (0.036) and RMSEA (0.044) showed only small
deviations of the estimated from the expected covariance matrix with values below 0.05 and/or
0.06, respectively. Therefore, we argue that we finally validated our measurement model. To
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sum up, we now have validated measurement scales for the identified characteristics of DTMs
that - according to literature and qualitative empirical research - relate to technostress.

To confirm this ten-factor structure, a nested model comparison was conducted. The simpler
model comprised nine latent factors (interim result from the first EFA in pre-test, reapplied to
data from the main study) where all items of the two factors simplicity of use and reliability
loaded on the same, common construct. A chi-square difference test revealed significant better
fit (y’Modenn = 5277.18, %*Modeiz = 3327.98, dfmodeir = 651, dfviadelz = 657, Ay? = -1949.20) of the

model with ten latent factors. The fit indices are displayed in Table 3.

Model CFI TLI RMSEA SRMR
Nine Factors — Model 1 0.924 0.914 0.059 0.041
Ten Factors — Model 2 0.956 0.951 0.044 0.036

Table 3: Nested-Model Comparison of the Measurement Model

Profiles of DTMs Based on their Characteristics

To get a better understanding of the differences between technologies with respect to their char-
acteristics, we created a profile for each of the 40 DTMs from our list. Each profile line consists
of the means of all ten characteristics that were evaluated for this one specific DTM . We argue
that the characteristic of a DTM that is used more frequently has a higher impact on the overall
perceived characteristics of DTMs. Therefore, we only regarded the responses of persons that
used this specific DTM at least once a day. We then calculated a mean score for the ten char-

acteristics. See Table 4 for examples.

From the overall list of 40 technologies, some had to be excluded for the profiles. Due to the
randomized choice which DTM the respondent was asked to evaluate, group sizes were in some
cases below 30. These were considered too small to provide unbiased information. For example,
86 used augmented, virtual and mixed reality daily, but only ten respondents were asked to
evaluate its characteristics due to the randomized sampling. All profiles with means and stand-
ard deviations are provided in Table 4. The table shows how different technologies are per-
ceived by users. It is important to note that these perceptions are from users, that is, they are
conditional on the respondent working in a job where the employer assumes a task-technology
fitand, thus, provides the DTM. Cash systems have a higher perceived usefulness than statistics
software to pick just one example. Likely, only few people use both types of systems. The

perceptions originate from different people in different jobs. Five profiles are visually displayed
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to highlight similarities and differences. For example, smartphones enable mobile working rep-
resented by high values of mobility. The same applies to e-mails because usually, these can be
checked on the run with the smartphone. However, in contrast to smartphones, e-mails have a
rather low pace of change. A new smartphone is released almost every other week by different
companies, whereas the functionality of the e-mail program remains the same as ten years ago
(Figure 7).

To sum up, we now have profiles of the 26 most important (i.e., common and frequently used)
workplace technologies along with the characteristics that — according to literature and quali-

tative empirical research — relate to technostress. This answers RQ2.

/o Anonymity

‘/ Intangibility of Results
B Mobility

Pace of Change

m—

I/\\
’\\

i _B‘ Pull
% k{* . Push
\k > Reachability
A
v / Simplicity
j Stability —e—Smartphone
[—" 7 .
— 7 & E-Mail
Usefulness —o— Statistics Software
0 1 2 3 4 —e— Security Interaction
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0=1do not agree at all; 4 =1 fully agree |

Figure 7: Profiles of Five Different DTMs Based on their Characteristics
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The Influence of DTM Profiles on Technostress

Technostress at work arises from a workers’ interaction with typically a range of DTMs. It does
not depend on a single DTM but on the portfolio of DTMs at the workplace and their charac-
teristics profiles. Thus, in order to investigate the influence of DTM profiles on technostress,
we aggregated the profiles of the DTMs to digital workplace portfolios. For example, for a
respondent who uses a smartphone, laptop, E-Mails, social collaboration software, and wireless
networks for work, we took the characteristic profiles of these five DTMs and averaged them

to build one mean “portfolio” score across the five DTMs for each of the ten characteristics.

We set up a covariance-based SEM to measure the influence of the ten characteristics of the
DTM portfolio at the workplace on the five technostress creators techno-overload, techno-in-
vasion, techno-complexity, techno-insecurity, and techno-uncertainty (Ragu-Nathan et al.
2008; Tarafdar et al. 2007). We conducted Harman‘s single factor test, which showed that about
11 % is the highest proportion of variance attributed to one factor, which suggests that common-
method bias is not a problem. Next, we statistically controlled for common-method bias by
modeling a method factor (Podsakoff et al. 2003). The comparison of the results of the structural
model with and without method factor showed no substantial differences (ACFI = 0,029). Re-
searchers (Cheung and Rensvold 2002; Little 1997) have suggested that differences in the CFI
less than .05 are acceptable and indicate the equivalence of measurement models. Thus, com-
mon-method bias seems not to be a major concern for our data. The model showed good fit to
the data (CFI =0.972, TLI = 0.962, SRMR = 0.031, RMSEA = 0.036).

Hypotheses were tested two-tailed because we did not have specific directional hypotheses
about the influence of the characteristics of the digital workplace on technostress. Table 5 dis-
plays the results. For a detailed list of all paths and their respective t-statistics, including the p-

values see Appendix A.8.
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USRI Techno- Techno- | Techno- | Techno- Techno-
Characteristic Complexity | Insecurity | Invasion | Overload | Uncertainty
Anonymity -0.16** -0.27** -0.40*** -0.10 -0.17
Ll F016%*% | +0.34%%% | +0.31RF | +0.25%%% | +0.30%%*
Mobility +0.08 +0.18*** | +0.28*** | +0.12** +0.14**
Pace of Change -0.04 +0.04 +0.31%** +0.10 +0.07
Pull -0.16 -0.18 -0.40** -0.23 -0.17
Push +0.11 -0.08 -0.28** -0.14 +0.03
Reachability -0.20* -0.16 -0.18* -0.13 -0.17*
Reliability -0.18 -0.25 -0.46** -0.07 +0.11
Simplicity +0.08 -0.19 +0.40* -0.18 -0.50**
Usefulness +0.00 +0.22** +0.14 +0.11 +0.07

R2 0.11 0.20 0.22 0.12 0.16

Notes: * p < 0.05, ** p < 0.01, *** p < 0.001; ‘“+’ indicates that a higher value of the characteristic within the
digital work

Table 5: Influence of the Digital Workplace Portfolio on Technostress Creators

In this final step of the analysis, we answer RQ3, which asked how the profiles of DTMs used
at the workplace influence technostress. Results of the structural model reveal that not all port-
folios of characteristics at the digital workplace influence technostress in the same manner, but

each of the characteristics is significantly linked to at least one technostress creator.

Discussion and Conclusion

We investigated the characteristics of DTMs that are related to technostress. Therefore, we did
a literature search and qualitative interviews in order to expand the understanding of character-
istics that have previously been presented in the literature. To validate the characteristics as
well as their relationship with technostress, we conducted a quantitative survey study. We used
structural equation modelling to reveal the characteristics’ relationship with technostress crea-
tors. The results answer our three research questions by showing the existence of ten character-
istics of DTMs related to technostress, profiling 26 common workplace technologies along the
ten characteristics, and relating the digital workplace portfolio with technostress creators.

In terms of revealing characteristics of DTMs with relation to technostress creators, we found
evidence for ten different characteristics. Each DTM characteristic relates to at least one tech-

nostress creator and each technostress creator to at least two characteristics.
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In this dense web of relationships, we found that anonymity is negatively related to complexity,
insecurity, and invasion. For insecurity, for example, this means that if the users may use their
technologies anonymously without leaving traces of their usage behavior, employees fear to
lose their jobs less as they less feel their work activities to be monitored. Intangibility of results
Is positively associated with all five technostress creators. Again, for insecurity, this relation-
ship is understandable as employees experience more fear of losing their jobs if they do not see
the results of their work and thereby feel no progress in accomplishing their tasks. Regarding
these two results concerning insecurity in combination this could be interpreted in the following
way: With high intangibility of results, employees might experience a lack of productivity and
they fear losing their job because this seemingly poor performance could be controlled or
traced, for example by the supervisor, if a system does not allow anonymous usage. For mobil-
ity, we found positive relations with insecurity, invasion, overload, and uncertainty. With regard
to invasion, this may be because mobile workplaces allow individuals for more flexibility in
doing their tasks. Therefore, they may experience a stronger feeling of blurring boundaries be-
tween job and private life, resulting in higher levels of perceived invasion. Pace of change is
only related to invasion and the relationship is positive, meaning that a high pace of change
increases the feeling of one's life being invaded with DTMs. This may be because employees
have to use their non-work times (e.g. weekends) in order to deal with the newly changed DTMs
and learn how to use them and, thus, feel their private lives as being invaded by DTMs. In
contrast to pace of change, pull as well as push is negatively linked with invasion. For pull, this
relationship may be because individuals actively have to access information via their digital
workplace portfolio and, thus, are more in control of when they want to do so. For push, how-
ever, in the first sense, one would expect a positive link to invasion. But we argue that, if indi-
viduals know that their DTMs will notify the individuals about important work issues, they do
not have to constantly check their smartphone or other DTMs for important updates and, thus,
can mentally disconnect from their job when being with their family. Reachability is negatively
associated with complexity, invasion, and uncertainty. One possible interpretation of the de-
creasing uncertainty could be that people who are well reachable (i.e. due to their position) will
inevitably interact and deal with the DTM permanently, which means that they have little un-
certainty in using it. For reliability, we only found a negative relation to invasion. Simplicity is

linked with invasion and uncertainty. For invasion, the relation is positive, whereas, for uncer-
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tainty, it is negative. Interestingly, simplicity does not affect complexity. Lastly and unexpect-
edly, usefulness is positively related to insecurity. At this point, further research is needed to

better understand and interpret the relationship.

The research in this section contributes to theory in several ways. The first contribution is the
identification and definition of further characteristics of DTMs that affect technostress at an
individual’s workplace, including measurement scales for the newly added characteristics.
Placing these newly identified characteristics side by side with the ones from extant literature
(esp. from Ayyagari et al. 2011), our research presents the most holistic set of DTM character-
istics related to technostress. Further, to the best of our knowledge, we are the first to combine
the characteristics of Ayyagari et al. (2011) with the technostress creators of Ragu-Nathan et
al. (2008) and thereby can show their relationships. With this broader understanding of charac-
teristics, future research can investigate the influence of digitalization on technostress in more
detail.

Second, we show that it is important to investigate the workplace as a whole based on the port-
folio of technologies at the workplace. Prior research either investigates individual technologies
(e.g. Hung et al. 2015; Maier et al. 2015; Salo et al. 2019) or the entire digital workplace without
considering the individual technologies at work (e.g. Ragu-Nathan et al. 2008; Tarafdar et al.
2007). We take an intermediate way considering all major individual DTMs at the workplace.
We build DTM profiles on the individuals’ perception of characteristics and not by asking DTM
experts. Stress is a construct that builds on the perception of a situation and the individual’s
own ability to cope with a certain situation. Therefore, from the individual’s point of view, the
perceived characteristics of DTMs at the workplace are key because stress is neither solely
anchored in the environment and its demands nor solely in the person characteristics (Folkman
and Lazarus 1984). Asking users rather than design experts seems appropriate according to
adaptive structuration theory (DeSanctis and Poole 1994). Outcomes of the use of advanced
DTM do not only depend on the structure of the DTM but also the social interaction of the user
with the DTM (which can be different than intended by the designer also depending on the
organizational practices and norms). These profiles were put together to an individual portfolio
consisting the mean characteristics of the different DTM each employee uses at his/her own
workplace. This provides a more holistic picture than looking at only a single DTM; further, it
allows to trace the effects on technostress back to characteristics and from there to individual

DTMs rather than considering DTMs at the workplace as monolithic.

44


Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
Technostress:#_CTVL001dd298a480c2f4848aca8fbf66058e085
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
Does#_CTVL00190f2c6e59d9040b89ec8ec1a571ff792
Enterprise#_CTVL00174eb612c288a475291c0652486cb8197
Technostress#_CTVL00132eedfdaefd045328ef19cf5644ecdd7
The#_CTVL0014f10088fdd2e4627b2893bb27d64ac17
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
The#_CTVL001ac8d316e022845b29b7f4bf43a39a3e5
Capturing#_CTVL00198327b1f43d648ebafc3ce5705623b30

Analyzing the Effect of the Technical Component

Third and last, we give evidence on the relationship of the characteristics with different tech-
nostress creators instead of technostress in general. This more detailed understanding can help
future research to develop specific preventive measures and coping strategies for concrete tech-
nostress creators at concrete workplaces. In sum, the identification and measurement of char-
acteristics of DTMs along with knowledge on their effect on technostress enable future research
to cluster technologies and evaluate different technologies and workplaces based on their im-
pact on technostress. Future research could consider whether the DTM profiles prove to be
consistent among demographic and cultural differences. Also, the size of the DTM profile com-
bined with the intensity of usage or additional moderating characteristics influencing tech-
nostress can be analyzed.

The results of this study also provide implications for practice. Since prior research has shown
the negative effects of technostress, including lower productivity and lower job satisfaction,
organizations should aim to prevent and lower the level of technostress of their employees.
Based on our developed items for characteristics of DTMs, digital workplaces can be evaluated
on their possible susceptibility to technostress, by for example identifying technologies that
outshine the positive characteristics of other DTMs in terms of technostress. This is important
as we were able to show that the combination of technologies and their aggregated mean char-
acteristics are associated with technostress creators. The combination of technologies matters

as one DTM with its’ characteristics can distort the overall sensation and lead to technostress.

Workplace designers should focus on usability features, including usefulness, simplicity of use,
and reliability, but also on technologies that enable mobility and pull configurations. When
individual technostress creators are of specific concern for a given workplace or company, the
guidance becomes more nuanced on which characteristics to look out for and which technolo-
gies have a favorable profile regarding these characteristics. Besides, individuals can affect
their levels of technostress by adjusting their workplace technologies. Therefore, employers
also should give their employees the flexibility of configuring their DTMs in a way that is most

beneficial for each individual.

However, there are limitations to our research. Each respondent to the survey assessed only the
characteristics of one DTM and not the characteristics of the DTMs at her or his entire work-
place. However, since our sample is of a high number, we were able to assign the perception of

the characteristics between subjects.
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Despite these limitations, our results add to a broader understanding of characteristics of DTMs
at an individual’s workplace, not only by extending the number of characteristics that were
already known but also by revealing the structure among them as well as their effect on tech-

nostress creators.
3.2.Analyzing the Effect of Autonomy Features

After the previous section examined the characteristics of DTM and their influence on employ-
ees' health, the remainder of this section examines features, i.e., the functionality afforded by
DTM, in more detail and how they affect performance and well-being. The research activity
does not focus exclusively on the working context but also addresses the private context, which
is also undergoing a change as a result of digitalization. This change affects, for example, the
way we work, how we communicate, but also how we learn and evolve. As a result, personal
analytics is one of the major new trends included in Gartner Hype Cycles for Emerging Tech-
nologies (Walker 2017). Personal analytics describes an individual’s use of data for purposes
such as healthcare and self-actualization. It mostly makes use of DTMs for real-time measure-
ment of data regarding goals, activities, and behaviors (Lupton 2014a). Positive technologies,
as a subset of such digital self-tracking technologies - aim to support users in achieving their
goals (Botella et al. 2012) and in increasing their productivity, the realization of which results
in improved well-being (Harkin et al. 2016; Klug and Maier 2015), another core aim of positive

technologies.

A crucial process for attaining a goal is the monitoring of the goal-pursuing activities which
helps to ensure that initially-set goals are translated into action (Harkin et al. 2016). A meta-
analysis on monitoring goal progress revealed that progress monitoring has more substantial
effects on goal attainment when the progress is recorded and the frequency of progress moni-
toring is increased (Harkin et al. 2016). Self-tracking DTM can support this by providing capa-
bilities to monitor the user’s goal progress. So-called habit trackers, mostly available as mobile
applications, enable users to set goals and easily keep track of the goal progress by providing a
stimulating but straightforward design. Loop Habit Tracker, for example, is one of the best-
rated habit trackers in the Google Play Store and provides users with a simple and easy-to-use
interface to keep track of their goals.
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However, it requires more than an easy-to-use interface so that a habit tracker is used continu-
ously (Buchwald et al. 2018; Pinder et al. 2018). Imagine coming home late from work, ex-
hausted from the day. Your self-tracking DTM tells you that you still have a run scheduled for
today according to a plan that you committed to a few weeks ago. If you do not run today, you
will not reach your goal and feel bad for it. You might even question your motives for commit-
ting to your plan in the first place. Even if you do run today, it may bring you closer to your
goal, but it is not clear whether this will increase your well-being. What if your plan and your
self-tracking DTM allowed you to easily adapt your behavior to the circumstances? After all,
you could have moved the run to a rest day scheduled for yesterday or tomorrow. It might help
here if habit trackers not only allowed freedom in the planning stages but also during the exe-

cution of the plan and progress tracking.

Furthermore, providing the possibility to adapt the technology and, in particular, the pre-deter-
mined plans to meet the user’s needs would also foster the continuous usage of the habit tracker
(Buchwald et al. 2018; Pinder et al. 2018). This means that affording users with certain kinds
of autonomy while they work towards their goals, which could have a tremendous effect on the
success in pursuing goals as well as well-being (Patall et al. 2008; Ryan and Deci 2000). Such
a possibility for autonomy is an affordance. An affordance, in general, is defined as “the possi-
bility for goal-oriented actions afforded to specific user groups by technical objects” (Markus
and Silver 2008). We define an autonomy affordance in the context of self-tracking DTM as
the possibility to continuously adapt the self-tracking DTM and its comprised information to
the user’s needs. However, most habit trackers mainly focus on an appealing design or a wide
selection of features (Zhao et al. 2016) and neglect the potential positive effects of providing
autonomy affordance by making a self-tracking DTM more adaptable to the user’s needs
(Pinder et al. 2018). From this we derive the following RQ:

RQ) What is the influence of the provision of enhanced autonomy affordance and its actualiza-
tion in self-tracking DTM on goal performance and well-being?

In the following, we describe the essential components of our research question which are con-
cepts that are discussed in various areas of research such as the DTM design, self-tracking,
positive computing, and psychology. Based on this, we derive hypotheses from explaining the
relationship between our constructs. Subsequently, we describe the development and deploy-

ment of the self-developed self-tracking DTM for the data collection. After the presentation and
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discussion of our results, we cover our work’s theoretical and practical implications, its limita-

tions, and the resulting need for further research.

Theoretical Background

Self-tracking DTM can be employed to increase individuals' well-being and support them, for
example, in achieving their goals. These DTM are designed with the aim of “improving the
quality of our personal experience with the goal of increasing wellness and generating strengths
and resilience in individuals, organizations, and society” (Botella et al. 2012). For this purpose,
various types of data (e.g., biological, physical, behavioral, or environmental information) are
collected within the DTM, both manually or by using further DTMs such as mobile devices and
sensors. This enables an increasingly detailed real-time measurement of data regarding activi-

ties and behaviors and their analysis and distribution (Lupton 2014b).

A goal can be defined as “a cognitive representation of a future object that an organism is com-
mitted to approach or avoid” (Elliot and Niesta 2009). In the context of self-tracking, goals like
doing sports, getting up early, or eating in specific ways may refer to behaviors which the indi-
vidual aims to transform into habits. “Habits are learned dispositions to repeat past responses”
(Wood and Neal 2007), i.e., behaviors or actions which are automatically triggered by cues in
the individual’s context. Goals play an essential role in habit formation as they provide the
trigger to perform the first repetitions of the desired behavior which then becomes automatic
(Wood and Neal 2007). Goals can furthermore be distinguished regarding their time horizon.
Long-term goals take more than five years, medium-term goals take one to five years (Steca et

al. 2016), and short-term goals take up to one year to achieve (Boersma et al. 2006).

Once a goal is set, there are multiple terms for describing the path to its fulfillment as well as
its fulfillment itself. In a broad literature review related to goal progress, Klug and Maier (2015)
include studies assessing goal progress, goal pursuit, goal attainment, and goal achievement,
and subsume the terms under goal success. In a literature review related to monitoring goal
progress, Harkin et al. (2016) distinguish between behavioral goal performance and goal attain-
ment. As self-tracking centers on gathering and analyzing data about regular habits, behaviors,
and feelings (Lupton 2014a), and as the behavior of individuals is the basis for any determina-
tion of goal success, we will use the term goal performance to describe the process of pursuing

and possibly accomplishing a goal.
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A major driver of goal performance is motivation. According to Ryan and Deci’s Organismic
Integration Theory, motivation can be subdivided concerning the degree of internalization,
which is the extent to which an individual incorporates a value or a behavior’s regulation into
the self (Ryan and Deci 2000). In three studies and a meta-analysis, Koestner et al. (2008) found
higher internalization to be substantially related to goal progress, whereas lower internalization

was not.

Goal performance has furthermore been linked to enhanced well-being in various studies (Ryan
and Deci 2001). The psychological literature regarding well-being can be divided into two main
fields: subjective well-being and psychological well-being (Hall 2015). To determine the over-
all flourishing of an individual, both need to be considered (Huppert and So 2009). Subjective
well-being takes a hedonic perspective, i.e., it focuses on happiness and positive or negative,
temporary feelings. Psychological well-being takes an eudemonic view, i.e., it concentrates on

self-attainment and meaning (Ryan and Deci 2001).

Moreover, according to Ryan and Deci's Self-determination Theory, the three basic needs au-
tonomy, competence, and relatedness are crucial for promoting well-being (Ryan and Deci
2000). The drivers of autonomy are “a sense of choice, volition, and freedom from excessive
external pressure” (Ryan and Deci 2000). Transferred to the context of monitoring goal perfor-
mance in self-tracking IS, users experience autonomy if provided with options to adapt their

plans and exercise control regarding their goal-directed behavior.

We take an affordance perspective on the interplay of the provision of these options in self-
tracking DTM and their perception and actualization by the users. A functional affordance, in
general, is defined as “the possibility for goal-oriented actions afforded to specific user groups
by technical objects”. In the context of our work, users of self-tracking DTM (user group and
technical object) aim to achieve and track progress regarding goal performance (goal). An af-
fordance arises from the relationship between the properties of an object and the abilities of the
agent who interacts with it. It is not a property or feature of the object per se (Norman 2013).
Following Norman (2013), an affordance is communicated by signifiers, which refer to “any
mark or sound, any perceivable indicator that communicates appropriate behavior to a person”.
We define and use the term autonomy affordance as the possibility to adapt users' plans for
goal-directed behavior, which is enabled by features and communicated by signifiers in a self-
tracking DTM.
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Hypotheses Development

According to Self-determination Theory, higher levels of autonomy should result in higher lev-
els of well-being (Ryan and Deci 2000). In this study, we focus on the subjective well-being
facet as it is more variable over time (Diener et al. 2006; Krueger and Schkade 2008). In contrast
to the more stable psychological well-being, we can observe the effects of a manipulation of

autonomy affordance on subjective well-being in the course of a field experiment.

H1: We hypothesize that an enhancement of autonomy affordance positively affects sub-

jective well-being.

This enhancement of autonomy affordance is manifested as the extension of features (and their
signifiers) that enable plan adaptations for the goal-directed behavior of self-tracking DTM
users. An affordance can exist without being actualized (Strong et al. 2014). H1 covers the mere
offer of enhanced autonomy affordance and its relationship to subjective well-being. We sug-
gest that it is enough for users of a self-tracking DTM to perceive enhanced autonomy af-
fordance by its signifiers to feel more autonomous.

In case that autonomy affordance is actualized, its actualization (a behavior) should self-evi-

dently be contingent on its provision.

H2: We thus hypothesize a positive effect of the enhancement of autonomy affordance

on its actualization.

As pointed out in H1, self-tracking DTM users should feel more autonomous by simply per-
ceiving enhanced autonomy affordance. Besides, we suppose that the positive effect of the ex-
perience of autonomy on subjective well-being in part works via the mediator affordance

actualization.

H3: We hypothesize that the actualization of autonomy affordance positively influences

subjective well-being.

In a meta-analysis of studies examining choice and its various outcomes, Patall et al. (2008)
found significant, mainly positive effects of choice on, among others, effort, task performance,
and subsequent learning. Other studies as well showed that the satisfaction of the basic need

autonomy, among others, was positively related to learning outcomes (Akbari et al. 2015).

H4: Transferred to our context, we hypothesize that the actualization of autonomy af-

fordance positively affects goal performance.
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Goal performance has been linked to well-being in several studies. Brunstein (1993) found pro-
gress in the achievement of personal goals to predict subjective well-being. Two meta-analyses
confirmed the high correlation between successful striving towards long-term goals and sub-
jective well-being (Klug and Maier 2015; Koestner et al. 2002). Steca et al. (2016) found a

slightly weaker positive influence of short-term goal progress on subjective well-being.
H5: We hypothesize goal performance to positively affect subjective well-being.

When examining the effect of enhanced autonomy affordance and its actualization on goal per-
formance and well-being in self-tracking DTM, two influences external to self-tracking should
be controlled: motivation and difficulty. VVansteenkiste et al. (2004) showed intrinsic goal-mo-
tivation as well as autonomy-supportive environments to have an impact on the performance of
students. We cover the latter influence, autonomy-supportive contexts, with our main independ-
ent variable, enhanced autonomy affordance. However, we do not yet consider the former in-

fluence, motivation. Thus, we include a goal’s original motivation as a control variable.

Lastly, performing well concerning goals that are easy to achieve seems to be more likely than
concerning harder or more complicated goals. As a second control variable of goal perfor-
mance, we, therefore, include goal difficulty in our model. Figure 8 outlines the proposed rela-

tionships between our four focal constructs and the two control variables.

Enhancement ..
Hl+ | Subjective
of autonomy well-bein
affordance &
Y
H2 + H3 + HS +
A
Actualization Goal Motivation
of autonomy H4+ | performance 3
affordance P Difficulty

Notes: Hypothesized relationships between enhanced autonomy affordance, its actualization, subjec-tive well-
being, goal performance, and the control variables

Figure 8: Research Model and Developed Hypotheses
Methodology

The empirical test of the hypothesized relationships bases on a field experiment manipulating
autonomy affordance to measure the effects. As no self-tracking DTM allowing to manipulate

autonomy affordance was readily available, we designed, developed, and deployed a mobile
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application for tracking the goal performance of individuals regarding self-set goals. Partici-
pants were randomly assigned to either of two treatments differing in the level of autonomy

affordance. Data was gathered automatically by the app.

The Measurement Instrument

The mobile application developed to allow for testing our hypotheses was available for the
operating systems Android and iOS. The app enabled users to enter goals that they wanted to
achieve or habits that they wanted to integrate into their life. On one tab (“GOALS”), users
could create and manage goals. To create a goal, users entered a title or selected one from a list
of 90 recommendations from different categories such as sports and learning. Users were then
asked to indicate the weekdays on which they would like to conduct activities pursuing the new
goal. Users were asked to state the subjective difficulty of reaching the new goal and to select
the most suitable motivation for the new goal from a list. Users were also able to add further

goals, edit, or delete existing goals.

In a second tab (“JOURNAL”), users could view their goal journal. The view provided a list
divided into separate days which were displayed in the headline of each section, starting one
week before the current day and ending three weeks after. Under each headline, all goal-pursu-
ing activities of all goals which were planned for that day were listed and identified via the goal
title. For each of these activities, users could log their progress by clicking on a check (done)
or on a cross (not done). In each case, they were asked to indicate their current feeling on a
scale of five emoji. Logging and unlogging activities were enabled for the current day and all

days before.

For illustrations of the measurement instrument, please see Figure 9 and Appendix B.1.

Manipulating Autonomy Affordance

We created two versions of the app which differed regarding the level of autonomy affordance.
We manipulated autonomy affordance by including or excluding a total of three features and
three autonomy affordance signifiers (see Figure 9 and Appendix B.1 for illustrations) which
were derived from an analysis of commercial habit-tracking apps and user interviews in the app

design stage:

(1) The first feature enabled users to change the weekdays on which goal-pursuing activities

were planned. Users could deliberately edit goals and alter their plans by adding, changing, or
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deselecting weekdays. Autonomy affordance was signified by a calendar symbol, a heading

reading “Days of the week”, and switches for each weekday.

(2) Users were able to add an activity to pursue one of their already created goals on every
given day. This second feature means that users could spontaneously add a goal-pursuing ac-
tivity to a day on which no such activity had been planned or to expand their plan for the day
by an additional activity for the same goal. Autonomy affordance was signified by a plus button

which was positioned next to the date of each day in the goal journal tab of the app.

(3) Lastly, users could also move an activity to another day. Thus, they were able to carry out
activities earlier or later than initially planned. Moving an activity was enabled for all activities
that had not yet been logged. Autonomy affordance was signified by a calendar button displayed

next to each activity.
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Figure 9: Screenshots of the App with the Three Autonomy Affordance Signifiers

In the low autonomy affordance version (LAAYV), we included the first two features and auton-
omy affordance signifiers. It is important to note that users had the autonomy to decide on their
plans regarding their goal-pursuing activities anyways. The question here merely was in how
far and how easily the app allowed for changing the plan to fit the behavior. We included these
first two features and signifiers for each user to provide enough autonomy within the app as not
to frustrate users and not to impair the usage of the app. However, changing the weekdays (first

feature) required users to edit goals and modify their overall weekly plan for the goals in a
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rather cumbersome fashion. Also, spontaneously adding activities for existing goals (feature
(2)) required users to mark the activities that were substituted by the spontaneously added ones

as not done and admit failure.

Autonomy affordance was only genuinely enhanced to a level above minimum usability re-
quirements by the third presented feature and signifier. Smoothly moving activities within the
journal alleviated the struggles mentioned above and enabled the users to modify their plans
freely. The enhanced autonomy affordance version (EAAV) consequently comprised all three
presented features and signifiers. By providing the features and signifiers (1) and (2) in both
versions and all three in the enhanced autonomy version as shown in Figure 9, we aimed to
achieve the difficult task of balancing user-friendliness (providing a minimum level of auton-
omy affordance so that users stay with the app) and differentiation between versions (providing
considerably enhanced autonomy affordance as compared to the low autonomy affordance ver-

sion).

Experiment Design and Procedures

We placed the app in the Google Play Store and the Apple App Store and advertised it via email
and various social media channels as well as a local newspaper and a local TV channel. The

experiment ran from April to September 2017.

The app uploaded all data to a cloud service - users were accurately informed about the intent
and extent of data capture, upload, storage, and use and provided informed consent a priori. The
data did not include any personally-identifying information. Starting with the first opening of
the app, the upload was conducted every five days if a wireless network was available. If not,
uploading via cellular data was delayed for three more attempts to spare data.

Either of the two app versions were randomly assigned after a user had installed the app. To
sum up, we had two experimental treatments differing in the level of autonomy affordance (low
autonomy affordance vs. enhanced autonomy affordance), random assignment of participants
to treatments, and a between-subject comparison for the treatment variable enhanced autonomy

affordance.

Measurement of Constructs

For the measurement of the constructs, we relied on log data that we acquired by tracking the
goal-setting and goal-pursuing behavior of our field experiment’s participants in the app. Cre-

ating, editing, and deleting goals, or logging, adding, and moving activities were logged. Based
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on this log data, the measures for the constructs could be calculated. Table 6 lists the nature of
the collected log data and the definition of these measures.

Although an emoji scale to measure subjective well-being has not been validated yet, multiple
similar scales (e.g., smiley scales) have been used to capture subjective well-being directly after
experiences (Ross et al. 2015). Thus, we employ the feeling after logging indicated on a scale
of five emoji as an unobtrusively and frequently surveyed measure of subjective well-being.
Please see Figure 28 of Appendix B.1 for an illustration. Its log data provides a rather continu-

ous and unobtrusive basis for analyses as compared to, e.g., a longer multi-item survey scale

once a week.
Construct Operationalization based on log data
Subjective well-being An indication of the current emotional state after marking an

activity as done or not done on a scale of 5 emoji (ranging
from 1 representing frustration to 5 representing elation)

Goal performance Number of goal-pursuing activities logged as done (rather
than not done) divided by the sum of logged goal-pursuing
activities; values from zero (for users who logged all activities
as not done) to one (for users who logged all activities as

done)
Enhancement of autonomy | Binary indicator on whether the user was randomly assigned
affordance to the version of the app with low (0) or enhanced (1)

autonomy affordance

Actualization of autonomy | Sum of changes of weekdays on which goal-pursuing activi-
affordance ties were planned for (first feature), spontaneously added
activities (second feature), and moved goal-pursuing
activities (third feature, available in the enhanced autonomy
affordance app version) divided by the number of all activities
in the observation period; values from zero (for users who did
not actualize any autonomy affordance) to infinity (for users
who often actualized autonomy affordance)

Motivation Selection of the most suitable motivation for each goal from
(English expressions adapted from Reis et al. (2000)): “Inter-
esting or enjoyable” (intrinsic), “Expresses my true values”
(identified), “Avoid anxiety or guilt” (introjected), or “Forced
by external situation” (external)

Difficulty Selection of the subjective difficulty of reaching each goal on
a 7-point Likert scale with the anchors “1 - Very easy to
reach” and “7 - Very difficult to reach”

Table 6: Measured Constructs, their Operationalization, and Calculations
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Results
Descriptive Results

For our analyses, we consider the users who logged activities as done or not done for at least
two weeks. We choose this minimum observation period to avoid biases caused by short-term,
uncommitted users. This gives us a sample of n = 54. Considering the 49 users who answered
the optional question about their age, the mean age is 29 years with a minimum of 17 years and
a maximum of 60 years. Considering the 48 users who answered the optional question about

their gender, the share of female users is 58 percent.

The separation of the examined participants into users of the LAAV (34 users, also see “Provi-
sion” in Table 7) and the EAAV (20 users) distinguishes users according to the autonomy af-
fordance provided to them. However, whether the mere availability of affordance entailed its
actualization remains to be tested. A comparison of the autonomy affordance actualization
measure (see Table 6) of users who were assigned the EAAV with users who were assigned the
LAAYV yields an observable difference. Users of the EAAV exhibited a mean actualization of
0.083. In 74.9 percent of all times users of the EAAV actualized affordance, they used the third
provided feature that was only available to them but not to the other group. Users of the LAAV
showed a mean actualization of only 0.032. A Mann-Whitney-U test resulted in the rejection of
the null-hypothesis that the two distributions of the actualization measure (20 EAAV users vs.
34 LAAYV users) belong to the same population with a p-value of 0.012. This is a first indicator
of the positive association of the provision of enhanced autonomy affordance and its actualiza-
tion and provides support for H2. As both the provision of enhanced autonomy affordance (H1
and H2) and its actualization (H3 and H4) were hypothesized to influence the presented con-
structs, the following presentations of descriptive results will distinguish the users both regard-
ing autonomy affordance provision and autonomy affordance actualization (see “Actualization”

in Table 7).

The users entered between 1 and 19 goals with a median of 5 goals and 18 goal-pursuing activ-
ities per week. Typical goals include doing sports, eating more fruits or less sugar, studying a
language, or getting up early. The median goal difficulty is 4 and the goals’ median motivation
is 2 (introjected). Users logged activities for periods up to 160 days, with a median of 34 days.
A comparison using a Mantel-Haenszel test (Mantel and Haenszel 1959) which adapts the con-

cept of survival curves for users of the two app versions suggests no significant group difference
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in the logging period (p-value of 0.249). Users logged between 4 and 100 percent of all activi-
ties, with a median of 95 percent. The observed goal performance is between 13 and 100 per-
cent, with a median of 63 percent. l.e., across all users, 63 percent of planned activities logged
by the users were done by them (according to self-report) while they failed to do 37 percent.
The mean of the overall feeling after logging across all users is 3.51. Regarding activities logged
as done, the feeling is 4.10. For activities logged as not done, the feeling after logging is 2.57.

Table 7 displays the results of the descriptive analyses separated into an enhanced (E) and a
low (L) subgroup based on autonomy affordance provision (Provision; based on random as-
signment) or autonomy affordance actualization (Actualization; based on a median split accord-
ing to observed behavior).

Provision Actualization
Total E L E L
(n=54) | (n=20) | (n=35) | (n=26) | (h=28)
Mean affordance actualization 0.05 0.08 0.03 0.10 0.01
Median number of goals 5 5 5 5 5
Median number of weekly activities 18 18 18.5 16.5 20
Median goal difficulty 4 4 4 4 4
Median goal motivation 2 2 2.5
Median logging period (d) 34 31 38 32 38
Median share of logged activities 0.95 0.98 0.93 0.98 0.87
Median goal performance 0.63 0.64 0.62 0.62 0.63
Mean feeling after logging 3.51 3.62 3.44 3.55 3.47

Table 7: Descriptive Results

Hypotheses Testing with Path Analysis

We hypothesized the enhanced provision of autonomy affordance to affect subjective well-
being directly and positively (H1) as well as indirectly and positively via the mediator auton-
omy affordance actualization (H2 and H3). We expected autonomy affordance actualization to
positively affect goal performance (H4), and goal performance to positively affect subjective
well-being (H5). Additionally, we included the motivation and difficulty of goals as two im-

portant control variables.
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We tested the hypothesized relationships by employing path analysis and utilizing the lavaan R
package (Rosseel 2012). Path analysis allows for explaining relationships among directly meas-
ured, uni-dimensional constructs, both of which requirements are fulfilled given the operation-
alization of the examined constructs detailed in Table 6. Figure 10 depicts the results of the path
analysis, including the estimated path coefficients and their significance level. H1, H2, H4, and

H5 were supported while we found no support for H3.

Following Little and Kline (2016), we conducted a Chi-square test and calculated the fit indices
RMSEA, CFI, and SRMR to assess our model. The Chi-square test statistic over the degrees of
freedom results in an acceptable value of 0.804 (Gefen et al. 2000), whereas the p-value of
0.045 hints at suboptimal model fit (Barrett 2007). The RMSEA of our model is 0.130, with
values smaller than 0.07 indicating good model fit (Steiger 2007). The CFI indicates a satisfac-
tory model fit if higher than 0.90 (Hu and Bentler 1999) and amounts to 0.877 for our model.
The SRMR should show values smaller than 0.08 (Hu and Bentler 1999) and is 0.077 for our
model. Overall, we conclude that our model exhibits a moderate fit and include a discussion of
this topic in the limitation. The R2 values for subjective well-being, goal performance, and au-

tonomy affordance actualization are 0.560, 0.277, and 0.108, respectively.

Enhancement L
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of autonomy [——% ) : _
/| well-being | - [ Tmmmse]
affordance , ,
p - | 0.041
0.051%* -0.287,” 2235%%k |77 Identified
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‘ N Goal
of autonomy — = R o] :
affordance - performance Difficulty
-0.078%*

Notes: p-value significance codes *** for < .001, ** for .01, * for .05, * for < .1; unsupported relationships plot-
ted in dotted lines

Figure 10: Results of Path Analysis including Path Coefficients
Discussion

We hypothesized the provision of enhanced autonomy affordance to directly and positively
influence subjective well-being (H1), a relation that was found significant. This implies that the
mere provision of enhanced autonomy affordance improved the users’ feelings, even when con-
trolling for the effects of actualized autonomy affordance and goal performance (users generally
felt better after logging done than after logging not done). Hence, the provision of enhanced
autonomy affordance lead to improved subjective well-being without it being actualized. It is
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important to note that this applies to the measurement of subjective well-being with a smiley
scale as laid out in the methodology subsection and needs to be verified with other measures of

subjective well-being in the future.

The provision of enhanced autonomy affordance was positively related to its actualization (H2).
Users who were provided with an additional feature that allowed them to adapt the plans for
their goal-directed behavior and who were presented with more autonomy affordance signifiers
did indeed exercise the additionally provided options more often and actualized autonomy af-

fordance to a greater extent.

The exercise of autonomy affordance, however, did not translate directly into higher degrees of
subjective well-being as postulated in H3. This might indicate that the provision of enhanced
autonomy affordance was sufficient to increase the users’ subjective well-being. Its actualiza-
tion might not be necessary to reap the benefits of a more autonomous feeling of the users on

subjective well-being.

The actualization of autonomy affordance did, however, improve goal performance (H4). The
actualization might have enabled users to react to unforeseen restrictions and bypass them, re-
sulting in a higher goal performance due to the adaptability of their goal-pursuing behavior to

their circumstances.

Lastly, subjective well-being was significantly and positively affected by goal performance
(H5). The better the users of the app performed, the better they felt after logging activities as
done or failed. This confirmation of H3 is intuitive and in line with a larger body of literature
(Klug and Maier 2015; Koestner et al. 2002).

Therefore, we answer our research question as follows: The provision of enhanced autonomy
affordance directly increases the user’s subjective well-being. Also, goal performance is posi-
tively affected as enhanced autonomy affordance increases its actualization, which in turn in-
creases goal performance. The positive effect of goal performance on subjective well-being, in
turn, leads to an indirect effect of the provision of enhanced autonomy affordance on the users’
subjective well-being. Interestingly, the mere provision of enhanced autonomy affordance
seems to be sufficient to increase the user’s subjective well-being, while the increase of goal

performance requires affordance actualization.
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The current work has three main implications that relate to our contribution to the underlying
literature, the research instrument, and the design of self-tracking DTM. First of all, our hy-
potheses aggregate findings from various areas of IS research and psychology, such as well-
being, motivation, and personality. Although only four of the five hypotheses are supported
empirically, our results support the positive effects of the provision of enhanced autonomy af-
fordance on its actualization, goal performance, and subjective well-being. Thus, our results
strengthen the findings of Self-determination Theory regarding the relationship between auton-
omy and well-being presented in the theoretical background and hypotheses development sub-
sections. More importantly, we demonstrate the underlying theory’s applicability in the context
of the design of DTM for self-tracking goal-directed behavior. To the best of our knowledge,
this study is the first to argue and empirically demonstrate these effects in this context. Hence,
our study contributes to the body of design knowledge in positive computing and self-tracking
DTM. Besides, we have shown that the effect of autonomy might not originate from its actual-
ization, but that its offering might already be sufficient. We add to Affordance Theory as we
empirically observed that the mere provision of affordance can affect the users’ subjective well-

being while self-tracking goals.

Second, we created a measurement instrument by developing a mobile application that repre-
sents an easy way to capture the entirety of our model’s constructs. Its design may facilitate
similar research endeavors in the future. Once the app had been developed and distributed, it
reliably and continuously captured empirical data and delivered it to our research team. The
maintenance effort was limited to minor updates and the data analysis could be automated.
Nevertheless, we recommend several refinements of the app’s design before further applying it
as a measurement instrument. Users should be able to enter goals that do not necessarily have
at least one goal-pursuing activity a week. The app should allow goals with differing activity-
rhythms as well. Next, users should be able to pass on goal-pursuing activities and not be re-
stricted to either marking them as done or failed. This way, the app could implement pauses in
the goal-directed behavior due to illness or vacation, track the users’ activities more accurately,
and afford the users with additional autonomy. The proposed refinements should improve the
usability of the app, the amount of time for which users stay with the app, and the quality of the
captured data.

Third, based on the results, we conclude that any self-tracking IS which is intended to further
the success and well-being of its users while they work towards their goals should implement
autonomy-supportive functions such as providing choices regarding goal-directed behavior.
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Furthermore, we argue that the presented considerations on the influence of the provision of
enhanced autonomy affordance on subjective well-being can be transferred to organizational
contexts like universities, schools, and companies as well. In these settings, usually, both the
goals and the DTM that is used to track the goal progress are predetermined by the organization.
In contrast to self-tracking goals in the private, individual context where users freely choose the
DTM and the goals themselves, the behavior of some organizational users might thus be sig-
nificantly less autonomously regulated. This highlights the need for autonomy-supportive func-
tions and stresses their potential to increase the well-being of the members of an organization.
These effects are, in turn, likely to translate into benefits of monetary or reputational nature for

the organization.

Conclusion
Limitations

The research process and results within Section 3.2 have limitations which highlight the need
for further research about the interconnections of the provision of enhanced autonomy af-
fordance, goal performance, and well-being in self-tracking DTM. First of all, although 54 in-
dividuals took part in the study for at least 14 days, the sample size is still quite small and the
achieved empirical model fit is not optimal, which considerably impairs generalizability. How-
ever, we do not focus on the interpretation of the exact values of the coefficients. Still, we take
significant results as the first confirmation of both the relationships between the dependent and
the independent variables and its direction. Therefore, to verify our results, the study should be
rerun after the refinements to the app that were proposed in the discussion subsection to achieve

a larger sample size.

Second, the data that was collected by the app originates from self-reports by the users. Fur-
thermore, according to interviews with several users who used the option to provide feedback,
which was given during the experiment, their interpretations of not logging an activity differed.
For some users, it had the equivalent meaning of logging an activity as not done. For others, it
meant that they had simply forgotten to log and that the share of done and not done activities,

if they had logged them, would have been similar to that of the days or weeks before.

Third, the installation and subsequent usage of a self-tracking app represent a form of self-
selection. Not every individual knows about habit trackers, has access to them, or is sufficiently

convinced of their usefulness to install and use them. Further research needs to develop an
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understanding of who the users of self-tracking IS are and why they track their behavior. It
should be analyzed whether there are differences in personality, behavioral patterns, or other
characteristics in comparison to non-users. Future studies should as well build on works like
that of Gimpel et al. (2013) to determine which motivations lead users to engage in self-track-
ing. Similarly, it is yet unclear whether there are users who benefit more or less from the pro-

vision of autonomy affordance.

Summary

Research within this section examined the effects of the provision of enhanced autonomy af-
fordance on its actualization, goal performance, and well-being in the context of self-tracking
DTM for goal-directed behavior. Our theoretical development leverages Self-determination
Theory and Affordance Theory and relates explicitly to the literature on self-tracking and pos-
itive computing. The theoretical hypotheses were mostly empirically supported in a field ex-
periment. The empirical data was gathered via a mobile application that was developed for this
purpose. The app collected self-tracking data about the goal-directed behavior of 54 participants
who used it for a median observation period of 34 days. The results represent a first indication
that self-tracking IS should afford autonomy to further both their users’ goal performance and

well-being.

Overall, our research and its further development contributes to positive computing and self-
tracking 1S and informs designers of self-tracking systems on the benefits of affording users
with autonomy rather than telling them to defeat their weaker self and stick to their pre-deter-
mined plans regardless of the circumstances. Furthermore, it shows that in this context, merely
affording more autonomy can have positive effects above and beyond the positive effects of the

actualization of affordance.

With this, we hopefully supported users, despite exhausting working days, in reaching their

goals and at the same time increase their well-being.
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4. Analyzing the Effect of the Social Component

The digital workplace of employees consists of both technical and social components. Social
components include humans (as individuals or social collectives) and their relationships, as well
as attributes such as social capital, structures, cultures, and economic systems (Ryan et al.
2002). If one now considers the different levels at which, for example, methods to reduce em-
ployees' psychological risk can be applied, a social component in the work context can be un-
derstood as a combination of organization and person. Additionally, it also coincides with the
differentiation of Williams and Schubert (2018) concerning the digital workplace. In this con-
text, the organization is responsible for the workplace's design (tasks, processes, hierarchies)
and the development of the corporate culture (Williams and Schubert 2018). This results in both
job demands (e.g., workload, time pressure, role conflict) that affect employees and job re-
sources (e.g., autonomy, feedback, social support) available to them (Demerouti et al. 2001).
Nevertheless, since dealing with demands and the use of resources depends on the individual
person, the employee's role must not be neglected. Therefore, personal dispositions that consti-
tute additional demands (workaholism, perfectionism, emotional instability) (Bakker and
Demerouti 2007), as well as additional resources (self-efficacy, optimism, work engagement)
(Xanthopoulou et al. 2007), should be considered. Finally, it should also be taken into account
that, in addition to the work domain, there is a private domain, whose boundaries are becoming
increasingly permeable today, due to, for example, the digitalization of the workplace and the
COVID-19 pandemic. These, accordingly, influence each other (Brummelhuis and Bakker
2012). Therefore, the research within this chapter focuses on organizational, private, and per-
sonal factors of the social component and their influence on employee health and productivity.
Section 4.1 presents descriptive knowledge regarding the effect of the COVID-19 pandemic on
employees’ well-being, health, and productivity, taking into account different organizational,
private, and personal factors. Subsequently, Section 4.1 presents descriptive knowledge regard-
ing the effect of the individual coping style preference in dealing with upcoming technostress
as a personal factor on employee exhaustion and productivity. Major parts of Chapter 4 conform
with Regal et al. (2020) and Becker et al. (2020b).
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4.1.Analyzing the Effect of Contextual Factors

In addition to the influences of a technical component's characteristics and features on instru-
mental and humanistic outcomes examined in the previous chapter, various organizational and
individual factors of the social component are relevant. Thus, in this section, we will examine
different characteristics of the social component that potentially amplify or mitigate the effect
of the measures taken to combat the COVID-19 pandemic that radically disrupted work and
private lives. While measures to reduce the spread of the SARS-CoV-2 virus mainly focused
on increasing the physical distance between humans, digital technologies play a crucial role in
keeping us socially close, connected, and collaborative. One of the key measures that many
companies used to increase the physical distance among their employees themselves is telework
that enables employees to be still productive. This is unprecedented in scale and speed of both
pushing (e.g., for infection prevention) and pulling (e.g., for care obligations) employees in an
alternate workplace, that is mostly at home (Bailey and Kurland 2002). According to Méhring
et al. (2020), the maximum of people working from home reached 25% of all German workers
during the COVID-19 pandemic with more than 50% in sectors like information and commu-

nication.

Consequently, work became more digital almost overnight regardless of workers' facilities and
equipment for and experience with telework before the pandemic. Furthermore, this also in-
creases the risk of employees being put under increased pressure, as teleworking is associated
with the increased use of DTM (Tarafdar et al. 2013). This can potentially result in technostress,
a form of stress that is caused by IT use for work (Tarafdar et al. 2007). Besides, due to social
distancing measures and increased telework, the workplaces have not only changed to be more
digital. Other changes relate, for example, to modifications in workload (e.g., to substitute for
ill colleagues, childcaring colleagues, accommodate the changes for working in times of the
pandemic), and increased private responsibilities (e.g., childcare due to closed schools and
nurseries). All these disruptive changes lead to sudden shifts of workers' private and job de-
mands as well as their private and job resources to cope with these demands. Hence, telework
during the COVID-19 pandemic is an unparalleled duality of freeing workers from job design
constraints in terms of time, location, routines, and autonomy while on the other hand leaving

them alone with deficient technical, organizational, and social support.

To get a better understanding of the modified circumstances as well as their consequences on

an individual psychological level, we aim to answer the following two RQ.
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RQ1) How does the effort for physical distancing fostering telework affect demands and

resources for the workforce?

RQ2) How do different contextual factors influence the effect of the COVID-19 pandemic

on technostress?

To answer our research questions, we followed a quantitative-dominant mixed-methods re-
search design (Venkatesh et al. 2013). First, we used two approaches in the qualitative phase to
gain insights in the disruption caused by the COVID-19 pandemic: As an applicability check,
we analysed journalistic articles from March and April 2020 (shortly after the start of the na-
tional German "lockdown™ to prevent infections with SARS-CoV-2, which started in mid-
March 2020 and lasted until late May 2020 when the lockdown was gradually relieved) in Ger-
man high-quality national daily and weekly newspapers on changes at the workplace. Further,
we conducted semi-structured interviews with expert practitioners as well as affected employ-
ees in different industries on fundamental changes at their workplace and the blurring of work
and private life due to telework. Second, in the quantitative phase in May 2020 during the lock-
down, we applied survey research to validate our derived hypotheses from the qualitative phase
and re-sampled participants from a survey we conducted in March 2019. Both surveys focused
on demands and resources (both job-related and private) with a focus on the digital workplace,
IT use, and technostress from a large representative sample of German workers. Finally, in June
and July 2020, we used a set of four specialist events to discuss the analytical results from the

quantitative phase and to check the practical relevance of our findings.

The results of this rearch aim to contribute to the literature in two ways: empirical and practical.
First, we provide empirical insights into digital work and its context in times of the COVID-19
pandemic based on qualitative and quantitative longitudinal data. Second, we provide insights
into the severity of the COVID-19-related changes in job design for workers' well-being, health,
and productivity as well as indications for measures to steer these effects if the situation persists
or comparable disruptive situations should re-occur. Therefore, first of all, the theoretical back-
ground with regard to telework, which has not yet been presented in the dissertation, will be
worked out. Afterwards a short introduction of the methodical procedure of the research within
this section is given, before in the following subsection the hypotheses are derived as a result
of the qualitative strand. The hypotheses are then tested in the course of the quantitative strand

and their results are discussed in detail in the last subsection.
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Theoretical Background

Telework has been defined "as working outside the conventional workplace and communi-
cating with it by way of telecommunications or computer-based technology" (Bailey and Kur-
land 2002, p. 384; based on Nilles 1994). Prior research has long referred to it as being "mainly
a good thing" (Gajendran and Harrison 2007). In their meta-analyses on telework, Harker Mar-
tin and MacDonnell (2012), as well as Gajendran and Harrison (2007), found that telework is
associated with higher productivity, job satisfaction, performance, retention, organisational
commitment, and lower role stress. As being one of only a few articles concerning the negative
side of telework, Weinert et al. (2015) found that telework affects higher work overload, work-

home conflict, and role ambiguity that, in turn, lead to telework exhaustion.

The last study can also be seen as a contribution to technostress research. Factors moderating
the effect of technostress creators involve individual resources of the employees, such as tech-
nology self-efficacy, technology competence, control over access to task-related information,
or personality traits (e.g., neuroticism, agreeableness, and extraversion) (Tarafdar et al. 2019).
We use the JD-R as a meta-theoretical lens (Bakker and Demerouti 2007). The understanding
in the JD-R research on demands and resources matches the understanding of technostress cre-
ators (demands) and moderators (resources). Therefore, the JD-R may well inform our research.

In times of the COVID-19 pandemic, the context in which demands and resources are experi-
enced changed: Many employees were forced to work from home and to engage in telework.
Thus, during their workday, individuals experience not only work demands that they are con-
fronted with via digital technologies, but they also experience demands their private environ-
ment puts on them. Further, the availability of resources from the business environment may
be less and has to be replaced by resources from the private environment in the home office.
Since these rapidly changed conditions are new to technostress research, we lack insights on
technostress creators and their interplay with environmental conditions and resources in a home

office and telework context.

Research Process

To answer our two research questions, we apply a mixed-methods research design. Mixed-
methods research designs "contain elements of both quantitative and qualitative approaches™
(Tashakkori and Teddlie 1998b, p. 5). We have a multistrand design with a dominant quantita-
tive strand (longitudinal survey data) and a qualitative strand with insights from articles in daily
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and weekly newspapers and interviews. Our purpose of mixing methods is developmental with
the qualitative strand providing hypotheses to be tested by the dominant quantitative strand
(Tashakkori and Teddlie 1998b; Venkatesh et al. 2013; Venkatesh et al. 2016). We adopted
multiple paradigms as our epistemological stance. In the quantitative strand, we adopted post-
positivism, in the qualitative strand interpretivism. We used a sequential sampling strategy with
parallel samples and performed data analysis sequentially to help build the research model for

the quantitative study from the results of the qualitative studies.

Overall, the mixed-methods design was divided into two strands and influenced by the guide-
lines for contextual research studies (Hong et al. 2014). The strands overlapped in time resulting

in two phases of our research, as shown in Table 8.

Strand Quantitative Qualitative Quantitative
Phase — 1 2
Timing March 2019 March and April 2020 May 2020
Establish a baseline for | Check applicability of | Analyse demands, re-
demands, resources, and | theoretical perspective to | sources, and techno-
Aim technostress work during COVID-19 | stress during COVID-19
induced social distanc- | induced social distanc-
ing ing
Survey  with 5,005 | Content analysis of | Survey with 1,017
D employees, data to be | articles in German daily | employees (subsample
ata and . h
analysis analysed in phase 2 and Weekly newspapers f.rom the first quz'mt‘lta-
and interviews with in- | tive strand), statistical
formants analyses
Relevance of techno- | Statistically and practi-
stress and JD-R theory; | cally significant effects
Key contextual insights for | of COVID-19 induced
inference o hypothesis development | social distancing on de-
mands, resources, and
technostress

Table 8: Overview of Strands and Phases of the Mixed-Methods Research Design

In the first phase, the qualitative strand, we accomplished the following: (1) content analysis of
six recently published articles in top German daily and weekly newspapers to understand the
effect of social distancing during the COVID-19 pandemic on employee's stress and tech-
nostress and to identify possible contextual factors that influence these relationships; (2) con-
duct five interviews with employees affected by social distancing and perform an applicability
check (Rosemann and Vessey 2008) and conduct three interviews with experts on the fields of
human resources, IT-support, and occupational health management to refine and enhance the
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previously elaborated understanding of the effect of the COVID-19 pandemic on employee's
work in general and technostress in particular; (3) derive hypotheses based on (1) and (2). For
more details on the data collection and analysis of the qualitative phase, please see Appendix
C.1.

In the second phase, the quantitative strand, we (1) developed a questionnaire based on the
identified effects of the COVID-19 pandemic and their relationship to technostress and distrib-
uted the questionnaire to participants of a previous study on technostress that was conducted
prior the COVID-19 pandemic to build a longitudinal dataset (here, we only analyse data for
the respondents who answered both surveys); (2) used different data analytics techniques to
answer our hypotheses developed during the qualitative phase to identify statistical and practi-
cal significance (Mohajeri et al. 2020) differences between the responses to the two waves of
the survey; (3) conducted multiple statistical tests for mixed designs to test further hypotheses
to identify contextual factors that could influence the relationship between the effect of the
COVID-19 pandemic and technostress. For more details on the data collection and analysis of

the quantitative phase, please see Appendix C.2.

In Appendix C.3 and Appendix C.4, we further elaborate on our choices and research questions
that guided the mixed-methods design and articulate how we followed established criteria for
mixed-methods designs.

Hypotheses Development

In this subsection, based on the analysis of the data from the journalistic articles and the con-
ducted interviews, we hypothesise about the effect of the COVID-19 pandemic and the associ-
ated increased conduction of telework on different demands and resources in the job and private
life and the different contextual factors on relationships between social distancing and tech-
nostress. We provide direct quotes from the interviews to present our hypotheses in an under-
standable way. For more details on the data collection and analysis of the qualitative phase that

is used for the hypotheses development, please see Appendix C.1.

The COVID-19 pandemic and the resulting lockdown had severe consequences for the working
situation of employees. On the one hand, interviewees report that "workload has [...] become
less” (Emp2) and that there are "industries in which the orders have broken away" (Exp1l). This
leads to companies having to close down, employees being sent on short-time work (even up

to 100%), or having employees performing fewer tasks. However, this does not only concern
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large-scale changes in the amount of work. For example, one interviewee (Empl) reports that
the "amount of work has decreased minimally because some small things have been omitted for
example business trips and personal meetings have been eliminated™. On the other hand, col-
laboration changes because "informal communication between colleagues and managers is
omitted, as you no longer see yourself on the spot" (Emp1l). Due to social distancing, conver-
sations are increasingly performed using digital means of communication. However, this makes
spontaneous and informal communication with the manager and colleagues more difficult. For
example, one interviewee (Emp2) reports that "the majority of [personal] meetings no longer
takes place". Hence, it is "a challenge for everyone how we keep each other up to date” (Emp1)
and one interviewee (Emp3) goes even further and notes that “the lack of contact to colleagues
is an increasingly negative element”. At the same time, the IT department is being challenged
by the rapidly growing demand for digital communication tools, by the dynamic introduction
of new digital technologies, and by the increasing number of IT support requests that have to
be resolved remotely. So, one interviewee (Emp3) reports: "although we were already well
prepared [for telework], there were performance problems in the beginning, e.g., with video
conferences, because the usage increased so much™. Further, the expert on IT (Exp2) reports
that "there are also some problems that cannot simply be solved remotely but require physical
presence”. Thus, we pose our first two hypotheses:

H1a: Job demands during the lockdown are less than before.
H1b: Job resources during the lockdown are less than before.

However, the increasing intensity of telework not only has an impact on the job but also on
private life. As a result of increased telework, the boundaries between work and private life
increasingly blur. This is supported by one of our experts (Expl) who states, "employees report
that it is difficult to draw the line". This blurring, together with the increased presence of all
household members at home, offers the potential that “conflicts in the family increase™ (Expl).
Besides, the increased use of premises and equipment at home also leads to more household
activities. In particular, people with a duty of care for children or elderly people report on lu-
cidly increased private demands. One of our experts (Expl) states that "before [the lockdown]
you could at least talk to [...] friends and acquaintances"”. At the same time, working from
home offers employees who live with other persons in the same household the possibility of
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flexible support in case of problems and challenges. So, an employee (Emp5) reports that "with-
out my partner who is also conducting telework, the COVID-19 pandemic would be much more

difficult to handle™. Thus, we pose our next hypotheses:
H2a: Private demands during the lockdown are more than before.
H2b: Private resources during the lockdown are more than before.

In general, however, the journalistic articles and all the interviews show that the lockdown and
the associated increase in telework substantially increased the use of digital technologies and
media. An interviewee reported that (Emp4) "now, much more digital communication is being
used”. Also, "many companies were not technically prepared for a large-scale teleworking
(e.g., missing laptops)" (Expl). Furthermore, an interviewee (Emp3) reports that "there are
often enough technical problems that cannot be solved ad-hoc™ and at the same time, the variety
of digital technologies used in the workplace has also increased to meet the new business de-
mands. Especially "in the beginning it was a lot of new stuff, particularly for colleagues who
are not so technologically advanced” (Emp4) and some companies even have "several tools for

the same purpose” (Exp2). Thus, we hypothesize:
H3: Technostress creators are more prominent during the lockdown than before.

Finally, when considering the changes brought about by the lockdown, the question arises as to
how this ultimately affects productivity. Interviewee Emp2 reports that "I have to get infor-
mation from colleagues as needed to be able to do my job, because the other personal exchange
is missing" and interviewee Emp4 reports that especially "in the beginning we were thrown in
at the deep end and we were busy building everything up”. This is in line with Schweitzer and
Duxbury (2010) that as the level of virtuality increases, the quality of interaction in the team

decreases. This leads us to our next hypothesis:
H4: Work productivity during the lockdown is lower than before.

After having hypothesized about the effect of the increased intensity of telework on demands
and resources from job and private life, we now, based on the journalistic articles and the inter-
views, develop hypotheses about the contextual factors influencing the relationship between
COVID-19 induced telework and technostress.

The respondents in the interviews reported on the challenges posed by increased teleworking.
Often, this was justified by the fact to which extent already in the time before the COVID-19
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pandemic a particular part of the working time was done from home. For example, "how some-
one is equipped to work at home or what the family situation is like" (Empl1). Employees who
have already been teleworking should already have a functioning IT infrastructure to be able to
carry out their work "as from the office” (Emp1). However, it was particularly challenging for
employees who previously had little to no telework experience. Before "video conferencing
was very restrictive [before the lockdown], [...] regulations had to be relaxed and I have to use
my own IT equipment at home, otherwise, | cannot work™ (Emp2). Furthermore, "there was a
lack of preparation for the employees, e.g., having a suitable workplace and someone looking
after the children” (Expl). Besides, those employees already have experience both in dealing
with the blurring of the boundaries between work and private life and in using digital technol-
ogies to collaborate virtually with colleagues and managers. This applies, for example, for em-

ployees who "are already well prepared for working at two locations" (Exp2).

H5: Employees who already spent a part of their working time via teleworking before
the lockdown experience less change in the technostress level than employees who have

no experience with teleworking.

It is already known in the literature that managers are particularly affected due to their double
role, "managers are also employees or affected and have a double role which comes out very
strongly [during the lockdown]™ (Exp1l). This particular burden is also visible in the situation
caused by the COVID-19 pandemic. "For employees as well as for managers, the stress profile
has changed a lot" (Expl). From an employees' point of view, it is crucial that managers remain
accessible even in times of social distancing, provide feedback on their employees' work results,
and offer help in case of problems. "Informal communication is important because it strength-
ens the team coherence, exchange of information that ensures more innovation, and increases
the bond with the company" (Expl). Interviewee Emp3 further explains that" especially in my
case as | lead employees, it is important to know how my people are feeling™. At the same time,
managers also act as role models in the use of digital technologies and media. This, therefore,
requires them to be particularly reflective in times of intensive use of digital communication

media. Otherwise, "the moods of the other employees can be estimated less well" (Emp3).

H6: Employees who hold a management position in the company experience more
changes in technostress levels from lockdown-induced telework than employees who do

not hold a management position.
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In addition to the organizational context factors already mentioned, personal characteristics can
also be relevant. For example, it is already known from the literature of the job-demand-re-
source model that self-efficacy can act as a form of personal resource and therefore help to cope
with different demands (Xanthopoulou et al. 2007). There was also evidence in the journalistic
articles and the interviews so that employees who are more confident about teleworking are
more likely to report less intensively about the challenges of the COVID-19 pandemic. Ques-
tioned about this, an interviewee reported that "it is simply a matter of practice to get along
with the technology™ (Emp3) and how important a certain basic attitude can also be as "self-
selection for conducting telework has been dropped and many employees are now permanently
in the home office™ (Expl). In this context, "maintaining routines and having a structure and
self-discipline™ (Emp1) and the possibility “to control worries and fears [...] and to be able to

seek help" (Expl) play an important role.

H7: Employees who think they can successfully perform telework experience less
changes in the technostress level from lockdown-induced telework than employees who

think they are less competent.

Finally, we will discuss a factor that was discussed very prominently in society. Due to the
closure of schools and childcare facilities and the lack of access to third parties, workers with
children are particularly affected by the effects of the COVID-19 pandemic. One reason could
be that some employees "don't have anybody at home to distract me and so | get along quite
well" (Empl). Employees conducting telework, for example, not only have to deal with their
jobs but are also responsible for childcare, e.g., homeschooling. For example, there are chal-
lenges such as "how do | communicate that I take a longer break at lunchtime to look after the
children™ (Expl) or "I have to look after my child at the moment and am therefore not as effi-
cient at some times" (Expl). Another interviewee (Emp5), one person with a child, reports how
"it is unpleasant to participate in telephone and video conferences when the child can be seen
or heard in the background". Interestingly, the person concerned continues (Emp5) that "on the
one hand, this is because | disturb the other participants, but also because | do not want my
private life to be visible to my colleagues and managers". The expert on HR (Exp3) also reports
on "challenges, especially for families where both parents work for us and how difficult it is to
coordinate both partners and colleagues”.
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H8: Employees responsible for children or elderly people in need of care experience
more changes in the technostress level from lockdown-induced telework than employees

who do not have this responsibility.

After having developed the hypotheses from the qualitative part of our mixed-methods research
process, the quantitative empirical analysis and validation of the hypotheses are carried out in
the dominant quantitative phase.

Results

Changes in Demands and Resources

In order to answer our first research question on how the effort for physical distancing fostering
telework affect demands and resources for the workforce, we analysed the gathered survey data
by applying statistical tests to compare the reported values of demands and resources before
and during the lockdown. Table 9 summarizes the results.

Physical distancing requiring telework affected both employees' demands and resources. Job
demands such as workload, emotional requirements, and social conflicts decreased with a me-
dium effect size. This supports Hla. Concerning H1b, we find that feedback from managers
and colleagues became less, thus supporting our hypotheses of reduced job resources. However,
the sense of community increased compared to the level before the lockdown. Thus, we can
only partly support H1b. For private demands, we find that the considered private demands
(i.e., emotional, mental, and quantitative demands as well as financial worries) are largely
higher than before the lockdown. This supports H2a. Again, we find only partial support for
resources: While social support rose during the lockdown as expected in H2b, family support
decreased. Concerning technostress creators, we find ambivalent results. We find a decrease in
techno-insecurity and techno-uncertainty and a slight decrease in techno-overload. For the other
technostress creators, our results do not show significant changes at a 5% significance level.
Thus, the data partially support H3. Lastly, as hypothesized in H4, we find the perception of

decreased productivity during the lockdown.
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Category Construct Before | During A p-value Efsf?;;
g)ob . Workload 2.255| 1.940| -0.315| <0.001 | 0.345
emands . .

(H1a) ir:r?ttslonal Require- 2073| 1.832| -0.241| <0001| 0.224
Social Conflicts 0.913 0.779 | -0.134 | <0.001 0.221

e Feedback from 1849 | 1804 -0.045| <0.001| 0.108

Resources Manager or Colleagues

(H1b) Sense of Community 2.906 | 2.966 | +0.060 | <0.001| 0.154

Private Emotional Demand 1.350 1.407 | +0.057 | <0.001 | 0.180

Demands

(H2a) Mental Demands 2.017 2.081 | +0.064 | <0.001 0.200
Quantitative 1691 | 1767 | +0.076 | <0.001| 0.197
Demands
Financial Worries 1.021 1.135| +0.114 | <0.001 0.253

Private Family Support 2.857 | 2.786| -0.071| <0.001| 0.251

Resources -

(H2b) Social Support 2594 | 2.634| +0.039| <0.001| 0.135

T:ghnostress Techno-Insecurity 1.054 | 0937 | -0.117| <0.001 | 0.131

(H3) Techno-Complexity 1.065 1.085 | +0.019 0.487 0.022
Techno-Invasion 0.973 1.055 | +0.083 0.005 0.089
Techno-Overload 1.476 1.411 | -0.066 0.048 0.062
Techno-Uncertainty 1.735 1.474 | -0.260 | <0.001 0.256

Job Productivity 2.614 2.516 | -0.097 | <0.001 0.122

Outcome

(H4)

Notes: The columns "before" and "during" refer to lockdown and the average value for this variable during a
period across all participants; scale for all variables ranges from 0 to 4; p-values calculated from paired Wil-
coxon signed-rank tests; Wilcoxon R as effect size measure with 0.2 considered small, 0.5 medium, and 0.8

large (Tomczak and Tomczak 2014); n = 1,017

Table 9: Comparison of Demands and Resources Before and During the Lockdown

In summary, we see the increased use of teleworking to contain the COVID-19 pandemic had

an impact on employees' demands and resources. While work demands decreased, during the

lockdown, employees experienced higher levels of personal demands than before the lockdown.

At the same time, job and personal resources hardly changed for the respondents. Concerning

technostress, no clear statement can be made. While some technostress creators are perceived

as less intensively, others are more present than before. Still, others have not changed signifi-

cantly.

74



The#_CTVL0010aea60750df24d3aa06364d7151bae19

Analyzing the Effect of the Social Component

The Influence of Contextual Factors

We now shift the focus to the second research question by examining the effect of different
contextual factors on the intensity of technostress. The graphical presentation of the interactions

are summarised in Figure 11 and the key data is placed in Appendix C.5.

Regarding the prior telework experience, a significant influence on the change of technostress
compared to before the lockdown can be observed. People who already partially conducted
telework before the lockdown then reported a higher intensity of technostress than employees
with no or little telework experience. This difference diminishes during the lockdown so that
the intensity of technostress for employees with telework experience is lower than before. At
the same time, it remains almost unchanged for employees who did little or no teleworking
before the lockdown. Thus, the two groups are converging. This observation also applies to the
technostress creators techno-invasion and techno-insecurity. However, this does not support
hypothesis 5, because, although the experience with teleworking influences technostress, em-
ployees with more experience report a lower intensity during the lockdown. In contrast, the
intensity for employees with little experience hardly changes. Hence, employees with more
experience are more affected by the increased intensity of telework than employees with no or

less experience. Experience with telework is beneficial.

Regarding the fulfillment of a management position, a significant influence on the change of
technostress compared to before the lockdown is likewise observable. Concerning technostress
employees who hold a management position report a higher intensity of these facets before the
lockdown than employees without a management position. This differentiation diminishes dur-
ing the lockdown so that the intensity of the technostress decreases for managers. In contrast,
for employees who do not hold a management position, the intensity hardly changes. This ob-
servation also applies to the technostress creators techno-uncertainty and techno-insecurity.
However, the situation is different for techno-invasion. Here, hardly any changes can be de-
tected for employees with a management position and that the intensity for employees without
a management position increases. In sum, however, the two groups converge in terms of overall
technostress and the technostress creators techno-invasion, techno-insecurity, and techno-un-
certainty. This supports hypothesis 6 since, in most cases, the intensity for managers change. In
contrast, the intensity for employees without a management position remained mostly un-

changed during the lockdown compared to before.
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Regarding self-efficacy in terms of telework, again, a significant influence on the change of
technostress compared to before the lockdown can be observed. Compared to the other contex-
tual factors, this applies to the intensity of overall technostress as well as to the intensity of all
technostress creators. People with high self-efficacy regarding telework report a lower intensity
before the lockdown than others and this differentiation even increases during the lockdown.
However, the situation is different for the technostress creator techno-uncertainty. Here it can
be observed that employees with high self-efficacy initially report a higher intensity than em-
ployees with low self-efficacy. However, this changes during the lockdown since the intensity
for employees with a high self-efficacy is also reduced here. In contrast, the intensity remains
almost constant for employees with low self-efficacy. Thus, the groups converge in terms of
techno-uncertainty, while the differentiation in terms of the other technostress creators and
overall technostress becomes greater. However, this does not support hypothesis 7, because
although employees with higher self-efficacy report a lower intensity during the lockdown, the
intensity for other employees hardly changes.

Regarding the responsibility for the care of minors or older people, there is no evidence that
caring responsibility moderated the change of overall technostress or any of the technostress

creators resulting from the lockdown. Thus, hypothesis 8 must be rejected.
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Discussion and Conclusion

Besides the quantitative analysis and our interpretation of the gathered data, we discussed our
results during a set of four specialist events and checked for the practical relevance of our find-
ings. The first one took place in the context of a presentation in front of more than 90 health
and safety specialists. The second one was a network meeting between 30 CIOs of local com-
panies who meet regularly to exchange information on various topics. The third event was a
working group meeting of 15 works councils from different local companies. The fourth and
final discussion with ten scholars on the topic of healthy use of digital technologies and media,
in which psychologists, business IT specialists, computer scientists, and occupational physi-
cians took part. In each event, we presented and discussed the research background, the analysis
procedure, and the results focusing on the empirical contribution (in the sense of Agerfalk
(2014)) and practical relevance (in the sense of Mohajeri et al. (2020)). The results of all four
events influenced the here reported discussion.

First of all and concerning RQ1, we found that teleworking indeed affected employees' jobs as
well as private demands and resources. For demands, we found decreased job demands, whereas
private demands increased due to the changing physical environment during the workday. The
technostress creators show a more diverse picture. Whereas techno-invasion increased, techno-
insecurity, techno-overload, and techno-uncertainty decreased other than expected. Techno-
complexity did not show a significant change. Resources also did not show consistent results

as some job and private resources decreased and some of them increased.

Second, and concerning RQ2, we found that prior telework experience as a form of resource
enables employees to better deal with demands by the increasing usage of digital technologies
and media associated with the lockdown. In general, however, we also observed that especially
the employees with high teleworking-experience perceive a higher intensity of different tech-
nostress creators. This was especially true in the time before the lockdown and also in the time
during the lockdown, even though the two groups of high versus low teleworking-experience
got closer. This observation was also supported in discussions with CIOs and work councils
during the specialist events. For example, one of the CIOs reported that before the lockdown,
there was a four-page long regulation for telework. During the lockdown, these regulations
were reduced to just one page. Thus, the special requirements for employees conducting tele-
work became less demanding during the lockdown. On the other hand, one of the work councils

reported that their employees would like to return to their regular desk after the lockdown to
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reduce the additional demand when performing telework (e.g., missing devices, missing ser-

vices, lack of working space/room, unergonomic workplace).

Beyond that, employees in a management position also report a higher intensity of technostress
creators before and during the lockdown than employees without a management position. It has
been observed that employees with a management position do not notice any change in the
intensity regarding techno-invasion. Employees without a management position, on the other
hand, experience notably more techno-invasion during the lockdown than before. This could be
scrutinised more precisely in discussions with some of the Cl1Os. For example, even before the
lockdown, managers had to meet high demands regarding techno-invasion. The reasons for this
are the higher demands on accessibility and the diversity of the different tasks. Hence, during
the lockdown, the managers were already used to an increased techno-invasion. Thus, from
their point of view, the intensity has hardly changed. Interestingly, however, ClOs have also
spoken of generally higher demand on managers during the lockdown. The main reason for this
is the rapid introduction and usage of new digital technologies and media to empower employ-
ees for telework. For employees holding a management position, this is creating new demands
both on change management and on the applicable management style. However, these are not
demands that are reflected in technostress creators, and therefore, a change could not be empir-

ically determined.

If we now take a closer look at the personal resources of employees, we see that self-efficacy
has a particularly severe mitigating effect on technostress. What is exciting to mention here is
that this is just an attitude that can be changed. Self-efficacy is not competence in the narrower
sense, but trust in one's abilities. Yet, one might expect a positive association between one's
actual abilities and one's trust in one's abilities. A high self-efficacy (i.e., trust in his or her
ability) has significant influence with a high effect size in the sense that prior to COVID-19,
employees with high teleworking self-efficacy had lower technostress (as compared to employ-
ees with low teleworking self-efficacy) and during the lockdown, their technostress decreased
further. On the contrary, at the outset, employees with low teleworking self-efficacy perceived
higher technostress and this further increased during the lockdown. This empirical result was
taken up with a great interest in the three practice-oriented events with the health and safety
specialist, the ClOs, and the work councils. Besides, the various research experts also empha-
sized this aspect as particularly relevant from a scientific point of view, as self-efficacy exists

in different areas (e.g., general (Bong and Skaalvik 2003), computers in general (Compeau and
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Higgins 1995), virtual team competence (Fuller et al. 2006)) and can, therefore, be examined
more closely in different research contexts.

Finally, we take a look at employees with caring responsibilities. We could observe that em-
ployees with a caring responsibility perceive a higher intensity of technostress and its creators
before and during the lockdown. Nevertheless, the quantitative empirical results here were quite
surprising for us because there is no significant influence on overall technostress before and
during the lockdown - not even on a single technostress creator. This was unexpected as it was
frequently mentioned in the newspaper articles as well as in discussions with health and safety
specialists and work counsels that employees with caring responsibilities are particularly af-
fected by the lockdown. In further discussions, it became clear that this does not apply to tech-
nostress, but rather to general work stress factors (i.e., workload, emotional demands, social
conflicts). These are significantly higher for employees with a caring responsibility than for
employees without. Thus, although changes can be observed for employees with caring respon-
sibility, these do not relate to technostress.

The purpose of our mixed-methods research design was developmental: identify relevant fac-
tors and hypotheses from the qualitative strand and test the in the dominant quantitative strand.
Accordingly, the main inference from the qualitative part was the set of changes in response to
COVID-19 that affected individual demands and resources. The main inference from the quan-

titative part was that some of the hypotheses found broad empirical support.

The inferences of both strands, the qualitative and quantitative, were quite convergent, which
shows a good quality of our results (Venkatesh et al., 2013). We also deduced divergent results,
such as the not-existing effect of caring responsibility on the change in overall technostress and
its individual technostress creators as expected from the qualitative strand. Many of the hypoth-
eses developed in the qualitative study were empirically validated as significant and relevant in
the quantitative study, although not all hypotheses could be validated. Although many results
were statistically significant and relevant, some cause-effect relationships turned out to be con-
tradictory. For example, it was expected that the characteristics of a contextual variable would
influence the change in the overall technostress and its individual technostress creators. How-
ever, we could observe that in such cases, the characteristic does not influence the change but
keep the intensity of overall technostress and its individual technostress creators on the same

level as before the lockdown. In contrast, other characteristics of the contextual factor have then
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enabled that the intensity has become stronger or weaker compared to the time before the lock-
down. In cases where the inferences reveal complementary or even divergent results, we further
consult the literature to foster the credibility of our meta-inferences. Furthermore, it has also
been shown that despite the major changes in demands and resources due to enforced telework,

not all technostress creators have changed significantly or at least not to a relevant extent.

Empirical Contribution

Due to the quantitative dominant mixed-methods approach, our research provides empirical
contributions to promote scientific discourse and derive practice-relevant implications. In doing
so, we follow 's (2014) call for more empirical contributions. "An empirical contribution can
then be thought of as a novel account of an empirical phenomenon that challenges existing
assumptions about the world or reveals something previously undocumented "(Agerfalk 2014,
p. 594). Our empirical contributions are mixed qualitative and quantitative insights into tele-
work, demands, resources, technostress, and its context in times of the COVID-19 pandemic.

In investigating the changes brought about by the lockdown and the resulting increased use of
telework, we found that only a few technostress creators changed significantly. This is particu-
larly surprising, since both the analyses of the newspaper articles, the empirical results and the
discussions at the specialist events identified a substantial increase in the use and dissemination
of digital technologies and media. At the same time, however, other stress factors such as the
load of work, emotional demands, or social conflicts at the workplace are substantially lower
than before the lockdown. This lets us conclude that technostress as a stress factor is not inde-
pendent of other stress factors or that it is linked to other demands. For example, it is quite
logical that techno-overload and techno-invasion increase with an increase in workload. There-
fore, further research should explore the relationship between techno-stressors and other/tradi-
tional demands. Further, as the five technostress creators behaved differently, future research
should keep on investigating them separately from each other rather than modelling the con-
struct technostress as a second-order construct (e.g. Maier et al. 2019; Pirkkalainen et al. 2019;
Ragu-Nathan et al. 2008; Tarafdar et al. 2007; Tarafdar et al. 2015). This more specific analysis

of single technostress creators in a specific context meets Benlian's (2020) suggestions.

At the same time, although all job demands (both traditional and technostress creators) have
decreased and the level of available resources has remained more or less constant, we have also
seen lower self-assessed productivity. However, this cannot be explained by the JD-R model in
its original form. Given that the increase in teleworking has blurred the boundaries between
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work and private life and increased private demands, lower job productivity is more under-
standable from a logical point of view. This supports the already existing new considerations
regarding the JD-R and the integration of the influence of demands and resources from other
domains (e.g., private, personal). For example, in one of the latest reviews of the JD-R, there is
a call for research on the influence of private components on job performance (Demerouti and
Bakker 2011) and other models such as the Work-Home-Resources Model are already trying
to explain this in more detail (Brummelhuis and Bakker 2012). Therefore, further research
should look more closely at the relationship between private demands or resource and job de-

mands or resource, the two interwind processes (i.e., motivation and strain), and productivity.

Finally, we see the results of self-efficacy as another exciting empirical contribution. High in-
tensity of self-efficacy in relation to telework has not only led to low levels of technostress and
its creators before the lockdown. Moreover, it had even decreased the intensity during the ex-
tensive telework due to the lockdown. Self-efficacy is merely a conviction to cope well in tele-
working situations. Whether employees with a high level of self-efficacy get along better with
telework and whether this conviction is objectively understandable (e.g., based on training, ex-
isting skills, experience) seems on a first glance to be irrelevant for the impact on the overall
technostress and the technostress creators. However, we would expect self-efficacy to correlate
with actual skill and experience, and, thus, trust in one's capabilities could be a good approxi-
mation. To what extent the actual skill and experience are better suited as a facilitator should
be considered in further analysis. Therefore, further research should more closely examine the
relationship between self-efficacy, especially considering its myriad forms and technostress as
suggested by Tarafdar et al. (2019) and additionally consider skill and experience. Furthermore,
it would be interesting to analyse the difference between subjective beliefs about skills and

objectively identifiable skills and how it affects technostress.
Practical Implications

While our research neither addresses Sars-CoV-2 nor COVID-19 directly, it delivers descrip-
tive knowledge regarding the socio-economic implications and allows us to derive prescriptive
knowledge on preventive and situational coping measures. This may lead to improved psycho-
logical health and productivity, which in turn may lead to prolonged individual and organiza-
tional acceptance of physical distancing measures. From a practical point of view, the severity
of the COVID-19-related changes in job design for workers' well-being, health, and productiv-
ity was identified. Besides, the influence of different contextual factors on these changes was
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examined and thus provides insights into which employees are affected by lockdown induced
telework. Concerning technostress, employees with less self-efficacy and few telework experi-
ence are more affected. Concerning private demands and resources, factors such as family
members, caring responsibility matter. However, this does not result in an increase in overall
technostress or one of its individual technostress creators. Surprisingly, managers were less
affected by enforced telework than other employees. However, this only regards technostress
and we do not have further insights on other responsibilities that come along with a management
position (e.g., role model for employees, change management). Additionally, already Sri-
vastava et al. (2015) pointed out that managers react differently on technostress by showing
that technostress can also result in positive outcomes.

Based on the results of the empirical analyses and the discussions in the events, measures can
be derived. For example, employees should be empowered to conduct telework parts of their
working time. This creates the necessary conditions concerning the spatial equipment and avail-
ability of digital devices and services. In addition, employees gain experience with telework,
which can lead to greater self-efficacy. Also, further training on working with digital technol-
ogies and telework can enhance the employees' trust in their ability. In summary, this may re-
duce the adverse effects of teleworking on technostress and show preventive indications for
measures to steer these effects if the situation persists or comparable disruptive situations

should re-occur.

Limitations

Our research is limited in multiple ways. Our hypothesis development is based on a small qual-
itative sample of six newspaper articles and eight interviews. Although we took care to select
interviewees from a variety of job and personal backgrounds as well as experts from various
disciplines, future research should aim for a broader sample, especially regarding managers. In
addition, we explicitly focused our sample during the quantitative phase on those participants
for whom there were no major changes (i.e., change of employer, job change, no reduced work-
ing hours, unemployment) compared to the time before the lockdown. Although this allowed
us to investigate the influence of telework on technostress, future research should also explicitly
examine employees and their job and private conditions, which were strongly affected by the
COVID-19 pandemic, in order to take specific precautions for future scenarios.
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Conclusion

COVID-19 radically disrupted our work and private lives. The move to teleworking is a key
measure that many companies used to increase the physical distance among their employees
themselves and to other people. However, our results show that increased teleworking to con-
tain the COVID-19-pandemic impacted the work demands and resources of employees. Alt-
hough the intensity of overall technostress decreased marginally compared to the time before
the lockdown, this does not hold for all individual technostress creators. Besides, further dis-
cussions at specialist events with CIOs, health and safety specialists, works councils, and other
scientific researchers have supported and complemented our findings.

From our point of view, employers should use the enforced conversion to telework and the
resulting experiences to develop new technological, organizational, and personnel (i.e., both
managers and employees) structures. In this way, the advantages resulting from the opportunity
of conducting telework can be retained permanently and possible risks can be mitigated. At the
same time, companies become more resilient and are less susceptible to similar situations in the

future.
4.2.Analyzing the Effect of Individual Coping Style

In addition to the context factors examined in the previous section, however, it also plays a
crucial role how employees deal with demands that have already occurred also plays a crucial
role in how these affect instrumental and humanistic outcomes. As already discussed, it has
been shown technology-related factors which induce stress are associated with a reduction in
productivity, job satisfaction and loyalty to the employer as well as an increased risk of burnout
and a poor work-life balance (Ayyagari et al. 2011; Califf et al. 2020; Khaoula et al. 2020;
Srivastava et al. 2015; Tarafdar et al. 2010; Tarafdar et al. 2011). To overcome these issues,
employees use different coping strategies depending on the situation, with the choice being
influenced by personal preferences and the availability of job and personal resources. An ex-
amination of these coping styles is particularly relevant in that, while research has identified
several organizational and individual factors that positively moderate the relationship between
techno stressors and health as well as organizational outcomes (Srivastava et al. 2015; Tarafdar
et al. 2015) most of them are outside the individual’s scope of influence. They are either organ-
izational factors (Ragu-Nathan et al. 2008) or inherent stable personality traits (Sumiyana and
Sriwidharmanely 2020).
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But little is known about actual behaviours or thoughts that the individual deploys to mitigate
the harmful effects of technostress. There are a few studies concerned with coping, but these
conceptualize coping as a mediator between technostress and strain in line with the transactional
model of stress (Lazarus and Folkman 1984). In contrast, research from industrial and organi-
zational psychology emphasizes the role that coping plays as a personal resource (Searle and
Lee 2015) moderating the relationship between job demands and strain (Bakker and Demerouti
2017). Accordingly, the neglect of coping as a moderator proposed by Frese (1986) is still pre-
sent within the research field of technostress in information systems (IS) and was only recently
addressed by few research articles (Nisafani et al. 2020; Pirkkalainen et al. 2019) focusing on
the role of proactive and reactive coping (Pirkkalainen et al. 2019). Hence, coping responses
concerning technostress are under-studied and interdisciplinary theoretical enrichment between
psychological literature and IS research is needed (Pirkkalainen et al. 2019; Tarafdar et al.
2019). The disciplines share a common and joint research interest but yet, most articles about
technostress are published in IS journals and only few in psychological journals disrupting the
flow of information, knowledge and exchange of theories from one discipline to the other (Bon-
danini et al. 2020).

In this section, we aim to provide evidence that coping as a personal resource moderates the
relationship between (techno)stress and strain as proposed by the JD-R (Demerouti et al. 2001)
extending the perspective to coping as a mediator of emotional responses that is grounded in
the TMS (Lazarus and Folkman 1984). Thereby, we contribute to research by investigating the
influence of technostress and coping on organizational and individual-level outcomes while
modelling coping as a moderator in line with the workplace-specific JD-R. This includes the
conceptualization of strain mediating the influence of technology related demands on work
productivity. Furthermore, we emphasize the importance of distinguishing between functional
and dysfunctional coping, two forms of reactive coping, to gather insights about the differenti-
ation of effective and less effective ways to overcome strain related to the use of digital tech-

nologies.

The present section is structured as follows: first, we will address the theoretical background
and give an overview of the current research streams in IS and psychology regarding the nega-
tive consequences of DTM use. Subsequently, based on the existing literature, we designed a
conceptual model that integrates the relationships between techno stressors, their impact on
strain, well-being, and organizational outcomes as well as the moderating effect of individual
coping behaviours. This model guided our empirical study on the impacts of technostress.
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Lastly, we will summarize and carefully discuss the empirical findings and give an outlook for

future research.
Theoretical Background

Technostress

The concept of technostress is anchored in the TMS (Lazarus and Folkman 1984) in which
stress is a process where individuals appraise the demands of a given situation as taxing or
exceeding their resources while interacting with their environment. Consequently, technostress
refers to stress which arises during the usage of DTM (Tarafdar et al. 2019). Tarafdar et al.
(2007) emphasize that “in the organizational context, technostress is caused by individuals’
attempts and struggles to deal with constantly evolving information and communication tech-
nologies and the changing physical, social, and cognitive requirements related to their use” (p.
304). Hence, employees might experience technostress due to an increased usage of DTM at
the workplace (Ragu-Nathan et al. 2008).

To reduce technostress, Ragu-Nathan et al. (2008) investigated three situational factors and
organizational mechanisms: technical support, literacy facilitation (users are encouraged to
share their experiences with and knowledge about new technologies), and involvement facili-
tation (users are consulted in the implementation of new technologies and are actively encour-
aged to try them out). These technostress-inhibitors operated as moderators of the relationship
between technostress and job-satisfaction, organizational commitment, and continuance com-
mitment. Other factors that influence the relationship between techno stressors and outcomes
are timing control and method control (Galluch et al. 2015). Furthermore, individual moderat-
ing variables like technology self-efficacy (Tarafdar et al. 2015) and personality traits like open-

ness, agreeableness, neuroticism, and extraversion (Srivastava et al. 2015) have been identified.

Coping with Technostress

According to the TMS (Lazarus and Folkman 1984, p. 141), coping is defined “as constantly
changing cognitive and behavioural efforts to manage specific external and/or internal demands
that are appraised as taxing or exceeding the resources of the person”. These efforts are com-
monly classified into different styles of coping. Besides the broadly acknowledged distinction
between problem-focused coping (directed at the problem itself in terms of modifying or im-

proving the person-environment relation) and emotion-focused coping (comprising strategies
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which aim at regulating stressful emotions) proposed by Folkman et al. (1986), more fine-
grained taxonomies include active coping, seeking instrumental social support, religion, posi-
tive reinterpretation, mental disengagement or behavioural disengagement—only to name a few
(Carver et al. 1989). In a more detailed approach, 14 different coping styles have been differ-
entiated (Carver 1997). Thereby, active coping and seeking instrumental social support can be
subsumed under problem-focused coping, whereas positive reinterpretation and turning to reli-
gion are examples of positively related emotion-focused coping. Hence, these two higher-level
categories reflect active-functional strategies (Prinz et al. 2012). In contrast, coping strategies
where individuals try to avoid the overall issue and escape from the problem instead of tackling
it at source are considered as dysfunctional. Examples are mental and behavioural disengage-

ment as well as alcohol and drug consumption (Carver et al. 1989).

Research using this more fine-grained taxonomy found that active coping is associated with
lower exhaustion (Gaudioso et al. 2017). The use of active-functional strategies, such as seeking
social support, is negatively associated with burnout (Erschens et al. 2018). It has also been
observed that maladaptive, dysfunctional coping like behavioural disengagement is associated
with increased work exhaustion (Gaudioso et al. 2017; Prinz et al. 2012) and strain (Hauk et al.
2019). In total, there is some evidence that active-functional coping strategies positively influ-
ence employees’ well-being and organizational outcomes, whereas dysfunctional coping nega-
tively impacts those outcomes. However, it is not clear how coping moderates the relationship
between techno stressors and organizational as well as health outcomes. Active-functional cop-
ing should be beneficial, whereas dysfunctional coping may be seen as a malfunctioning strat-
egy to overcome the long-term consequences of stress.

Currently, there is no consensus in research whether coping strategies should be considered as
a moderator or mediator. Frese (1986) mentioned this issue in his study and highlights that this
specific distinction is often neglected. As emphasized above, the technostress framework from
IS literature is based on the work of Lazarus and colleagues (Folkman et al. 1986; Lazarus and
Folkman 1984) where coping is seen as a mediator. This has already been addressed by several
studies in the context of technostress research (Gaudioso et al. 2016; Hauk et al. 2019; Zhao et
al. 2020). Maladaptive coping, for example, translates invasion and overload through the strain
facets of work-family conflict and distress into higher exhaustion. In contrast, adaptive coping
strategies mediate the same relationship resulting in lower work exhaustion (Gaudioso et al.
2017). Behavioural disengagement mediates the relationship between age and technology in-
duced strain that was operationalized as emotional and physical exhaustion (Hauk et al. 2019).
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At the same time, stressors and work demands which also include stress resulting from the use
of DTM constitute a typical subject of matter in psychological investigations (Barber et al.
2019; Braukmann et al. 2018; Day et al. 2012; Day et al. 2020; Golden 2012; Sonnentag et al.
2010). In this context, coping strategies have been discovered numerous times as a moderating
variable: Lewin and Sager (2009) found that problem-focused coping strategies moderate the
impact of stressors on emotional exhaustion. Yip et al. (2008) provide evidence that coping
buffers the negative effects of job stressors on burnout. Similarly, Searle and Lee (2015) found
that pro-active coping moderates the relationship between demands and burnout. Ashill et al.
(2015) show in their study that self-directed coping mitigates dysfunctional effects of job de-
mand stressors on emotional exhaustion while other-directed coping buffers the relationship
between job demands and job performance. Recently published articles in IS also started to

model coping as a moderator (Nisafani et al. 2020; Pirkkalainen et al. 2019)

Investigating coping as a moderator, psychological research widely uses the JD-R model
(Demerouti et al. 2001) as the theoretical foundation which has been applied and expanded to
explain the relationship between job demands, personal resources and strain (e.g., exhaustion
as one facet of burnout (Demerouti et al. 2010)). In keeping with the JD-R model, “job resources
refer to those physical, psychological, social, or organizational aspects of the job that may do
any of the following: be functional in achieving work goals, reduce job demands and the asso-
ciated physiological and psychological costs, stimulate personal growth and development”
(Demerouti et al. 2001, p. 501). ”Personal resources can be seen as the beliefs individuals have
in their ability to act on the environment” (Bakker and Demerouti 2017, p. 275). How people
cope with stress can be treated as a personal resource as well (Searle and Lee 2015). Personal
resources can buffer the impact of job demands on strain while strain variables like exhaustion
negatively affect employees’ job performance (Bakker and Demerouti 2017). According to Ni-
naus et al. (2015) and Patel et al. (2012), it can also be differentiated between demands and
resources within DTM use. Employees may benefit from DTM use, but it also increases de-
mands and therefore causes strain (Bakker and Demerouti 2017). These resources also include
coping strategies to directly mitigate strain (Angelo and Chambel 2014). The JD-R model has
also been used as a theoretical foundation for conceptualizing technostress (Christ-Brendemiihl
and Schaarschmidt 2020; Florkowski 2019; Mahapatra and Pati 2018b; Ninaus et al. 2015;
Wang et al. 2017) but it has not been applied in investigating coping strategies as a moderator

in the technostress context yet.
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Hypotheses Development

We are referring to the agenda postulated by Tarafdar et al. (2019) who claim a lack of research
on coping strategies and its effects on the relationships between techno stressors and outcomes.
Simultaneously, other researchers (Nisafani et al. 2020; Pirkkalainen et al. 2019) call for further
investigations of coping strategies and how they might lead to different coping outcomes. To
fill this gap, the respective moderating effects of active-functional and dysfunctional coping
behaviour are the focus of our examination. Another reason for this is that Pirkkalainen et al.
(2019) focus on the effects of proactive (i.e., strengthening one’s ability to cope) and reactive
coping, neglecting the different types of reactive coping. Based on the findings above, we de-
veloped a research model (the simplified moderated mediation model is displayed in Figure 12)
building on both psychological literature regarding job demands as well as negative conse-

quences of DTM use and technostress literature from the IS domain.

The model establishes a relation between job demands, strain (represented through exhaustion),
and job performance (represented through productivity) - with strain mediating the impact of
job demands on job performance - as well as the moderating effect of coping as a resource
which is in line with the JD-R model (Bakker and Demerouti 2017). Furthermore, the direct
effect of coping on strain, as proposed by Angelo and Chambel (2014), is included. To our
understanding, the techno stressors described above represent technology-related job demands
resulting from the use of DTM for work purposes. The wording ‘demands’ will be subsequently
used. Therefore, in the model, the second-order construct job demands comprises the five
techno stressors (Tarafdar et al. 2007) mentioned and explained above: complexity, insecurity,
invasion, overload, and uncertainty. Also, interruptions and unreliability (DTM hassles) that
were identified as affective events related to DTM use that may have negative consequences

for well-being (Braukmann et al. 2018) were included.

In line with the proposed model, we deduct hypotheses for the relationships between job de-
mands, exhaustion, productivity, and coping. It has been shown that technostress is associated
with lower productivity and simultaneously, techno stressors can induce strain. Further, the JD-

R model proposes that strain translates into lower job performance, so we assume:
Hla: Job demands are negatively associated with the productivity of employees.

H1b: The relationship between job demands and productivity is mediated by exhaustion
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Even though the psychological framework of the JD-R model has already been applied in the
technostress context (Day et al. 2020; Florkowski 2019; Mahapatra and Pati 2018b; Ninaus et
al. 2015; Patel et al. 2012; Wang et al. 2017), there is no research concerning coping strategies
moderating the relationship between techno stressors and outcomes yet. For investigating these
effects in our model, we differentiate between active-functional and dysfunctional coping. First,
active-functional coping (like support-seeking behaviour and searching for solutions or im-
provements in a stressful situation) is associated with a lower level of exhaustion. In contrast,
dysfunctional coping (like displacing reality, escaping behaviour, and the consumption of alco-

hol or drugs) is related to an increased level of exhaustion, we propose accordingly:
H2a: Active-functional coping is negatively related to employees’ level of exhaustion.

H2b: Active-functional coping acts as a moderator, mitigating the negative impact of

techno stressors on exhaustion.
H3a: Dysfunctional coping is positively related to employees’ level of exhaustion.

H3b: Dysfunctional coping acts as a moderator reinforcing the negative consequences

of techno stressors on exhaustion

Active-functional
coping

Job demands
(Technostress creators)

Job performance
(Productivity)

Strain
(Exhaustion)
Unreliability Dysfunctional coping

Figure 12: Research Model of the Assumed Relationships
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Methodology

Sample

Data for this study was collected within the setting of a larger research project which is super-
vised by an interdisciplinary committee from which ethical approval for the survey was ob-
tained. Respondents were acquired via an external research panel and paid a small incentive for
participation in the study. Participants gave informed consent which means they actively agreed
that they are over 18 years of age, have read the information on intentions of the research pro-
ject, ethics and processing of data and data protection by ticking a box. A contact person was
listed, and they were informed that they had the possibility to withdraw their consent to partic-
ipate without giving reasons or incurring disadvantages at any time. Subjects were guaranteed
that their answers were collected anonymously as far as possible. “Protecting respondent ano-
nymity and reducing evaluation apprehension” helps to reduce possible common method bias
(Podsakoff et al. 2003, p. 888). To do so, we reminded participants that there are no right or
wrong answers and that we are interested in their honest opinion at the introduction of each
subsection, trying to minimize method bias. The panellist company was instructed to collect
answers from German knowledge workers. Knowledge workers are defined as employees
working in an occupation where information is a resource, tool and result of work (Klotz 1997).
Examples for relevant professions are technicians, engineers, scientists, finance, controlling,
managers, journalists, consultants, and lawyers. The questionnaire included control variables to
test for representativeness of our sample, namely age, sex, employment status, occupational
title and sector, number of hours worked per week, and education. Further, intensity of technol-
ogy use for work purposes was assessed. In the first step, the answers of n = 445 participants
were collected for a quantitative pre-test of the scales. In a second step, answers for the main
study were collected. This final sample consisted of n = 3,362 respondents. Preliminary analysis
showed that the distribution of participants according to the control variables age, sex, and sec-
tors (Federal Statistical Office of Germany 2018a, 2018b) is representative of the German work-
ing population. About 46% percent of participants were female and 54% male. The mean age
was 42.44 years (SD = 11.39). 23% of the participants have a secondary school education, 27%
finished a vocational apprenticeship, 19% had a bachelor’s degree, 27% finished with a mas-
ter’s degree, and 4% percent completed a Ph.D. Most participants (30%) worked in the public

or private service sector, followed by 15% who worked in the trade, transport or hotel sector,
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followed by the producing sector without construction industry (15%), business services indus-
try (14%), information and communication (11%), finance- and insurance services (7%), con-
struction sector (4%), land- and housing sector (2%), and agriculture, forestry and fishing (<
1%).

Measures

We relied on established, validated scales in the survey. All questions were administered in
German. If necessary, the items were translated from the original language. Therefore, three
German native speakers translated the questions in parallel. They met afterward to resolve dis-
crepancies and agreed on the best translation. In this step, we tried to avoid common method
bias. The following rules were applied to all items in the translation procedure: “keep questions
simple, specific, and concise; avoid double-barrelled questions; decompose questions relating
to more than one possibility into simpler, more focused questions; and avoid complicated syn-
tax.” (Podsakoff et al. 2003, p. 888). The measures were subjected to extensive testing with
participants that had not been involved in the research process previously to identify ambiguous
terms and to ensure understanding of the translated items. In this quantitative pre-test, the qual-
ity and psychometric properties of the scales were evaluated based on the answers of n = 445
participants.

Complexity, insecurity, invasion, overload, and uncertainty were assessed with the scales de-
veloped by Ragu-Nathan et al. (2008). Complexity was measured using five items, for example:
“I need a long time to understand and use new technologies”. The scale for insecurity encom-
passes five items, including “I have to constantly update my skills to avoid being replaced.”
Invasion comprises three items (e.g., “I have to be in touch with my work even during my va-
cation due to this technology ). Overload was measured with four items. An example is “/ am
forced by this technology to work with very tight time schedules . Lastly, uncertainty was meas-
ured with four items (e.g., “There are constant changes in computer software in our organiza-
tion”). Additionally, interruptions were assessed with three items published by Galluch et al.
(2015), for example, “I experienced many distractions during the task” and finally, unreliabil-
ity (Ayyagari et al. 2011) was also measured with three items (e.g., “The features provided by
digital technologies are dependable’). We used a five-point Likert-type rating scale from 0 =
I do not agree at all to 4 = | totally agree for all items.

Exhaustion was measured with a subscale of the Maslach Burnout Inventory (Maslach and
Jackson 1986). It contains nine items, for example, “I feel emotionally drained by my work”.
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A five-point Likert-type rating scale ranging from 0 = | do not agree at all to 4 = | totally agree

was used.

Productivity was measured with four items (Chen and Karahanna 2014). It describes self-eval-
uated work performance (fulfilment of work tasks and general demands). An example item is
“I have a reputation in this organization for doing my work very well”. Ratings were made on

a five-point Likert-type rating scale ranging from 0 = | do not agree at all to 4 = | totally agree.

Coping was assessed with a selection of 15 items from the Brief COPE (Carver 1997). We used
the existing German translation of the inventory (Knoll et al. 2005). While the original scale
contains 28 items paired up in 14 subscales with two items each, the subscales from Prinz et al.
(2012) that build on the Brief COPE consist of nine items for active-functional coping and six
items for dysfunctional coping. Active-functional coping comprises nine items, for example,
“I've been taking action to try to make the situation better”’. Dysfunctional coping includes six
items. An example is “I’ve been using alcohol or other drugs to make myself feel better”. An-
swers were assessed on a three-point frequency scale ranging from 0 = never to 2 = often. The
items are displayed in Table 43 in Appendix D.2.

The covariate technology use was assessed with one self-developed item: “How often do you
use digital technologies for your work?”. Frequency answers were given from 0 = never to 4 =

several times a day.

Means of Analysis

After running descriptive analyses, we subjected the items for the two coping subscales identi-
fied by Prinz et al. (2012) to an exploratory factor analysis (EFA) with varimax rotation
(Appendix D.1) to see whether the expected two factors are extracted because the authors of
the original scale did not provide this clustering (see Appendix D.1). The relationships of the
variables which we propose in our research model were analysed by the mean of covariance-
based structural equation modelling (Joreskog 1970). We utilized the widely used open-source
software R and the integrated development environment R-Studio (R Development Core Team
2019; RStudio Team 2019). For specific analyses, we used complementary packages in addition
to the R base program (i.e., lavaan (Rosseel 2012), psych (Revelle 2019), GPARotation
(Bernaards and Jennrich 2005), and semTools (Jorgensen et al. 2019)).
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For the testing of nonlinear and interactive effects in structural equation models, Kenny and
Judd (1984) proposed the product indicator (P1) approach. The products of the observed varia-
bles are used as indicators for the latent interaction term in the measurement model. To create
the product term, the indicator with the highest reliability should be chosen (Saris et al. 2007),
while the product shows optimal reliability as an indicator of the latent interaction variable,
whereby the power of the test of the latent moderator increases by an increase in the reliability
of the indicator (Saris et al. 2007). When using product indicators, missing independency of
higher-order indicators from the lower-level indicators due to the multiplication of the two var-
iables is a problem. Statistical procedures have been introduced to deal with this dependency
of higher-order indicators to lower-order indicators. Lin et al. (2010a) propose a double mean
centring strategy. This approach performs well and eliminates the need for the constraint of the
inclusion of a mean structure, as introduced by Joreskog and Yang (2013). Double mean cen-
tring also performs better with non-normal data than (single) mean centring and orthogonaliza-
tion. It can be combined with different matching strategies of indicators and is available with
most commercial SEM software. Hence, to create the indicators for the latent interaction term
between techno stressors and coping, we used the Pl approach in which indicators were chosen
and matched according to reliability. The product terms were double mean centred (Lin et al.
2010a).

Results

Measurement Models

Preceding the analysis of the proposed relationships in our hypothesis, we tested the measure-
ment models of the endogenous (strain and productivity) and exogenous (job demands and cop-
ing) latent variables. Job demands were modelled as a second-order construct (reflected in the
seven technology-related stressors) with both first-order and second-order indicators being re-
flective. The moderated mediation was set up as described by Hayes (2013) and based on the
in-depth explanations (Stride et al. 2019). Coping is moderating the relationship between the
independent variable (IV) job demands and the mediator exhaustion (IV—Mediator path) and,

further, has a direct effect on exhaustion as well.

We first assessed means and standard deviations, item reliabilities (loadings), and internal con-

sistency (Cronbach’s alpha). Table 10 shows an overview of the scales’ properties. For brevity
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of presentation, the values in the table reflect the final measurement models, after deletion of

single indicators.

Cronbach’s alpha was above 0.70 for all constructs, as recommended (Nunnally and Bernstein
1994). The test of item reliabilities showed good results. The factor loadings for each indicator
should be above the value of 0.70 that indicates that the underlying latent factor accounts for
more than 50% of the variance in the respective indicator (Fornell and Larcker 1981). Most
loadings met this threshold. For the items of the two coping constructs and one item of invasion,
values below the threshold of 0.70 were observed. The reliability of constructs is evaluated by
the AVE. It determines whether the latent construct accounts for more than 50% of its indica-
tor’s variance on average. This threshold was met by invasion and dysfunctional coping,
whereas it was below 0.50 for active-functional coping due to very low loadings, even below
0.60. The two items with the lowest loading were removed, which improved the AVE of active-
functional coping to 0.51. Further, two items of the latent interaction term between active func-
tional coping and technostress displayed loadings below 0.60. Hence, they were taken out of

the model as well.

Scale Items M SD Loadings o

Complexity 5 1.22 1.04 0.77-0.87 0.91
Insecurity 5 1.23 1.03 0.72-0.82 0.87
Interruptions 3 1.59 1.16 0.85-0.90 0.90
Invasion 3 1.28 1.12 0.64-0.88 0.82
Overload 4 1.62 1.10 0.70-0.85 0.88
Uncertainty 4 1.80 1.04 0.74-0.85 0.87
Unreliability 3 1.82 1.10 0.85-0.92 0.91
Exhaustion 9 1.50 1.09 0.76-0.91 0.96
Productivity 4 2.62 0.85 0.81-0.83 0.89
Active-functional coping (A) 6 0.73 0.60 0.68-0.76 0.86
Dysfunctional coping (D) 4 0.28 0.45 0.62-0.79 0.80

Table 10: Descriptive Statistics, Factor Loadings, and Reliability of the Scales

Internal consistency measures like Cronbach’s alpha are not sufficient to imply homogeneity
and unidimensionality of constructs (Tavakol and Dennick 2011). Hence, in addition, we ana-
lysed the discriminant validity of the latent endogenous constructs with the Fornell-Larcker
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criterion (Fornell and Larcker 1981) based on AVE and the correlations among the latent con-
structs. It is considered as given if the square root of the AVE (printed along the diagonal of the
correlation matrix) is higher than the correlations with the other latent variables (off-diagonal
elements) (Fornell and Larcker 1981). The results are displayed in Table 11. All correlations
between the latent variables were significant at the level p < 0.001. The square root of the AVE
printed along the diagonal is higher than the correlations with respective other components for
each of the latent factors. This suggests that the discriminant validity of the endogenous con-

structs in our model is given.

In addition to the procedural remedies which we have taken to avoid common method bias,
which is described in the method section, we conducted Harman‘s single factor test (Harman
1967) to infer whether common method variance that potentially results in common method
bias seems a problem in our data set. Results of an unrotated principal component analysis to
which we subjected all study items show that about 14% is the highest proportion of variance
attributed to the first factor. Accordingly, common method variance and, hence, common

method bias is not considered a problem.
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Structural Models

After validating the measurement model, we analysed the structural model to test our hypothe-
ses. Unweighted least squares (ULS) were used as an estimator for the evaluation of the model
because ULS perform better with nonnormal and ordinal data as they do not make assumptions
about the distribution (Forero et al. 2009). Standard errors were obtained through bootstrapping
with 1,000 iterations. We tested the models stepwise: First only the covariate was included,
then the IV was added. Next, the mediator variable strain was included and in the last step, the

full moderated mediation model set up. The results are displayed in Table 12.

We assessed RMSEA, SRMR, TLI, CFI as indicators of model fit. The 2 test statistic is not
available with ULS estimation. The absolute fit index RMSEA indicates a good model fit at
values smaller than 0.05, just like the SRMR. CFl and TLI indicate satisfactory model fit greater
0.95 and a good fit at values above 0.97 (Geiser 2011). Strict cut-off values were applied to
check the suitability of the model, since it has been shown that in ULS estimations, the indices
tend not to detect model-data misfit or misspecifications as efficiently as in maximum likeli-
hood (ML) estimations (Xia and Yang 2019). Overall, the moderated mediation model showed
a good fit. SRMR was 0.05, indicating only a small divergence between the empirically ob-
served and model-implied covariance matrix. RMSEA was 0.05 slightly above the strict thresh-
old of 0.05. CFI and TLI are indicating a good fit of the model (both, CFI = 0.98, TLI = 0.98)
with values higher than 0.97. Even with the strict cut-off criteria, the model seems to fit the data
well. Next, we regarded the regression paths of model 4 to evaluate our hypotheses (cf.
Appendix D.3 for standard errors and z values of the moderated mediation model).

Results of the mediation analysis show that job demands are significantly related to productivity
as well as exhaustion. Further, exhaustion is significantly related to productivity. At the same
time, the calculated total effect of job demands on productivity (c = ¢' + (a x b)) was not sig-
nificant (c = 0.01 (0.03), z = 0.57, p = .568) while the total indirect effect (ab = a x b) of job
demands on productivity via exhaustion was significant (ab =-0.11 (0.02), z =-7.61, p <.001).
Thus, Hypothesis 1a must be rejected, whereas the results support Hypothesis 1b. Contrarily to
our expectations, job demands are positively related to job performance and go along with
higher productivity. Furthermore, job demands are positively associated with exhaustion as ex-
pected and higher levels of exhaustion go along with lower productivity. When both effects are
significant but the indirect effect (ab) and the direct effect ¢’ point to different directions, we

speak of competitive mediation (Zhao et al. 2010).
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The direct effect of active-functional coping on exhaustion was significant, as well as the direct
effect of dysfunctional coping on exhaustion (see Table 12). The results support the assump-
tions in Hypotheses 2a and 3a. The use of active-functional coping strategies like support-seek-
ing or actively trying to change the stressful situation is associated with lower levels of
exhaustion. In contrast, trying to deal with a threatening situation through denial or consump-
tion of alcohol or drugs to overcome negative feelings is associated with higher levels of ex-

haustion.

Active-functional coping significantly moderates the relationship between job demands and
exhaustion. The negative sign of the path coefficient of the latent interaction term indicates that
the negative consequences of DTM use are mitigated. The same applies to dysfunctional cop-
ing. The sign of the path estimate for the latent interaction term is also negative. Contrarily to
our expectations, the use of dysfunctional coping strategies does not reinforce the effect of job
demands on exhaustion but buffers it instead (see Table 12). Hence, Hypothesis 2b is supported
by the data, whereas Hypothesis 3b must be rejected.

Additionally, indirect effects were calculated based on the path coefficients and low, medium,
and high levels of the two moderator variables (M x+ 1 SD). This analysis differentiates between
the total indirect effect and the conditional indirect effects (simple slopes for each combination
of conditions). The results are displayed in Appendix D.4. All combinations of low, medium,
and high values for each moderator variable point to the same direction. Coping may reduce
the detrimental effect of job demands on exhaustion as well as mitigate the negative impact of
DTM use on strain. The analyses also show that the effect of dysfunctional coping is larger than
the effect of active-functional coping (compare Table 13)

(|j|l-|192[|;)) -0.07*** -0.06*** -0.05**
Me%’u;n D -0.09*** -0.09*** -0.08***
(L(:)ngg) -0.12%** -0.11%** -0.10***
Low A Medium A High A

(-1 SD) (M) (+1D)

Note: Standardized path coefficients are displayed. Bootstrapped standard errors in Appendix D.4 were
used for the interpretation of the results of the indirect effects. * p < .05, ** p <.01, ***p <.001

Table 13: Conditional Indirect Effects from the Moderated Mediation Model
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Discussion

Our results from the covariance-based structural equation model revealed several unexpected
insights. First, besides the negative indirect effect between job demands and productivity
(through mediation via exhaustion), there is a positive direct effect. This positive effect means
that, with increasing intensity of job demands, productivity rises, which intuitively seems con-
tradictory. This kind of relationship is described in the goal setting theory (Locke and Latham
2002). Difficulties and hard to achieve goals motivate people to do their best for goal achieve-
ment until their capability or commitment reaches a limit. Accordingly, a curvilinear relation-
ship between general stress or work pressure and performance is observed (Hofmans et al. 2015;
Leung et al. 2011): people who feel fewer demands are not able to utilize their full potential,
and productivity is low. With increasing demands, productivity raises until a specific turning
point is reached: if employees then exceed this level and the perceived demands are demanded
too much, productivity drops. The curvilinear relationship between demands and productivity
refers to a rather short period, so there is a temporal aspect. The temporal consideration is rein-
forced by the fact that long-term increased strain, (i.e., chronic strain), can ultimately lead to
burnout (Janssen 2001).

Another reason for the positive effect of job demands on productivity is a potential suppressor
effect, which occurs when the direct and indirect effects on a dependent variable have opposite
signs and, therefore, an inconsistent mediation is present (Tzelgov and Henik 1991). In the
literature, it is considered to be realistic that two opposing direct and indirect effects with sim-
ilar magnitude almost neutralize each other so the total effect is not significant (MacKinnon et
al. 2000). For example, let’s take the hypothetical example of workers making widgets, where
Xis intelligence, M is boredom, and Y is widget production (McFatter 1979). Intelligent work-
ers tend to get bored and produce less, but smarter workers also tend to make more widgets.
Therefore, the overall relation between intelligence and widgets produced may actually be zero,
yet there are two opposing mediational processes. Therefore, besides the observed positive re-
lationship between technostress and productivity, an increase in demands may simultaneously
lead to a higher level of exhaustion, resulting in lower productivity. Hence, we argue that, de-
spite the positive relationship between job demands and productivity, technostress may lead to
lower productivity in a long-term view or has no positive impact on productivity. On the other
hand, however, techno stressors increase the strain, which can lead to long-term health effects
and negatively impact organizational objectives from a long-term perspective. Therefore, tech-

nostress should be reduced for organizational and human reasons.
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Considering the role of coping for overcoming technostress, our results initially confirm prior
research regarding the direct effects: a broad application of active-functional strategies is neg-
atively related to exhaustion. In contrast, a broad application of dysfunctional coping may in-
crease it. In doing so, dysfunctional coping exhibits a stronger direct impact on exhaustion. A
possible explanation for this could be the nature of active-functional coping: strategies from the
active-functional category (such as actively seeking to change the stressful situation) require
individuals’ energy and cause cognitive effort in implementation, which, in turn, may reduce

the buffering effect on exhaustion.

In contrast, surprisingly, both active-functional and dysfunctional coping reduces the relation-
ship between job demands and exhaustion. Furthermore, we even observed considerably higher
values for dysfunctional coping regarding the buffering effect on the relationship between job
demands and exhaustion. This implies that even though dysfunctional strategies go along with
higher exhaustion, their moderating effect on the relationship between job demands and strain
is stronger compared to active-functional strategies. This is particularly interesting because dys-
functional coping is said to be detrimental. The consumption of alcohol or drugs, for example,
may lead to long-term adverse effects on physical and mental health (Kahler et al. 2002). More-
over, passive denial of a given situation has been proven to be a concept that is related to the
development of depression (Kortte et al. 2003; Naditch et al. 1975) - another reason why dys-

functional coping seems to be a bad strategy to tackle strain.

Nevertheless, these dysfunctional coping strategies seem to help reduce the harmful effects of
strain resulting from modern technologies in our sample. The reasons for this relationship
emerge when the time perspective is taken into account: coping strategies from the dysfunc-
tional category, such as alcohol or denial of the problem, may result in short-term cognitive and
emotional relief. From a long-term perspective, however, alcohol consumption naturally leads
to other serious health consequences. The low level of content-related involvement with job
demands leads to a reduced competence build-up, which ultimately means that resources are
not strengthened. Therefore, we argue that dysfunctional coping, despite its short-term positive
effects, would reinforce the consequences of demands in the long-term and, thus, should be

avoided for efficiently overcoming technostress.

In conclusion, we see in Table 13 that a broad portfolio of coping strategies consisting of both
active-functional and dysfunctional coping reduces the indirect negative effect of technostress

via strain on productivity and, thus, also the suppressor effect. This implies that employees who
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use many different coping strategies from both categories would experience less exhaustion,
which ultimately leads to more productivity due to the additional direct effect of demands. On
the other hand, the data show that employees with generally few different coping strategies can
benefit from the suppressor effect as the total effect of the demands on productivity diminishes.
However, they are still exposed to the negative consequences in terms of exhaustion. Employ-
ees who focus on a broad portfolio in one of the two categories reduce the negative indirect
effects of demands on productivity via strain to such an extent that the positive direct effect of
demand on productivity potentially remains significant, although the negative health effects -
even if in reduced form - should not be neglected. In this context, it is shown that employees
who utilize dysfunctional coping strategies can reduce the indirect effect more strongly, result-
ing in overall higher productivity, while, at the same time, causing more exhaustion than with
active-functional coping, which in turn leads to less increase in productivity. The long-term

consequences of dysfunctional copying have already been discussed in the previous paragraph.

Theoretical Contribution

Our research provides three important contributions to research on technostress and coping,
namely: (1) investigating the influence of technostress and coping on organizational and indi-
vidual-level outcomes; (2) modeling coping as a moderator applying the workplace-specific
JD-R model as a meta-lens; and (3) emphasize the importance of the distinction between func-
tional and dysfunctional coping of technostress concerning organizational and individual-level

outcomes. We will discuss each contribution in detail in die following paragraphs.

In addition to the aspects discussed previously, our research addresses the call by Sarker et al.
(2019) that most manuscripts in high-quality journals are concerned merely with the organiza-
tional outcomes. In a socio-technical system — i.e., a system focusing on the reciprocal interac-
tion between technology as the technical component and employee as the social component
(Lee et al. 2015; Ryan et al. 2002) - it is important to consider both organizational and individ-
ual-level outcomes to create synergies (Griffith et al. 1998; Pava 1983; Wallace et al. 2004).
Therefore, our research addresses the influence of functional and dysfunctional coping on both

organizational (productivity) and individual-level outcomes (exhaustion).

Furthermore, in the context of technostress, we have applied the JD-R model as a theoretical
meta-lens, in which both organizational and individual-level outcomes play a key role and

which has not been applied in this context before (Bondanini et al. 2020). Thus, in comparison
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to the transactional model of Lazarus and Folkman (1984), which is usually used in the tech-
nostress literature, we applied a model that is explicitly focused on the working context. In the
course of this, we have also decided to model coping as a moderator, which has also been ap-
plied in recently published studies on coping and technostress (Nisafani et al. 2020; Pirk-
kalainen et al. 2019) and is in line with the JD-R model. Hence, according to our opinion and
recent literature, coping can also act as a moderator and have a buffering effect on the relation-
ship between technostress creators and long-term outcomes. This emphasizes the difference to
“coping [...] as a mediator of short-term emotional reactions” known from Lazarus and Folk-

man (1987, p. 147).

In addition to modelling coping as a moderator, we also distinguished the specific nature of
coping and examined the influence of different coping styles. Thus, we extend recent literature
(Nisafani et al. 2020; Pirkkalainen et al. 2019) which focused on a distinction between proactive
coping (i.e., strengthening one’s ability to cope) - and reactive coping, neglecting the different
types of reactive coping. Dysfunctional coping like the consumption of alcohol or drugs as a
reactive form of coping has not been thoroughly investigated. Addiction in the context of DTM
use is most salient in the form of behavioural addiction like consumption of pornography or
extensive gaming (Tarafdar et al. 2020) while there is less focus on substance abuse. We were
able to provide evidence that this aspect should not be neglected in IS research.

Furthermore, we shed light on the role of coping mechanisms used to reduce technostress and,
therefore, provide knowledge for the conceptual model of Nisafani et al. (2020) that is in its
current form solely covering causal effects of technostress. By doing this, we expand the current
knowledge of the existing technostress literature dealing with coping, which is an as-yet less
studied research area (Pirkkalainen et al. 2019; Tarafdar et al. 2019).

Overall, technostress research is a highly interdisciplinary field, while it simultaneously is the
core of IS research community (Sarker et al. 2019). Such plurality of research perspectives is
important to create a deeper understanding of emerging threats due to DTM use. Accordingly,
this research activity brings together psychology and IS research by successfully applying the
JD-R model for investigating the relationships between job demands, exhaustion, and produc-
tivity and examining the role of coping in the context of DTM use. Within our study, we extend
the synthesis of these research fields by particularly meeting the recommendations for further
investigating the under-researched role of strategies that individuals deploy to overcome strain

caused by DTM used in an occupational setting.
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Practical Implications

Our results provide valuable insights for practitioners who aim to efficiently meet technostress.
Therefore, we extend the recently published conceptual model of work-related technostress by
Nisafani et al. (2020) by adding active-functional and dysfunctional coping to the list of existing
inhibitors, thus addressing the gap mentioned by the authors. In doing this, we support organi-
zations to better deal with the organizational and individual-level outcomes of using DTMs and
provide three suggestions, namely: (1) the appropriate level of demands; (2) the effect of dif-
ferent types of coping strategies; and (3) a categorization of employees with different coping

styles.

First, for optimizing employees’ job performance, employers should ensure that their employ-
ees are exposed to the right level of demands for achieving a high level of productivity. A very
low as well as an excessive level of job demands should be avoided. Otherwise, the employee

would be under- or overcharged which may result in lower job performance.

Second, regarding coping strategies for meeting technostress, both employees and employers
have to carefully deal with the temptations of dysfunctional coping due to the stronger influence
on the relationship of job demands and exhaustion: dysfunctional strategies may induce serious
consequences in a long-term perspective, e. g., alcohol consumption naturally leading to nega-
tive health consequences which disturb employees’ life as a whole, or a low level of content-
related involvement with job demands leading to a reduced competence build-up. In this con-
text, employers have to be aware of both their economic as well as social responsibilities: they
may increase the support for their employees in applying active-functional coping in order to
reduce its effort and, hence, increase the beneficial effects of these strategies in overcoming
technostress. Simultaneously, even though dysfunctional coping may seem to be an adequate
strategy to overcome technostress, it is crucial to convey the fact that other problems, like ad-
diction, could arise in the long run as well. Employers should be aware of this double-edged
sword and take preventive measures to identify individuals with risk of addiction. In practice,
there are some common measures to identify and support employees with addictive behaviour,
e. g., companies and work councils hold regular information events to sensitize both managers
and employees to the subject of addiction. Besides, managers should take part in training pro-
grams to provide them with the necessary know-how to identify and support potentially ad-

dicted employees. Overall, stakeholders like companies, works councils, managers, employees,
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company doctors, occupational safety specialists, among others, should ensure this is put to
practice and promote appropriate handling of dysfunctional coping.

Third, for reinforcing the mitigating effect of coping strategies to overcome technostress, com-
panies should further support their employees regarding their specific coping behaviour: em-
ployees who use few different ways of coping should be encouraged to acquire a broader
repertoire of various coping strategies for effectively tackling different kinds of stressful situa-
tions. At the same time, employees who predominantly use one kind of strategy (active-func-
tional or dysfunctional) are recommended to adopt the other category as well and should be
supported by their employer in expanding their respective coping behaviour. In this context, it
appears highly important to be aware of the long-term health issues of dysfunctional coping,
especially if employees often use dysfunctional strategies (predominantly or in combination
with active-functional strategies), employers should ensure to provide know-how regarding

these long-term issues by establishing specific health initiatives.

Limitations and Future Research

Besides the provided insights, our study has several limitations that have to be considered. For
investigating coping as a moderator, we used a cross-sectional study design where the relation-
ships are based on covariance analysis. Thereby, it is important to note that this does not imply
causality. We cannot infer whether dysfunctional coping leads to higher exhaustion from the
cross-sectional data assessed at one point in time. Causality may just flow the other way round.
For example, individuals who feel exhausted might tend to cope with stressful situations in a
dysfunctional manner by consuming alcohol, drugs, or behavioural disengagement, respec-
tively. This would mean that dysfunctional coping is not that dysfunctional at all. Besides, we
have looked at coping strategies in general instead of actual coping actions to derive broader
findings. In doing so, we took Prinz et al. (2012) as a reference and looked at two possible
coping strategies - namely active-functional coping and dysfunctional coping. Although we
could already derive compelling contributions and implications from this distinction, a differ-
entiated consideration regarding coping strategies could lead to further insights. Finally, we
have focused our analyses only on one component of strain - exhaustion. In addition to this,
there are further options such as other burnout facets, absence duration, or general health com-
plaints, which may be taken into account.

To summarize, applying the JD-R model within the technostress context by considering coping
as moderating the relationship of technostress creators and strain delivers interesting insights
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contradicting prior results. For future research, we argue that coping as a moderator should be
further investigated. Our results extend current knowledge in the IS in terms of coping for over-
coming technostress while arguing for further interdisciplinary studies necessary to provide
useful knowledge. In doing so, it might be particularly interesting to provide longitudinal and
cross-level designs to investigate the effects of dysfunctional coping. The evidence suggests
that causality flows in both directions (Hauk et al. 2019). Behavioural disengagement leads to
increased strain, and, in turn, a higher level of strain leads to increased behavioural disengage-
ment at a later point in time. Further coping responses are dynamic und users shift from one
strategy to another in the process of coping (Salo et al. 2020), hence it would be interesting to
understand coping processes better across time. Furthermore, considering a broader set of dif-
ferent coping strategies could lead to more sophisticated results and enable practitioners to de-

sign and support more specific measures to address the negative consequences of DTM use.

Overall, since we successfully put together both IS and psychological stress literature and there-
fore address the call for further studies proposed by Tarafdar et al. (2019), this research activity
enriches technostress research regarding the moderating effects of coping strategies and, build-
ing on this, further studies which examine coping as moderating the effects of technostress on

various outcomes are highly recommended.
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5. Designing Digital Technologies and Media to Promote the Health of Em-
ployees

In the two previous chapters, different aspects of technical and social components were exam-
ined, influencing the reciprocal interaction, and instrumental and humanistic outcomes. This
helps to design the digital workplace as a socio-technical system to ensure the two components
are in harmony. Another alternative to promote the employee's health could be to consciously
use DTMs to better adapt to the needs of the social component. Thus, the technical component
can either promote its reciprocal interaction with the social component or promote the recipro-
cal interaction between another technical component with the social component. Several IS
researchers have made explicit calls for developing neuro-adaptive IS, which recognize the us-
er's neurophysiological state and positively adapt to it (Riedl 2012; Vom Brocke et al. 2013).
For example, Adam et al. (2017) propose a simple design blueprint for stress-sensitive adaptive
enterprise systems (i.e., systems that aim to mitigate stress by applying intervention measures
to the social and technical components). However, a primary challenge in building such systems
is the reliable assessment of employee stress. Therefore, DTM sensing capabilities need to en-
able a mobile-based, data-driven approach using user, environment, and user-environment in-
teraction data. Various instantiations have already demonstrated such systems' feasibility for
different application scenarios (Gimpel et al. 2015, 2019b; Lane et al. 2011; Lu et al. 2012;
Wang et al. 2014). However, these systems have many commonalities, such as those regarding
their architecture, and, yet, general guidelines on how to design mobile stress assessment sys-
tems do not exist. As a result, the research within this chapter focuses on fostering the fit be-
tween the technical and social components by designing DTM so that they adjust accordingly
to social components’ needs, ultimately, to support the achievement of instrumental and hu-
manistic objectives. More precisely, this dissertation provides knowledge on DTM designs that
support users in applying stress management techniques and building the foundation for stress-
sensitive systems. Section 5.1 presents prescriptive knowledge in the form of a framework re-
garding the design of DTM that collect and store data on the user and her/his environment.
Research in Section 5.2 presents descriptive knowledge from the experience of developing a
prototype for life-integrated stress assessment applying the framework from the previous sec-
tion. Finally, Section 5.3 presents prescriptive knowledge contributing to a design theory for
mobile stress assessment based on experiences with the Section 5.2 developed prototype and
the already existing knowledge from the literature. Major parts of Chapter 5 conform with
Beckmann et al. (2017), Gimpel et al. (2019b), Bonenberger et al. (2020).
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5.1.Designing a Sensor-Based Data Collection Framework

Before such technical components, as described in the introduction to this chapter, can be de-
signed and developed, the necessary foundations for these systems must first be laid. The first
step is to enable the technical component to collect data about the environment and the user. As
mentioned in Section 3.2, more and more users are collecting data about themselves and their
environment to learn more about their lives and evolve. Despite the already shown potential,
most DTM users do not collect and process personal data (Van Der Wal, Arién J and Shao
2000). Yet it is this data in particular that is suitable for smart living or to improve personalized
health of an individual by the usage of Internet of Things and its connected data. Here sensor
fusion represents the possibility of personalized healthcare, based on the variable choice of used
devices. In the medical sector sensor fusion can be deployed in three different application fields.
Most common area is clinical sensor fusion in hospitals within Medical Application Platforms
(Hatcliff et al. 2012) for concurrently smart monitoring patients’ various health values. In ad-
dition, sensor fusion can be used in domestic telemedicine or telerehab in combination of Inter-
net of Things of Medical Devices (IloTMD). Closely associated is the wellbeing and prevention
area, which also appears in combination with loTMD and Smart Homes. This area represents
the most potential and also the most risks of personalized healthcare, since prevention is highest
affected by individual’s health needs. A personalized medical Smart Home which is using sen-
sor fusion requires different devices, for instance, wearables, nearables and sensors for each
patient’s medical precondition. However, this fact represents one of the most complex issues

of sensor fusions. Devices are heterogenic and difficultly combinable.

We address the above-named issue by developing a generic medical sensor framework that is
able to combine sensors and collect data independent of devices. Through this solution, we
make sensor fusion generic, thus enable personalized health needs and the usage of desired
sensors. Furthermore, we offer continuous measuring, including collecting data and enable fur-
ther processing. In this way, it is applicable to several health monitoring use cases. The potential
for utilizing a framework for generic medical sensor fusion was recognized by many research
approaches. For example, the authors in (Couderc and Kermarrec 1999) proposed an infrastruc-
ture based on contextual objects in distributed client/server IS, whereas (Dey et al. 2001) de-
veloped a toolkit for context application programming. Furthermore, the FUNF framework
(Ranganathan and Campbell 2003) is capable to acquire data over third-party sensors, support-

ing different transmissions protocol and the Open Service Architecture for Sensors (OSAS)
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framework, an event-based programming system for sensor networks. In contrast, our solution
differs through the fact that we use physiological data of patients and combine these with ordi-
nary sensors and medical sensors, and minimize limitations of personalization through un-

bounded sensor choice.

As already mentioned, digitalization brings many opportunities. However, these opportunities
also involve challenges. The increasing usage of information technology in business and private
life negatively impact health, e.g. stress. Individual stress sensitivity represents an example for
a personalized wellbeing and prevention use case. We avail our use case “Stress Detection and
Prevention” for the concluding evaluation. Therefore, we will discuss three main theses includ-
ing the functionality of our framework and the successful personalized stress monitoring. In
addition, it will be shown that sensor fusion-based data offer more potential for healthcare im-
provement than single sensor-based data. Along with this we can reveal the health improvement

potential of the combination of ordinary sensors and wearables.

The remaining Section 5.1 is structured as follows: After introducing our approach for a per-
sonalized healthcare sensor fusion we present our Java Data Collecting Framework (JDCF).
The architecture, components and functions will be shown. Afterwards we evaluate the frame-
work in terms of proper functionality and health improvement by conduction an experiment

using a stress game.

Java Data Collection Framework

Today, there exist a great variety of sensors in the healthcare sector. Lee et al. (2008) categorize
sensors used in healthcare monitoring systems according to their spatial distance to the patient.
1) Medical body sensors like heart rate monitors, the closest to the individual, 2) environmental
sensors e.g. room temperature sensors and 3) location sensors like indoor relative localization
receiver more and more move further from the patient. More generally we can differentiate
sensors by their transfer medium e. g. wired or wireless, their behavior e. g. active or passive
or their type to deliver data e.g. time or event-based. Typically, these sensors represent a spe-
cific view and partial model of the patient and his environment. To increase the rate of integrity,
more and more data in healthcare systems is collected. On top of this, several sectors exist that
enable the usage of sensors. However, sensors which are traditionally not used for the assess-
ment of various information about the user’s health (e.g., keyboard, mouse), can provide im-
portant aspects of the user’s current behavior and hence also with his current physiological or

psychological state. This information, acquired by different sensors and devices with diverse
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initial purposes, is used to build, for example, individualized IS that adapt themselves according
to the user’s needs (Adam et al. 2017). However, because of its manifold use of application, it
requires a highly generic approach to provide this system with the gathered information, inde-

pendent of the underlying technology and inherent workflows.

The ease of deployment, data acquisition efficiency and application layer challenges as “one of
the hardest challenges” in healthcare systems (Alemdar and Ersoy 2010). Especially the huge
number of different sensors, results in a big challenge for systems to assess, process and store
these data. Having different kind of sensors, the need of a scalable and flexible data persistence
increases. In particular, the data persistence (e.g. database, file) can vary or dynamically change
depending on the usage. To cope with these challenges generated by this diversity of sensors,
we aim to develop a framework that connects multiple sensors and achieve the combination of
different ways of data persistence regardless where the sensor is located or how it is connected.
Hence, we developed the JDCF that is capable to assess data and information from different
types of sensors and provides this value resources for further systems by storing this information
in various data spaces, called persistence forms. JDCF enables an easy way to log all kind of

data by the usage of Java objects and change the persistence form easily to address challenges.

In a classic input-process-output point of view JDCF is placed in the middle of two interfaces
(Person & Environment and Usage). In Figure 13 we present JDCF as the connecting part be-
tween multiple sensors on the left-hand side (Connection) and different persistence forms on
the right-hand side (Persistence). In the first place we describe JDCF on a high abstraction level

and go into technical details afterwards.

We developed a five-phase approach from a specific sensor, connected in a personalized
healthcare system, to the usage of its collected data. The three middle phases represent JDCF.
Every step in this simplified process has its own challenges JDCF helps to overcome through a

highly-generic software architecture, called the JDCF data flow:
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Figure 13: JDCF Data Flow

Person & Environment: Tracking the physical or psychological state of a patient e.g. stress,
involves a great number of sensors. Since this amount is not static, applications need to be
scalable and should allow new, maybe yet unknown, sensors or sensor networks to connect

easily. This represents the precondition of JDCF utilization.

Connection: Requiring different kind of sensors, the integration into healthcare systems gets
more difficult. JDCF enables to easily connect miscellaneous sensors by providing generic in-
terface place holders to implement existing drivers, libraries or frameworks and integrating
these in the data-flow within JDCF to conduct sensor fusions.

Processing: The development of new applications for personal healthcare can be divided in two
main challenges: 1) implementing new modules or algorithms to scientifically assess physio-
logical issues and questions as well as 2) building up the software-technical infrastructure to
receive the relevant data. To reduce the effort to master these, JDCF delivers a unified but
generic data-flow between a sensor and the selected type to store its data or information.
Thereby the developer is able to select the type and granularity of the data to be collected as
well as the type of the persistence. Furthermore, he has the possibility to simply connect new,
not yet implemented, sensors or kinds to store their data. Using existing interfaces and abstract

classes allows the integration of new components in the JDCF data-flow.
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Persistence: Inconsistent and heterogeneous data pools are time-consuming for further pro-
cessing (e.g. medical sensor fusion application). Moreover, every preprocessing step to increase
the data homogeneity can result in a loss of data quality. Using JDCF helps developers to re-
ceive structured data and to store these in dissimilar persistence forms. Beyond the generic
persistence structure, we achieved our aim of allowing the connection of new persistence forms.
This means it is possible to change the type of persistence on demand. Thereby JDCF can react
on a heterogeneous IT-environment just like it is needed in healthcare systems e.g. an applica-
tion for electronic devices to monitor patients in emergency departments or a personalized

health platform to assess stress.

Usage: Especially in personalized health platforms it is mandatory to use existing data for dif-
ferent analyses. Transforming semi-structured data in heterogeneous persistence forms nor-
mally implies a costly overhead and a poor system performance. A sensor integrated in the
JDCF data flow can have multiple equal forms of data output as well as different persistence
forms. Hence, JDCF enables through a generic persistence structure a quantity- and type-inde-
pendent reuse of the collected data. Using e.g. the heart rate data as a part of a stress detection

model has no negative effects on creating a dashboard for cardio-activities.

A practical demonstration of these 5 phases is offered in the next subsection. In general, this
framework supports personal healthcare developers throughout the whole process from sensor-
binding to data persistence. It also enables an easy way to log all kind of data and dynamic
changes in the persistence form. As well, JDCF can be used by multi-users without violating
privacy rules, since it is a self-hosted framework which stored data locally. To further detail the
processing of JDCF, we explain the data flow of collected sensor data and go increasingly into
detail on the way through JDCF (Figure 14) as far as possible at this point. More details are out

of scope.

113



Designing Digital Technologies and Media to Promote the Health of Employees

| Sensor Components | | Record Preparation | I Logger
c;g Q ; ||. . @ _// Sensor
Sensor Structured
, Data Data ' g
i ! Check !

[ Controller] | [ —— ] [Permstence] i [Permstence ] _

i Logger i | Hardware
Binding E Management Receiving i Storing

Person & N\ : . pous 3
Connection > Processing ; Persistence |

Figure 14: JDCF Components

Sensor Components: Every sensor in JDCF uses its own SensorController and SensorModule.
The main task of the SensorController is the binding between JDCF and the sensor. Therefore,
JDCEF offers an interface placeholders which can be used by the sensor. The controller enables
the usage of external libraries and every other customized implementation to receive data. The
SensorModule includes the whole managing part to enable or disable logging or activating/de-
activating the sensor connections. This allows very easy handling of the sensors. Furthermore,
JDCF offers two different standardized types of controllers and modules. On the one hand
event-based sensors, which trigger the controller for new data during events of the hardware
sensor and on the other hand time-based sensors that trigger the hardware sensor for new data
in a certain time interval. All necessary components like time management for time-based sen-
sors are already included in JDCF. Regardless of the type we use, the controller is the executing
point when the sensor is triggered. Every time the controller is executed a new SensorRecord
will be created. The SensorRecord is a central object of JDCF which includes the whole re-
ceived data of one sensor at one receiving moment with a unique identifier and the time of

creation.

Record Preparation: Theoretically, a single sensor can give different and unsorted data. To
assure the received data is in a sorted structure, every sensor implements its own Sensor-
RecordStructure which determines the data type with enumerations. This structure includes the
regulation for data sequence and datatypes for every sensor. The framework includes control
mechanisms for every Java object to respect this structure by monitoring every incoming data
value. By the usage of generic Java objects data can be stored type-independent. The Sensor-

Record considers the structure during the creation. In case of not considering the structure JDCF
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throws a SensorRecordStructure Exception. Thus, a data validation is conducted. The self-
checked and correctly filled SensorRecord is send to the Logger.

Every Logger is a special type of the JDCF PersistenceLogger. Since there are different forms
of persistence, it is important to allow a generic saving of the data. JDCF provides the needed
specifications for the logger to be implemented. Due to the information contained in the struc-
ture, each logger has all the necessary information to store the data. Thus, every single imple-
mented PersistenceLogger is enabled to log correctly based on the SensorRecordStructure

included in every SensorRecord.

To manage several sensors at the same time as easy as possible, we need a solution, holding the
SensorModules. Therefore, JDCF contains the SensorManager. It opens the possibility for hold-
ing multiple sensors named by a central enumeration. This enumeration is mainly responsible
to easy access the sensors by their names and assure there are no duplicates. Furthermore, the
user can create multiple sets of sensors by creating multiple enumerations for the SensorMan-
ager. This enables the partition of sensors by their use case or type. This implementation of
JDCF makes it possible to access any sensor using the SensorManager in combination with the
central enumeration. The maximum number of processible sensors in general, is only limited

by the available resources of the used hardware for JDCF.

A summary of the described elements of JDCF is provided in Table 14. After we presented
JDCF, we are going to demonstrate our approach with a stress study. This is followed by prac-

tical handling and evaluation of the results.

Name Short Description
SensorModule Contact partner for managing a sensor
Connection to the hardware sensor. Executed to create new

SensorController

SensorRecord

Container of SensorModules in combination with an enu-
SensorManager .

meration for easy access

Sensor data containing the result of a single controller call
SensorRecord . . .

with an id and timestamp
SensorRecordStructure Regulation of the sequence and datatypes for sensor data

Table 14: Elements of JIDCF

JDCF provides developers of sensor environments with different structures to facilitate the col-
lection, processing, and storing of acquired data. However, to satisfy the intended purpose and
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the consideration of legal rules (e.g., data privacy and security) and moral principles (e.g., con-

fidentiality of information) is within the user’s range of tasks.

Evaluation

To evaluate our framework, we conducted an experiment using JDCF to perform a sensor fu-
sion, gathering and preprocessing data. For this experiment, fifteen participants played a stress
game (Schaaff and Adam 2013), which puts participant under stress by inducing different stim-
uli. Therefore, the game involves two phases; the “low-arousal-mode” and “high-arousal-
mode”. In each phase different human senses (e.g. audio, visual) are addressed to induce stress.
Through correct or wrong user answers a score resulted. In addition, a high score list was visible
during the whole experiment to induce social comparison and, thus, stress. The participant’s
physical condition (e.g. skin conductance, heart rate variability) is essential for the subsequent
stress analysis. Hence medical sensors were integrated into the framework. The participants
wore a self-tracking band which had to be attached a certain time before to be calibrated with
the skin. Additional, during the game, data from mouse, keyboard and the self-tracking band
was collected via the framework. Moreover, we further log the rate of accurate statements in
order to assess the user’s current stress level. All generated data were collected and prepro-
cessed by JDCF. Afterwards we analyzed these data to train the analysis algorithm whether the
user is stressed or not. This knowledge can be used in future real-time stress analyses. In addi-
tion, we observed the result’s impact of medical and non-medical sensors. Regarding the prin-
ciples of Monte-Carlo-simulations, the order and distribution of training and test data were
randomized. For example, we evaluated (non-) stressed-states and measurements with solely
technical or medical input data and combined measurements. On average the accuracy for as-
sessment of the user’s stress level for all non-stressed-states is about 99% and for all stressed-
states about 70%. A higher accuracy can be achieved through a bigger learning data set. The
“arousal-modes” were used as verification. Within the evaluation of the model we also deter-
mined the influence of every factor measuring the probability of a decent prediction. For in-
stance, excluding the skin conductance data decreased the accuracy by 5.1%. Similar, not

considering the skin temperature data meant a decrease by 4.9%.

In summary we were able to successfully apply the framework that enabled us to combine in-

dividual chosen sensors and to gather data. Afterwards we were able to determine a person’s

116


Measuring#_CTVL0013ebfabb2127e4270b02024efdfafebf6

Designing Digital Technologies and Media to Promote the Health of Employees

stress level. As a result of the experiment, we were capable to verify our approach and to sub-
stantiate that combining different data with sensor fusion improves the accuracy of an assess-

ment whether a user is stressed or not.

Conclusion

As demonstrated the framework supports collecting and combining heterogeneous data in the
area of individual health management. Furthermore, the framework can be used in the other
medical sectors, e.g., medical application platform and telemedicine. Depending on medical
applications, analyzing represent a complex challenge. Thereby data of diverse kinds need to
be handled. The proposed framework manages to handle varying datasets by implementing
every issue as a single sensor enabling various ways to save, combine and analyze them. Tele-
medicine or rehab represent the idea of clinical health care at a distance. Thereby, verifying the
accurate execution of rehab exercises is a huge challenge. JDCF can simplify this task by inte-
grating the mobile phone as sensor. By holding the phone within the execution of exercises the
patient data will be collected via the framework and can analyze the efficiency of exercise af-
terwards. Recently, an executable version for android is tested to enable JDCF to run on the
mobile phone itself for further flexibility concerning location and time. Hence, the functionality
of JIDCF will be proven in further different use cases, while refining the system itself with every

single instantiation.

We presented JDCF, a generic medical sensor fusion framework, which simplifies collecting
data from different sources and combine arbitrary sensors in a consistent way. The architecture
and components were described, as well as functionality and versatility. We exemplary demon-
strated the usage and functionality of JDCF by assessing the stress level of a user during a self-
advanced stress game. The collected data were reprocessed with data-analytics techniques to
recognize stress symptoms. We were able to prove the applicability of JDCF, the stress detec-
tion and the added value of medical sensors in stress assessment by excluding gradually sensors
and showing the decreasing accuracy. As JDCF is able to generically integrate seamlessly new
sensors, it is qualified to be used in different fields of health care or other personalized life

science applications.

117



Designing Digital Technologies and Media to Promote the Health of Employees

5.2.Developing a Prototype for Life-Integrated Stress Assessment

In the previous section, the basis was laid that enables the technical component to collect data
about the environment and its user. Building on this, DTMs can now be developed that assess
the user's psychological state with the help of the collected data. If this is feasible in a reliable
way, the technical component can later be adapted to the social component. Accordingly, this
section develops a mobile life-integrated prototype based on the JDCF to assess stress, which
is one of the most prevalent and discussed health problems of our time (Riedl 2013). Originating
from the general rise of complexity and mental load in business and private life, the number of
people regularly experiencing stress is increasing (Ferreira et al. 2009). This is an individual
and societal, but also economical problem, as stress can induce unhealthy behaviour (e.g., al-
cohol abuse, smoking) and is the main cause of psychological and physiological illnesses in-
cluding burnout (Goh et al. 2016). First efforts towards technological support of stress
management and coping have recently been launched in both science (Adam et al. 2017) and

practice (Soma Analytics 2017).

This is enabled by today’s omnipresence of powerful sensors incorporated in DTMs like, for
example, the smartphones or other smart things, which significantly facilitates the access to
sensory data. The vast amount of data produced by smartphones’ rich sensing capabilities opens
the path for sophisticated technological and informational assistance of individuals — a field,
which is gaining increasing attention in IS research (Hess et al. 2014; Legner et al. 2017) and
contributes to environmental sustainability (Tiefenbeck et al. 2019) and individual health (Lane
et al. 2010). In combination with progress in the field of artificial intelligence, this can lay the
foundation for DTMs that use sensors and actuators to adapt to the individual user (Dey 2016)
in order to serve humanistic (e.g., well-being, health, enjoyment) and instrumental goals (e.g.,
performance, productivity). DTMs focusing on the sensing of psychological parameters such
as emotions, well-being, or stress commonly run under the term “affective systems” and provide
significant advances in the detection of human affection (Marreiros et al. 2010; Moore et al.
2014). Recent efforts, for example, include intelligent help provision (Friemel et al. 2018), en-
hancements in personalized healthcare, technological support of health prevention (Nahum-
Shani et al. 2018), or the design of stress-sensitive adaptive enterprise systems (Adam et al.
2017).

Resulting DTMs designed to help users dealing with stress range from functionally limited end-

user applications that assist in the application of stress management techniques (e.g., the real-
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time recommendation of appropriate coping mechanisms) to the theoretical conception of en-
terprise systems that automatically adapt their user interfaces and workflows to the user’s cog-
nitive state (Adam et al. 2017). Next evolution steps could be personalized stress-aware user
interfaces, safety measures in human-machine interaction, or mobile apps recommending ap-
propriate activities based on the individual’s stress level, for example, a relaxing visit to the
nearby spa. DTMs sensitive to stress require useful input data. However, sensing and evaluation
of psychological factors like stress are hard to put into practice: Accurate physiological meas-
urements often require bulky hardware (e.g., electrocardiography) or people’s physical pres-
ence at a specific location. Thus, they are not applicable for use cases, which require a

continuous stream of sensory input, like location-independent adaptive stress interventions.

To overcome these problems, Fischer and Riedl (2019) recently proposed the idea of lifelogging
for organizational stress, which suggests that DTMs can be used to unobtrusively and continu-
ously collect data on an individual and a situation. Various approaches have already emerged
that use smartphone data to get information on the user’s behavior or environmental context
(Lane et al. 2011; Lee et al. 2012; LiKamWa et al. 2013). Although these DTM-based ap-
proaches are outperformed by physiological measurements regarding quality and accuracy,
their broad range of sensors and good integration into people’s daily routines can make the
assessment of unconscious mental processes widely accessible and applicable (Dimoka et al.
2011). This paves the way for the design of adaptive DTMs, which continuously sense the
individual’s mental state and execute regulating measures like adapting the interface or organ-

izational workflows accordingly to better fit the user’s needs.

Most use cases call for a fully automated recognition of stress that does not need direct user
interaction. However, existing approaches to stress assessment require the user’s attention or
even collaboration by means of questionnaires or behavior change. In the research within this
section, we aim at full life integration of smartphone-based stress assessment without user co-
operation and collect real-life evidence for its feasibility. This also excludes the use of weara-
bles such as fitness trackers or smartwatches, which — despite their growing prevalence — for
many people still feel unnatural in permanent use and, thus, might not be appropriate for con-
tinuous measurement. We follow standard design science research methodology (Hevner et al.
2004; Peffers et al. 2007) to investigate the following design objective (DO):

DO) Design and develop a life-integrated mobile DTM that is capable to continuously assess a

user’s stress level without influencing the user’s daily habits at all.
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The proposed DTM uses various hardware and software sensors to collect data on both behavior
and environmental context associated with common stressors and strains. It is prototypically
instantiated and evaluated in a public field study. In comparison to existing prototypes, it does
not interfere with the user’s perceived routine constraints such as wearing an unfamiliar device
(e.g., wearable) or changing the user’s daily routines (e.g., requiring a second smartphone or
additional daily actions) (Buchwald et al. 2015). The prototype helps to demonstrate the general
feasibility of life-integrated continuous mobile sensing and its generality for the assessment of
perceived stress. An analysis of the data gathered within the field study yields a universal stress
assessment model, which links data from smartphone sensors to stress valuation and confirms
the operationality of life-integrated, continuous, mobile stress assessment. Lessons learned dur-
ing the development process give valuable insights into the development of stress-sensitive and
stress-adaptive DTMs that respond to the user’s stress and provide targeted technological or

situational stress management interventions.

This section follows a structure similar to the publication schema suggested by Gregor and
Hevner (2013): The following subsection recaps the background on both the physiological and
psychological nature of stress and reviews related work on the mobile sensing of psychological
factors. We then shortly outline the research setup and describe prototype and prototyping pro-
cess, in which we learned that efficient resource consumption and privacy are even more im-
portant for applications that run unobtrusively in the background. The evaluation of data
collected within the public field study yields a person-independent classification model that
predicts stress as a binary variable with an accuracy of 81 %. A regression model built with the
same data distinguishes stress levels between 0 and 16 with a mean absolute error of 2.12 in a
cross-validation scenario and explains approximately 41 % of the variance in stress. We further
demonstrate that the personalization of the model can significantly improve model accuracy,
conclude with a discussion of the implications and limitations based on lessons learned during

the prototyping and evaluation process, and provide an outlook on future research.

Theoretical Background

Stress is a highly complex and individual phenomenon, which is strongly dependent on the
interaction between a person and its environment. Based on this, we derive two essential aspects
that influence the design of our system. First, the evaluation, whether a situation is perceived
as stressful or not, is performed mentally. Consequently, our system cannot assess the actual

stress of a user but must rely on assessable information. Therefore, we require data from sensors
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that conclude potential stressors (e.g., humidity, noise, number of messages) or strains (e.g.,
changes in voice, tipping behavior). Second, stress is dependent on the interaction between a
person and its environment. Hence, it is necessary to gather information on both the user (e.g.,

behavioral data) and their environment (e.g., temperature, humidity).

Today, smartphones are our daily companion. They feature an increasing number of hardware
sensors (e.g., air pressure sensor, humidity sensor, and accelerometer) and collect valuable in-
formation, which might give an indication about the user’s mental state as suggested by several
researchers. To analyze relevant application scenarios, we conducted an extensive analysis of
mobile sensing use cases, which builds on three comprehensive reviews of the literature on
mobile stress assessment published by Aigrain (2016), Greene et al. (2016), and Pérarinsdottir
et al. (2017). We complement their list of studies by searching in the AIS Senior Scholars Jour-
nal Basket (MISQ, ISR, JAIS, JMIS, EJIS, 1SJ, JSIS, JIT) and all outlets of the IEEE Xplore.
Our search has been limited to research articles on the assessment, detection, determination, or
recognition of stress using IS or DTM in the context of human, people, user, or individuals by
using multiple search strings based on these terms. We consider only studies from 2010 and
later because stress detection gained substantial attention only since then. We found that several
researchers have already exploited this data source for recognizing human psychological con-
ditions in various ways: (1) assess stress via only a smartphone, (2) assess stress with several
different devices (e.g., two smartphones or a smartphone plus an additional device such as a
wearable), and (3) recognize not stress but emotions, mood, or activity (e.g., walking, running,
cycling) with similar measurement techniques. The following paragraphs address these catego-

ries sequentially.

Research assessing stress using a single smartphone is rare. A literature review revealed only
two applications that perform this task, both originating from the same research institution:
BeWell (Lane et al. 2011) and StudentLife (Wang et al. 2014) are Android applications that
assess the smartphone user’s stress level by tracking activities that affect physical, social, and
mental well-being. The relevant data is collected by continuously reading several smartphone
sensors including the microphone, accelerometer, and light sensor. BeWell extends this data by
integrating additional user information entered through a web portal. StudentLife pushes mul-
tiple questionnaires to the smartphone, which must be answered by the user, and extends the
collected data using location-based information within the research institution’s facilities (e.g.,

the traveled distance inside buildings based on Wi-Fi logs). However, both applications require
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the user to answer multiple (an average of eight) questionnaires daily, which serve as an addi-
tional data point and are not only used for model training purposes. This makes these systems
rather obtrusive. Bauer and Lukowicz (2012) identify longer stressful periods, e.g., exam

weeks, from smartphone usage but do not directly assess stress.

Several applications assess stress with a smartphone plus additional DTMs. While both Ferreira
et al. (2009) and Kocielnik et al. (2013) use external DTMs to measure body reactions (e.g.,
increased sweating, rapid heartbeats), Sano and Picard (2013) attempt to recognize stress with
mobile DTMs, a wrist sensor, and several daily questionnaires. Equally important, Lu et al.
(2012) measure stress by analyzing the human voice and use a second phone to distinguish
between speakers. Most of these applications do not enable the continuous assessment of stress,
except for Kocielnik et al. (2013).

DTMs related to stress assessment include emotion, mood, and activity detection systems. Most
DTMs that aim to assess these conditions use exclusively smartphone data. The only exception
is Choudhury et al. (2008), who use an external DTM to measure additional parameters (e.g.,
humidity). This data can be enriched by additional user input (Chang et al. 2011; LiKamWa et
al. 2013) or gathered unobtrusively (Albu et al. 2008; Rachuri et al. 2010). In this category,
Choudhury et al. (2008) and Lee et al. (2012) do not achieve a life-integrated assessment, be-
cause the former uses an external DTM with extra information, and the latter uses a customized

Twitter app instead of the original app.

In general, different research projects have shown the feasibility of basing assessments of stress
or stress-related psychological factors on the human voice (Chang et al. 2011; Lee et al. 2012),
sleep (Lane et al. 2011; Sano and Picard 2013; Wang et al. 2014), social interaction (Bauer and
Lukowicz 2012; Wang et al. 2014), location information (Lee et al. 2012; Rachuri et al. 2010),
ambient information (Lee et al. 2012), body reactions (Kocielnik et al. 2013), activity recogni-
tion (Choudhury et al. 2008), and behavioral patterns (Ferreira et al. 2009; Kocielnik et al. 2013;
Lee et al. 2012; LiKamWa et al. 2013). Furthermore, the unobtrusive mobile sensing of differ-
ent parameters on a single smartphone (Lee et al. 2012; Rachuri et al. 2010), which is recom-
mended to obtain less biased data (Lee et al. 2014), is possible. Moreover, the related work
shows that the continuous sensing and assessment of the user’s mental state (Lee et al. 2012;
Rachuri et al. 2010) is realizable, especially for emotion, mood, and activity detection (Ferreira
et al. 2009; Kocielnik et al. 2013; Lee et al. 2012; LiKamWa et al. 2013). Furthermore, the
unobtrusive mobile sensing of different parameters on a single smartphone (Lee et al. 2012;
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Rachuri et al. 2010), which is recommended to obtain less biased data (Lee et al. 2014), is
possible. Moreover, related work shows that the continuous sensing and assessment of users’
mental states (Lee et al. 2012; Rachuri et al. 2010) is feasible, especially for emotion, mood,

and activity detection.

We found that the required level of interaction with the individual, which ranges from signifi-
cant restrictions up to full integration into users’ daily routine, is one of the main differences
between stress assessment approaches. To the best of our knowledge, none of these DTMs pro-
vides a life-integrated and continuous assessment of perceived stress without interfering with
the user’s perceived routine constraint. In prior research (Gimpel et al. 2015), we devolved a
prototype to assess perceived stress using smartphone sensing techniques. In this research, we
extend the prior work-in-progress by presenting the final prototype, refining the development

process and providing full data analysis of the field study.

Research Process

Our research follows the standard design science guidelines by Hevner et al. (2004) and applies
the design science research methodology (DSRM) by Peffers et al. (2007), which suggests that
each design science research project performs the following six activities: (1) identify the prob-
lem and motivate, (2) define objectives for solution, (3) design and develop, (4) demonstrate,

(5) evaluate, (6) communicate.

Problem Identification: Modern DTMs (e.g., adaptive systems) and ubiquitous sensing capa-
bilities (e.g., in smartphones) can help to provide new solutions for the individual, societal, and

economic problem stress (e.g., stress-adaptive DTMs).

Objectives: Design and develop a life-integrated mobile system that is capable to continuously

assess a user’s stress level without influencing the user’s daily habits at all.

Design & Development: Stress theory lays the foundation for DTM design and the selection
of appropriate smartphone sensors. Other DTMs in the context of mobile sensing, affective
computing, and stress assessment provide further inspiration for the artifact. Building on this
foundation, we conceptualize a mobile DTM that continuously gathers data about the user and
its environment from stress- and strain-related smartphone sensors. The acquired data will be
trans-formed and employed to assess the user’s stress level by identifying patterns and correla-

tions between sensed data and perceived stress.
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Demonstration: The proposed DTM has been prototypically implemented for the Android plat-
form. The prototype helps to demonstrate technical feasibility (operationality and effective-
ness), obtain user feedback (ease of use), and collect comparative data (generality) to test the
accuracy of the stress assessment analysis process (Sonnenberg and Vom Brocke 2012). First
releases of the prototype were provided to a selected community of alpha and beta testers before

releasing a stable version.

Evaluation: To evaluate the model, we employ the prototype within a public field study to
foster the results for the generality of our prototype by achieving a high external validity of the
results. From that, we derive a statistical model for perceived stress solely based on data from
smartphone sensors. Together, prototype and statistical model show the design’s conceptual
and practical feasibility regarding operationality and effectiveness as well as the practical utility
of life-integrated and continuous mobile stress assessment, considering the ease of use for the

prototype’s users.

Communication: Finally, we communicate our research in line with Gregor and Hevner
(2013). A preliminary version of this research has already been presented at a conference
(Gimpel et al. 2015), while it was still in progress, but did not yet include data analysis and
evaluation. Valuable feedback from the research community was integrated into the design and

presentation of the results.

Prototype
Requirements

Based on design objective and related work, we identify three relevant requirements: (1) life
integration, (2) assessment continuity, and (3) abidance to non-functional requirements for

medical mobile systems.

Life-Integration: To minimize intruding effects and reduce bias, the DTM needs to be fully
integrated into the user’s life, i.e., it must not be perceived as an additional stressor or interfere
with the user’s perceived routine constraints. Studies have also highlighted the stress-inducing
aspect of questionnaires (Intille et al. 2003; Scollon and Kim-Prieto 2003). Moreover, periodi-
cally appearing questionnaires are likely to stress people and can consequently bias the assess-
ment. Thus, users must not be explicitly and regularly surveyed on their current stress level

(except for model alignments, which should be used rarely).
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Continuity: Stress varies over time, potentially in short cycles. As appraisal steps permanently
(re-)evaluate stressors to determine stress, it is crucial that the DTM must be capable of grasping
changes in the person’s current situation. Thus, the DTM must deliver a plausible assessment
of the user’s current stress level whenever requested to allow for effective intervention and
adaptation. In future, we aim to perform computations directly on the smartphone and limit the

use of internet services.

Medical mobile non-functional requirements: The European Commission (2015) published
a Code of Conduct on privacy for mHealth apps, which addresses the problem of the often
discussed privacy concerns on mobile apps (Gimpel et al. 2018a), particularly in the health
context. This code further provides guidance to app developers and publishers regarding the
display of certain application practices information. Hence, in order to provide a high level of
quality, the system must adhere to the medical mobile non-functional requirements presented
by Meulendijk et al. (2014): accessibility, certifiability, portability, privacy, safety, security,
stability, trustability, and usability.

Prototypical Instantiation

The assessment of stress using life-integrated smartphone sensing requires a user-centric devel-
opment process. In several development and deploy cycles, we developed and continually eval-
uated an Android prototype. Six alpha tester (the authors and three testers outside the research
team) provided feedback that helped to refine the prototype and create a more mature artifact
prior to releasing the app to a larger beta testing group. This group consisted of 8 participants
with different smartphones and different operating system versions. Feedback from beta testing
helped finalize the application as a ready, multilingual app (German and English) that could be
used within a global field study without major constraints on the device or operation system
version. The lean user interface (Figure 15) has been designed together with usability profes-
sionals. The prototype embeds into a general architecture consisting of four major components:
1) The smartphone user and their surroundings, 2) the smartphone’s hardware sensors as tran-
sitions between the social and the technical part of the system, 3) the prototype capturing sensor
data and periodically uploading it into a cloud storage, and 4) model building of a stress assess-

ment model.

The application is designed to read 38 hardware and software smartphone sensors in order to
empirically identify sensors that might be valuable for stress assessment. These sensors are the

outcome of a conceptual evaluation of available smartphone sensors and the unobtrusive
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smartphone-based measurability of stressors and strains from the TMS. Here, we focus on sen-
sors that can provide us with information on either the user or their environment. For this pur-
pose we rely on information from hardware sensors to determine parameters of the environment
(e.g., temperature, noise, location) and software sensors (i.e., using sensor fusion to process
multiple basic information to more com-plex information) to collect behavioral or environmen-
tal data (e.g., typing behavior, sentiment analysis of incoming/outgoing calls, calendar infor-
mation). The individual correlation of a sensor with perceived stress and its ability to contribute
to stress detection in a portfolio of sensors is a question for subsequent empirical evaluation.
We do not hypothesize and evaluate a causal relationship between sensors and stressors or

strains from the stress model, but aim on stress prediction.

Figure 15: Screenshots of the Application

The implemented sensors can be divided into two categories. Sensors of the first category probe
at a defined time interval, e.g., the ambient temperature, audio frequency, and illumination sen-
sors. A high probing frequency of only few seconds in the alpha version lead to very high
battery consumption and low battery life of the testers’ smartphones. Feedback included that a
minimum battery life of 24 hours given normal smartphone use would be desirable. As a trade-
off between granularity of measurement and resource efficiency, we set the probing interval to
5 minutes in the final version of the prototype. Sensors of the second category respond to spe-
cific events, e.g., incoming or outgoing text messages, the pressing of the power button, or
notifications. Event sensors can count the number of occurrences, identify state changes, or

store additional information like the sentiment of an outgoing text message or the duration of a
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phone call. In the alpha release, extended data such as the full message text or the caller ID was
stored, but reduced due to severe privacy concerns. Table 15 features the full list of sensors that
reference at least one stressor or strain from the stress model. The resulting list features many
physical and psychological stressors as well as behavioral strains. References to physical and
cognitive strains (e.g., reduced typing accuracy) are present but rarer. However, mobile sensors
can cover not all aspects of the stress model, as a holistic stress assessment requires contextual
data (e.g., information on the workplace), explicit user input (e.g., on emotions), or physiolog-

ical measurements (e.g., sweating).

In order to assess the relationship between sensors and perceived stress, the prototype asks the
user three times a day (at morning, midday, and evening) to answer a short stress questionnaire
on their smartphone. While this questionnaire is not unobtrusive, it is only included for re-
searching how to assess stress unobtrusively — we aim to make it redundant and spare it within
the final DTM. The questionnaire consists of the 4-item Perceived Stress Scale (PSS-4) pro-
posed by Cohen et al. (1983), which is one of the most frequently used scales to assess perceived
stress. It uses four items on a 5-point Likert scale ranging from 0 to 4 to measure the individual’s
stress perception based on stress-inducing aspects of life (unpredictability, uncontrollability,
and over-load). The questions are phrased in natural language and, hence, independent of con-
tent and population. The final score calculates as the sum across all 4 items, whereby two items

are re-versed.

The PSS was shown to be a valid measure for linguistically quantifying stress sensed by a hu-
man being and is frequently used in research (Haushofer and Fehr 2014; Heidt et al. 2014;
Hobfoll 1989). Unless the fact that PSS cannot be used as a diagnostic instrument, it is suitable
to perform comparisons (Cohen 2010). Although the PSS-4 has lower internal reliability than
the longer 14-item version (PSS-14), it provides much more usability for measuring perceived
stress over spatial distance (Cohen et al. 1983). In this trade-off between internal reliability and
usability, we chose usability to be an important aspect for the present study. We try to eliminate
the questionnaire as a confounding variable to reduce bias. The original questionnaire design
by Cohen et al. (1983) enquires how often participants felt a certain way in a specific period
(originally one month). Although the classic version of PSS-4 uses one month, it remains valid
on significantly smaller periods (Cohen 2010). Thus, we changed the original PSS-4 wording
“In the last month, how often have you felt [...]” to “Since the last survey [...]” for all four
items: 1) “[...] that you were unable to control the important things in your life?”, 2) “[...]
confident about your ability to handle your personal problems?”, 3) “[...] that things were going
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your way?”, and 4) “[...] difficulties were piling up so high that you could not overcome

them?”. The scores of items 2 and 3 are inverted for summation.

To maintain general data privacy and to adhere with the Code of Conduct (European
Commission 2015), the user has to manually activate data collection after installation and can
pause it at any time. The prototype uploads the data twice a day to a cloud storage. This interval
reflects a trade-off between data timeliness and resource consumption. In order to spare the
user’s limited data connection, the upload only occurs with an existing Wi-Fi connection. On
the resulting data set, we explore associations of sensors and perceived stress using regression

and classification models.

Evaluation

In this subsection, we evaluate the generality, ease of use, effectiveness, and operationality
(Sonnenberg and Vom Brocke 2012) of the proposed DTM for life-integrated assessment of
stress based on the Framework for Evaluation in Design Science Research (Venable et al. 2016)
with consideration of the requirements. Following Venable et al. (2012) and Sonnenberg and
Vom Brocke (2012), this evaluation serves three purposes: (1) Evaluate the prototype forma-
tively while under development, (2) evaluate the effectiveness and ease of use of the prototype
for the mobile sensing of stress-related factors, and (3) evaluate the operationality and general-
ity of model building for stress assessment upon the unobtrusively gathered data.

The presented DTM — a prototypical mobile DTM for life-integrated assessment of an individ-
ual’s perceived stress — can be considered a socio-technological process artifact (Venable et al.
2012) demonstrating the assessment of human stress based on smartphone data. We evaluate
the DTM using design science and prototyping evaluation methods (Hevner et al. 2004; Peffers
et al. 2012) and perform five consecutive evaluation episodes (Venable et al. 2016): 1) Litera-
ture-backed design and ex-ante validation of sensors’ relevance and theoretical utility, 2) agile
development of the prototype including alpha and beta testing to ensure ease of use, 3) exami-
nation of operationality and generality of life-integrated sensing in the field study, 4) data anal-
ysis and model building of a general stress assessment model including performance tests for
determining its effectiveness, and 5) operationality and performance of model personalization.
A further episode which comprises ex-post evaluation activities similar to Eval4 (Sonnenberg
and Vom Brocke 2012) should test DTM’s applicability to advanced application scenarios such

as stress-sensitive adaptive enterprise DTMs. This is yet up to future research.
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Episode 1 — Literature-backed Design: In the subsection Theoretical Background, we elabo-
rated a schematic concept for mobile stress assessment supported by literature on stress and
mobile sensing as a first review of formative knowledge, which the application and its sensors

are based on.

Episode 2 — Agile Development: The subsection Prototypical Instantiation describes insights
into critical success factors we gained during agile prototyping. In first versions of the proto-
type, alpha and beta testers expressed severe security and privacy concerns; these were ad-
dressed by transparently communicating what the system does and does not measure. The
prototype also suffered from inefficient resource use; this was corrected by eliminating power-
consuming defects and reducing sensor-probing frequency.

Episode 3 — Public Field Study: We apply the prototype within a field study to evaluate its
acceptance among users and determine the general operationality of life-integrated mobile
stress assessment. To reach a broad and diverse audience, we published the prototype in the
Google Play Store and recruited participants in social media, particularly via Facebook, Twitter,
and Quantified Self forums. The app was installed on 222 devices (96 from Germany, 50 from
the US, 19 from India, and 13 from Brazil) and 137 different smartphone models with Android
versions ranging from 2.3.3 to 5.0.1. However, during the four months of data collection, only
40 users provided an informative dataset of sensor data in combination with at least one an-
swered stress questionnaire in total. Several factors might have contributed to the discrepancy
between installations and data provision: a non-existing Wi-Fi connection could have impeded
data up-load, data privacy concerns could have prevented the user from activating data collec-
tion, or users could have installed the application out of curiosity without the actual intention
to support our research. In addition, there was no incentive for participation. Instead, we relied
on the users’ motivation to support research and to potentially benefit from a more mature sys-
tem in the future. Anecdotal evidence suggests that the strongest reason for not participating is
the lack of perceived usefulness, as the prototype only gathers data, but does not yet provide

feedback or intervention recommendations. We plan to address this in future versions.

The 40 participants, who uploaded at least one questionnaire, answered the questionnaire 474
times in total (an average of 11.5 questionnaire reports per user). The following data analysis
is restricted to these 40 users, as the ability to build a statistical model for stress assessment
hinges on the availability of questionnaire data, even if this data is not part of the final system.

The overall distribution of PSS-4 scores in our user base (Figure 16) aligns with representative
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surveys on the distribution of stress (Cohen and Williamson 1988; Statista 2010; Warttig et al.
2013). Although this shows a clear trend towards low levels of perceived stress, we observed

differences in stress intensity over time and between users.
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Figure 16: Distribution of Perceived Stress
Since we did not incentivize participation in the field study, the general interest and enduring
commitment of participants during the field study suggests that users are open to the idea of
life-integrated stress sensing. The successful deployment and data collection of the prototype
in the field study substantiate the operationality of life-integrated sensing. A caveat is the high
rate of non-users, presumably because the prototype did not provide any benefit or valuable

feedback to users.

Episode 4 — Data Analysis and Model Building: We evaluate the prototype’s effectiveness
by using the data gathered within the field study to create a universal (i.e., person-independent)
model for the assessment of perceived stress. For analysis, we link each stress level observation
with recent sensor data and test regression and classification performance. Pre-processing pre-
sumes that the analysis of linear relationships might not be sufficient and, thus, extends the
number of features by performing various transformations on the raw data. In this course, we
logarithmize the data, independently apply a median split, and include the untransformed data.

The same transformations are performed on a copy of the raw data, in which outliers, i.e., sensor
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values that are not within the interval of 1.5 interquartile ranges from the lower and upper quar-
tile of each sensor, are censored. As outliers might be a valuable indicator for exceptionalities
causing stress, we do not fully remove them. For feature creation, we aggregate all data be-
tween two stress level observations, calculate the minimum, maximum, range, median and
mean for numerical data, and count occurrences in absolute numbers and normalized to one
hour for categorical and event data. Time features for the daytime (morning, midday, evening)
complete the feature list. In case of missing values, we assume normality and replace them with

the variable’s median.

This pre-processed data provides the foundation for training a regression model that predicts
stress levels on the PSS-4 scale (ranging from O to 16). Standard linear regressions (ordinary
least squares, panel, or stepwise regressions) are not applicable, because the data presents the
problem of high dimensionality with a substantially larger number of variables than observa-
tions) and, thus, harbor the danger of overfitting. Instead, we use three linear methods suitable
for high-dimensional regression problems (Hastie et al. 2005), elastic net regression and its two
special forms ridge and lasso regression. As model sparsity is an important issue in mobile
processing, we evaluate model performance in predicting the level of perceived stress based on
the adjusted R2 in cross-validation (Alpaydin 2004). Although the elastic net produces less pre-
diction error, we find that the best model selected according to adjusted R? is based on lasso
regression fitting. It explains 41 % of the variance in users’ perceived stress, uses 94 variables
from 21 of the 38 sensors in total (Table 15), and achieves an adjusted R2 of 0.26 with a RMSE
of 2.69 and a mean absolute error (MAE) of 2.12 on the 0 to 16 scale.

To check the robustness of the results, we test if users with a low number of observations (e.g.,
those supplying questionnaire data only once) could falsify the regression model. Thus, we
additionally analyze the subsets of users with at least 10 or at least 20 stress level observations.
The best model for users with 10 or more observations achieves an in-sample cross-validation
RMSE of 2.46 and generalizes with an RMSE of 2.69 when applied on the dataset of all users
including those with fewer observations. The result further improves for 20 or more observa-
tions with an in-sample RMSE of 2.11; however, an evaluation against all users returns an
RMSE of 3.03. Not surprisingly, fit statistics improve when reducing the dataset, as the model
can better approximate a smaller number of users. Another interesting discovery is that the
RMSE from validating against all users is minimally affected, irrespective of whether training
is performed with data from all users or data from users with at least 10 observations. This
suggests that no overfitting problem exists with the best regression model.
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As a further robustness check, we additionally train a classification model, which aims to dis-
tinguish the two categories ‘no stress’, which denotes PSS-4 scores from 0 to 3, and ‘stress’,
which represents the scores 4 and above. We set the boundary at 4, because this score implies
that in average each item of the PSS-4 scale has been answered with a value of 1, which we
assume to be a reasonable and legitimate minimum condition for the ‘stress’ category. While
all three binary classification models we trained — a boosted decision tree (BDT), a decision
forest (DF), and a support vector machine (SVM) — achieve good overall performance in a ten-
fold cross validation setting, the BDT performs best. It predicts the correct category with an
accuracy of 81 % (DF 80 %, SVM 75 %), and achieves a precision of 78 % (DF 77 %, SVM
72 %) and a recall of 80 % (DF 79 %, SVM 72 %) for predicting the presence of stress with an
area under the ROC curve (AUC) value of 0.86 (DF 0.85, SVM 0.82).

Episode 5 — Model Personalization: The performance of the models trained with data from
users with at least 10 or 20 observations suggests that targeted models for individuals or small
user groups may outperform a universal model for in-sample stress assessment. To verify this,
we perform first personalization performance tests. For each of the 17 users that provided at
least 10 stress observations, we built a lasso regression model on a dataset, in which the test
user’s data is excluded. A stochastic gradient descent with adaptive learning rate (Zeiler 2012)
continually learns each observation and updates the model parameters iteratively. For 14 users,
this personalization resulted in significantly better error metrics (measured by a reduction of
the mean squared error by at least 20 %). The three users, where this improvement has not been
achieved, had already good error metrics with the universal model. An extensive analysis of

how personalization improves stress assessment is subject to future research.
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Sensor Description and unit of measurement Model
Connectivity

Cell Identifier Identifier of the current cellular network [nominal] no

Location Area Code Location area code of the current cellular network [nominal] no

Network Code Network code of the current cellular network [nominal] no

Data Connection Status Is the device currently connected to cellular data [binary] yes
Roaming Status Is device currently roaming [binary] no

Wi-Fi Connection Status | Is device currently connected to a wireless network [binary] yes
Battery

Battery Charging Status Is device currently charging [binary] no

Battery Level Current battery level [%] yes
Battery Temperature Current temperature of the battery [°C] yes
Mobility & Activity

Orientation The device’s current azimuth, pitch, and roll [3x degrees] yes
Activity Variance of device’s orientation and its interpretation [none/low/high] yes
Step Counter Changes on device’s pedometer within the poll interval [steps] no

Communication

Calendar Events Number of calendar events within 24 hours [count] no

Call Log Number [count], duration [min] and type [in/out] of phone calls yes
Incoming Text* App-specific notification about incoming messages [event] yes
Outgoing Text* App-specific notification about outgoing messages [event] yes
Text Length* Length of outgoing messages [characters] no

Text Sentiment* Sentiment of outgoing messages [positive/neutral/negative] no

Typing Speed* Typing speed of outgoing messages [characters per min] yes
Typing Accuracy Number of deleted characters [count] no

Smartphone Usage

RAM Available Currently available memory (RAM) [KB] no

Running Apps Number of currently running apps (multiple possible) [count] yes
Visible Apps Number of currently visible apps (multiple possible) [count] yes
Screen Switching Indicates that user switched screen over [event] no
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Sensor Description and unit of measurement Model
Environment

Ambient Light Brightness of current ambient light [Lux] yes

Ambient Audio Amplitude [dB] and frequency [Hertz] of current ambient sound yes
Ambient Temperature+ Temperature of the smartphone’s environment [°C] no

Ambient Humidity+ Humidity of the smartphone’s environment [%] no

Ambient Pressure+ Atmospheric pressure in the smartphone’s environment [bar] yes
Proximity+ Distance of the smartphone to the next object [meter] no

Location Latitude [degree] and longitude [degree] of the current location no

Location Changes Frequency of minor location changes [count] yes
Weather: Temperature Temperature at the current location [°C and °F] yes
Weather: Humidity Humidity at the current location [%] no

Weather: Wind Wind speed at the current location [miles per h] yes
Voice

Voice Energy Energy of voice signal using L1-, L2- and Linf-norms [ordinal] yes
Voice Spectral Density Power spectral density of 50, 250, 500 and 1000Hz [ordinal] yes
Voice Frequency Frequency spectrum using 12 MFC coefficients [ordinal] yes

Notes: “** currently supports SMS, WhatsApp, Facebook Messenger and mail apps; ‘*’ only available on some devices

Table 15: List of Sensors in the Prototype and their Relevance for the Best Model
Discussion

We designed and developed a DTM for life-integrated stress assessment with consideration of
both psychological literature on stress and comparable scientific efforts on the sensing of psy-
chological phenomena. As described in the subsection Prototype, the prototype fulfills all de-
sign requirements: Data was gathered continuously in a life-integrated way with adherence to
important non-functional requirements. The PSS-4 surveys were only used for validation; they
are not part of the design itself. The achievement of reasonable performance in assessing per-
ceived stress levels shows the general feasibility of life-integrated stress assessment via
smartphone. The best regression model, which was selected by the criterion of minimum ad-
justed R?, predicts PSS-4 scores on a scale ranging from 0 to 16 with an average accuracy
(MAE) of +/-2. There are no guidelines or benchmarks specifying acceptable performance for
this type of system in an uncontrolled environment and we do not claim that our method of

statistical analysis is optimal. However, we do claim that explaining 41 % of the variance in
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perceived stress is substantial for a DTM, which does not at all require user cooperation in daily

use.

During agile prototyping, we gained various important insights into critical success factors of
life-integrated stress assessment DTMs. In their combination, these learnings help with details
on the design of life-integrated stress assessment and might help researchers and practitioners
likewise to build better DTMs. Most importantly, the accessibility of stress assessment is vital
for its use and acceptance. Obtrusiveness, that is, the necessity of attention or interaction with
the user, puts up high barriers for broad application. Our research shows that life-integrated
stress assessment is feasible and a valuable approach to stress assessment. But it also shows
that excessive resource consumption, in terms of data storage or upload, battery consumption,
or processing power, might already be partially obtrusive as it brings the system’s existence
into the user’s attention. Another very important facet is, for example, to consider the protection
of the user’s privacy. For some people the stress level itself is highly sensitive information. This
holds especially true, when the information is shared with others, e.g., with the employee’s
supervisor in organizational stress management applications. Privacy is even more important
with the full set of sensor data that allows for the creation of movement, usage and behavior
profiles. Consequently, applications should establish appropriate privacy protection mecha-
nisms that prevent external access to sensitive information on a need-to-know basis (Sutanto et
al., 2013). One potential measure could be to fully renounce an internet-based data upload and
perform computations fully on the user’s device. As a third learning, user feedback suggests
that they are significantly more tolerant towards limited privacy and resource saving, if the
DTM provides a clear benefit to the user.

The manifold application scenarios target several stakeholder groups for the concept of life-
integrated stress assessment range from pure information provision to detailed feedback or the
automation of stress-reducing routines. The most obvious scenario is the immediate use to sup-
port the individual user. Stress assessment can be directly used to support the user’s stress man-
agement by providing feedback on the current stress level. Mobile apps for personalized and
sentiment-dependent recommendations can use the stress level to recognize the individual’s
need for relaxation. The recently suggested design of stress-sensitive adaptive enterprise DTMs
(Adam et al. 2017) can be operationalized building on the presented life-integrated, continuous
stress assessment and help business and users likewise. Stress-related lack of concentration in
hazardous work scenarios such as the interaction with robots or machines can be tackled with
countermeasures for the benefit of the human’s safety. Similar purposes are imaginable for the
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support of business-critical decisions: a stock exchange app, for example, can take the increased
risk propensity of the stressed individual into account and warn them of risky trades in advance.
Furthermore, personalized stress-aware design and adaptation of user interfaces can help im-
prove customer experience. These examples illustrate the broad range of application scenarios
that emerge from the possibility to unobtrusively evaluate the stress level of individuals when-

ever and wherever required.

Conclusion

In this section, we presented a DTM targeting the life-integrated and continuous smartphone-
based assessment of perceived stress. We followed the design science research methodology of
Peffers et al. (2007) and elaborated the DTM in several steps. Based on problem relevance,
theoretical background, and design requirements, an exemplary implementation for the Android
platform has been developed. This prototype helped to demonstrate the general operationality
of life-integrated mobile sensing and its applicability for the assessment of perceived stress. A
binary classifier demonstrates its value for determining stressed and non-stressed mental states.
The universal stress assessment regression model elaborated in this work links data from
smartphone sensors to their application for stress valuation and confirms the feasibility of life-
integrated and continuous stress assessment. This model is based on data gathered within a
public field study, in which 40 users provided data by using the prototype. Therefore, the pre-
sented method enables the development of systems that apply a life-integrated and continuous
assessment of perceived stress as input for adaptation mechanisms that provide targeted tech-
nological or manual stress management interventions. Furthermore, the method can be used as
an indicator for the user’s current affective state to provide relevant information to user adaptive

systems enabling a more intuitive interaction (Morana et al. 2017).

Some aspects of the present study call for subsequent research to further test and extend our
results. First, stress is a multi-faceted phenomenon. We targeted perceived stress, which is not
necessarily identical to actual stress (Riedl 2013). Thus, going beyond perception towards phys-
iological measurements will be a valuable addition to the present research. Second, our system
relies on the regular usage of one primary smartphone. The exact boundaries of the scope are
not yet clear. Future field tests should measure the intensity of smartphone usage, and recruit
participants with diverse intensities to explore how intense smartphone interaction must be for
reliable stress assessment. Third, it is by no means clear that a technological solution for per-

ceived stress assessment is the most appropriate solution because smartphones themselves are
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potential stressors (Lee et al. 2014). Nevertheless, we contend that it is worth exploring and
evaluating how smartphone-based sensing can foster the development of innovative technolo-
gies that appropriately interact with the stressed or chilled individual. Fourth, the results of the
study should be confirmed on a larger dataset that features more participants and a longer eval-
uation period. Fifth, an evaluation involving the actual use of stress assessment in a realistic ap-
plication context should be conducted. Sixth, refined statistical models or aggregation may im-
prove model performance. For example, future research could investigate what amount of his-
torical sensor data is best to predict stress. Moreover, the value of personalized models is worth
exploring. For new users, stress assessment could initially be based on a pre-trained general
model as presented in this section; the model could then be improved over time through per-
sonalization, similar to the approach of Rachuri et al. (2010) use for personalized emotion de-
tection. Finally, future work should link stress assessment with stress management
interventions. A first step might be providing feedback to users. From a wider perspective,
unobtrusive and continuous assessment of perceived stress can be the foundation for stress-
adaptive information and enterprise systems, as suggested by Picard and Liu (2007) and Adam
et al. (2014, 2017).

5.3.Deriving a Design Theory for Mobile Stress Assessment

The mobile prototype for life-integrated stress assessment presented in the previous section has
demonstrated the feasibility of assessing the user's psychological state from data collected by
sensors. However, in the course of the research activity, some obstacles and challenges have
been identified that make a reliable design of a mobile stress assessment system difficult, which
would be a necessary prerequisite for a technical component to be adapted to the social compo-
nent. Accordingly, the following section investigates how a mobile stress assessment should

look like.

Digitalization affects all domains of life, including our work and private lives. Emerging digital
technologies will increasingly permeate our lives leading to new ways of working and living.
Prominent examples include the feasibility of autonomous driving, living in smart homes, using
advanced work assistance systems, and the wide rollout of digital healthcare services (Maedche
et al. 2016). While this digitalization of everything brings many advantages at the individual,
organizational, and societal levels, it also has severe downsides (Gimpel and Schmied 2019).
For example, these manifest in reports of employees’ increasing workload, blurring boundaries
between work and private life, and a higher prevalence of technology-related stress, all of which
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contribute to an overall increase of individuals’ stress. Conversely, the individual resources
available to deal with stress do not rise to the same extent, potentially deteriorating personal
well-being (Riedl 2013) and causing severe illnesses such as burnout or depression (Bacharach
et al. 1991; Hammen 2005). Besides the individual adverse consequences, excessive stress po-
tentially also impacts the economy and society due to sick leave (Moreau et al. 2004), bad
decision making (Astor et al. 2013), and rising healthcare costs (Varvogli and Darviri 2011).

Although digitalization evidentially amplifies this trend, the widespread availability of mobile
devices like smartphones or wearables can also deliver a solution and positively contribute to
stress management. Already today, first information systems (IS) assess and report the user’s
stress level to support them in stress management. In the future, IS might adapt their workflow
according to the user’s stress or affective state and assist them in coping with the situation. Over
the last decade, various publications have called for the development of neuro-adaptive infor-
mation systems, systems that recognize the neurophysiological state of the user and positively
adapt to it (Riedl 2012; Vom Brocke et al. 2013). First publications responded to this call by
proposing a simple design blueprint for stress-sensitive adaptive enterprise systems (Adam et

al. 2017) or ambulatory stress prevention (Friemel et al. 2018; Jimenez and Bregenzer 2018).

An important prerequisite for building effective stress management assistance is the assessment
of individuals’ stress. Various approaches for stress assessment exist: Established question-
naires like the Perceived Stress Scale (Cohen et al. 1983) can question individuals about the
stress they perceive. Physiological measurements such as skin conductance (Riedl 2013) or
cortisol levels (Riedl 2012) can help determine stress from a biological perspective. Mobile
devices' wide sensing capabilities enable another approach: the data-based assessment of stress
using data on the user, their environment, and the interaction between the two. In contrast to
the pure perception- or biology-based views, mobile stress assessment (MSA) does not neces-
sarily measure a concept directly linked with stress. However, it uses data analytics methods to
relate mobile acquired sensor data with stress in either a user-independent or a personalized
way. Various instantiations have already demonstrated MSA's feasibility for different applica-
tions (Gimpel et al. 2015, 2019b; Lane et al. 2011; Lu et al. 2012; Wang et al. 2014). Although
the design of these systems has a lot in common, for example, regarding their architecture,
researchers designing MSA systems rarely build on insights collected and reported by other
MSA scholars. General guidelines with aggregated knowledge on how to design MSA systems
are yet missing. However, such guidelines would help researchers and practitioners successfully
develop MSA systems and might significantly increase MSA systems’ quality. Therefore, we
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argue that a design theory for MSA that guides MSA designers from research and practice in
developing an MSA instantiation specifically for their intended application would be valuable
for further application and theory development and can foster the future development of infor-
mation systems targeting stress management. Therefore, we elaborate on the following design

objective:

DO) Compose a design theory for mobile systems capable of assessing users’ stress for all

intended applications of MSA.

We follow standard design science research (DSR) methodology (Hevner et al. 2004; Peffers
et al. 2007) to develop a design theory (Gregor 2006; Gregor and Hevner 2013; Jones and
Gregor 2007) for MSA. For this purpose, we extensively analyze the existing literature on
MSA, consolidate extant design knowledge dispersed across 136 MSA studies, and produce
new design knowledge by implementing the theoretically elicited design within five own MSA
prototypes. By building our design theory on extant design knowledge, our research addresses
a major shortcoming of current DSR practice manifesting in the limited reuse of existing design
knowledge (Vom Brocke et al. 2020). Combining old and new design knowledge, we compose
the design theory from several interrelated elements: a set of design requirements for MSA, an
abstract blueprint proposing a common architecture, design principles guiding the design, de-
sign features detailing the implementation of the blueprint and principles, and trade-offs that
need to be made when implementing a specific MSA system. These elements and the design
theory presented here contribute to the literature on the topic of MSA by providing researchers
and practitioners with extensive design knowledge on how to develop effective MSA systems.
Complementary, it contributes to DSR literature by providing an example of a theoretically
grounded and empirically enhanced design theory that can inspire further researchers to strive
for consolidated design knowledge and thereby facilitate effective 1S development. While we
tested the design with five MSA prototypes, it has not yet been subject to a long-term evaluation
by different research parties. Future research may build on this design theory by giving further
evidence for its effectiveness in producing IS that prevent the adverse psychological, physio-

logical, and behavioral consequences of excessive stress.

We employ a structure similar to the publication schema for DSR suggested by Gregor and
Hevner (2013). Next, we shed light on the theoretical background on stress theory and mobile
stress assessment and derive six design requirements. Subsequently, we describe the employed

research process. After that, we describe design knowledge relevant to MSA's design, which
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we obtained from our extensive literature analysis. Building n this, we identify archetypes of
MSA systems in literature based on cluster analysis results. We then report insights from our
prototyping activities onto what needs to be considered when tailoring MSA to their specific
intended application. Finally, we combine the results from literature and cluster analysis and
the prototyping activities and compose a design theory, emphasizes the theoretical and practical
value of our research and conclude with a description of the current work’s limitations as well

as an outlook on ongoing and future research.

Theoretical Foundation

Justificatory knowledge related to the design objective originates from research on stress theory
and mobile stress assessment. Stress is the targeted area of application. Mobile stress assess-
ment literature provides the fundament for condensing knowledge on the design of human-

centered information systems in general and MSA in particular.

Mobile Stress Assessment

With the increasing ubiquity of information technology, information systems play a growing
role in supporting and assisting the user (Maedche et al. 2016). Researchers have understood
this need for user centricity in information systems. Recent IS literature suggests first solutions
for ambulatory stress prevention (Adam et al. 2017; Friemel et al. 2018; Jimenez and Bregenzer
2018). However, the development of such systems is not trivial and requires the continuous and
reliable assessment of stress. To do so, assessment systems need to “minimize retrospective
biases while gathering ecologically valid data, including self-reports, physiological or biologi-
cal data, and observed behavior, e.g., from daily life experiences” (Trull and Ebner-Priemer
2013, p. 1), e.g., by means of mobile hardware. Stress assessment, and MSA in particular, has
recently received significant attention due to its potential and complexity. In this, MSA refers
to a class of mobile information systems that use sensor data on the user (e.g., physiological
data), their environment (e.g., environmental conditions), and the user-environment-interaction
(e.g., behavioral data) in order to determine the user’s stress state for various intended applica-

tions (e.g., measuring individual daily stress, mitigating dangers of stress at the workplace).

Several literature reviews on the topic have been published over the last years, which aggregate
the current state of the art of identifying stress or stress-related concepts using mobile data:
Porarinsdottir et al. (2017) published a comprehensive review of the literature on smartphone-

based stress assessment. Aigrain (2016) analyzed the topic of stress and discusses different
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strategies for detecting stress in various settings. Greene et al. (2016) published a survey on
affective computing for stress detection. Habib ur Rehman et al. (2015) further analyzed the
capability of mining personal data acquired by smartphones and wearable devices. Glenn and
Monteith (2014) researched medical and commercial projects on pervasive healthcare enabling

remote disease monitoring including stress.

We found that several researchers have already exploited mobile data for recognizing human
psychological conditions in various ways: (1) assess stress via only a smartphone, (2) assess
stress with several different devices (e.g., two smartphones or a smartphone plus an additional
device such as a wearable), and (3) recognize not stress but emotions, mood, or activity (e.g.,
walking, running, cycling) with similar measurement techniques. The following paragraphs ad-

dress these categories sequentially.

Research assessing stress using a single smartphone is rare. BeWell (Lane et al. 2011) and
StudentLife (Wang et al. 2014) originating from the same research institution are Android ap-
plications that assess the smartphone user’s stress level by tracking activities which affect phys-
ical, social, and mental well-being. The relevant data is collected by continuously reading
multiple smartphone sensors including the microphone, accelerometer, and light sensors.
BeWell extends this data by integrating additional user information entered through a web por-
tal. StudentLife pushes multiple questionnaires to the smartphone which must be answered by
the user and extends the collected data using location-based information within the research
institution’s facilities (e.g., the traveled distance inside buildings based on Wi-Fi logs). How-
ever, both applications require the user to answer multiple (an average of eight) questionnaires
daily, which serve as an additional data point and are not only used for model training purposes.
This makes these systems rather obtrusive. Bauer and Lukowicz (2012) identify longer stressful

periods, e.g., exam weeks, from smartphone usage but do not directly assess stress.

Several applications assess stress with a smartphone plus one or more additional devices. While
both Ferreira et al. (2009) and Kocielnik et al. (2013) use external devices to measure body
reactions (e.g., increased sweating, rapid heartbeats), Sano and Picard (2013) attempt to recog-
nize stress with mobile sensors, a wrist sensor, and several daily questionnaires. Equally im-
portant, Lu et al. (2012) measure stress by analyzing the human voice and use a second phone
to distinguish between speakers.
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Anrtifacts related to but not directly performing stress assessment include emotion, mood, and
activity detection systems. Most technical systems aiming to assess these conditions use exclu-
sively smartphone data. The only exception is Choudhury et al. (2008), who use an external
device to measure additional parameters (e.g., humidity). This data can be enriched with addi-
tional user input (Chang et al. 2011; LiKamWa et al. 2013) or gathered unobtrusively (Albu et
al. 2008; Rachuri et al. 2010).

In general, different research projects have shown the feasibility of basing assessments of stress
or stress-related psychological factors on the human voice (Chang et al. 2011; Lee et al. 2012),
sleep (Lane et al. 2011; Sano and Picard 2013; Wang et al. 2014), social interaction (Bauer and
Lukowicz 2012; Wang et al. 2014), location information (Lee et al. 2012; Rachuri et al. 2010),
ambient information (Lee et al. 2012), body reactions (Kocielnik et al. 2013), activity recogni-
tion (Choudhury et al. 2008), and behavioral patterns (Ferreira et al. 2009; Kocielnik et al. 2013;
Lee et al. 2012; LiKamWa et al. 2013). Furthermore, several artifacts aim at unobtrusively
sensing different parameters in a mobile setting (Lee et al. 2012; Rachuri et al. 2010) to obtain
less biased data (Lee et al. 2014). Various systems also aim for the continuous sensing and
assessment of the user’s mental state (Lee et al. 2012; Rachuri et al. 2010), especially for emo-
tion, mood, and activity detection (Ferreira et al. 2009; Kocielnik et al. 2013; Lee et al. 2012;
LiKamWa et al. 2013).

Most of the systems presented in the previous paragraphs target the assessment of everyday
stress or stress from certain groups of people (e.g., students’ exam stress). However, we also
identified some MSA instantiations that target very specific use cases. Sandulescu and Do-
brescu (2015) describe the development and use of a wearable shirt to detect stress experienced
by firefighters in actions. This system aims to proactively warn mission supervisors about high
stress levels of one or more persons in their action force to prevent potential dangers for their
people and their mission. Other studies suggest the use of wearable gloves to measure a driver’s
stress indicated by steering wheel movements (Lee et al. 2016; Lee and Chung 2017). Similarly,
Rodrigues et al. (2015) aimed to systematically identify location-based stressors for public bus
drivers. Although these application purposes of MSA are rather exotic, they show the broad
bandwidth and high potential of MSA. Thus, our design theory aims to hold for all MSA sys-
tems independently of their intended application.
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Design Requirements

All examples of MSA systems described in the previous section have in common that they share
the same set of high-level design requirements. These design requirements refer to important
properties of an MSA system and specify such systems' purpose and scope. We derive the de-
sign requirements from exemplary literature on MSA and its design objective to establish the
common goals of MSA for different intended applications. Three design requirements refer to
the MSA systems’ functional system behavior (DR1-3) and three design requirements describe

system quality requirements (DR4-6).

As with every diagnostic procedure, the availability of valid data is an essential prerequisite.
Particularly external validity is required to ensure whether observed associations can be gener-
alized from the sample to the context (Bhattacherjee 2012, p. 36) in the sense of stress assess-
ment. Due to the different causes and manifestations of stress, MSA typically considers data
from various sources. Therefore, an MSA needs to gather valid data on the user and their
environment (DR1). Data on the user includes physiological data, behavioral data, or data from
introspection (Ayzenberg et al. 2012; Gimpel et al. 2015; Wang et al. 2014). Data on the envi-
ronment is required to capture external stimuli responsible for causing stress in the users of an
MSA system. This environmental data may include, for example, ambient volume, ambient
light, temperature, humidity, or air pressure (Mayya et al. 2015). If gathered rigorously, data

from both sources provide a sound foundation for stress assessment.

With valid data being a prerequisite, another crucial MSA property is the reliability of the
calculated stress levels (DR2). Thus, MSA needs to employ consistent methods to determine
the stress levels based on valid measurement data. However, there is no one-fits-all solution.
Instead, the determination of stress needs to be adapted to the MSA system’s specific intended
application, for example, regarding the granularity of the reported stress level or the individu-
ality of the stress model (Garcia-Ceja et al. 2016). Thus, this requirement needs to be thoroughly
considered in designing various aspects of the MSA system.

Given reliably determined stress levels based on valid data, the system typically needs to report
the results to a defined recipient understandably and transparently (DR3) to avoid misun-
derstandings. The specific shape of the reporting depends, just like the calculation of stress
levels (DR2), on the intended application of the MSA system. To report a binary classification
result (i.e., stress, no stress), other means may be suitable for interval-scaled stress scores. For

example, binary stress values of public bus drivers can be visualized on a city map to identify
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potential areas of risk (Rodrigues et al. 2015). A second example shows that a smartphone-
based MSA system can visualize an individual’s interval-scaled stress score using an app-based
graphical user interface (Mayya et al. 2015). The key to transparently reporting stress levels in
MSA is to ensure that the results can be used comprehensively and goal-oriented for the defined

recipient and the intended application.

In addition to the three functional design requirements that describe the key steps of an MSA
system (DR1-3), we have identified three important quality requirements for such systems. The
first quality requirement demands MSA systems to be designed in a resource-saving way, keep-
ing the system’s technical resource consumption at an appropriate level (DR4). In this
context, resources refer to technical resources, such as the amount of data, storage capacity,
computing time, or electric power. The reason for the required resource efficiency is due to the
mobility of MSA systems. Suppose an MSA system is designed as a standalone application on
a mobile device. In that case, high amounts of data may lead to bottlenecks in computing power
or storage capacity as these resources are limited on mobile devices. When a system adopts a
client-server architecture to overcome this issue, there might be a bottleneck in data throughput
between client and server. Regardless of the system architecture, the sensors used to require
additional energy on the main device. Finally, the specific intended application of the MSA
system determines which of these resources must be kept at a modest level and which can be

utilized more intensively.

Of course, the results of an MSA system and the algorithms used must be accurate (DR5).
The prerequisite for algorithm accuracy is valid measurement data (DR1) and the outcome are
reliable results (DR2). Much of the literature on MSA uses machine learning techniques such
as Naive Bayes classifiers, random forests (Garcia-Ceja et al. 2016), support-vector machines
(Sandulescu and Dobrescu 2015), or convolutional neural networks (Cho et al. 2017) to detect
stress from gathered data. Depending on the data quality, the stress model employed (i.e., gen-
eral or personal), or the specific algorithms used, achievable accuracies may vary. How accurate
an algorithm must depend on the use case. For example, an MSA system used for medical stress
diagnosis must provide more accurate results than a system assisting users in improving their
everyday well-being. A system providing a continuous stress score must have greater accuracy
than one that binarily distinguishes between stress and no stress. Overall, algorithm accuracy is

an important quality criterion for MSA systems. However, it cannot be determined generally.
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Finally, it is important to mention that MSA systems must always interact close to the user's
environment in order to be able to collect data about the user and their environment accordingly.

Hence, MSA systems should provide a high level of user acceptance (DR6).

All the presented design requirements are prerequisites for an MSA system to achieve this ac-
ceptance. DR1, DR2, and DR3 describe the essential functions of an MSA system. A system
not meeting this functionality will not be accepted by users. Further, adequate consumption of
technical resources (DR4) and the accuracy of the used algorithms (DR5) affect user acceptance
(Gimpel et al. 2019a). Besides the explicitly defined design requirements, user acceptance is
subject to further requirements such as privacy and unobtrusiveness. As some MSA systems
capture sensitive user data such as physiological data (Mayya et al. 2015; Rodrigues et al. 2015),
behavioral data, or personality traits (Bogomolov et al. 2014), ensuring a high level of privacy
is essential to achieve user acceptance. Meulendijk et al. (2014) list privacy as a separate design
dimension in their list of non-functional requirements for mobile apps in the context of health.
Also, unobtrusiveness is an essential prerequisite of MSA systems, as potential users will not
accept a system that bothers or obstructs them. In contrast to the previously presented design
requirements, user acceptance is not fundamentally dependent on the use case but should al-

ways be kept on a high level.

Research Process

Our DSR project addresses the objective of elaborating a design theory for MSA systems. It
employs the design science research methodology by Peffers et al. (2007) and integrates eval-
uation activities iteratively into the research process (Figure 17) following Venable et al. (2016)
and Sonnenberg and Vom Brocke (2012). Of the four evaluation strategies proposed by Vena-
ble et al. (2016), we select the Human Risk & Effectiveness strategy because the MSA design
theory needs to prove its effectiveness for producing MSA systems that assess the user’s stress

in realistic scenarios.

Methodology

We build on common stress literature to inform our research with relevant knowledge of the
problem space (Vom Brocke et al. 2020). Additionally, we employ a literature review on extant
MSA design knowledge to evaluate our research’s importance and novelty from an ex-ante
perspective (Sonnenberg and Vom Brocke 2012; Venable et al. 2016). This subsection gives

additional details on the examined body of literature. Although the literature review yields a
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total of 136 MSA instantiations for different intended applications, MSA design knowledge is
highly dispersed and difficult to access for researchers and practitioners engaged in assessing
individuals’ stress in mobile settings. This also manifests in the observation that only a few
MSA studies inform their design with extant design knowledge from other studies, which cor-
responds to a major limitation of current DSR practice (Vom Brocke et al. 2020). Thus, we
argue that our design objective, the production of generalized and reusable MSA design

knowledge, is highly relevant and worth exploring.

Inspired by Meth et al. (2015), the design knowledge presented here comprises several compo-
nents. First, we derive relevant design requirements for MSA systems from exemplary literature
(presented in section on the theoretical background). Then, we thoroughly analyze the MSA
literature base and consolidate the formerly dispersed design knowledge consisting of an ab-
stract blueprint, design principles, and design features. This step aims at formatively evaluating
the feasibility and applicability of an MSA design theory for facilitating the implementation of
MSA (Venable et al. 2016). We conceptualize an abstract blueprint based on architectural com-
monalities of the MSA instantiations and employ a taxonomy development approach (Nicker-
son et al. 2013) to derive seven design principles from design-related learnings reported in the
MSA studies and to identify six design features of extant MSA instantiations. The design fea-
tures detail how the design principles can be implemented into a specific MSA system and tailor
the MSA system to its intended application. Each design feature can be implemented in various
ways. Based on the design features, we subsequently present archetypical MSA systems iden-
tified in a cluster analysis investigating what combinations of design features prevail in the

literature.

Building upon this theory-driven MSA design knowledge base, we collect practical knowledge
by developing five MSA instantiations using prototyping (March and Storey 2008) and action
design research (Sein et al. 2011). Each of the five prototypes has a different intended applica-
tion and exhibits a specific combination of design feature implementations. Our prototyping
activities serve to evaluate the practical utility, suitability, and generality of the design theory
(Venable et al. 2016) by demonstrating that instantiations of MSA for different intended appli-
cations is possible using the accumulated design knowledge. Lessons learned during these pro-
totyping activities suggest that design features and design requirements interact with each other,
meaning that trade-offs might be necessary depending on the intended application. We present
these trade-offs in lessons learned from the implementation of five prototypes. Additionally,
we employ the prototypes in laboratory and field studies to summatively evaluate the design
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theory’s applicability and usefulness for developing effective and suitable MSA instantiations
(Venable et al. 2016).

Finally, building on the design knowledge presented in this research, we compose a design
theory following Jones and Gregor (2007) and conclude with a short discussion of the design
theory’s theoretical value using widely adopted criteria for theories in the IS field (Gregor 2006;
Gregor and Hevner 2013; Jones and Gregor 2007; Vom Brocke et al. 2020).
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Figure 17: Research Process and Deliverables
Body of Literature

An extensive literature analysis of publications in the context of MSA builds the foundation for
the identification and consolidation of design knowledge on MSA. We identify relevant MSA
publications using two different ways: First, we start our search with the existing literature
reviews on MSA introduced in the previous subsection and include the 55 referenced publica-
tions into the relevant MSA literature basket. Second, we complement these studies with a
structured literature search in the AIS Senior Scholars Journal Basket (MISQ, ISR, JAIS, JMIS,
EJIS, I1SJ, JSIS, JIT) and all outlets of the IEEE Xplore. We limit our search to research articles
on the assessment, detection, determination, or recognition of stress (the first two steps in the
literature analysis revealed that the words assessment, detection, determination, and recognition
are used synonymously in literature) using mobile or smartphone-based information systems or
technology in the context of humans, people, users, or individuals (also used interchangeably

in literature). This results in the following search string: stress AND (assessment OR detection
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OR determination OR recognition) AND (mobile OR smartphone OR technology) AND (hu-
man OR people OR user OR individual). We consider only studies from 2010 and later because
stress detection gained substantial attention only since then and exclude all studies that refer to
stationary medical devices or are designed to work only in a certain location. This search re-
sulted in an additional list of 81 studies discussing MSA. For the complete coding, please see
https://figshare.com/s/3372ee6902eec19c1bcO.

Design of Mobile Stress Assessment Systems

As described in the previous section, various publications have demonstrated the feasibility of
MSA for different intended applications. Building on this body of literature, we aggregate and
leverage existing scholarly design knowledge in three ways: First, we analyze the state-of-the-
art of existing MSA instantiations to identify structural commonalities and build an abstract
blueprint that demonstrates the components and general architecture of MSA systems. Second,
we condense lessons learned from extant MSA publications and derive seven design principles
that serve as good practices for designing MSA. Third, we investigate which design features
different MSA instantiations use to implement the design principles specifically for their in-
tended application and identify six overarching features with three to five ways of implementing

them. The following sections present these contributions in the described order.

Design Blueprint

The literature analysis yielded general architectural components of MSA that are common in
MSA instantiations and form a simple blueprint which interrelates these components. Even
though they are neither new in literature nor overly surprising to practitioners, we perceive that
a general architecture and a clear description of the components help a common understanding
of MSA.

The prevailing insight gained from the literature analysis is that the components of MSA do not
form a purely technical system but a sociotechnical system. Five major components are present
in all studies: (A) the user and its environment, (B) data collection via sensor technology, (C)
data storage, (D) data pre-processing, (E) data modeling for stress assessment, and (F) some
reporting of the results. Figure 18 illustrates their interrelations. There are two possible transi-
tions between the technical and the social part of the system: First, sensors digitalize infor-

mation on the user and its environment into computer-processible data. Second, the results
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reporting loop back to the user to make the determined stress usable for the intended applica-

tion, for example, to assist individuals in dealing with stress.

- Technical System Boundary
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Figure 18: lllustration of the Architectural Components Forming a Simple Blueprint

(A) User and environment: As described in the theoretical background, human physiology (Cho
et al. 2017; Singh et al. 2011), human behavior (Lawanont and Inoue 2018; Liao et al. 2005),
human perception (Gaggioli et al. 2013; Rodrigues et al. 2015), and environmental conditions
(Garcia-Ceja et al. 2016; Lane et al. 2011) can provide valuable input to stress assessment of
individuals (Cohen et al. 1983; Traina et al. 2011; Weisman et al. 2016). This enables a com-
prehensive view of stress-related factors, which is vital for MSA and indicates both stressors
and strains. Although DR1, due to the many facets of stress, refers to data about the user and
its environment, we find in our literature analysis some systems that do not consider both, but
focus for example solely on the user.. Besides sensing, some systems incorporate a second in-
teraction point with the user and apply the processed data to provide behavioral or environmen-
tal feedback. Although MSA systems could also benefit from direct interaction with the
environment to correct stressing environmental conditions like noise pollution or stroboscopic
light, currently, no system incorporates actuation on the environmental level due to technolog-
ical boundaries. However, smart home technologies' increasing pervasiveness could help over-

come difficulties with automatic environmental adjustments to reduce people’s stress.

(B) Sensor Technology: In MSA, data is the foundation for all analytical activities that assess

stress. According to the principle “Garbage in — garbage out”, sound data is a vital determinant
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of MSA performance. Thus, significant thought should be put into the specification of what
data to collect, how to collect it, and how at the same time, to ensure the validity of the data
promoted in DR1. Our literature analysis found that a multitude of different approaches to sen-
sor-based data collection in MSA exist. In our terminology, ‘sensor’ refers to every single data
source that automatically gathers relevant information for MSA. These approaches range from
self-reported data manually provided by the user up to sophisticated sensor fusion models that
automatically combine data from different sensors using machine learning techniques to create
new variables (Gimpel et al. 2015). Approaches based on self-reported data include, for exam-
ple, periodic questionnaires or the manual input of stress-relevant data (Rodrigues et al. 2015).
While these approaches are rather easy to implement, they also demand for strong user engage-
ment. Consequently, we found that current research's focal point lies in approaches that use
hardware and software sensors, automatically collecting information on the user and its envi-
ronment. Instead of relying on the user’s steadiness, the performance of these approaches highly
depends on the adequate choice of sensors (Greene et al. 2016). Hardware sensors (e.g., micro-
phone (Gimpel et al. 2015) or accelerometer (Garcia-Ceja et al. 2016)) often provide powerful
capabilities on sensing environmental information (Ollander et al. 2016; Zhao et al. 2013) or
human physiology (Adnane et al. 2011) but only occasionally allow to draw direct conclusions
on the user’s behavior (Bauer and Lukowicz 2012; Gjoreski et al. 2015). Software sensors cap-
ture data on the application level and thus have easier access to behavioral data, for example,
in the number of incoming text messages (Bogomolov et al. 2014) or the degree of social inter-
action based on nearby Bluetooth devices (Lu et al. 2012). Both types of sensors can be attached
to a single device (e.g., a smartphone (Ciman et al. 2015)), distributed over multiple devices
(e.g., a smartphone and a wearable (Zenonos et al. 2016)), or integrate information from other
IS (e.g., online social networks (Lee et al. 2012)). Further, sensors can be triggered either by
time (e.g., continuously, every 5 minutes, once) or by event (e.g., incoming text message, sig-
nificant change of location) (Pioggia et al. 2010). With all these possibilities, the appropriate
design of the data collection part of an MSA system is vital. While data with high resolution
allows deeper analyses and can result in higher stress assessment accuracy, this performance
boost often comes at the cost of battery life, data transmission volume, and, consequently, user
acceptance. If sensors are distributed across different devices, additional factors like time syn-
chronization may need to be considered as the clocks of two devices generally slightly differ.
Time-triggered sensors distributed across these devices should be synchronized to ensure com-

parability over time and between sensors (Adams et al. 2014).
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(C) Data Storage: The valid data on the user and its environment (DR1) collected in (B) needs
to be stored to enable a reliable data analysis (DR2). This can be performed locally on the device
that captures sensor data (Bauer and Lukowicz 2012; Massot et al. 2012), on external storage
attached to the system via a wired or wireless connection (Mohino-Herranz et al. 2015; Zhang
et al. 2012), or on a cloud platform (Berndt et al. 2011; Gaggioli et al. 2013), which is particu-
larly relevant, when sensors are distributed across multiple devices as described in (B).

(D) Data Pre-Processing: As stress assessment requires a set of sensor observations, raw sensor
data usually does not directly qualify for the model generation but needs to be pre-processed to
ensure proper accuracy (DR2). In doing so, the systems must aggregate sensor data over time
and apply various transformations, which need to be defined before the model generation and
stress assessment (Bakker et al. 2011; Ben-Hur and Weston 2010). The design choices relevant
for this component include selecting an appropriate approach to data aggregation, the definition
of how to deal with missing values or the decision on a method for removing outliers in varia-
bles (Fernandez and Picard 2003).

(E) Data Modelling: Subsequently, statistical model building allows for assessing stress based
on the acquired and transformed data points (Picard 2003). In this step, the selection of statisti-
cal models appropriate for the application scenario at hand is of vital importance (Salai et al.
2016), especially when it comes to sophisticated scenarios that require a rapid, near real-time
assessment of stress and involve calculation- and resource-intense tasks like updating the model
with new observations (Zubair et al. 2015). Sensor fusion — that is, the generation of new vari-
ables by combining data from different sensors — can improve robustness and confidence (DR),
and reduce ambiguity and uncertainty of the model (Xiong and Svensson 2002) by providing a
more valid representation of the user (Chen et al. 2014), their environment (Huh et al. 2014; Lu
et al. 2012), and the interaction between both (Zenk et al. 2014). Finally, on the one hand, the
procedure for modelling the data also has an influence on what information can be made avail-
able to the user later on, and, on the other hand, the expected output of the assessment also
determines which algorithms can be considered for processing the data. For example, depend-
ing on whether the stress level should be reported on a binary or ordinal scale, different data

modeling approaches come into play (DR3).

(F) Result Report: Finally, the stress modeling results can be communicated to the user to foster
stress coping and management. However, it is important to distinguish whether the report's

recipient is the user about whom the data is collected or whether the recipient is a third person
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or system. The latter is the case, for example, if a third person is responsible for stress manage-
ment, as is the case with Sandulescu and Dobrescu (2015) on monitoring firefighters. Accord-

ingly, it is important to think about the presentation of the stress assessment results (DR3).

Design Principles

Many of the MSA publications in our body of literature produce knowledge chunks on lessons
learned during their design and development process reported in the respective discussion or
conclusion sections. We analyzed these lessons learned using taxonomy development methods
(Nickerson et al. 2013), which suggest an iterative process combining the empirical inference
of conceptual similarities and differences using relevant examples and the distinction of exam-
ples using existing conceptual information. Therefore, we divide the literature body into three
parts used in the respective iterations: (1) the extant MSA literature reviews, (2) the original
studies referenced in the literature reviews, and (3) additional and newer studies identified by

own literature search.

In a first step, we use this approach to derive seven design principles that provide guidelines
for meeting the design requirements when creating an MSA system. The design principles serve
as principles of form and function as described by Jones and Gregor (2007) and describe general
aspects of designing an MSA system. The design principles are intended to guide future re-
searchers and practitioners on important design decisions that should be considered when de-
veloping an MSA., The mapping of the design principles to the design requirements is depicted

in Figure 19.

(DP1) Consider a wide range of facets of the user and their environment to respect the diversity
of stress: Stress is multifaceted. It can originate from psychological (e.g., overload, life events,
technology) as well as physical (e.g. noise, temperature, lighting) stimuli (Lu et al. 2012; Riedl
and Javor 2012). To take this versatility into account, it is essential to capture all relevant facets
for the predefined MSA use case. Examples of these are users’ location history, neurophysio-
logical activity, smartphone or computer usage, medical history, or weather conditions amongst
many others. It is preferable to cover more rather than fewer facets, since the fading out of
aspects which turn out to be less relevant is usually unproblematic. For instance, user location
data can provide information on both mobility and weather conditions. In addition, these data
can be collected unobtrusively. Even if these data should not be included in a model used later
for stress assessment, their collection does not cause unnecessary effort or damage. DP1 rec-

ommends considering as many different facets of the user and their environment as possible for
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the objective of MSA. Thus, it suggests how valid data about the users and their environment
can be collected and contributes to DR1.

(DP2) Choose and place sensor technology according to the predefined use case to meet the
requirements for the individual stress assessment scenario: To satisfy the system quality crite-
ria of resource consumption (DR4) and user acceptance (DR®6), it is crucial to adapt the sensor
technology used for MSA to the individual assessment scenario. The pre-defined use case de-
termines this scenario. Depending on this, the suitability of the used sensor technology can vary
significantly. For instance, a system that enables MSA for firefighters in action (Sandulescu
and Dobrescu 2015) requires a far different selection and placement of sensor technology than
a system for smartphone-based stress assessment in daily life (Gjoreski et al. 2015). The first
scenario involves using a smart shirt to measure firefighters’ heart rate, environmental humid-
ity, and temperature as well as a microphone to detect communication and a motion sensor. In
the second scenario, motion data, microphone data, and environmental parameters (i.e., light
intensity) are also used for MSA. However, they are combined in a single everyday device (i.e.,
a smartphone). This example shows that the selection and placement of sensor technology vary
greatly between different use cases, even if similar facets of the user and their environment
(DP1) are applied for MSA. Overall, DP2 also aims to gather valid data about the user and their
environment (DR1) by addressing the use of sensor technology according to the MSA use case.

(DP3) Select reasonable query times and intervals for all sensors to provide a basis for reliable
stress detection with low obtrusiveness: Some physiological markers react differently when
users are exposed to short-term or long-term stress. The heart rate, for example, increases in
short-term stress but decreases in chronic stress (Schubert et al. 2009). Also, different parts of
the human brain and body are activated in a temporal order. Thus, it takes some time until the
stress reaction is measurable. This indicates that sensor design is vital if the system is designed
to capture the biological response to stress. DP 3, therefore, recommends selecting meaningful
query times and intervals for all sensors to ensure reliable stress detection and accurate MSA
results (DR5). The selection should also comply with unobtrusive stress detection, as this also
affects resource consumption and user acceptance (i.e., DR4 and DR6). An example of the
reasonable selection of query times and intervals is a study on stress detection for public bus
drivers (Rodrigues et al. 2015). Specific self-report measures complemented continuous phys-
iological measurements. Together with DP1 and DP2, this design principle aims at gathering

valid data about the user and their environment (DR1).
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(DP4) Comply with users’ routines and habits to ensure high acceptance of the MSA system:
One of the most important characteristics of a system to achieve high user acceptance is unob-
trusiveness. Unobtrusiveness and thus user acceptance can be achieved not only by a well-
considered selection and placement of sensor technology (DP2) and reasonable query times and
intervals for stress detection (DP3), but also by designing the system according to the users’
routines and habits. As stated in the extended Unified Theory of Acceptance and Use of Tech-
nology (UTAUTZ2, Venkatesh et al. (2012)), habit is positively related to usage behavior. De-
signing an MSA system to fit its users' routines and habits allows system usage to become
routine as well. This results in a positive impact on usage behavior through acceptance. For
instance, Ciman and Wac (2018) developed an MSA approach building on smartphone gesture
analysis. The approach detects stress from tapping, scrolling, swiping, or writing on a
smartphone touch screen. As smartphone users perform these actions on their smartphones an-
yway, a system following this approach would perfectly fit their routines and habits. Overall,
this design principle satisfies DR1 since user acceptance is a prerequisite for regular system

usage and thus the collection of valid data on the user and their environment.

(DP5) Fuse data from multiple sensors to comprehensively grasp the user and their environ-
ment: To get a comprehensive view for the intended application, system designers should plan,
which aspects of the user and its situation complement each other for stress assessment in their
application (Adams et al. 2014; Ayzenberg et al. 2012) and combine these aspects by fusing
data from multiple sensors. This is not limited to data from sensors attached to the user, but also
comprises data acquired from the user’s surrounding environment. As stress is a complicated
part of human life, solely analyzing raw data is not sufficient. Already simple descriptive sta-
tistics may provide relevant insights into users’ behavior (e.g., deviation of a daily routine,
behavior varying depending on the location). Thus, preprocessing the fused sensor data is an
important foundation for stress assessment. Overall, DP5 is a proposal to calculate a reliable

value for users’ stress level (DR2) while ensuring accurate MSA algorithms (DR5).

(DP6) Personalize stress assessment to consider the individual causes and consequences of
stress: There are three different ways to model the interrelations between sensor data and stress:
build (1) a general model (generated using data from multiple users), (2) a personal model
(generated using data from one user), or (3) a hybrid model that initializes personalization with
the general model (Garcia-Ceja et al. 2016). To account for the individual causes and conse-
quences of stress in an MSA scenario, this design principle recommends using a personal or
hybrid stress model. An important tool to implement personalization in MSA systems is using
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historical data on the users’ stress as a proxy for current stress states. This can be realized, for
example, by introspection (i.e., by asking users how they feel at certain points in time) (Gimpel
et al. 2019a). Current literature indicates that stress depends on the remaining resources, which
can be approximated using the previous stress level and recent stressors. This indicates that
stress assessment can benefit from historical data on stressors, strains, and the resulting lack of
resources (Adams et al. 2014; Bogomolov et al. 2014). Together with DP5, this design principle

suggests a way for an MSA system to calculate a reliable value for users’ stress levels (DR2).

(DP7) Report a measure of stress to the recipient in an intuitive and understandable way to
enable efficient assessment: The final building block for a complete MSA system is reporting
the assessment results to a recipient. This design principle satisfies the requirement of transpar-
ently reporting the calculated stress level of an MSA (DR3). Further, the design principle is
connected to DR5, which requests the used algorithms in an MSA system and, thus, the reported
stress measure to be accurate. Also, the reported result must be intuitive and understandable to
ensure user acceptance (DR6). However, the recipient mentioned in this design principle does
not necessarily need to be the user of the MSA system. For instance, the MSA system for fire-
fighters in action (Sandulescu and Dobrescu 2015) features a Remote Processing Unit, which
enables remotely reporting the calculated stress measure to the mission supervisor. The MSA
platform deStress (Zhang et al. 2012) provides both a device-based and web-based graphical
user interface, allowing users to view, manage, and share their stress data with medical profes-
sionals. In both examples, the recipients of the reported stress measures are not necessarily the
system users. The reported stress measure itself depends on requirements derived from prede-
fined use cases.

Design Features

While the design principles presented in the previous section describe specific recommenda-
tions for the design of MSA systems, they do not yet specify how these aspects can be imple-
mented into a specific MSA system. Therefore, we use the same taxonomy development
approach also to investigate how the MSA instantiations in our body of literature tailor the
system to their specific intended application. This process yields six overarching design features
described in the following. Each of the design features can be implemented in various ways and
relates to the implementation of one or more design principles. These relations are visualized

in Figure 19.
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Figure 19: Dependencies between Design Requirements, Design Principles, and Design
Features

(DF1) Stress Determinants: MSA draws information from various sources, which we call stress
determinants. This design feature refers to the use of different data on the user and their envi-
ronment to assess stress. Hence, the selection of stress determinants implements DP1 by deter-
mining the considered range of user-related and environmental facets. Further, it is linked to
DP2 as the choice of suitable stress determinants results from meeting a scenario’s individual
requirements in terms of sensor technology. Although each MSA system employs stress deter-
minants for assessing stress, there are different possible implementations. Some systems use
introspection methods to prompt the users for input on their stress perception or feelings at
certain points in time, for example, by stress diaries helping individuals record differences in
stress over time (Aigrain 2016; Wang et al. 2014). Some systems use introspection in combi-
nation with other stress determinants such as biological or behavioral symptoms of stress. Bio-
logical symptoms of stress include all bodily changes associated with automatic, mostly
unconscious, biological processes such as heart rate, blood pressure, sweating, or pupil dilation.
Many MSA systems examined, therefore, rely on consumer-grade biosensors. While some of
these systems only biological symptoms only use biological symptoms as a stress determinant,
others combine biological symptoms with other stress determinants such as introspection
(Rodrigues et al. (2015) or behavioral symptoms (Pioggia et al. (2010). In this, behavioral symp-
toms such as reduced typing accuracy (Gimpel et al. 2015), characteristic gestures (Lefter et al.
2016), or voice modulation (Ferreira et al. 2009) are a common additional stress determinant.
While we do not find any MSA systems using exclusively environmental data such as weather
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information or ambient noise to infer external stressors affecting the individual, many systems
include environmental information to improve assessment performance (Mayya et al. 2015;

Plarre et al. 2011) and thereby implement a mixed form of stress determinants.

(DF2) Visibility to the Users: Conventional methods of stress assessment involve subjects to
undergo medical tests (e.g., measurement of cortisol levels in saliva), think about their percep-
tion (e.g., questionnaires), or be mentally aware (e.g., due to wearing unaccustomed devices
like custom-made heart trackers). MSA systems hold the potential to achieve a high degree of
independence of location, attention, and thought if required by the use case (Gimpel et al. 2015).
Therefore, in our literature analysis, we find MSA systems featuring different levels of visibility
to the user. We define this design feature as the degree to which an MSA system is integrated
into an individual’s life and identify three design principles that interrelate with this design
feature. First, the desired level of user visibility is related to sensor technology choice and
placement (DP2). Second, the shaping of query times and intervals (DP3) depends on the sys-
tem’s visibility (e.g., when using questionnaires). Finally, DP4 suggests complying with users’
routines and habits to ensure high user acceptance. This can be achieved by keeping an MSA
system’s visibility to the users as low as possible. There are three conceivable levels of visibility
to the user. An obtrusive way of implementing an MSA system requires the user’s attention.
Typical characteristics of obtrusive MSA systems are questionnaires (Ferdous et al. 2015) on
smartphones to trigger ecological momentary assessments (Chang et al. 2011; LiKamWa et al.
2013). Some MSA systems do not require the user’s attention but still require them to adapt
their habitual routines (e.g., by wearing additional devices). These unobtrusive systems employ
long-range devices to assess the stress level, e.g., video cameras (Elgharib et al. 2015) or wear-
able trackers to sense heart rate (Chang et al. 2011; Lu et al. 2012). The most natural way to
assess stress is life-integrated stress assessment. Life-integrated MSA systems refrain from al-
tering users’ daily routines and integrate themselves into their daily routines without interfer-
ence. This can be achieved, for example, by using only the smartphone for stress assessment.
However, some instantiations demonstrate that this may also require additional knowledge on

the user’s location (Lane et al. 2011) or connectivity to the internet (Lee et al. 2012).

(DF3) Assessment Frequency: There are two different types of stress from a temporal perspec-
tive: chronic stress (referring to a long-lasting endurance of stress) and acute (short-term stress).
While chronic stress constantly exposes people to a certain level of stress, for most people the
level of acute stress varies over time depending on their availability of resources and the load
induced by environmental stressors. The system’s assessment frequency depends on which of
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the two types of stress an MSA system addresses. Determining an appropriate assessment fre-
quency when implementing an MSA system relies on two of our above-presented design prin-
ciples. First, selecting reasonable query times and intervals (DP3) is an essential prerequisite
for implementing a suitable assessment frequency. Second, it is crucial to best possible comply

with users’ routines and habits to ensure the viability of the respective assessment frequency.

There are three possible ways of implementing this design feature. First, if the use case targets
a long-range assessment of stress (Fehrenbacher 2017; Unsoo et al. 2015) or involves analyzing
treatment effects in lab studies (Costin et al. 2012), an elicitation of stress in regular intervals
of weeks or months is sufficient. Second, to evaluate the effects of stress interventions targeting
chronic stress or investigate extended episodes of acute stress (Wang et al. 2014), stress assess-
ment is required to retrieve reliable values for the current level of stress continually. Continu-
ally stress assessment requires collecting relevant data on an approximately daily basis. Third,
complex scenarios that perform just-in-time interventions (Nahum-Shani et al. 2015) like
stress-sensitive adaptive enterprise systems (Adam et al. 2017) pose even higher requirements

and demand for continuous stress assessment to obtain real-time stress levels.

(DF4) Assessment Scale: Stress can be reported in different levels of granularity. The design
feature assessment scale specifies which requirements the assessment results must meet con-
cerning the level of detail. Implementing a specific assessment scale in an MSA system ad-
dresses DP7 in the way that it determines what is reported to the respective recipients. The
choice of a suitable granularity supports communicating the measure of stress intuitively and
contributing to efficient stress assessment. We identify three methods for implementing this
design feature. Stress can most easily be modeled as a binary variable differentiating between
‘stress’ or ‘no stress’ (Bogomolov et al. 2014; Chen et al. 2014; Hovsepian et al. 2015). While
this distinction might be sufficient for many use cases, other scenarios require a higher granu-
larity level for stress intensity. For example, this cane achieved using an ordinal scale with three
or more increments (Garcia-Ceja et al. 2016). Metric scales allow an even more fine-grained
differentiation of stress levels (Gao et al. 2014; Zhang et al. 2012). The 4-item Perceived Stress
Scale (Cohen et al. 1983), for example, assesses stress on a scale ranging from 0 to 16 and
allows for the recognition of subtle changes in the user’s stress. However, the assessment scale
used in an MSA system should be chosen to best meet the use case requirements as assessment
accuracy generally decreases with an increased level of detail (Lawanont and Inoue 2018;
Mohino-Herranz et al. 2015).
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(DF5) IT Ecosystem: The design feature IT ecosystem specifies the scale of an MSA system’s
technical implementation. In this, it refers to the magnitude with which the system spans across
multiple devices and technologies. Since the IT ecosystem is a superior building block of an
MSA system, its implementation is connected to five of the presented design principles. The
selection and placement of sensor technology (DP2) affect the characteristic of the IT ecosys-
tem. Also, complying with users’ routines and habits (DP4) and the implementation of sensor
fusion (DP5) impose demands on the IT ecosystem. Finally, personalizing stress assessment
(e.g., through introspection, DP6) and reporting the results of stress assessment (e.g., through
graphical user interfaces on special devices, DP7) impact the scale and architecture of a respec-
tive IT ecosystem. We identify three distinct ways to implement this design feature. As our
design blueprint demonstrates, MSA systems consist of several components responsible for
gathering sensor data, storing gathered data, processing the data to qualify it for stress assess-
ment. These components must be capable of communicating with each other. However, they
do not necessarily have to operate on a single device. While several MSA systems target such
all-in-one solutions (Bauer and Lukowicz 2012; Lane et al. 2011) running on a single device,
most MSA systems developed up to now distributes the components across multiple mobile
devices. These systems generally exhibit a distributed system architecture that connects multi-
ple devices using local communication protocols like Bluetooth or NFC (Liao et al. 2005; Singh
et al. 2011). Some use cases require an even more large-scale approach connecting devices and
components via internet-based protocols (e.g., using cloud services) to form Multi-Platform-
Systems (Ayzenberg et al. 2012; Berndt et al. 2011). Contrary to systems using local commu-
nication, multi-platform systems enable integrating location-dependent sensors in smart homes
or dynamically incorporating omnipresent, powerful sensors such as wearable devices for track-

ing biosignals.

(DF6) Type of Data: MSA systems differ in the type of data used for stress assessment. Stress
is highly individual. Thus, its assessment requires collecting information describing the user as
detailed as possible. Naturally, this data has the potential to raise privacy concerns. Conse-
quently, MSA systems must implement high security and privacy standards to best possibly
eliminate user concerns (Adams et al. 2014; Miyamoto et al. 2016). Aligned with traditional
non-functional requirements for medical IS (Meulendijk et al. 2014), these factors (i.e., the
individuality of stress, the risk of privacy concerns, and high security standards) constitute
boundaries for the design of MSA systems. Since the implementation of this design feature is

strongly connected to the aggregation level of the used data, it relates to DP5, which proposes
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the fusion and aggregation of sensor data for a comprehensive view on MSA system users and
their environment. The specific security and data privacy standards for an MSA system strongly
depend on the type of data used in the MSA system. If the system collects exclusively non-
personal data from the environment (Betti et al. 2018), there are little privacy concerns that
need to be addressed. However, if a use case additionally demands for aggregated personal
data (e.g., number of incoming calls; average duration of phone calls), steps must be taken to
increase data security and privacy. The most sensitive type of data in stress assessment is raw
personal data. This form of data includes, for example, message contents (Ayzenberg et al.
2012), video data (Cho et al. 2017), or data resulting from sentiment analysis (Gimpel et al.

2015). MSA systems building on this data, therefore, require even higher protection standards.

Overall, the design features presented here detail how MSA design can be put into practice.
Based on this, designers of MSA systems can reflect on how to implement these design features
according to the specific requirements of their system’s intended application. Table 16 summa-

rizes the design features and ways of implementing them.

Design Feature Manifestations (mutually exclusive, collectively exhaustive)
Environ- Intro- Biological Behavioral Mixed
DF1 | Stress Determinants ment spection Symptoms Symptoms (50)
) 2 (62) (22)
- Obtrusive Unobtrusive Life-integrated
DF2 | Visibility for the User (45) (78) (13)
Regular Intervals Continually Continuously
DF3 Assessment Frequency (36) (56) (44)
Binary Ordinal Metric
DF4 | Assessment Scale (67) (54) (15)
Multiple Devices us- .
Single Device ing Local Communica- Multi-Platform-Sys-
DF5 IT-Ecosystem : tem
(22) tion @7)
(88)
Non-Personal Data Non-Personal and Ag- | Non-Personal and Raw
DF6 | Type of Data @) gregated Personal Data Personal Data
(73) (59)

Notes: The numbers in parentheses refer to n = 136 MSA instantiations and indicate how many of the identified systems exhibit the given

characteristic

Table 16: Ways of Implementing the Design Features
Archetypes

The taxonomy development reveals valuable insights into the design of MSA by producing
both general design principles and specific design features as levers that help tailor the system'’s
design to the specific intended application. To achieve higher-level insights into MSA systems'
current diversity, we investigate the characteristics of the published MSA instantiations in more
detail.
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To analyze this systematically, we perform a hierarchical cluster analysis that aims to identify
MSA archetypes by clustering all 136 MSA studies according to their manifestation of the de-
sign features using divisive clustering. The elbow method (Thorndike 1953) reveals that five
clusters are an appropriate choice of clusters. Table 17 presents the footprints of each archetype
within the design feature classification. This footprint shows the archetype's prevailing design
feature (occurring with a frequency of at least 50%). Each archetypes' specifics are highlighted

in blue.
Data-Sparse Sen_sor- Wl Multi-Facet User-Focused
Enriched Focused
Assessment Assessment Assessment
Assessment Assessment
Number of
studies 48 48 6 23 11
Stress Biological Biological Biological Mixed Behavioral
Determinants Symptoms Symptoms Symptoms Symptoms
S e Non-Personal Non-Personal Non-Personal Non-Personal Non-Personal
Data y and Aggregated and Raw and Raw and Raw and Raw
Personal Data Personal Data Personal Data Personal Data Personal Data
Wsilsilliy freis Unobtrusive Obtrusive Unobtrusive Life-Integrated Unobtrusive
the User
?ssessment n.c. n.c. Continually Continually Continually
requency
Assessment n.c. Binary Metric Ordinal Binary
Scale
Ecosystem Multl_ple De- Multl_ple De- e, Multi Single Device
vices vices Platform
Ahmed et al. Chen et al. Boateng and Ciman et al. Rachuri et al.
(2016), Attaran | (2014), Wuet | Kotz (2016),S | (2015), Dobbins | (2010), Ciman
Examples etal. (2016), al. (2019), et al. (2020), and Fairclough | and Wac (2018),
Cernat et al. Momeni et al. Momeni et al. (2019), Gimpel Ashok et al.
(2017) (2019) (2019) et al. (2019b) (2016)

Notes: blue cells indicate the archetype's essential characteristics); n.c. means that there is no dominant characteristic of the archetype for

the design feature

Table 17: Archetypes of MSA Systems

In the following, we describe these archetypes in detail based on how strongly the clusters cor-
relate and how clusters developed during clustering.

Data-Sparse Assessment: The first archetype, data-sparse assessment, differs from the other
archetypes in the particularity that those MSA systems primarily process data about the user's
environment and, in the case of personal data, store and process them only in aggregated form
while raw personal data is discarded. The data is primarily collected via additional devices that,
among other things, analyze biological symptoms and store the results. The system acts mostly
unobtrusively and does not require interaction with the user. Examples include Ahmed et al.

(2016) who focuses on respiratory patterns in stressful and relaxed situations, Attaran et al.
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(2016) who combines different parameters from a self-developed physiological tracker and
Pandey (2017) who use 10T devices to inform users about an unhealthy lifestyle and even alerts

before any acute condition occurs.

Sensor-Enriched Assessment: The second archetype, sensor-enriched assessment, exhibits the
distinctive feature that users are aware of the use of the MSA system and sometimes even need
to adapt their behavior for its use. Here, too, the data is primarily collected and stored via addi-
tional devices that analyze biological symptoms and other data. In comparison to the first ar-
chetype, however, the classification into "stressed™" and "not stressed” is paramount. Many of
these systems aim to be as accurate as possible, use as many different sensors from various
devices as possible to achieve this, and find application mainly in laboratory settings. Examples
include Chen et al. (2014) who use a mobile spectrograph to capture hyperspectral imaging data
to measure oxygen levels and then infer stress levels, Wu et al. (2019) who attach textile elec-
trodes to a t-shirt and then use, for example, skin conductance and heart rate variability to de-
termine the user's stress level, and Cernat et al. (2017) who also use the same two parameters

as stress determinants and collects data on car drivers connected to different instruments.

Wearable-Focused Assessment: The third archetype, wearable-focused assessment, requires
users of such systems to wear additional devices in the form of wearables that unobtrusively
collect data. Compared to the two previous archetypes, those MSA systems provide metric re-
sults and are thus more detailed in the assessed level of stress, while at the same time being less
accurate. Systems from this archetype are rarely represented in the literature despite their use
of wearable devices. One possible reason for this is the detailed recording of the stress level on
a metric scale, which is not the case in most other systems with biological systems as they
primarily employ a binary classification. Examples of this are Boateng and Kotz (2016), who
use the Amulete Wearable platform to extract data from a commercial heart-rate monitor and
determine a stress level continuously and in real-time, S et al. (2020) who use a wrist wearable
to record the condition of a physician during an operation, and Momeni et al. (2019) who record

and process physiological data as part of a simulator for search and rescue operations.

Multi-Facet Assessment: The fourth archetype, multi-facet assessment, makes use of different
stress determinants. Thus, in addition to the biological symptoms mostly used in the previous
archetypes, data on the user's behavior, the environment, and other contextual information are
also included. Accordingly, many different sensors are used, most of which are interconnected

via complex system architectures. Compared to the previous archetypes, the stress level is
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mostly assessed based on an ordinal scale, for example, no stress, low stress, or high stress.
Besides, systems belonging to this archetype are integrated into the user's everyday life and
thus do not require any interaction or changes in the user's behavior. Thus, compared to the
other systems, these systems offer the lowest potential for bias and contend with various ro-
bustness challenges. Examples include Ciman et al. (2015) who extract usage data from a
smartphone (e.g., tap, scroll, wipe), Dobbins and Fairclough (2019) who collect various data
points from drivers, and Gimpel et al. (2019b) who extract various sensors from a smartphone
(e.g., GPS, text sentiment, number of calls) to infer stress based on data on the user and their

environment.

User-Focused Assessment: The fifth and final archetype, user-focused assessment, is special
in the finding that these systems focus on the behavioral changes that occur in stressful situa-
tions. The MSA system records how the user interacts with a device and tries to identify the
state — in most systems of this archetype, the distinction between stressed and not stressed —
based on a change in the interaction with the device. For this purpose, these systems typically
collect data from devices that users already interact with intensively, such as the smartphone or
the keyboard or mouse of a computer. Systems of this archetype are more frequent, especially
in the new literature, since the smartphone has established itself as an everyday companion in
advancing digitalization. Assessing stress based on smartphone data is facilitated by the trend
that more and more companies are promoting the use of a single smartphone in private and
professional environments in the course of bring-your-own-device strategies. This archetype
differs from the previous one in the way that it is less integrated into the user's everyday life,
might require certain adoptions of user behavior, and only a single device is used to collect,
store, and process data. Examples of this are Rachuri et al. (2010) who use data from the
smartphone to infer the user's emotional state and also extract various parameters from the
voice, Ciman and Wac (2018) who analyze touchscreen operation in an advanced version of its
prototype, and Ashok et al. (2016) who extract sound from a microphone to quantify stress in

the human body using voice analysis.

Overall, we observe that most MSA systems aim to identify situations or contexts that are typ-
ically stressful and differentiate between more and less stressful phases, e.g., in games, in arti-
ficial tasks, or in school. Furthermore, the broad availability of cheap commodity devices
(wearables) facilitates gathering data on biological markers and, thereby, fosters the develop-
ment of MSA systems that investigate biological symptoms. Therefore, most systems incorpo-
rate biological features either exclusively or in combination with other stress determinants.
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Only a few systems focus on neither biological nor behavioral symptoms. However, enabled
by today's omnipresence of powerful sensors, such as smartphones or smart things, recently
published MSA systems use multiple rich sensing capabilities to unobtrusively and continu-
ously collect data on an individual and a situation. Finally, it is surprising that although there
are already many systems demonstrating the feasibility of MSA, only few MSA systems facil-

itate the forming of new and individual systems and services.

Lessons Learned from the Implementation of Mobile Stress Assessment Proto-
types

All findings presented so far are based on our extensive literature analysis of the existing
knowledge on many different MSA instantiations. To gain practical experience by ourselves
and produce insights into MSA system design, we design and develop five different variants
MSA systems prototypically. This following section provides a brief explanation of the proto-
types, while Appendix E describes the prototypes in more detail: it introduces a specific in-
tended application, outlines the design and development of the prototype, presents the
experimental study setting as well as relevant results, and discusses important learnings from

this process.

Based on our experiences with the developed prototypes and the findings from the literature
analysis, trade-offs between design features and design requirements are described that need to

be considered when developing an MSA system.

Prototype Implementation

Two of our five prototypes (Appendix E.1 and Appendix E.2) target the real-time assessment
of perceived stress using only the personal smartphone sensors to infer the user's stress level on
an interval scale while being best-possibly integrated into their life. The second prototype com-
plemented the first by personalizing the stress model used. Both prototypes can be assigned to
the fourth archetype (multi-facet assessment). Another prototype (Appendix E.3) assesses an
individual's stress level by measuring variations in the user's pupil dilation using video pro-
cessing techniques solely storing the calculated pupil radii and discarding the video. Hence, this
prototype is a representative of the data-sparse assessment archetype. The fourth prototype
(Appendix E.4) examines the user's sleep behavior using only the smartphone for recording and

processing purposes. Although the focus here is not stress per se, sleep behavior is a good indi-

164



Designing Digital Technologies and Media to Promote the Health of Employees

cator of stress. This prototype is thus an example of a user-focused assessment. The last proto-
type (Appendix E.5) is a general data collection framework that intends to simplify the connec-
tion of various sensor systems and takes over the acquisition, storage, and calculation. Since
this prototype is not an MSA in the strict sense, it cannot be directly assigned to any archetype.
It contains aspects of wearable-focused assessment due to the options for connecting various
sensors and aspects of user-focused assessment due to the single-device architecture for record-

ing, storing, and processing.

Although we have not prototyped every single archetype (prototypes from the archetypes of
wearable-focused assessment and sensor-enriched assessment are missing), we gained helpful
insights during the agile development process and within the studies that further understand the
interconnectedness of blueprint, design requirement, design principle, and design feature and

revealed possible trade-offs that have to be made in the design process.

Trade-offs between Design Features and Design Requirements

Table 16 indicates that each of the seven design features presented can be implemented in dif-
ferent ways. In introducing the design requirements, we have pointed out that meeting these
requirements usually depends on the specific use case. Therefore, determining the manifesta-
tions of the design features implies trade-offs to best meet the system quality requirements for
the respective MSA use case.

DF1. Selecting a specific way of implementing the stress determinants design feature implies
trade-offs to meet the design requirements best. For example, an MSA system only capturing
self-reported stress will not provide accurate results if a physiological stress marker is unknown
to the user. A mixed approach (i.e., a combination of data originating from the users’ environ-
ment, introspections, physiology, or behavior) may lead to increased algorithm accuracy (DR5).
The gathered data cover different facets of digital stress, thus creating a more holistic picture.
However, when using a mixed approach, an MSA system’s technical resources consumption
might increase due to the additional effort in data processing and analysis (DR4). Thus, a mixed
approach should only be considered if the respective use case allows for higher resource con-
sumption. Using a mixed approach might imply lower user acceptance because more data has
to be gathered and evaluated (DR6). For instance, in the case of a smartphone app, this could
involve granting the MSA system additional permissions, which might reduce user acceptance.
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DF2. Also, the MSA system's visibility to the user (i.e., the grade of obtrusiveness) implies
trade-offs between this design feature and the design requirements. The more obtrusive the
MSA system is to the user, the more the accuracy of the used algorithms might be affected
(DR5). If the users are strongly distracted by the system's obtrusiveness, a bias in assessing the
users’ stress can result. Under exceptional circumstances, the system’s obtrusiveness itself
could become a stressor for the user and thus corrupt the results. In addition to algorithm accu-
racy, determining an MSA system's visibility also affects user acceptance (DR6). Since no one
enjoys using an obtrusive and thus interfering MSA system, a high degree of obtrusiveness is
not beneficial to high user acceptance. When assessing the usage of our prototype for life-inte-
grated stress assessment, we found that a high level of integration is a vital property of an MSA
system for high user acceptance. However, complete life-integration of an MSA system with
zero obtrusiveness can hardly be achieved. Therefore, the goal is to reduce the system’s visi-

bility as much as the intended application admits.

DF3. Determining the assessment frequency of an MSA system affects each of the properties
addressed by the presented system quality requirements of moderate resource consumption
(DR4), algorithm accuracy (DR5), and user acceptance (DR6). An MSA system featuring a
high assessment frequency usually will require more technical resources than systems with a
moderate or low assessment frequency. For instance, in the context of testing our life-integrated
stress assessment prototype, we experienced that high sensor query rates resulted in an exces-
sive discharge of the mobile devices’ batteries. In contrast, a high assessment frequency results
in more accurate assessment results due to a better measurement database. One way to mitigate
this conflict might be to use high assessment frequencies in the initial phase of system usage to
build a solid base of measurement data and lower assessment rates to reduce resource consump-
tion. Finally, assessment frequency also affects user acceptance. In this context, the technical
level is less relevant than the system directly prompting the user to make inputs for personali-
zation purposes. Within the evaluation of our mobile personalization of stress assessment pro-
totype, we discovered that the personalization of an MSA system should be as passive as
possible. After achieving a sufficiently high level of personalization, requesting user input

should be reduced to ensure user acceptance in the long run.

DF4. Choosing the assessment scale has implications for the algorithm accuracy of an MSA
system (DR5). When using a continuous stress scale, algorithm accuracy can generally be in-
creased over a binary scale, since more nuances can be represented in the assessment results.
However, high variance in the results can cause a lack of reliability. A finer resolution of the
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assessment scale does not necessarily mean better algorithm accuracy. In certain intended ap-
plications, a binary classification might be sufficient. For instance, the evaluation of our frame-
work for automated data collection, storage, and preprocessing prototype showed very good
results for binary assessment. Overall, selecting a suitable assessment scale highly depends on
the use and does not interfere with other system quality requirements except algorithm accu-
racy.

DF5. As for the assessment frequency, the specification of an IT ecosystem for the MSA system
affects each of the properties addressed by the system quality criteria DR4, DR5, and DR6. The
MSA system’s resource consumption increases as the IT ecosystem grows in scale and com-
plexity. An extensive IT-ecosystem (e.g., using a server-client architecture and multiple fused
sensor devices) might imply a higher resource consumption such as increased energy demand.
However, depending on the use case, a larger IT ecosystem may be an essential prerequisite for
stress assessment. Therefore, technical resource consumption should not be taken as a general
limit to the size of the used IT ecosystem. The scale of the IT ecosystem may also have an
impact on algorithm accuracy. For example, integrating sensor fusion into an MSA system im-
plies a higher complexity of the IT ecosystem but may result in an increased algorithm accu-
racy. In the evaluation of our sensor fusion for sleep duration assessment prototype, we thus
could achieve a high classification accuracy greater than 90 percent. Finally, the scale of the IT
ecosystem also has implications for user acceptance. For instance, client-server architectures
that propose to store assessment results in the cloud might raise privacy concerns, resulting in

decreased user acceptance.

DF6. The type of data used in an MSA system can affect algorithm accuracy (DR5). The more
individualized the collected data is, the better the insight it can provide into the users' internal
condition (e.g., physiological markers, self-reports). These detailed insights generally provide
better algorithm accuracy than the use of more superficial, anonymous features such as ambient
lighting or sound level. However, collecting sensitive data often results in privacy concerns and
decreased user acceptance (DRG6). For instance, our life integrated stress assessment prototype
recorded and analyzed the content of received and sent text messages to detect stress signs.
However, this caused considerable privacy concerns among the users, so we stopped storing
the contents and processed them in coded form after a local analysis. Overall, user privacy

should be highly prioritized, but trade-offs are required to achieve high algorithm accuracies.
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To summarize the presented trade-offs between our six design features and the system quality
requirements, Table 18 illustrates the positive or negative impacts of design feature manifesta-
tions on the system quality requirements. x indicates the occurrence of a trade-off between a
manifestation of the design feature and the respective system quality requirement (i.e., DR4,
DR5, or DR6).

DR4 DR5 DR6

Design Feature

Resource Consumption

Algorithm Accuracy

User Acceptance

DF1

Stress Determinants

X

X

X

DF2

Visibility to the User

X

X

DF3

Assessment Frequency

X

X

DF4

Assessment Scale

X

DF5

IT Ecosystem

X

X

DF6

X

Type of Data X

Table 18: Trade-offs between the Design Features and System Quality Requirements
Discussion

The previous sections presented essential design knowledge for the development of MSA. The
construction of this design knowledge followed standard DSR methodology (Hevner et al.
2004; Peffers et al. 2007) and incorporated evaluation activities as a central part of the design
process (Sonnenberg and Vom Brocke 2012; Venable et al. 2016). An ex-ante literature review
demonstrated the novelty and importance of our research (Venable et al. 2016). By analyzing
the literature, we consolidated extant design knowledge formerly dispersed across various MSA
studies and derived design requirements, an abstract blueprint, design principles, and design
features of MSA systems. The design requirements describe what MSA systems need to
achieve. The abstract blueprint illustrates the common architecture of MSA systems. The design
principles outline good practices on how to design effective MSA systems. The design features
and their ways of implementing them detail how the design principles can be implemented into
a specific MSA and tailored to its intended application. The archetypes arising from subsequent
cluster analysis give further impressions how the design features are implemented in current
practice. Overall, the literature analysis demonstrates the feasibility and applicability of an
MSA design theory (Venable et al. 2016). Building upon this design knowledge, we produced
new design knowledge from performing our prototyping activities, enriching the A-knowledge

base in terms of design entity knowledge. This new design knowledge comprises trade-offs
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between design requirements and the design features adapted to fit the specific intended appli-
cation. These trade-offs have been found by developing five MSA prototypes for different in-
tended applications. In this process, the collected design knowledge proved to be suitable and
useful for MSA designed to be generalizable to various intended applications (Venable et al.
2016). The prototypes’ evaluation in laboratory and field studies provides summative real-
world evidence of the design theory’s applicability and utility for developing effective and suit-

able MSA instantiations (Venable et al. 2016).

Combining the accumulated design knowledge, we compose a comprehensive design theory
for MSA and extend the A-knowledge base. This design theory extends the current literature on
the topic and constitutes a mid-range theory for design and action (Gregor 2006; Gregor and
Hevner 2013), which needs to be applied and further validated within the research community.
In presenting the design theory, we follow the structure of IS design theories proposed by Jones
and Gregor (2007). Jones and Gregor (2007) suggest that researchers describe a design theory
along eight components: the purpose and scope of the design theory, the relevant constructs,
the principles of form and function, the considered artifact mutability, testable propositions,
underlying justificatory knowledge, detailing principles of implementation, and the description
of expository instantiations. Our artifacts map to the design theory components as follows: The
design objective and design requirements specify MSA systems' purpose and scope, clarifying
what MSA systems need to accomplish. The abstract blueprint and design principles serve as
the principles of form and function that describe MSA's general architecture and design. Com-
plementary, the six design features, their ways of implementation, and the MSA archetypes
prevailing in literature act as principles of implementation guiding the adaptation of the general
MSA design to a design that fits the specific intended application precisely. Table 19 provides

further details on the composition of the MSA design theory presented in this section.
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Component

Description

Purpose and
scope

MSA systems aim for the mobile assessment of an individuals’ stress level based on data
on the individual, their environment, and the individual-environment-interaction. The de-
sign is applicable for all intended applications and characteristics within the presented
range of design requirements.

Justificatory

The design is based on well-established long-standing theories on stress in the social sci-

knowledge ences — especially the Transactional Model of Stress by Gentry (1984) — that have previ-
ously been applied in IS research by other authors and on a body of research on stress
sensing and affective computing in computer science and IS research.

Constructs Core constructs for the design are ‘stress’, ‘stressor’, ‘strain’, and ‘mobile stress assess-

ment’ (see the theoretical foundation of this section).

Principles of form
and function

The abstract blueprint and the design principles guide MSA system designers in elaborat-
ing a design that satisfies the general design objective and design requirements. Conse-
guently, we propose both elements to constitute the abstract functional design for MSA.

Principles of
implementation

In contrast to the blueprint and design principles, the implementation of the design features
is specific to the intended application of the MSA system. Thereby, the design features
enable the adaptation of the general design to the specific intended application.

Expository
instantiation

We presented five prototypes for different intended applications. The design of these sys-
tems implements the abstract blueprint, follows the proposed design principles, and tailors
the design to the specific intended application using the design features. Based on this, we
evaluated the design theory’s effectiveness and utility.

Testable
propositions

We claim that well-designed and implemented mobile systems following the design blue-
print and principles presented here can assess an individual’s stress level. In this section,
we presented several instances that support this claim. Future research may further test
this claim.

Second, we claim that disregarding any single design principles or waiving any core com-
ponent of the design blueprint will lead to a system that cannot assess an individual’s stress
level reasonably. This claim can be tested by developing alternative designs and instanti-
ations and testing them against the objective and requirements.

Note, however, that we do not claim that the list of design principles is complete. Based
on the prior state of knowledge, we believe the scope, number, and level of detail of the
design principles are helpful to advance the design knowledge. With further maturation
towards a well-developed design theory, additional design principles will inevitably be
proposed.

Acrtifact
mutability

The solution domain — mobile devices and affective computing — is subject to constant and
continuous change (Charlesworth 2009). The design enables a reaction to these changes.
It is capable to include wearables and smartwatches as valuable data sources once they
become widely distributed and accepted, or respond to future communication trends; for
example., to include successors of WhatsApp and Facebook in terms of popularity. The
design can also be transferred to new methods and models for data analysis and transfor-
mation.

Table 19: Compilation of an MSA Design Theory

Overall, the design theory presented here strongly builds on and combines extant design

knowledge on MSA and is tested and expanded in own prototyping activities (Vom Brocke et

al. 2020). It contributes to the literature on the topic of MSA by providing researchers and

practitioners with extensive design knowledge on how to develop effective MSA systems (as a

contribution to the design theory knowledge base in the Vom Brocke et al. (2020) framework)

and by presenting five instantiations of MSA (contributing to the design entities knowledge
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base). Complementary, it contributes to DSR literature by providing an example of a theoreti-
cally grounded and empirically enhanced design theory that can inspire further researchers to

strive for consolidated design knowledge in order to facilitate the development of effective IS.

Conclusion, Limitations, and Future Work

In this section, we responded to the call for the development of neuro-adaptive information
systems (Riedl 2012; Vom Brocke et al. 2013) and composed a design theory for MSA based
on extant design knowledge dispersed across the 136 MSA studies and new design knowledge
resulting from the development of five MSA prototypes. This design theory builds on the find-
ings from analyzing the literature that the basic architecture is similar across MSA instantia-
tions. Overarching design principles should be followed in designing MSA systems. However,
different intended applications of MSA require a targeted adaptation of the design features to
the specific demands of the defined application. This design theory's design knowledge com-
prises and interrelates design requirements, an abstract blueprint, design principles, design fea-
tures, and trade-offs between quality-focused design requirements and the design features. We
presented the design theory along with the components of a design theory proposed by Jones
and Gregor (2007). It is well-grounded in scientific literature and has been evaluated for its
suitability and applicability for designing specific MSA systems and its effectiveness and utility
in producing effective MSA instantiations sustained in real-world application (Venable et al.
2016).

Naturally, our work is subject to some limitations. First, although the design theory constitutes
a meaningful contribution to literature as described in the previous section, some aspects of our
work call for subsequent research to further test and extend our results. Although 136 studies
are already a substantial amount, we did not yet search in all outlets of IS and adjacent disci-
plines, which might reveal additional insights into best practices in MSA design. Our literature
analysis only considered papers published in 2010 or later but might have neglected very early
works on MSA. The design knowledge presented in this work could be further refined by in-
corporating studies published before 2010 or in outlets that were not in our scope. Second, the
trade-offs were derived from the insights during the development of five proto-types, although,
we did not prototypically instantiate every single archetype. Furthermore, the range of possible
uses of MSA is very broad and therefore our five prototypes can only address a small subset.

nevertheless, these five prototypes have already provided valuable insights that can support
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future researchers and users in the design of MSAs. Third, stress is a multi-faceted phenome-
non. In most prototypes, except for assessing stress based on pupil dilation, we focused on
perceived stress, which is not identical to physiological stress (Riedl 2013). Thus, the design’s
evaluation of physiological stress measurements instead of perceived stress would be a valuable
addition to the present research. Finally, future work should link stress assessment with stress
management interventions, e.g., in the context of stress-sensitive information systems (Adam
etal. 2014, 2017; Friemel et al. 2018; Jimenez and Bregenzer 2018). However, it is by no means
clear that a technological solution for stress assessment is the most appropriate solution because
technology itself is a potential stressor (Lee et al. 2014). Nevertheless, we contend that it is
worth exploring and evaluating how mobile sensing and assessment can support stress manage-

ment.
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6. Understanding the Perceived Misfit in Modern Socio-Technical Systems

The research activities presented in Chapters 3 and 4 regarding the reciprocal interaction be-
tween the technical and social components are based on technostress's theoretical foundation
introduced more than ten years ago by Tarafdar et al. (2007). As shown in the course of this
dissertation, the digital workplace has changed significantly compared to more than ten years
ago. This not only refers to the fact that the interaction with and use of DTMs has changed
considerably but even more that societal and individual expectations changed. Therefore, the
last chapter of this dissertation puts the current concept of technostress to the test and tries to
understand the impending misfit within a socio-technical system associated with ongoing digi-

talization.

Recent socio-technical developments caused by ongoing digitalization (e.g., artificial intelli-
gence, robotic process automation, anthropomorphic systems) change the work environment
and culture. This change is intensified by the COVID-19-pandemic due to an increasing num-
ber of remote working employees and an increasing number of virtual collaborations. Digital
and smart workplace technologies facilitate business processes and provide efficient communi-
cation and collaboration tools, “increasing the productivity of the workforce in the information

age” (Attaran et al. 2019, p. 1).

However, the use of digital technologies also has a downside: it may cause stress. For example,
information flows across many different channels, frequent interruptions, or the boundaries be-
tween work and private life become blurred due to continuous reachability (Tarafdar et al.
2010). These demands may cause stress. This specific form of stress was identified already in
the 80s when Brod (1982, 1984) coined the term “technostress” to speak about “the human cost
of the computer revolution” (Brod 1982) and a “modern disease of adaptation caused by an
inability to cope with new computer technologies in a healthy manner” (Brod 1984). However,
the intensity of use and diversity of digital technologies and virtual collaboration forms in the
business context have changed considerably since the 80s. The contemporary perspective of
technostress was shaped more than two decades later by seminal papers like Tarafdar et al.
(2007), Ragu-Nathan et al. (2008), and Ayyagari et al. (2011). The core-framework centers
around a misfit of demands arising from digital technology use and a person’s resources to cope
with these demands. Beyond that, there is also a bright side of technostress, but in the following,
we will focus on the dark side (Benlian 2020; Califf et al. 2020; Tarafdar et al. 2019).
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A motivation to study technostress has always been the charge in IT use behavior. Tarafdar et
al. (2007, p. 304) suggested that “given the proliferation of [digital technologies] in the work-
place in recent years, there are a number of ways in which their use can create stress for people
using them”. Likewise, Ayyagari et al. (2011, p. 831) stated that “[w]ith the proliferation and
ubiquity of information and communication technologies, it is becoming imperative for indi-
viduals to constantly engage with these technologies in order to get work accomplished”. Al-
most another decade later, Fischer et al. (2019, p. 1822) argued that they "see no reason why
this [socio-technical] development would have stopped”. Tarafdar et al. (2019, p. 7) also argue
that technostress is a “continually evolving phenomenon as new types of IS [...] and their use
persistently emerge and reveal novel aspects of it”. Accordingly, La Torre et al. (2019) stated
that the definition of technostress has changed over time and also Tarafdar et al. (2019)
acknowledged this dynamism through an update of their core-conceptualization of technostress
by assigning new aspects to known technostress creators. This can be seen, for example, in a
literature study on technostress conducted by Nisafani et al. (2020), which found indications
for additional technostress creators, which, however, refer less to the technology itself but more
to the handling of it and the expectations set by users (e.g., role ambiguity, flexibility). How-
ever, Fischer et al. (2019) remarked that it is disputable whether new aspects of technostress
can simply be added to the existing framework of technostress creators or whether additional
dimensions are needed. This raises the question of whether the concept of “technostress” is still
up to date and suits the prevailing circumstances, with digital technologies having reached an

unprecedented variety, pervasiveness, and usage intensity in all domains of life.

Contemporary research in the field of technostress deals with topics such as stress appraisal
(e.g., Benlian (2020), Califf et al. (2020)), stress coping (e.g., Tarafdar et al. (2020), Pirk-
kalainen et al. (2019)), stress outcomes (e.g., Chen et al. (2019), (La Torre et al. 2020)), and the
design of stress-sensitive systems (e.g., Adam et al. (2017), Jimenez and Bregenzer (2018)).
This is equally valuable and important and should not be neglected since it is the appraisal of
technostress creators and the application of coping measures that determine the extent to which
employees experience technostress at all. At the same time, however, it is also crucial to regu-
larly take a look “back” and examine the extent to which the working life has changed and how
this change affects technostress creators, their perception by employees, and the appropriate

prevention and coping measures.

Hence, a conceptualization of stress from digital technology use that fits the new socio-tech-
nical context of digital work is important to understand the resulting psychological strain and
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its consequences (e.g., low productivity, dissatisfaction at work, health issues) and to allow
researchers and practitioners to design and analyze measures countering this dark side of digital
transformation. We do not suggest the need for an entirely new theory of technostress. How-
ever, as context matters for theories (Hong et al. 2014) and as in light of digital transformation
(Vial 2019), the technological, organizational, and social context of work changed for many.
We believe the time has come for an update of technostress theory. In this, we adopt a cumula-

tive knowledge perspective.
Therefore, we pose the following research questions:

RQ1) Which demands from contemporary work practices relating to digital technologies cause

stress for employees?
RQ2) How do the different demands relate to each other?

To answer these research questions, we applied a sequential qualitative-quantitative mixed-
methods research design and followed the guidelines by Venkatesh et al. (2013) and Venkatesh
etal. (2016). Our research is divided into a qualitative phase grounding our research in a general
conceptual framework relying on multiple expert interviews and group discussions, followed

by a quantitative phase analyzing survey data from overall 5,005 employees.

Key results are as follows: Based on theoretical reasoning and empirical data, we present a
holistic framework of 12 contemporary demands from work practices relating to digital tech-
nology use. This includes nine demands known as technostress creators in the extant literature
and three newly identified demands. Our data suggest a hierarchical structure with four second-
order factors underlying the demands. Further, we present a valid and reliable survey-based
measurement model for the demands. Next, we embed the hierarchical model of demands from
digital work in a nomological net showing the work and health-related effects. Finally, given
the magnitude of change regarding the considered stress creators and the context of digital
transformation — we suggest the concept of “digital stress” as an update and extension of tech-

nostress.

This chapter is structured as follows: the first subsection describes the conceptual foundation
and current state of knowledge in the literature. Following this, our mixed-methods research
process and related design decisions are explained. We then present the qualitative phase of our
research and focus on the conceptual development of the phenomenon of stress induced by

digital technologies. After that, we jump into the quantitative phase of our research and presents
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the survey results. The subsequent subsection discusses the results of the different phases and
the meta-inferences before the last subsection concludes.

Conceptual Foundation

Brod (1984, p. 16) describes technostress as “a modern disease of adaptation caused by an
inability to cope with the new computer technologies in a healthy manner”, illuminating the
phenomenon from an early perspective. The scholarly concept from Tarafdar et al. (2007, p.
304) in contrast focuses on the workplace, stating that “[i]n the organizational context, tech-
nostress is caused by individuals' attempts and struggles to deal with constantly evolving [in-
formation and communication technologies] and the changing physical, social, and cognitive

requirements related to their use”.

The definitions stem from different decades and contexts, but they have something in common:
They are based on the transactional theory of stress. According to this theory, stress is more
than a threatening, potentially harmful event and more than the reaction an individual shows to
a stressor. Otherwise, every person in a demanding situation would show the same "stress".
Stress is neither anchored solely in the environment nor in the person. It is created in a transac-
tional process (Lazarus and Folkman 1984). It means that demands are transmitted from the
environment to a person while being appraised. Appraisal signifies the validation of situational
facets, “with respect to the significance for well-being” (Lazarus and Folkman 1984, p. 31),
together with the individual resources and possibility to handle this situation. Following Laza-
rus and Folkman (1984), technostress arises when negative consequences resulting from digital
technology use are anticipated and an imbalance between these demands, and the user's per-
sonal or organizational resources (Tarafdar et al. 2007) to meet the demands, occurs. It is im-
portant to note that digital technologies exist in various forms and refer to information,

computing, communication, and connectivity technologies (Vial 2019).

In their recent literature analysis of existing work on technostress, Tarafdar et al. (2019) struc-
tured existing research on technostress along with a framework that builds on the transactional
process. This framework includes technology environmental conditions, technostress creators,

consequences, and moderators of the technostress creators and outcomes relationship.

Technostress creators are specific demanding conditions that occur during IT use, which have
to be met using personal resources. Research has identified several technostress creators, such

as techno-invasion, techno-overload, techno-complexity, techno-uncertainty, techno-insecurity
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(Ragu-Nathan et al. 2008; Tarafdar et al. 2007). Techno-invasion refers to situations that require
being constantly reachable and connected, which may cause the boundary between work and
private life to blur. Techno-overload is associated with situations in which digital technologies
induce a greater workload and higher speed of work. Techno-complexity describes situations
where digital technologies make users feel that they do not have the needed skills and experi-
ences to deal with digital technologies' complexity and are forced to spend time and effort
learning it. Techno-uncertainty refers to situations where digital technologies are frequently
changed and upgraded and require users to develop their abilities and knowledge continually.
Techno-insecurity describes situations where the threat of losing one's jobs due to automation

or missing skills to deal with digital technologies is perceived by users.

The five well-established technostress creators brought up by Tarafdar et al. (2007) and Ragu-
Nathan et al. (2008) attracted since their introduction much attention in research on tech-
nostress. However, other aspects discussed in the literature can create technostress and relate to
negative consequences for individuals using technologies at the workplace. Adam et al. (2017)
discuss techno-unreliability. This technology-related stressor comprises system malfunctions
as well as IT hassles. Galluch et al. (2015) focus on digital-technology-enabled interruptions,
such as emails or instant messages. Ayyagari et al. (2011) consider role ambiguity and invasion
of privacy as part of the technostress concept. The former describes the unpredictable conse-
guences of the conflict between performing a role and lacking information for doing this ade-
quately. For example, this might occur when an employee is unsure whether to prioritize dealing
with digital-technology-problems or work activities. The latter involves the perceived impair-
ment of one's privacy. This one is not to be confused with techno-invasion. While techno-inva-
sion focuses on the blurring boundaries between work and private life, invasion of privacy
refers to the perception that the private and occupational use of digital media during work time

can easily be traced, and the employer may invade privacy.

The consequences of technostress have been analyzed in numerous studies. The most men-
tioned consequence is the negative effect on end-user satisfaction, followed by job satisfaction,
performance, productivity, and organizational commitment (Sarabadani et al. 2018). Tarafdar
et al. (2007) stated that higher technostress results in lower productivity. Ragu-Nathan et al.
(2008) showed that technostress creators decrease job satisfaction and organizational and con-
tinuance commitment. Both are emphasized by Tu et al. (2005), who found higher employee

turnover can result from technostress next to lower productivity. Concerning individuals' health,
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Mahapatra and Pati (2018a) found that, in an Indian context, techno-invasion and techno-inse-
curity can lead to burnout, which, in turn, is associated with several negative outcomes on the
organizational and individual level, including lower productivity, job satisfaction, and higher
absenteeism as well as depression and anxiety (Maslach et al. 2001). For German employees,
Gimpel et al. (2018b) found that higher levels of technostress go along with a higher number
of people reporting to suffer from headaches, fatigue, sleeping problems, and exhaustion, for

example.

Factors moderating the relationship between technostress creators and outcome involve indi-
vidual resources of the employees, such as technology self-efficacy, technology competence,
control over access to task-related information, or personality traits (e.g., neuroticism, agreea-
bleness, and extraversion) (Tarafdar et al. 2019). A current overview of antecedents, causes,

inhibitors, and consequences of technostress can be found in Nisafani et al. (2020).

Research Process

In our research process, we follow a mixed-methods design. Mixed-methods research designs
“contain elements of both quantitative and qualitative approaches” (Tashakkori and Teddlie
1998b, p. 5). Within the IS discipline, mixed-methods designs are beneficial since context
changes frequently. Researchers often have difficulty drawing significant insights from existing
theories and perspectives (Venkatesh et al. 2013). Mixed-methods designs offer three specific
benefits: the ability to “address confirmatory and explanatory research questions”, to “provide
stronger inferences than a single method or worldview”, and to “produce a greater assortment
of divergent and/or complementary views” (Venkatesh et al. 2016, p. 437). Given the general
multiplicity of studies on technostress and the changed context, a mixed-methods design is well

suited to our work.

Our study's mixed-methods design began by articulating two research questions. We follow a
developmental purpose whereby we conduct a qualitative study first and use the results from
this strand to develop the research model tested in the second strand of research (Tashakkori
and Teddlie 1998b; Venkatesh et al. 2013; Venkatesh et al. 2016). We adopt multiple paradigms
as our epistemological stance. During the qualitative phase (Phase 1), we take an interpretive
perspective. During the quantitative phase (Phase 2), we adopt a positivist approach. The meth-
odology can be classified as “mixed-methods multistrand” (Venkatesh et al. 2016, p. 443),

whereby both strands are equally important. We use a sequential sampling strategy with parallel
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samples and perform data analysis sequentially to help build the research model for the quanti-
tative study from the results of the qualitative phase (Venkatesh et al. 2016). In Appendix F.1
and Appendix F.2, we elaborate on our choices and research questions that guided the mixed-

methods design and articulate how we follow established criteria for mixed-methods designs.

Overall, the mixed-methods design (Figure 20) is divided into two phases and influenced by
contextual research studies (see Hong et al. 2013). In Phase 1, we accomplish the following:
(1a) We ground our research in a general conceptual framework and compile known demands
of digital work discussed in current literature. This provides a holistic view of stress and tech-
nostress. (1b) Subsequently, we reveal new demands from digital work through interviews with
experts from different fields and focus group discussions. By identifying the currently most
important/significant stressful aspects of the interaction with digital technologies, we under-
stand the conditions that may give rise to a technostress creator. We conclude with qualitative
inferences by analyzing the interview data and iteratively reviewing the literature base. The
demands are defined, and the concept of technostress is evaluated to understand whether it
complies in its current form with the (newly) defined technostress creators (Hargrove et al.
2013). In Phase 2, we accomplish the following: (2a) We operationalize the constructs and pre-
test our measurement model. Therefore, we develop items for newly identified demands that
emerged from the qualitative study and translate existing scales. The associated measurement
models are examined. (2b) Next, we validate our measurement model and by this the findings
from the qualitative strand by enriching it with findings from an online survey answered by a
representative sample from the German workforce. This provides a validated measurement in-
strument to assess the new demands of digital work. Lastly, we reveal higher-order structures
to understand the multi-level structure of the demands (2c) We select the best structure for the
demands based on another online survey and embed the concept in a nomological net to test
validity. This provides the foundation for theory development. We conclude our mixed-meth-
ods study by integrating the findings from the qualitative and quantitative phase, drawing meta-

inferences that guide our theory development in the contribution.
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Figure 20: Research Process of the Mixed-Methods Research Paradigm

Qualitative Phase

In the literature that builds our research foundation, we aimed to identify phenomena classified
as technostress creators. We searched in various international databases: EBSCO Business
Source Premier, EBSCO Academic Search Premier, EBSCO Psych, Web of Science, and Pub-
Med. Since the seminal paper by Tarafdar et al. (2007) was published in 2007, only publications
from this year onwards were included. Types of publications that were considered are academic
journals, conferences, proceedings, books, book chapters, and dissertations. In a first step, we
developed several search strings for aspects, which might be linked to technostress. These were
technologies (e.g., digital device, laptop, notebook, wearables, mobiles, crowd workers, ro-
bots), workplaces (e.g., mobile work, work-related, employee), as well as different possible
outcomes such as stress and strain (e.g., exhaustion, well-being), detachment (use behavior,
work-life conflict), monitoring (e.g., monitoring, surveillance), cognition (e.g., problem-solv-
ing, decision making), acceptance (satisfaction, willingness), and job (e.g., performance,
productivity). Besides, we used a string for excluding specific topics like electromagnetics, an-
imals, or children. In a second step, we combined search strings for technology, workplaces,
excluding topics with one specific outcome at a time. Overall, 273 articles were identified based
on their abstract to be relevant because they were directly linked to technological-induced stress
within working time. The final list covered a broad picture of literature in several areas. For

these, we extracted the used operationalization of technological-induced stress. Here, we fo-
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cused on whether technological-induced stress was seen as a first-order or second-order con-
struct with different underlying facets. If the last was the case, we further checked if those used
facets went beyond the five technostress creators introduced by Tarafdar et al. (2007). This led

to the nine technostress creators that we covered in the Conceptual Foundation section.

Identifying New Technostress Creators

Besides these established technostress creators unfolded by the literature research, we collected
qualitative data from expert interviews and focus groups to gather information about potential
new technostress creators to extend the technostress concept. Both interviews and focus groups
are commonly used for in-depth analysis instead of generalizing to a population. While inter-
views are often conducted with participants from whom you hope to learn how experiences or
knowledge work, focus groups are more appropriate for research questions of how certain is-
sues are talked about or debated (Secor 2010). In this regard, we conducted expert interviews
and one expert focus group to get insights from a broader and more general practical perspec-
tive. Employee focus groups were conducted to receive information from employees affected

by technostress in their everyday working life.

Interviewees for expert interviews were chosen both from science and practice to cover a vari-
ety of perspectives. Instead of defining a total number of interviews upfront, theoretical satura-
tion from grounded theory was used as a termination criterion (Corbin and Strauss 2014).
Therefore, interviews were conducted until there was no additional insight. In total, 15 semi-
structured interviews were realized with experts” backgrounds ranging from employer and em-
ployee representative, corporate health management, moral ethics, occupational science, com-
puter science, and human resources. Table 20 shows a list of all interviewed experts. All

interviews were transcribed and analyzed.
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Code Role

Expl Chairman of the works council for a manufacturer of entertainment and
communication technology with over 2,000 employees

Exp2 Employee of the human resources department for a manufacturer of
entertainment and communication technology with over 2,000 employees

Exp3 Head of human resources department for SME focusing on customer
acquisition and retention

Exp4 Person in charge of occupational reintegration management for SME
focusing on customer acquisition and retention

Exp5 Chairman of the works council for a SME focusing on customer acquisition
and retention

Exp6 Scientific director for a federal institute focusing on occupational safety and
health

Exp7 Research Associate with a focus in working-time and work organization for
a federal institute focusing on occupational safety and health

Exp8 Professor for moral theology for a German university

Exp9 Employer representative working for the employers' association for the
largest and strongest industry in the country

Expl10 Former vice-chairman of the works council and lecturer for a training
institute for works councils

Expll Professor for sociology for a German university

Expl2 Software developer for a university IT department

Expl3 Head of competence field occupational safety for an occupational health
management service provider responsible for over 1 Mio. employees

Expl4 Regional director for an occupational health management service provider
responsible for over one Mio. employees

Expl5 Regional director for an occupational health management service provider
responsible for over one Mio. employees

Table 20: List of Experts and their Function

The expert focus group consisted of researchers from computer science, information systems,
and psychology. The employee focus groups consisted of different occupational groups. How-
ever, there were separate groups for executive staff and employees. In total, seven employee
focus groups and two focus groups with research experts were conducted with five to eight
participants. An overview of all focus groups can be found in Table 21. In total, 61 individuals

took part in the qualitative data collection, 15 in individual interviews and 46 in focus groups.
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Focus | Number of | Level of Occupational drou Ade Sex
group | participants | hierarchy b group 9
1 6 Staff Controlling, human resource, marketing, 31 50 Male: 4.
product manager Female: 2
IT support, account manager, media Male: 5
2 8 Staff designer/production, business 27 -49 | Female: 3
development, tourism
3 7 Staff Qour)sel[ng, psychologist, doctors, 3047 Male: 1.
distribution Female: 6
Executive Distribution, IT Male: 4
4 S Staff 39 -56 Female: 1
Department | IT, marketing, quality management, Male: 4
5 6 . . 37-55 i
Managers finance, supply chain management Female: 1
6 6 Researchers | Research experts in information systems 25-28 Male: 4,
Female: 2
7 8 Researchers | Research experts 38-64 Male: 5_
Female: 3

Table 21: Overview of the Participants from the Focus Groups

The basic structure of both the expert interviews and focus groups was similar: first, the inter-
viewee, respectively, the participants were asked about their currently used technologies. Here,
we deliberately avoided the term technostress to ask for a general experience in handling digital
technologies. Afterward, they had to name potential creators of stress caused by the technolo-
gies and the resulting consequences for employees. In the end, coping strategies, as well as
necessary resources to prevent technostress, were discussed. The full interview guideline is

available in Appendix A.2 and the guideline for the focus groups is in Appendix A.3.

We used a qualitative deductive approach for analyzing expert interviews (Pearse 2019). At
first, we developed a codebook based on our previously conducted literature review. For the
nine technostress creators from literature, we created codes for sources of the respective tech-
nostress-creators, consequences resulting from these sources, coping behaviors as well as re-
sources for preventing technostress derived from the specific technostress-creator. Furthermore,
we subdivided the codes for sources and resources into technological, organizational, and indi-
vidual types of origin. Consequences were divided into the sections physiological, cognitive,
and behavioral, whereas coping strategies were divided into problem-based and emotion-based.
Besides, a general code with the same sub codes mentioned above was created for topics not
concerning one of the literature's technostress-creators. The codebook was then applied to the
analysis of the collected data to identify themes. Those can be described as patterns within the
data (Braun and Clarke 2006). These themes can derive from codes, which either were existing
within the original codebook or were added afterward within the analysis process (Pearse 2019).
Our primary focus was on those themes that could not be linked to one of the most relevant

technostress creators to identify potentially new creators.
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A moderator and an assistant ran the focus groups and they recorded the most important results
from the discussions. These notes were also coded and analyzed. We talked about possible
newly detected technostress creators derived from the expert interviews in detail during these
focus group discussions. From now on, we present results from this qualitative strand illustrated

with quotes from the expert interviews.

Overall, we found three themes reoccurring within several of the conducted interviews and
focus groups that could not be linked to established technostress creators. The first theme em-
phasizes the potential monitoring of employees due to new arising digital technologies. In this

regard, one expert and member of a work council (Expl) said:

“To some degree, our production line is close to industry 4.0. For almost 20 years now, we
record and process data. That’s why we can assign which employee on any given day in the
past produced a device if, for example, a client complains about a defective one. For us, this is
absolute monitoring of employees. In this regard, employees have to be protected so that the
new possibilities won’t lead to surveillance. This is a common topic for us. Once employers
have the possibility to monitor employees even a little bit, we try to prevent them from doing

so. And most of the new technologies can easily be used for monitoring employees.”

However, monitoring cannot only lead to blame employees for possible mistakes made in the
past. In addition, new technologies offer possibilities to compare performances among employ-

ees. One employee representative (Exp10) explained:

“Regarding digital stress, one common question is related to new possibilities of monitoring. A
lot of new technologies and forms of work, like, for example, working in a cloud or crowd, offer
new possibilities of usability, interpretability, and comparability. A one-sided transparency, as
I call it. This doesn’t even have to be strict efficiency control. However, one does become more

visible. This is an important point.”

The second theme, which was reoccurring and not related to the technostress creators identified
in literature, emphasizes a certain non-availability of modern technologies. In this regard, one

expert, a scientific director (Exp6), mentioned:

“Otherwise, one can name a restrictive use of access rights as well as a more general access
to technologies. That one cannot work as one wants to or the situation requires because of

organizational regulations.”
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These situations, in which one knows that technologies might facilitate one's work, but one is
not allowed to use them, can lead to perceived stress. One expert, a professor for moral theology

(Exp8), summarized these situations as follows:

“I notice a tendency towards anachronism. From my perspective as a professor, | have to cor-
rect exams and write reports handwritten. You ask yourself: ‘which year are we living in?’ So
much additional effort just because you are not allowed to work with digital technologies. This
definitely leads to stress. This is ridiculous. As a workaround, | write everything with my com-
puter, print my comments as etiquettes and glue these into the exams. Until now, no one did
complain about it. In some domains, especially if regulated by the state, you have to work in

ways, which do not fit in our modern times. This waste of time causes stress.”

Participants in focus groups also mentioned this theme. While asked for potential creators of
stress, most participants mentioned inadequate software design, own insufficient competence,
or unreliability of used technologies as most occurring stress-creators caused by technologies.
These themes are common within technostress literature. However, few participants in different
focus groups mentioned a lack of access rights and the non-availability of necessary technolo-

gies as a stress source.

The third theme that occurred was a lacking sense of achievement of employees when working
with digital technologies. This phenomenon was mentioned in the seventh focus group when
discussing potential creators of stress. In the discussion, one of the attendees — a professor for
computer science — mentioned lacking a sense of progress or achievement and described it as a
feeling of not seeing results of one’s work with digital technologies — other than seeing physical
results when working as a craftsperson. According to the attendee, it was a problem that he
experienced himself and that in his research, he was concerned with the design of technologies
that address this problem. After some discussion about this, the focus group concluded by sug-
gesting a lacking sense of achievement to be another digital work demand as the ones already

mentioned in the literature.

Defining Twelve Demands from Digital Work

Technostress literature refers to the stress that is created by interacting with digital technologies
as technostress creators or techno-stressors (Tarafdar et al. 2007; Tarafdar et al. 2019). How-
ever, strictly speaking, one has to use the term potential technostress creators or potential

techno-stressors because if these circumstances lead to stress depends on the individual and its
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appraisal. Therefore, the attribution if, for example, an unreliable technology is a technostress
creator, is a result and as such part of the analysis instead of a conceptual foundation. Benlian
(2020) already diverges from the established term and "calls for contextualizing general theo-
ries in IS research [...]" (Benlian 2020, p. 1263). He uses the term “technology-driven work
stressors” to emphasize "the socio-technical nature of ICT that essentially and distinctly shapes
the frequency, valence, and intensity of the stress experienced at work™ (Benlian 2020, p. 1263).
At the same time, however, he uses this term without explicitly introducing it. The term is
focused on the technology itself, just like the contemporary term technostress creator. There-
fore, we decide, similar to Benlian (2020), to borrow from general psychology (Lazarus and
Folkman 1984), work psychology (Bakker and Demerouti 2007), and management literature
(Kirmeyer 1988) and use the "demand" wording that already appears in Tarafdar et al. (2007),
Ragu-Nathan et al. (2008), Ayyagari et al. (2011), and Bakker and Demerouti (2007). Thus, we
use the term demands from digital work as a broader term to comprise the possibility that, for
example, an unreliable technology might not be appraised as threatening by individuals.

Summarizing the results from the literature review, expert interviews, and focus groups, we
define twelve different digital work demands. On the one hand, these are uncertainty, insecurity,
complexity, invasion, overload derived from the technostress concept by Tarafdar et al. (2007).
On the other hand, these are supplemented by the above mentioned and explained aspects of
unreliability introduced by Fischer and Riedl (2015) and Adam et al. (2017), role ambiguity
and invasion of privacy taken from Ayyagari et al. (2011), as well as interruptions from Galluch
et al. (2015). The latter aspects are already used sporadically and separately in technostress
literature, but all together have not yet been included in an overall construct of technostress.
Furthermore, by conducting expert interviews and focus groups, we identified three new digital
work demands, which have not yet been covered by hitherto existing dimensions of tech-
nostress: performance control, non-availability, and lacking sense of achievement. Performance
control is the perception that one is constantly monitored and assessed. This is mainly because
of modern technology, enabling increasing possibilities in collecting data and comparing per-
formance data among employees. Non-availability is the perceived conflict between knowing
how to fix problems or facilitate work processes by using new technology and not being able
to do so because of organizational restrictions. Lacking sense of achievement is the perception
of not having made significant progress during working hours. This is mainly because employ-
ees can hardly assess work already done because of its digital and non-physical nature. Table

22 summarizes all twelve demand from digital work and their definitions.
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Construct

Definition

Invasion

Invasion “describes the invasive effect of [digital technologies] in
terms of creating situations where users can potentially be reached
anytime, employees feel the need to be constantly ‘connected,” and
there is a blurring between work-related and personal contexts.”
(Tarafdar et al. 2007, p. 311)

Overload

Overload “describes situations where [digital technologies] force
users to work faster and longer.” (Tarafdar et al. 2007, p. 311)

Complexity

Complexity “describes situations where the complexity associated
with [digital technologies] makes users feel inadequate as far as
their skills are concerned and force them to spend time and effort in
learning and understanding various aspects of [digital
technologies].” (Tarafdar et al. 2007, p. 311)

Insecurity

Insecurity “is associated with situations where users feel threatened
about losing their jobs as a result of new [digital technologies]
replacing them, or to other people who have a better understanding
of the [digital technologies].” (Tarafdar et al. 2007, p. 311)

Uncertainty

Uncertainty “refers to contexts where continuing changes and
upgrades in an [digital technology] unsettle users and create
uncertainty for them, in that they have to constantly learn and
educate themselves about the new [digital technologies].” (Tarafdar
et al. 2007, p. 311)

Unreliability

Unreliability describes situations in which individuals “face system
malfunctions and other IT-hassles” (Fischer and Riedl 2015, p.
1462).

Role Ambiguity

Role ambiguity is associated with situations where “there is
uncertainty as to whether an individual should expend his or her
resources to perform the task requirements at work or to acquire
new skills.” (Ayyagari et al. 2011, p. 842).

Invasion of Privacy

Invasion of privacy refers to situations in which individuals “are
becoming increasingly concerned that their privacy could be
invaded by [digital technologies].” (Ayyagari et al. (2011, p. 841)
based on Best et al. (2006))

Interruptions

Interruptions describe situations where an individual’s attention is
shifted away from a current task by an external, digital-technology-
based source (Galluch et al. 2015).

Performance Control

Performance control describes situations where users of digital
technologies feel that technologies are used to monitor and assess
their performance.

Non-Availability

Non-availability refers to situations where an individual is impaired
in their activities because technologies, which might facilitate work
processes, are unavailable due to organizational restrictions, safety,
Or monetary reasons.

Lacking  Sense
Achievement

of

Lacking sense of achievement refers to situations where a user of
digital technologies feels that they hardly make work progress as
completed tasks with digital technologies can be assessed poorly
due to their digital, non-physical nature.

Table 22: Definition of the Twelve Demands from Digital Work
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This concept of twelve demands from digital work resulting from qualitative investigations
needs to be put to the test. Accordingly, in phase 2 of our mixed methods research, multiple
quantitative studies were conducted with the superordinate goal to test the insights generated in

the first, qualitative strand of research.

Quantitative Phase

The quantitative strand assesses the identified twelve demands from digital work from a posi-
tivist perspective. Specifically, we use cross-sectional survey data to test convergent, discrimi-
nant, and nomological validity. Along the way, we develop and validate a measurement
instrument for the demands from digital work and identify a higher-order structure among these
demands. A fundamental principle for understanding constructs and building theory in research
is the nomological net. CRONBACH and MEEHL (1955, p. 294) state that “scientifically
speaking, to make clear what something is” means to set forth the laws in which it occurs. We
shall refer to the interlocking system of laws that constitute a theory as a nomological network™.
This is done by embedding the construct of interest — in this case, the identified twelve demands
from digital work — in a nomological net with theoretically related entities and empirically test

these relationships.

Developing the Measurement Model

For the quantitative investigation, it is essential to have a measurement instrument to assess the
latent non-observable variables of interest. The starting point was the findings and aggregated
insights from the first strand of the mixed methods research: Twelve different aspects resulting
from digital technology use, prone to create stress and their respective definitions. For some of
these aspects, scales already exist. In contrast, measurement instruments had to be developed
from scratch for the newly revealed aspects (e.g., non-availability, performance control, and
lacking sense of achievement). Therefore, we follow the guidelines for developing and evalu-
ating measurement instruments by Hinkin (1998) and MacKenzie and Podsakoff (2011). We
give an overview of the steps suggested by MacKenzie and Podsakoff (2011) here and provide

the details in Appendix F.3.

Step 1: Develop a conceptual definition of the construct. This step has been covered in Phase 1
of our mixed-methods study. The qualitative investigations concluded with a definition of
twelve demands from digital work, as presented in Table 22.
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Step 2: Generate items to represent the construct. We used the validated measurement instru-
ments from Ragu-Nathan et al. (2008) for overload, invasion, complexity, insecurity, and un-
certainty, from Ayyagari et al. (2011) for role ambiguity and invasion of privacy, and Galluch
et al. (2015) for interruptions. For the newly identified demands, non-availability, performance
control, and lacking sense of achievement, we developed six items each based on the definitions
of these constructs (Table 22) considering standard guidelines (Hinkin 1998; MacKenzie and
Podsakoff 2011; Podsakoff et al. 2003).

Step 3: Assess the content validity of the items. We performed a card-sorting with 39 partici-

pants and revised the wording of the newly developed items where necessary.

Step 4: Formally specify the measurement model. We specify the measurement model as first-
order reflective for each of the established scales as suggested by Ragu-Nathan et al. (2008)
and likewise for the newly developed scales. Furthermore, we allow for correlation among the
twelve demands. In a later step, we will investigate whether there are higher-order structures

among the twelve demands.

Step 5 & 6: Collect data to conduct pre-test & scale purification and refinement. We ran a pre-
test with 445 participants in an online-survey and performed an EFA. For non-availability and
lacking sense of achievement, the EFA revealed a lack of convergent validity triggering a re-

wording of some items.

Step 7 & 8: Gather data from new sample and reexamine scale properties. Using the revised
scales, we collect a new data set from 1,560 respondents participating in an online survey (de-
velopmental sample). A CFA showed a good fit and, this time, likewise, did the discriminant
and convergent validity. Besides, Cronbach’s Alpha showed satisfactory values for the twelve

demand from digital work.

Overall, these steps 1 to 8 suggested by MacKenzie and Podsakoff (2011) led us to a validated
measurement instrument for all twelve demands from the digital work. Details on these steps
are provided in Appendix F.3. The final scale is in Appendix F.4. MacKenzie (2011) also men-
tions in step 8 that it should also be examined to what extent a multidimensional structure is
present, as we already pointed out in our fourth step. We defer steps 8 and 9 to the following
sub-sections, where we first use the developmental sample (n1 = 1,560) to investigate the struc-
ture of the twelve demands. Next, we gather new data for the validation sample (n2 = 3,000) to

re-assess scale validity, select among the potential structures of the demands, and embed the
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final structure in a nomological net. We omit step 10, as it is not relevant for our research

questions.

Finding Higher-Order Structures

The high number of demands from digital work suggests that they are not all completely unre-
lated, but that they also have a certain relationship. For example, short-term demands such as
interruptions and reliability could be grouped as well as insecurity and uncertainty as long-term
chronic demands. Similarly, invasion of privacy and performance control have in common that
both demands involve collecting or accessing personal data by third parties — the first focusing
on the private life and the second focusing on the working life. Thus, on theoretical grounds,
there is no reason to believe that the demands are unrelated (that is why we used oblique rotation
in the EFA for developing the measurement model). Even stronger, the above reasoning sug-
gests that there might be a higher-order-structure. Knowing such structures is desirable as it
makes for a stronger theory. Weber (2012) discusses a trade-off between parsimony and theo-
ry's predictive and/or explanatory power and recommends, concerning the work of Miller
(1956), that there should be no more than seven constructs to reduce complexity to a managea-
ble level. Accordingly, we aim to describe our 12 demands from digital work by a few higher-

order factors that are easier to memorize.

In general, there are four different models for a structure (Rindskopf and Rose 1988). Figure
24 displays them illustratively for three factors and five items rather than the twelve factors and
three to five items we have. From prior literature (e.g., Tarafdar et al. (2007), Ragu-Nathan et
al. (2008), Ayyagari et al. (2011)) and our parallel and MAP analyses in the development of the
measurement model, we know that the structure of demands from digital work is different from
the one-factor model. Prior research such as Tarafdar et al. (2007) and Ragu-Nathan et al.
(2008) assumes a model with one reflective second-order construct comprising technostress
creators while Ayyagari et al. (2011) assume a model of freely correlated group factors. Given
the high number of now twelve demands from digital work, the question arises whether such
correlated group factors are most appropriate or whether a second-order model or a bi-factor
model is a better fit. Until now, we know the structure of twelve correlated group factors. Hence,
we next empirically build the best-fitting second-order model and bi-factor model on the devel-
opmental sample (ny = 1,560) and then, in turn, use the validation sample (n2 = 3,000) to select

the best model on new data.
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Figure 21: Possible Models based on Rindskopf and Rose (1988)
First, the data from the developmental sample suggests a potential second-order structure. A
reason for this is when we correlate the latent factors representing the twelve demands in an
EFA with oblique rotation on the data from the developmental sample, unexpectedly high cor-

relations (Table 23) up to 0.75 are observable.

Construct INV [OVE| CO | INS [UNC|UNR|ROL| IOP | INT |PER [NON|LSA
INV 1

OVE 065| 1

CO 063|066 | 1

INS 0.73|0.72|066 | 1

UNC 048 056|043 064 | 1

UNR 0481062]051|051(043| 1

ROL 0.65/0.69|0.75|0.68 044|058 | 1

10P 042]0.49|043|041|0.27 044|054 1

INT 057071061057 |042|0.62|0.70 054 | 1

PER 0.40{0.59|045]050|0.38{0.45|055|0.67|055| 1

NON 0.591054]059|055[0.34{052|0.66|044|058042| 1
LSA 0.64 | 0.62 | 0.67|0.64]041|048(0.75|{0.47 (065|043 064 | 1

Notes: INV = Invasion, OVE = Overload, COM = Complexity, INS = Insecurity, UNR = Unreliability, ROL =
Role Ambiguity, IOP = Invasion of Privacy, INT = Interruptions, PER = Performance Control, NON = Non-
Availability, LSA = Lacking Sense of Achievement

Table 23: Correlations between the Demands from Digital Work (n: = 1,560)
Multilevel exploratory factor analysis run on the developmental sample reveals a possible

higher-order structure (Navruz et al. 2015). In the first step, an EFA with twelve predefined
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factors was applied. The correlations of the factor score estimates were extracted and used as
input to run another EFA (principal axis factoring with oblique rotation). Parallel analysis sug-
gests four or five factors; for the fifth factor, the eigenvalue comparison between actual and
simulated data shows only a marginal difference. Thus, we extracted five factors in an EFA
similar to before and inspected the loadings. For the fifth factor, the maximum loading of any
of the first-order factors was 0.37, below the conventional threshold of 0.4 to consider it a major
loading. Hence, we decided to drop the fifth factor and extracted four factors in an EFA with
oblique rotation (Table 24).

Factor 1 Factor 2 Factor 3 Factor 4
Complexity 0.51
Invasion 0.41
Non-Availability 0.51
Lacking Sense of Achievement 0.79
Role Ambiguity 0.75
Interruptions 0.41
Overload 0.56
Unreliability 0.46
Insecurity 0.83
Uncertainty 0.56
Invasion of Privacy 0.88
Performance Control 0.69

Notes: Loadings < 0.4 are not displayed

Table 24: Factor Loadings for 4 Second-Order Factors

This resulted in a desirable loading matrix with each first-order factor loading highly on exactly
one second-order factor (loadings ranging from 0.413 to 0.884 all exceeding the 0.4 threshold),
no major cross-loading (maximum is 0.36), and each second-order factor being relevant in the
sense of having at least one first-order factor loading highly on it. Table 25 provides names,

definitions, and explanations for the four higher-order demands from digital work.
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Construct Definition Explanation

Impediment Impediment describes the de- | During a workday, different activities
mands from digital work from | must be carried out to achieve the ob-
complexity, invasion, non- | jectives associated with the work role.
availability, lack of sense of | However, the (steady) presence or ab-
achievement, and role ambi- | sence of digital technologies may con-
guity. tribute to the perception that making

progress in achieving objectives is more
complicated.

Interference Interference describes the de- | Digital technologies aim to support the
mands from digital work aris- | handling of tasks in everyday work by
ing from interruptions, | facilitating communication and collab-
overload, and unreliability. oration with others and accomplishing

activities. However, digital technolo-
gies can also foster the perception that
tasks' execution is prolonged due to in-
cidents occurring during the direct in-
teraction with the technologies or
interferences caused by third parties us-
ing technologies.

Constant Change | Constant change describes | Constant change and new digital tech-
the demands from digital | nologies lead to higher demands of
work arising from insecurity | building up the necessary skills and
and uncertainty. abilities to carry out work-related tasks

or cause job requirements not to be ful-
filled due to incorrect or inefficient use
of digital technologies.

Exposure Exposure describes the de- | The use of digital technologies (un-
mands from digital work from | knowingly to the user) leaves digital
invasion of privacy and per- | footprints with varying visibility. Fur-
formance control, invasion, | thermore, the increasing use of con-
non-availability, lack of sense | nected digital technologies enables
of achievement, and role am- | easier access and simplified processing
biguity. of these data and may foster the percep-

tion that information about persons
from different contexts and sources is
provided to third parties.

Table 25: Explanation, Definition, and Interpretation of the Higher-Order Fac-tors

Second, according to Rindskopf and Rose (1988) the bi-factor model has the weakest structure
and consists of one bi-factor and multiple group factors. The bi-factor model is a latent structure
where each item is loaded onto a bi-factor. This bi-factor reflects what is shared between the
subjects and represents the individual differences in the target dimension that the researcher is
most interested in. In addition, the bi-factor model specifies orthogonal two or more group fac-
tors (Dunn and McCray 2020). These group factors are common factors measured by items that
potentially explain the variance in response to an item not reflected in the general factor. Prio
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to applying an EFA to determine the factor loadings, we define the structure of our bi-factor
model. To build such a bi-factor model, we defined 12 group factors, which may not correlate
with each other, and one bi-factor, which is orthogonal to the group factors, i.e., may not cor-
relate with them either. For the EFA, we used the approach according to Jennrich and Bentler
(2011), and for later validation in the context of a CFA, we will perform the mapping as re-
vealed in the loading of the EFA (Appendix F.5).

Validating the Concept of Demands from Digital Work

Finally, we used a new data set (n> = 3,000) and covariance-based structural equation modeling
to first decide on the structure of demands from digital work that fits best and then to embed it

in a nomological net.

For the final validation of the measurement instrument, a large data set (n. = 3,000) was col-
lected using the same external research panel as for the previous data set (validation sample).
Respondents were paid 3,10 € for their participation. We included control variables to review
the representability of our sample. These comprised gender, employment status, occupational
title and sector, number of hours worked per week, and education. The participants’ distribution
was representative for the German workforce for the control variables age, gender, and sectors.
Table 26 gives an overview of our participants' demographic properties of the validation sample
and Appendix F.6 lists the psychometric properties of our final scale using the validation sam-
ple. Furthermore, we added two outcome-related constructs to assess nomological validity. One
item is productivity and the other one job satisfaction. Productivity as self-evaluated work per-
formance is measured with four items (Chen and Karahanna 2014). An example item is “I have
a reputation in this organization for doing my work very well ”. Job satisfaction is the extent to
which an employee likes his or her work. It is measured with six items (Agho et al. 1992). An

example item is “l am quite satisfied with my work”.
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Gender N % Employment N %
Male 1,623 54 Full-time (>20 h) 2886 96
Female 1,377 46 Half-time (<20 h) 114 4
Age (M = 43.19) N % Technology Use N %
<25 108 4 Never 0 0
25-34 704 23 Seldom 0 0
35-44 815 27 Weekly 192 6
45-54 766 26 Daily 330 11
55-64 593 20 Several Times 2478 83
>65 14 <1

Education N %
No Diploma 0 0
Primary School Education 49 2
Secondary School Education 360 12
Tertiary Education / High School Diploma 310 10
Completed Apprenticeship 985 33
College Degree (Bachelor) 491 16
College Degree (Master) 694 23
Dissertation (PhD) 111 4

Table 26: Demographic Properties of the Validation Sample (n2 = 3,000)

We conducted Harman’s single factor test to derive whether CMB seems a problem in our data.
All items were subject to principal components analysis (Podsakoff et al. 2003). Furthermore,
we applied a correlational marker technique as a post hoc test (Lindell and Whitney 2001; Rich-
ardson et al. 2009). Both analyses conclude that CMB is considered as uncritical (details in
Appendix F.7).

We again evaluated our models’ fit according to standard fit measures like RMSEA and SRMR
for global measures, CFI, TLI, and NFI for incremental measures, and AGFI to assess the par-
simony. We do not report x> or y*/df as these are not considered meaningful for samples of our

size. The results are displayed in Table 27.
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Eit measures Threshold Source of | Second- Correlated Bi-
threshold order group factors | factor
Lei and Wu
Global RMSEA | <0.06 (2007) 0.050 0.048 0.063
measures Gefen et al.
SRMR <0.05 (2000) 0.049 0.044 0.126
Gefen et al.
NFI >0.90 (2000) 0.926 0.932 0.889
Incremental TLI >0.90 Gefen et al. 0.930 0.934 0.888
measures (2000)
Gefen et al.
CFI >0.90 (2000) 0.934 0.940 0.897
. Gefen et al.
Parsimony | AGFI >0.80 (2000) 0.866 0.872 0.830

Table 27: Fit Measures from a CFA on the Validation Sample (n2 = 3,000)

The data suggested that the bi-factor model is not a good fit. On the contrary, both the second-
order and the correlated group factors model fit the data reasonably well. Thus, we suggest
adopting the second-order model of demands from digital work. The primary reason is that it
has a stronger structure with fewer parameters and is more parsimonious. Parsimony is gener-

ally considered a beneficial characteristic of theoretical models (Popper 2005, pp. 131, 272).

Next, we turned to embed the second-order model in a nomological net (Figure 22). Based on
prior literature, we decided to investigate job-satisfaction and productivity as consequences
from demands from digital Work (Tarafdar et al. 2010). Like Tarafdar et al. (2007) and Ragu-
Nathan et al. (2008) we assume that they are affected not by first-order demands but by second-
order demands. Unlike Tarafdar et al. (2007) and Ragu-Nathan et al. (2008) we do not consider
a single second-order factor but four of them. Besides, sex, age, and frequency of technology

use for the execution of work tasks are relevant control variables embedded in the model.

We hypothesize that awareness of potentially being supervised or information being provided
to third parties leads to an unpleasant working environment. Therefore, we expect the second-
order factor exposure to be negatively associated with both job-satisfaction (H1a) and produc-
tivity (H1b). Besides, the steady presence or absence of digital technologies might lead to frus-
tration and less satisfying work results, for example, when a task could be easily completed
with technology or not available at work. For this reason, we anticipate the second-order con-
struct impediment to be negatively linked to job-satisfaction (H2a) and productivity (H2b). Fur-
thermore, we expect a decreasing reliance on existing skills while, on the contrary, a constant
need for refreshing one’s skills to be exhausting. Thus, we anticipate the second-order factor
impediment being inversely related to job-satisfaction (H3a) and productivity (H3b). Finally,
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being held off executing one’s own tasks due to digital technologies is mentally draining and
prolongs the completion of tasks. Thus, we expect interference to be negatively associated with
job-satisfaction (H4a) and productivity (H4b).
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Figure 22: Nomological Net of Demands From Digital Work and its’ Consequences

The model fits the data well. NFI, TLI, and CFI (NFI=0.92, TLI = 0.92, CFI1=0.93) have good
values just like RMSEA and SRMR (RMSEA = 0.05, SRMR= 0.05) for the incremental fit and
AGFI for the parsimony of the model (AGFI = 0.89). The analysis results show that all first-
order factors load on their assumed second-order factor with loadings ranging between 0.68 and
0.94. Out of the three control variables, we observed a significant effect of age on both, job-
satisfaction (B =0.14, z = 7.39, p <.00) as well as productivity (p = 0.16 z = 8.46, p < .00), but
no effect of technology use or sex on either of the dependent variables, showing that with in-
creasing age, employees are more satisfied with their job and experience themselves as being
more productive. Regarding the independent variables, impediment (f = -0.39, z = -4.77, p <
.00) and exposure ( =-0.10, z = -2.31, p = .02) negatively relate to job-satisfaction whereas
constant change is positively associated with job-satisfaction ( = 0.43, z = 6.91, p <.00). The
relationship with interference was not significant. Thus, Hla and H2a can be confirmed, while
H3a and H4a have to be rejected. Impediment is also negatively associated with productivity
(B =-0.67, z =-7.56, p < .00). Further, interference (p = 0.46, z = 4.20, p < .00) and constant
change (B =0.25, z = 4.46, p < .00) are both positively related to productivity. The relationship
with exposure was not significant. Therefore, H2b can be confirmed, while H1b, H3b, and H4b
have to be rejected. Overall, this analysis shows that the newly identified demands from digital
work and their structure with four second-order demands integrated well with relevant and well-

known consequences of stress at work.
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Discussion

This chapter sets out to provide a contemporary perspective to the established research stream
of psychological stress from work with digital technologies. The context of work changed sub-
stantially under the umbrella term of digital transformation (Vial 2019). We followed recent
calls to update understanding of demands from digital work that cause stress (Fischer et al.
2019; Tarafdar et al. 2019) and address broader calls for contextualizing theories in IS research
(Hong et al. 2014). We united nine different demands from digital work found in prior research
in a single model. Based on qualitative interviews and focus groups, we identified three novel
demands from digital work and added them to the model: non-availability, performance control,
and lacking sense of achievement. In a series of quantitative survey-based studies, we discerned
four higher-order demands from digital work (exposure, impediment, constant change, inter-
ference). We validated stressful demands from the use of digital technologies and media in the

context of digital work.

Stress is a highly individual and situational process. Demands differ over time and between
individuals. Yet, the ranking of average demands from digital work based on intensity reported
by the 3,000 employees from the validation sample is informative (Table 53). In terms of ag-
gregate values, employees perceive the strongest demands from performance control and inva-
sion of privacy. This indicates that employees are highly concerned about how their data is
handled within the company. With new possibilities of employee monitoring by digital tech-
nologies on the rise, this is not striking (Manokha 2020). Yet, the concept of technostress de-
veloped by Tarafdar et al. (2007) and the most used measurement instrument for assessing
technostress creators developed by Ayyagari et al. (2011) does not cover these demands. Be-
sides handling data, the third strongest perceived demand is regarding unreliable technologies.
Perceived technological-induced stress due to technology that will not work, again, seems self-
evident. However, this aspect is not integrated into the concept of technostress either. Overall,
the ranking shows that the three newly identified demands from digital work do not lag behind
the established ones. Thus, extending the set of demands to the contemporary work context
reduces parsimony and adds important facets to understand today's psychological demands at

work.

Considering specifically the nomological validity of the higher-order factors, at first sight, some
of our results seem counterintuitive because two factors in the nomological net were positively

associated with productivity and/or job-satisfaction. Constant change goes along with higher
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job satisfaction and higher productivity of employees. Further, interference is also positively
associated with self-reported productivity. At second sight, two possible explanatory mecha-
nisms may be in effect: challenge stressors and/or processes to reduce cognitive dissonance. It

might even be an interplay of the two processes.

In the transactional stress model (Lazarus and Folkman 1984) the third kind of stress appraisal
is “challenge”. It has much in common with the threat appraisal as it also activates coping
resources, but it also has a motivational aspect. This form of appraisal focuses “on the potential
for gain or growth inherent in an encounter and ...[is] characterized by pleasurable emotions
such as eagerness, excitement, and exhilaration” (Lazarus and Folkman 1984, p. 33). This as-
pect of technostress was also acknowledged by Tarafdar et al. (2019), who notion the term
“techno-eustress” with the question to investigate “how and why individuals appraise IS as
challenging or thrilling, experience consequent ‘good’ stress, and are faced with positive out-
comes” (Tarafdar et al. 2019, p. 14). Benlian (2020) also found technology-driven challenge
stressors along with technology-driven hindrance stressors. The factor constant change com-
prises uncertainty and insecurity. If an employee feels that (s)he lacks behind and the compe-
tence in handling digital technologies is not sufficient, it could motivate them to learn. If one
invests time and effort to learn and is, in the best case, successful, it could lead to satisfaction
and the final evaluation of being productive.

The second mechanism stems from social psychology: the phenomenon of cognitive dissonance
(Festinger 1957, p. 179). If a person holds two beliefs that do not fit together, it creates tension
as an unpleasant emotional state and triggers cognitive processes to reduce negative feelings.
The factor interference comprises interruptions, overload, and unreliability. A person who is
often interrupted and feels that the work can hardly be handled might not want to admit feeling
stressed because being overwhelmed by the work could signal to be a low performer. It seems
likely that the situation is reinterpreted as being in an outstanding position with many respon-
sibilities. The long working hours are expressing commitment and necessary interruptions for

alignment.

Advancing the Concept of Technostress to Digital Stress

Given the substantial transformation of work and the novel perspective of demands from digital
work, it might be advisable to reconsider the concept of technostress itself.

199


The#_CTVL001207adacfc34e4cde8b9b9b6781b2eb39
The#_CTVL001207adacfc34e4cde8b9b9b6781b2eb39
The#_CTVL001207adacfc34e4cde8b9b9b6781b2eb39
A#_CTVL001b93c1baecbfe4409953fc0b6001b75fc
A#_CTVL001b93c1baecbfe4409953fc0b6001b75fc

Understanding the Perceived Misfit in Modern Socio-Technical Systems

As mentioned above, the term “technostress” was introduced 1982 when the Internet was still
in its infancy. Since then, the definition got revised and expanded over time (Table 28). All of
these definitions focus on the user's inability to deal with technology adequately, and some of
them even seem to “throw the burden of technostress onto the users” (Sellberg and Susi 2014,
p. 200). However, some dimensions of technostress do not concern the user’s capability to use
technology adequately. For example, technology-induced stress can occur due to system mal-
functions or a lack of appropriate technologies to accomplish a task. To take these dimensions
of technology-induced stress into account, a broader definition of technostress is needed. Fur-
thermore, even though technostress's concept and definition were revised and expanded over
time, the terminological and theoretical framework is closely related to its period of origin.
Since this period, technology, its use, and perception have changed drastically. While the Inter-
net has become an universal source for information, new additional digital technologies and
media like smartphones, social media, tablets, or digital TV have arisen and conquered work
and private life (Chiappetta 2017). Therefore, because of its constricting definition as well as a
changing perception and interaction with technologies, "the term of Technostress acquires a
new meaning" (Chiappetta 2017, p. 359). However, we go beyond Chiappetta’s (2017) call for

research and suggest using the term ‘digital stress’ instead of technostress.
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Technostress

Source Definition

Brod 1984, p. 16 Technostress is a “modern disease of adaptation caused by an
inability to cope with new computer technologies in a healthy
manner.”

Arnetz and Wiholm 1997, p. | Technostress is a “state of mental and physiological arousal

36, observed in certain employees who are heavily dependent on

computers in their work.”

Weil and Rosen 1997, p. 5 | Technostress is “any negative impact on attitudes, thoughts,
behaviors, or body physiology that is caused either directly or
indirectly by technology.”

Tarafdar et al. 2007, p. 304 | “Technostress, therefore, is one of the fallouts of an individu-
al's attempts and struggles to deal with constantly evolving
[digital technologies] and the changing cognitive and social
requirements related to their use.”

Wang et al. 2008, p. 3004 “In Summary, we define technostress as a reflection of one's
discomposure, fear, tenseness and anxiety when one is learn-
ing and using computer technology directly or indirectly that
ultimately ends in psychological and emotional repulsion and
prevents one from further learning or using computer technol-
ogy.”

Salanova et al. 2013, p. 423 | Technostress is a “negative psychological state associated
with the use or threat of digital technology use in the future.”
Tarafdar et al. 2019, p. 7 Technostress is “stress that individuals experience due to their
use of Information Systems.”

Digital Stress
Source Definition

Hefner and Vorderer 2016, | Digital stress has been defined as the “stress resulting from a
p. 237 strong and perhaps almost permanent use of information and
communication technology... that is triggered by permanent
access to an inconceivable amount and diversity of (social)
content.”

Reinecke et al. 2017, p. 6 Digital stress is defined as “stress reactions elicited by envi-
ronmental demands originating from digital technology use.”
Fischer and Riedl 2020, p. | "Digital stress is a form of stress, which is caused by interac-
219 tion with information and communication technologies and
by their omnipresence in economy and society."

Table 28: Exemplary Definitions of Technostress and Digital Stress

Even though these terms seem to be interchangeable, we think they differ from each other. As
mentioned above, technostress is often defined narrowly by focusing on adult users' role in a
workplace context. Instead, digital stress across all proposed definitions has a general broader
meaning (Table 28). Fischer and Riedl (2020) emphasize the use of digital stress beyond the

workplace context by defining digital stress as “a form of stress caused by interaction with
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information and communication technologies and by their omnipresence in economy and soci-
ety“. The term digital stress is broader because it terminologically includes digitalization at
large as a source of stress rather than focusing only on its impact on work environments. In this,
we consider digitalization to be a socio-technical phenomenon and processes of adopting and
using digital technologies in broader individual, organizational, and societal contexts (Legner
etal. 2017).

Further, the term digital stress is less technology-centric than the term technostress and thereby
better represents the fact that it is not alone the technology that creates the stress but instead our
individual and collective use of and perspectives on the technologies and media. In addition,
several definitions of technostress (e.g., Tarafdar et al. (2007), Salanova et al. (2013)) focus on
technology use. Yet, use is not required for stress to emerge when considering the threat of
losing one’s job due to new digital technologies automating work (techno-insecurity (Ragu-

Nathan et al. 2008; Tarafdar et al. 2007)) or non-availability of technologies.

The term digital stress contains all aspects of the technostress concept while also allowing the
inclusion of further aspects of technological-induced stress, which have arisen in digitalization.
Interactions with information and communication technologies, for example, comprise both the
role of the user and the role of (unreliable or non-available) technology. In addition, Steele et
al. (2020) attribute an essential role to digital stress to understand how digital media in general
and social media affect adolescents and young adults. Against this background, Weinstein and
Selman (2016) identify several digital stressors like pressure to comply or public shaming and
humiliation by investigating the private use of digital media of adolescents. Furthermore, by
merging the concept of technostress into the concept of digital stress, we see a chance in termi-
nologically unitizing the multidisciplinary research field of technological-induced stress. Right
now, “the use of numerous terminologies for similar or identical constructs complicates the
literature™ (Steele et al. 2020, p. 18). Focusing on a single term including research aspects of
both private and work life over a life span from young to elderly would prevent obscuring re-
sults among studies and therefore make it easier to bring together the results of different disci-
plines and to understand the phenomenon of digital stress in its entirety (Steele et al. 2020). The
comparatively new nomenclature as digital stress enables unifying different terminologies used
in literature and integrating new phenomena and contemporary work practices relating to digital

technologies that cause stress.
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Considering prior definitions of technostress and digital stress, we define digital stress as the
biological, emotional, and/or cognitive reaction of an individual to an imbalance between the
availability of resources and coping measures and demands directly or indirectly imposed on
the individual through the interaction with digital technologies. These demands result either
directly from the use of digital technologies by the individual, indirectly by the digital technol-
ogies themselves, or from the use of digital technologies and media by third parties. For digital
technologies and media, we adapt the definition of digital technologies from Bharadwaj et al.
(2013, p. 471), who define them as “combinations of information, computing, communication,
and connectivity technologies”. While the given definition comprises both digital stress within
a private and work context, our empirical analysis solely focused on the latter: digital work
stress. Our definition of digital stress builds on the transactional model by Lazarus and Folkman
(1984). Thus, digital stress includes an individual's subjective appraisal of an external event or
stimulus based on one's own social and relational context as well as coping resources (Steele et
al. 2020). In our context and following the wording from Lazarus and Folkman (1984), an ex-
ternal event is called a digital demand. Depending on the individual's perceived coping re-
sources and relational context, the subjectively experienced digital stress level varies. If the
individual concludes that the given resources are sufficient, no digital stress is experienced.
Elsewise, digital stress is the individual's response. Finally, reactions to digital stress experience
could include physiological, affective, or behavioral responses (Hefner and Vorderer 2016;
Riedl 2012; Steele et al. 2020).

Implications for Theory and Research

Our research reevaluates the current concept of technostress and its creating factors in the con-
text of contemporary digital work practices. We answered the question brought up by Fischer
et al. (2019), whether the measurement instrument of technostress is still up to date and addi-
tional aspects can simply be added to the existing framework. We take the position that it is not
sufficient to simply expand the scope of established technostress creators. It does not do justice
to the complexity of the topic. The interaction with and use of technologies has considerably
changed over the last ten to fifteen years, along with the societal and individual expectations.
The interdependence of communication and information channels and the availability of new
technologies gives rise to novel use cases and interaction forms through and with technologies.

Against this background, our research makes the following contributions:

203


Is#_CTVL0015e3abf7d968248eebec900f1ed7e6309
Is#_CTVL0015e3abf7d968248eebec900f1ed7e6309
Is#_CTVL0015e3abf7d968248eebec900f1ed7e6309

Understanding the Perceived Misfit in Modern Socio-Technical Systems

First, we present an holistic set of the most important demands from digital work. Nine of these
twelve demands were considered in technostress literature before, for example, Tarafdar et al.
(2007), Ragu-Nathan et al. (2008), Ayyagari et al. (2011), and Galluch et al. (2015). We com-
bined them in a single unified model. Further, we added three additional demands from digital
work that tax or potentially exceed worker’s resources, creating stress: non-availability, perfor-
mance control, and lacking sense of achievement. Research in IS and related disciplines has a
current focus on stress appraisal (e.g., Benlian (2020), Califf et al. (2020)), stress coping (e.g.,
Tarafdar et al. (2020), Pirkkalainen et al. (2019)), stress outcomes (e.g., Chen et al. (2019), (La
Torre et al. 2020)), and the design of stress-sensitive systems (e.g., Adam et al. (2017), Jimenez
and Bregenzer (2018)). When stress from work with digital technologies and media is of con-

cern, all these endeavors should consider our unified and updated conceptualization.

Second, empirical evidence and theoretical reasoning bring to light a higher-order structure
with four second-order demand from digital work. Prior research has already considered higher-
order models (e.g., Tarafdar et al. (2007), Ragu-Nathan et al. (2008), and research building on
these articles). Yet, it suggested a single unitary second-order factor. With the context of con-
temporary work practices, our substantially broader conceptualization of demands from digital
work and our large empirical samples, we see that the structure is multi-faceted. Hence, we
newly introduce the second-order demands impediment, interference, constant change, and ex-
posure. We believe that this structure eases the use of the otherwise not arranged set of demands
from digital work. More importantly. We encourage fellow researchers to consider these higher-
order demands in their quest for preventive and reactive measures to managing stress from work

with digital technologies and media.

Third, we suggest evolving the concept of technostress to digital stress. We expect that this
suggestion is controversial. One of the manifold potential objections could be that terming an-
ything as “digital” is a fad that will fade. It might be considered a meaningless transient word-
ing. Second and more concerning, some might fear a discontinuity in the well-established (IS)
research stream on technostress. We partially share these concerns. Yet, because of its broader
definition, a theory of digital stress as an extension of technostress can consider more aspects
of modern private and occupational technology use by individuals over a life span from young
to elderly. By doing so, such a theory of digital stress may contribute to terminologically unit-
izing the multidisciplinary research field of technology-induced stress. Future research should
engage with the concept of digital stress, challenge, and evolve the definition provided here and
develop the nomological net around it in various contexts.
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Fourth, we developed and validated survey-based measurement scales for the newly identified
constructs along the way of developing the first and second contributions. Further, we validate
the scales' compatibility for established demands from digital work that have not yet been con-
sidered jointly. These scales may be used in future research to measure demands from digital

work.

Implications for Practice

Our findings contribute to managerial practice in two ways. First, we raise awareness of digital
stress and its several components, which go beyond the established concept of technostress.
Especially in times where companies, politics, and the public, are trying to keep up with the
increasing digitalization and all its expected benefits, it is important to emphasize potential
negative effects because these effects can only be counteracted or prevented if they are known.
Second, we go beyond raising awareness and offer a psychological risk assessment tool within
the workplace context. With the help of our measurement instrument for digital stress exposure,
companies can determine which one of the twelve demands from digital work is relevant in
their working environment. Based on these finding, specific measurements for prevention or

counteracting could be developed and implemented.

Evaluation and Limitations

According to Gregor (2006), our conceptualizing of demands and digital stress constitutes a
type IV theory for explaining and predicting. We propose that digital stress is a biological,
emotional, and/or cognitive reaction of an individual to an imbalance between the availability
of resources and coping measures and demands directly or indirectly imposed on the individual
through the interaction with digital technologies. Digital stress in the work domain arises pri-
marily from twelve demands of digital work combined in a hierarchical structure of four sec-
ond-order constructs: impediment, interference, constant change, and exposure. Each of these
constructs is associated with job satisfaction and productivity. According to Weber (2012), we

suggest evaluating our theoretical contribution, as shown in Table 29.
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Criterion Summary Evaluation
Parts
Constructs We precisely deduced all constructs from literature and qualitative interviews

according to our mixed-methods approach. We provided definitions for all con-
structs: digital work, digital technologies and media (this section), twelve first-
order demands from digital work (Table 22), four second-order demands from
digital work (Table 25), job satisfaction and productivity (Figure 22), digital
stress, and digital work stress (this subsection).

The boundary condition for the demands and their consequences is digital work.
The demands and their consequences apply to the individual worker level.

Associations

We show and empirically tested the associations of all constructs. The demands
originate from digital work and affect job satisfaction and productivity. The
first-order demands are consolidated to second-order demands as shown in
OFigure 22.

States

Demands from digital work, job satisfaction, and productivity each have a con-
tinuous state space. While typically there will be correlations (or non-linear as-
sociations) of the state, theoretically, any combination if individual states is
possible.

Whole

Importance

Excessive stress from digital technologies and media leads to negative human-
istic (e.g., reduced satisfaction, well-being, health) and instrumental outcomes
(e.g., reduced productivity, increased job turnover). Since not only the sheer
number and functionalities of digital technologies have enormously increased
in the last ten to fifteen years but also the interaction with these technologies
has considerably changed due to availability, a changed individual and social
view of technologies and expectations regarding digitalization, the concept of
technostress needed a review.

Novelty

While technostress is already an extensively researched concept, we extend it
to digital stress. Further, we unite, extant, and deduce three new demands from
digital work and reveal their higher-order structure.

Parsimony

The quantitative evaluation shows that the reduction of parsimony compared to
prior conceptualizations of technostress allows for a better explanation (and pre-
diction) of consequences of work stress. Although our model on digital stress
contains many different constructs, the second-order structure provides parsi-
mony.

Level

Our contribution resides on the meso level.

Falsifiability

As we clearly defined the constructs and associations and provide measurement
instruments for all constructs, our model can be subjected to further empirical
tests. Thus, it can be falsified.

Table 29: Evaluation of our Contribution to Digital Stress Theory

Our research has some limitations. First, our sample in the qualitative study is not representative

for all employees. Although we collected qualitative data of 61 individuals in expert interviews
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and focus groups, we did not select the individuals to be representative of the German work-
force according to, for example, gender, age, or industry. Second, in our conclusions that we
drew from the qualitative data, we did not consider whether a participant represented a larger
industry or employee group in the working world than another participant but took their state-
ments into account equally. However, by following a mixed-methods approach and combining
the qualitative strand with a quantitative one, we were able to overcome these two issues by
testing our qualitative results in a large-scale quantitative analysis. Third, we collected the quan-
titative data with the help of online surveys providing financial incentives. Typical weaknesses
of this method, such as self-selection of the population, non-response, and questionable relia-
bility of expressed opinions (Nayak and Narayan 2019), have to be considered in our research.
Fourth, our three newly created dimensions non-availability, lacking sense of achievement, and
performance control were tested with multiple large data sets, but only with employees in Ger-
many. Future work may validate our results in other economic and cultural backgrounds. Fifth,
it was tough to interpret the higher-order factor impediment. Therefore, future work needs to
test these higher-order factor analyses with a different data set to check for stability and con-
sistency and different potential compositions of higher-order factors. Sixth and last, we embed-
ded our factors in a nomological net with job satisfaction and productivity. Future research
should consider them with regard to potential antecedents (e.g., use or characteristics of digital
technologies), further consequences (e.g., appraisal, coping behavior), or moderators (e.g., re-

sources such as individual characteristics).

Conclusion

Digitalization is one of the most significant socio-technical challenges of modern humankind,
transforming the way to work tremendously. This changes both the demands on employees and
thus our theoretical understanding of the world. Our research contributes to understanding these
new demands on employees in the age of digital work and thus laid the foundation for further

research.
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7. General Discussion and Conclusion
7.1.Summary of Results and Meta-Inferences

This dissertation consists of several research activities with the objective of designing the digital
workplace to promote healthy interaction with DTM. For this purpose, different research meth-
ods from the fields of behavioral science and design science are used. The individual research
activities provide knowledge chunks (Vom Brocke et al. 2020) derived from the analysis of the
humanistic and organizational outcomes resulting from the reciprocal interaction within the
socio-technical system and the experience from designing socio-technical systems. These
knowledge chunks complement the Q-knowledge base (i.e., collectively gathered descriptive
and explanatory knowledge) and A-knowledge base (i.e., collectively gathered prescriptive

knowledge).

In general, four types of goals can be distinguished, which a knowledge chunk could pursue
(Gregor 2006). Three goals lead to an extension of the Q-knowledge base and one goal leads to
an extension of the A-knowledge base (Drechsler and Hevner 2018). Knowledge with the goal
analysis describes the phenomena of interest and analysis relationships, whereas knowledge
with the goal explanation goes one step further and provides rationales for these relationships.
Knowledge with the goal of prediction uses information from the previously mentioned goals
to predict what will happen when certain conditions occur. Knowledge with the prescription
goal also uses previously collected information from the Q-knowledge base (Drechsler and
Hevner 2018) and describes how an action can be completed. Thus, knowledge with the goal
prescription leads to an extension of the A-knowledge base. Within the A-knowledge base, the
knowledge contained here can be divided into the category design entities (e.g., knowledge
from artifact instantiations, knowledge about the design process of artifacts, knowledge about
the evaluation of concrete artifacts) and design theory (e.g., design requirements, design prin-
ciples, design techniques) (Hevner et al. 2019).

In the context of specific research activity, knowledge is extracted from the Q- or A-knowledge
base, or both, to conduct behavioral science research (which primarily expands the Q-
knowledge base) and design science research (which primarily expands A-knowledge) (Gregor
and Hevner 2013). A research activity consists of one or more modes and takes on one or more
roles. Whereas a mode describes how a research activity interacts with a knowledge base (e.g.,

draw on the different knowledge types either to utilize them in a design science or behavioral
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science research project to produce prescriptive knowledge or descriptive knowledge), the roles
presented in the subsection on Research Methods in Information Systems address which goal a
research activity pursues. For example, in the context of a design science research activity,
knowledge can be extracted from the Q-knowledge base and A-knowledge base (accordingly,
two different modes are applied here) and inform the design and development of a technical
component (this corresponds to role 1). Simultaneously, the findings are then incorporated into

the A-knowledge base (a different mode).

The mode is differentiated by which type of knowledge is consumed (Vom Brocke et al. 2020).
Mode one draws knowledge from the Q-knowledge base, while mode three and mode five draw
from the A-knowledge base. If the used knowledge is from a design theory, mode three is ap-
plied, and if the knowledge is from design entities, mode five is applied. However, a research
activity's contribution is reflected in the production of knowledge and the associated expansion
of the knowledge base. Again, three types of contributions to the knowledge base can be dis-
tinguished (Vom Brocke et al. 2020). Mode two refers to expanding the Q-knowledge base and
aims to analyze, explain, or predict what will result from a socio-technical system's reciprocal
interaction. Mode four summarizes the accumulated knowledge from one or more research ac-
tivities into design theories or complements existing design theories and informs the design of
future socio-technical systems. Finally, mode six refers to the documentation of the designed
socio-technical system and the demonstration of its utility. Mode four and also mode six thus

contribute to the expansion of the A-knowledge base.

Several research activities can also be intertwined, resulting in a complex interplay of modes
and roles. If we look at Chapter 5, for example, it consists of three major research activities. In
the first research activity in Section 5.1, a data collection framework, i.e., a technical compo-
nent, was developed (role one) based on existing knowledge about the design of data collection
systems (mode five), and the resulting knowledge was added to the A-knowledge base (mode
six). In subsection 5.2, the knowledge available in the Q-knowledge base on the topic of stress
(mode one) is combined with the knowledge available in the A-knowledge base on the collec-
tion, storage, and processing of data (mode five), and a prototype for life-integrated stress as-
sessment is developed (role one). Again, the resulting knowledge is added to the A-knowledge
base (mode six). In subsection 5.3, knowledge from many different design entities (mode five)

is extracted from the A-knowledge base (original knowledge arising from third-party research,
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knowledge arising from the research activities presented in this dissertation is now also in-
cluded), which, over the course of the research activity, leads to a contribution for a mid-range

design theory (role four), which is fed back into the A-knowledge base (mode four).

This dissertation contributes to expanding the knowledge base according to modes two, four,
and six. The interaction and expansion of the knowledge base discussed above are illustrated in
Figure 23.

Designing the Digital Workplace

Socio-Technical Outcomes

2 8 e

Instrumental Humanistic
Qutcomes Outcomes

i Q-knowledge i i A-knowledge i
| 5 | |
! Analysis Explanation | ! Socio- Socio- |
I , informs ! . ) i
| . | Technical Technical !
i ' i Design Design !
! Prediction E ! Theories Entities E
Knowledge Base

Figure 23: Interaction of Research Activities and Knowledge Bases
Theoretical Contribution

The research activities presented in this dissertation interact with the two knowledge bases in
different modes and contribute to the expansion of the Q-knowledge base and A-knowledge

base.

Extending the Q2-knowledge Base

Concerning mode two, the extension of the Q-knowledge base, the contributions can be distin-
guished based on the focus regarding the socio-technical system. For example, the contributions
from Section 3.1 consider properties’ technical components and how they affect humanistic and

organizational outcomes. Therefore, research in Section 3.1 contributes to the identification and
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definition of further characteristics of DTMs that affect technostress at an individual's work-
place, including measurement scales for the newly added characteristics. Placing these newly
identified characteristics side by side with the ones from extant literature (esp. from Ayyagari
et al. 2011), our research presents the most holistic set of DTM characteristics related to tech-
nostress. Further, to the best of our knowledge, we are the first to combine the characteristics
of Ayyagari et al. (2011) with the technostress creators of Ragu-Nathan et al. (2008) and can
thereby show their relationships. Furthermore, we provide evidence for the relationship of the

characteristics associated with different technostress creators instead of technostress in general.

The results from Section 3.2 and 4.2, on the other hand, consider how different aspects of the
social component affect humanistic and organizational outcomes. For example, Section 3.2 and
Section 4.2 both address aspects related to the organizational boundaries. Thereby, the results
from Section 3.2 strengthen the findings of Self-determination Theory regarding the relation-
ship between autonomy and well-being. More importantly, we demonstrate the underlying the-
ory's applicability in the context of the design of DTM. Besides, we have shown that the effect
of autonomy might not originate from its actualization, but that its offering might already be
sufficient. We add to Affordance Theory as we empirically observed that the mere provision of

affordance could affect the users' subjective well-being while self-tracking goals.

The results from Section 4.2 focus on the direct and indirect effect of demands resulting from
DTM use on productivity. First, besides the negative indirect effect between job demands and
productivity (through mediation via exhaustion), there is a positive direct effect. This positive
effect means productivity increases as job demand increases, which seems contradictory. Rea-
sons for this may be found in the curvilinear relationship between general stress or work pres-
sure and performance (Hofmans et al. 2015; Leung et al. 2011). In other words, people who feel
little demand can not utilize their full potential, resulting in low productivity. With increasing
demands, productivity increases until a specific turning point is reached: If employees exceed
this level and the perceived demands are too much, productivity drops (Janssen 2001). Another
reason for this is a potential suppressor effect, which occurs when the direct and indirect effects
on a dependent variable have opposite signs. Therefore, an inconsistent mediation is present
(Tzelgov and Henik 1991). In the literature, it is considered realistic that two opposing direct
and indirect effects with a similar magnitude almost neutralize each other, and therefore, the
total effect is not significant (MacKinnon et al. 2000). However, we argue that, despite the

positive relationship between job demands and productivity, technostress may lower produc-
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tivity in a long-term view or have no positive impact on productivity. On the other hand, how-
ever, technostress increases the strain, leading to long-term health effects and negatively im-
pacting organizational objectives from a long-term perspective. Therefore, technostress should

be reduced for organizational and humanistic reasons.

In contrast, other results from Section 4.2 focuses on aspects related to personal preferences in
dealing with technostress and its impact on humanistic and instrumental outcomes. Considering
the role of coping to overcome technostress, results in Section 4.2 initially confirm prior re-
search regarding the direct effects: A broad application of active-functional strategies is nega-
tively related to exhaustion. In contrast, a broad application of dysfunctional coping may
increase it. In doing so, dysfunctional coping exhibits a stronger direct impact on exhaustion.
A possible explanation for this could be the nature of active-functional coping: Strategies from
the active-functional category (such as actively seeking to change the stressful situation) require
individuals' energy and cause cognitive effort in implementation, which, in turn, may reduce
the buffering effect on exhaustion. In contrast, both active-functional and dysfunctional coping
reduces the relationship between job demands and exhaustion. Furthermore, we observed con-
siderably higher values for dysfunctional coping regarding the buffering effect on the relation-
ship between job demands and exhaustion. This implies that even though dysfunctional
strategies go along with higher exhaustion, their moderating effect on the relationship between
job demands and strain is stronger compared to active-functional strategies. This is particularly

interesting because dysfunctional coping is said to be detrimental.

Finally, results from Section 6 focus on understanding the perceived misfit in modern socio-
technical systems. First, we present a holistic set of the twelve most important demands from
digital work. Nine of these twelve demands were considered in technostress literature before,
for example, Tarafdar et al. (2007), Ragu-Nathan et al. (2008), Ayyagari et al. (2011), and Gal-
luch et al. (2015). We combined them in a single unified model. Further, we added three addi-
tional demands from digital work that tax or potentially exceed worker’s resources, creating
stress: non-availability, performance control, and lacking sense of achievement. Further empir-
ical evidence and theoretical reasoning bring to light a higher-order structure with four second-
order demand from digital work. With the context of contemporary work practices, our sub-
stantially broader conceptualization of demands from digital work and our large empirical sam-
ples, we see that the structure is multi-faceted. Hence, we newly introduce the second-order
demands impediment, interference, constant change, and exposure. We believe that this struc-
ture eases the use of the otherwise not arranged set of demands from digital work. Lastly, we
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developed and validated survey-based measurement scales for the newly identified constructs
along the way of developing the first and second contributions. Further, we validate the scales'
compatibility for established demands from digital work that have not yet been considered

jointly.

Extending the 2-knowledge Base and Informing the A-knowledge Base

Results from Section 4.1 entail, due to the underlying longitudinal design, the possibility to
extend Q-knowledge base by knowledge chunks with the goal of prediction and thus offer the
possibility to infer A-knowledge. Research in Section 4.1 delivers descriptive knowledge re-
garding the socio-economic implications of telework enforced by the lockdown due to the
COVID-19 pandemic and allows it to derive prescriptive knowledge. Therefore, the influence
of different contextual factors on changes in the demands from digital work was examined and
thus provides insights into which employees are affected by lockdown-induced telework. Con-
cerning technostress, employees with less self-efficacy and telework experience are more af-
fected, concerning private demands and resources, factors such as caring responsibility matter.
However, this does not increase overall technostress or one of its individual technostress crea-
tors. Surprisingly, managers were less affected by enforced telework than other employees.
However, this only regards technostress, and we do not have further insights into other respon-
sibilities that come with a management position (e.g., role model for employees, change man-
agement). Additionally, Srivastava et al. (2015) pointed out how managers react differently to
technostress by showing that technostress can also result in positive outcomes. Based on the
results of the empirical analyses and the discussions during the events, measures can be derived.
For example, employees should be empowered to conduct telework during part of their working
time. This creates the necessary conditions concerning spatial equipment and the availability of
digital devices and services. In addition, employees gain experience with telework, which can
lead to greater self-efficacy and enhance employees' trust in their own ability. In summary, this
may reduce the adverse effects of teleworking on technostress and show preventive indications
for measures to steer these effects if the situation persists or comparable disruptive situations

should re-occur.

Informing Existing and Developing new Design Theories for the A-knowledge Base

In order to extend the A-knowledge base, this dissertation compiles knowledge chunks related

to mode four that either represents a first step on the path of a design theory by deriving good-
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practices from prototypes or that contribute to a mid-range design theory. For this, the results
of Section 3.2 and Section 5.2. yield lessons learned from the technical components they contain
that inform the future design of other technical components, while Section 5.3 contributes to a

mid-range design theory.

Concerning the developed technical component in Section 3.2, users should be able to enter
goals that do not necessarily have at least one goal-pursuing activity a week. The app should
allow goals with differing activity-rhythms as well. Next, users should be able to pass on goal-
pursuing activities and not be restricted to either marking them as done or failed. This way, the
app could implement pauses in the goal-directed behavior due to illness or vacation, track the
users' activities more accurately, and afford the users with additional autonomy. The proposed
refinements should improve the app's usability, the amount of time for which users stay with
the app, and the quality of the captured data. Addressing the lessons learned during agile pro-
totyping the technical component aiming at a life-integrated stress assessment in Section 5.2,
we gained various important insights into critical success factors of life-integrated stress assess-
ment. In their combination, these learnings help with details on the design of life-integrated
stress assessment and might help researchers and practitioners likewise build better DTMs.
Most importantly, the accessibility of stress assessment is vital for its use and acceptance. Ob-
trusiveness, or the necessity of attention or interaction with the user, puts up high barriers for
broad application. Our research shows that life-integrated stress assessment is feasible and a
valuable approach to stress assessment. Nevertheless, it also shows that excessive resource con-
sumption, in terms of data storage or upload, battery consumption, or processing power, might
already be partially obtrusive. It brings the system's existence to the user's attention. Another
important facet is to consider the protection of the user's privacy. For some people, the stress
level itself is highly sensitive information. This holds especially true when the information is
shared with others( e.g., with the employee’s supervisor) in organizational stress management
applications. Privacy is even more important with the full set of sensor data that allows for
movement, usage, and behavior profiles. Consequently, applications should establish appropri-
ate privacy protection mechanisms that prevent external access to sensitive information on a
need-to-know basis (Sutanto et al. 2013). One potential measure could be to fully renounce an
internet-based data upload and perform computations fully on the user's device. As third learn-
ing, user feedback suggests they are significantly more tolerant toward limited privacy and re-

source-saving if the DTM provides a clear benefit to the user.
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Section 5.3, on the other hand, builds on this and other knowledge and presents a design theory
on the topic of mobile stress assessment. By analyzing the literature, we consolidated extant
design knowledge formerly dispersed across various studies and derived design requirements,
an abstract blueprint, design principles, and design features. Archetypes arising from subse-
quent cluster analysis give further impressions on how the design features are implemented in
current practice. Building upon this design knowledge, we performed our prototyping activities,
resulting in an understanding of trade-offs between design requirements and the design features.
Overall, the design theory presented in Section 5.3 strongly builds on and combines extant de-
sign knowledge on MSA and is tested and expanded in our own prototyping activities (Vom
Brocke et al. 2020). It contributes to the literature on the topic of MSA by providing researchers
and practitioners with extensive design knowledge on how to develop effective MSA systems
(as a contribution to the design theory knowledge base in the Vom Brocke et al. (2020) frame-
work). Complementary, it contributes to DSR literature by providing an example of a theoreti-
cally grounded and empirically enhanced design theory that can inspire further researchers to

strive for consolidated design knowledge in order to facilitate the development of effective IS.

Deriving Knowledge from Design Entities for the 4-knowledge Base

Additionally, various technical components were developed in the dissertation's research activ-
ities, which, together with their documentation of the results and the evaluation of their utility,

also contribute to the A-knowledge base according to mode 6.

In this way, research in Section 3.2 resulted in a measurement instrument by developing a mo-
bile application that represents an easy way to capture the entirety of our model's constructs. Its
design may facilitate similar research endeavors in the future. Once the app had been developed
and distributed, it reliably and continuously captured empirical data and delivered it to our re-
search team. The maintenance effort was limited to minor updates, and the data analysis could
be automated. Although only four of the five hypotheses were supported empirically, our results
support the positive effects of the provision of enhanced autonomy affordance on its actualiza-
tion, goal performance, and subjective well-being. More importantly, we demonstrate the un-
derlying theory's applicability in the context of the design of DTM for self-tracking, goal-
directed behavior.

During the research in Chapter 5, various technical components were developed to determine a

smartphone user's current affective state. The developed sensor-based data collection frame-
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work in Section 5.1 forms the basis for most developed technical components. It supports col-
lecting and combining heterogeneous data in the area of individual health. Depending on the
use case, the analysis represents a complex challenge. The proposed framework manages to
handle varying datasets by implementing every issue as a single sensor, enabling various ways
to save, combine, and analyze them. During the development of the technical component in
Section 5.2, we followed the design science research methodology of Peffers et al. (2007) and
elaborated the DTM in several steps. Based on problem relevance, theoretical background, and
design requirements, we developed an exemplary implementation for the Android platform.
This prototype helped demonstrate the general operationality of life-integrated mobile sensing
and its applicability for assessing perceived stress. A binary classifier demonstrates its value
for determining stressed and non-stressed mental states. The universal stress assessment regres-
sion model elaborated in this work links data from smartphone sensors to their application for
stress valuation and confirms life-integrated and continuous stress assessment feasibility. This
model is based on data gathered within a public field study, in which 40 users provided data by
using the prototype. Therefore, the presented method enables developing systems that apply a
life-integrated and continuous assessment of perceived stress as input for adaptation mecha-
nisms that provide targeted technological or manual stress management interventions. Further-
more, the method can be used as an indicator for the user's current affective state to provide
relevant information to user-adaptive systems, enabling a more intuitive interaction (Morana et
al. 2017).

Besides other technical components building on the in Section 5.1 developed framework where
implemented in Chapter 5 in order to derive new design knowledge on mobile stress assess-
ment. Building upon the developed design knowledge from Section 5.3, we produced new de-
sign knowledge on design entities from developing five MSA prototypes for different intended
applications. In this process, the collected design knowledge proved to be suitable and useful
for MSA designed to be generalizable to various intended applications (Venable et al. 2016).
The prototypes’ evaluation in laboratory and field studies provides summative real-world evi-
dence of the in Section 5.3 presented design theory’s applicability and utility for developing
effective and suitable MSA instantiations (Venable et al. 2016).

In documenting the technical components and evaluating their utility, numerous knowledge
chunks related to these design entities have emerged. These and other knowledge chunks have

contributed to the development of the design theory in mode 4.
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Overall, this dissertation and the contained knowledge chunks resulting from a wide range of
research activities contribute to expanding the knowledge base regarding the design of the dig-

ital workplace to promote healthy interaction with DTM.

Practical Implication

Research in the dissertation at hand also results in practical implications that will allow the
digital workplace as a socio-technical system to be designed so that healthy use of DTM is
possible. The findings relate to both the technical and social components, which again distin-
guish the social component in terms of the implications for the organization as well as the indi-
vidual. The following measures to promote the healthy use of DTM are therefore presented for
the three levers of technology, organization, and the individual, aiming to reduce the incidence
of digital work demands or resources (job and personal) in dealing with these demands. Figure
24 summarizes all developed measures, which are further discussed in this subsection.

2]

= Assessment of DTM characteristics at the digital workplace
= Conscious design of DTM regarding their characteristics
= Provision of autonomy features in DTMs P '®

Technological Support the design and development of stress assessment systems 2 '®
= Provision of task-based autonomy ®
® = Provision of DTM-related autonomy **
— = Assignment of the right level of demands®
eee® = Assessment of the characteristic portfolio at the digital workplace P
Organizational =  Training of managers in dealing with dyfunctional coping of their employees ®
= Training of managers to deal with the challenges of their dual role % P*
0.0 =  Training of employees to foster their self-efficacy P®
h(Q;ﬁ = Introduction of a simple and easy way to collect teleworking experience **
Individual =  Promotion of a broad portfolio of coping measures **

Notes: A superscript D implies that this measure aims at reducing demands, while a superscript JR and PR implies that this
measures at promoting job and personal resources dealing with demands

Figure 24: Summary of the Developed and Analyzed Measures for the Three Levers
Technological Levers

The technological lever refers to the use of well-designed DTMs. As far as this lever is con-
cerned, the measures developed in this dissertation can be divided into two categories: concrete
measures for the design of a technical component used in the context of a socio-technical system
and measures for a technical component intended to promote reciprocal interaction between a
social component and another technical component. First, based on the features developed in
Section 3.1 for the characteristics of DTMs, DTMs can be assessed on their possible suscepti-
bility to technostress, such as by identifying technologies that exceed positive characteristics.
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Furthermore, the characteristics help to consciously design DTMs in such a way as to facilitate

reciprocal interaction with the social component.

In addition to these abstract characteristics, the recommendations in Section 3.2 may contribute
to users' and employees' success and well-being while working toward their objectives by im-
plementing autonomy features. In particular, as DTM is predetermined in organizational set-
tings, employees could act significantly less autonomously. This highlights the need for
autonomy features and emphasizes their potential to increase the well-being of employees. Con-
scious design of DTMs about their characteristics can lead to a lower intensity of digital work
demands, whereby autonomy features also reduce the intensity (if they are part of the DTM
responsible for the demands of digital work) or as a job resource (if they are integrated into a
DTM that is supposed to support the handling of other DTMS).

Second, Chapter 5 supports software developers in designing and developing mobile stress as-
sessment systems and provides them with abstract architecture and design guidelines, comple-
mented by supporting information on possible trade-offs throughout the development process.
This will make it easier to design and develop mobile stress assessment systems. Such systems
form the basis of an IT-based stress management system, which can be seen as digital assistance
in dealing with traditional demands in general and the demands of digital work specifically.
These digital assistants are, therefore, a job resource. Simultaneously, mobile stress assessment
systems provide the basis for a stress-sensitive adaptive enterprise system that can be adapted
to employees' needs and therefore control the intensity of traditional demands and demands of

digital work.

Organizational Levers

Organizational lever refers to organizational structures, processes, and guidelines. Measures for
the design of work, the workplace equipment, and the definition of different roles can be derived
concerning this lever. It should be noted that the transition from organizational to individual
measures is seamless, as the organizational measures partly affect individuals' behavior. Re-
garding the design of the work, Section 3.2 supports the findings of various areas of IS research
and psychology regarding the positive effects on performance and subjective well-being of the
provision of enhanced autonomy. Therefore, employees should be granted a certain degree of

autonomy as a job resource to pursue their tasks.
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Additionally, the implications of Section 4.2 show that employers should ensure their employ-
ees are exposed to the right level of demands for a high level of productivity. Both minimal and
excessive levels of demands should be avoided. Otherwise, the employee would be under-chal-

lenged or overcharged, which could result in lower job performance.

For workplace equipment, Section 3.1 recommends organizations focus on using high-value
DTMs for usability characteristics, including usefulness, ease of use and reliability, and DTMs
that enable mobility and pull configurations. Furthermore, it should also be taken into account
that the workplace equipment is usually made up of several DTMs. Therefore the characteristic
portfolio of the digital workplace as a holistic system, which is ultimately responsible for the
demands of digital work, should be considered. In addition, individuals could impact the inten-
sity of digital work demands by configuring their digital workplaces. Employers should also
give their employees the flexibility to configure their DTMs as a job resource in the most ben-
eficial way to each individual. A holistic view of the workplace characteristics and the level of
work-related requirements can reduce the intensity of emerging demands. Simultaneously, both
the autonomy provided in the execution of the task and the autonomy concerning DTMs help
deal with the demands and thus act as a resource. However, in this context, reference should be
made to Gimpel (2019), who has shown in a study that DTM Autonomy can be useful as a
resource and act as an additional demand.

Regarding the effect of dysfunctional coping described in Section 4.2, it is important to be
aware of the long-term health issues of dysfunctional coping. This can be where employees
often use dysfunctional strategies (predominantly or in combination with active-functional
strategies), and so employers should ensure they provide expertise on these long-term issues by
establishing specific health initiatives. Employers should be aware of this double-edged sword
and take preventive measures to identify persons at risk of becoming addicted. Also, managers
should have dedicated training programs to provide them with the necessary know-how to iden-
tify and support potentially addicted employees.

Furthermore, managers are also particularly affected by the effects of DTM, as shown in the
results of Section 4.1. Employees in the management position also report a higher intensity of
demand from digital work, both before and during the lockdown, than employees without a
management position. At the same time, the differentiation decreases during the lockdown so

that the intensity decreases for managers. However, this only concerns the demands of digital
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work. We do not have any further insights into the other responsibilities that come with a man-
agement position (e.g., a role model for employees, change management). Also, Srivastava et
al. (2015) have already pointed out that managers react differently to technostress by showing
that technostress can produce positive results. Organizations should, therefore, always be aware
that their managers are increasingly in demand due to their dual role as both creators of the
working environment and those affected by the demands of digital work. Here, among other
factors, there is a seamless transition between organizational and individual measures since,
although organizational measures may seek to promote a certain behavior, the actual behavioral

change ultimately lies with the individual.

Individual Levers

The individual lever refers to measures that address the individual employee's behavior. With
this lever, the measures refer to a building up of personal resources for dealing with DTM. The
results from Section 4.1 show that employees with less self-efficacy and telework experience
are more affected by the lockdown than other employees concerning demands from digital
work. This is even though self-efficacy is not competence in the narrower sense, but rather trust
in one's abilities. Accordingly, organizations should promote the development of self-efficacy
in remote working and telework experience, which have gained importance due to the forced
changes in the wake of the COVID-19 pandemic. In addition to possible training to build skills
and improve self-efficacy (Schunk 1989), easy access to teleworking in the aftermath of the
COVID-19 pandemic could increase individual employees' experience. Thus, the benefits of

the teleworking option can be retained permanently and possible risks can be mitigated.

Also, according to the recommendations of Section 4.2, employees who use a few different
ways of coping should be encouraged to develop a more expansive repertoire of different cop-
ing strategies to address different kinds of stressful situations effectively. Simultaneously, em-
ployees who primarily use one type of strategy (active-functional or dysfunctional) are
recommended to adopt the other category and be supported by their employer in expanding
their coping behavior. All measures anchored on this lever relate essentially to personal re-
sources. Although it would also be conceivable to link these measures to job resources, as, for
example, training and similar measures are made available for the employees, the measures
focus on a behavior change. They should, therefore, be assigned to the individual lever. This
once again shows the seamless boundaries between measures at the organizational lever and

the individual lever.
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Valuation

Overall, the dissertation at hand addresses both humanistic and instrumental objectives while
at the same time focusing on the reciprocal interaction between the social and technical com-
ponents, neither of which is privileged. The dissertation broadens existing Q- and A-knowledge
by applying pluralistic methodological approaches underpinning behavioral science and design
science paradigms. Therefore, the dissertation takes in different perspectives on the reciprocal
interaction between the social and technical components of the socio-technical system. In this
way, it also contributes to the design of a healthy digital workplace in the face of digitalization,
reflecting humanistic and instrumental objectives as the core of the IS discipline (Sarker et al.
2019).

According to Leidner (2020), the contribution of the dissertation at hand can be assessed based
on different aspects, namely the contribution to the theory, the underlying research methodol-
ogy, the framing in the sense of anchoring the existing literature, and the relevance of the phe-
nomenon under study. First, as far as theory is concerned, the dissertation fills gaps in mature
theories, expands mature theories, transfers existing theories from other disciplines to IS, and
contributes to the development of new theories. Thus, the dissertation at hand covers a wide
range of theoretical aspects and offers new perspectives on designing a healthy digital work-
place. In many cases, the research presented here relies on multiple methodological procedures,
such as longitudinal survey design, field experiment design, mixed-method design, or qualita-
tive methods involving experts and employees. About the third aspect, framing, the presented
research, in many cases, refers to the interdisciplinary field of computer science, IS, and psy-
chology. Consequently, strands of literature from different disciplines are intertwined. At the
same time, the needs for the respective research are highlighted and more than the isolated gaps
in research are addressed. Even though Brod‘s (1982) technostress phenomenon was raised
almost 40 years ago, the subject has gained enormous importance in the course of digitalization
in recent years. It has been discussed even more prominently in the context of increased tele-
working during the COVID-19 pandemic. Scientific literature, therefore, shows an increase in
publications in the field of technostress (Bondanini et al. 2020). However, the importance of
the phenomenon is also evident in everyday practice when, for example, publicly funded re-
search projects (e.g., PraDiTec’, ForDigitHealth®) deal exclusively with the effects of the use

7 https://gesund-digital-arbeiten.de/
8 https://gesund-digital-leben.de/
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of DTM or more than every third employee reports heavy burdens due to at least one demand
from digital work (Gimpel 2019). Thus, this dissertation's research explores an emerging phe-

nomenon, even though technostress was first introduced in 1982.
7.2.Limitations and Outlook for Future Research

Limitations

Like other research, the dissertation at hand has limitations. However, these limitations also
show the need for further research to fully grasp the complexity of the reciprocal interaction
between the social and the technical component in the context of digital work. A description of
the limitations of the research conducted in the dissertation and opportunities for future research

beyond this dissertation are provided below.

Understanding the Technical Component

First, regarding the aim of Chapter 3 to better understand the technical component's role and its
influence on employee health and productivity, the results do not cover all aspects and perspec-
tives of a technical component that may be relevant to achieve this aim. Beyond that, the re-

search process also offers the potential for improvement.

In Section 3.1, we build the technology profiles on the individuals' perception of characteristics
and not by asking technology experts. However, stress is a construct that builds on the percep-
tion of a situation and the individual's own ability to cope with a particular situation. Therefore,
from the individual's point of view, the perceived characteristics of DTMs in the workplace are
key. To validate this, future research could investigate how experts' assessment differs from
that of employees and how this affects the explicability of technostress. Second, each respond-
ent to the survey assessed only the characteristics of one digital technology and not the charac-
teristics of the digital technologies at the respondent's entire workplace. However, since our
sample is of a high number, we were able to assign characteristics between subjects. Neverthe-
less, it could be more precise to have affected employees directly assess the perceived charac-
teristics of DTM. It should be kept in mind that a clear distinction between an assessed
characteristic as unevaluated demand in terms of external stimulus and an assessed character-
istic as stressful-appraised demand is difficult to argue for and that comparability of assess-

ments across individual employees is hardly tenable.
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The research presented in Section 3.2 calls for further research on the interconnection of flexi-
bility, goal performance, and well-being in DTM self-tracking. The data collected was not
enough to verify our assumptions in one model, as the sample size was relatively small. As a
next step, the study should be resumed after the refinements have been made to the developed
DTM identified in the research. As a result, more data could be collected and the hypotheses
could be verified with more sophisticated approaches. Second, both the survey and log data
collected by myGoalJournal originate from user self-reports. Users have decided whether and
what activities they have logged in and how. Furthermore, according to interviews with several
users, their interpretation of non-logging and activity differed. For some users, not logging an
activity has the equivalent meaning of logging an activity has failed. For other users, not logging
an activity meant they forgot to log, and if they logged the previous days or weeks, the share of
done and failed activities would have been similar to those of the previous days. Third, we
analyze all observable user-level variables based on their aggregation. Some variables, like na-
ture, difficulty, and motivation of objectives, can also be examined at the goal level. Variables
like the logging result (done or failed) of an activity could even be analyzed at the activity level.
Further research could focus on the same or interlevel relations of these variables. For example,
the nature and motivation of a goal and the user's personality could be examined for cross-
relationships. Finally, in the context of work, the organization usually determines both the ob-
jectives and the DTMs used to track the goals' progress. Unlike in a private individual, self-
tracking context where users freely pick the DTM and their own goals, employees' behavior
can be significantly less self-regulating. It stresses the need for autonomy-supportive functions
and their potential to improve instrumental goals and employee well-being (Bakker and Schau-
feli 2008).

Understanding the Social Component

Second, regarding the aim of Chapter 4 to better the social component's role in terms of con-
textual and individual factors of social circumstances and their influence on employee health
and productivity, the results only partially cover the complicated relationship between the work,
private and personal domains, which would have been necessary for a deeper understanding of
the social component in order to achieve this. Beyond that, the research process also offers

potential for improvement.

Research in Section 4.1 is limited in multiple ways. First, we develop our hypothesis based on

six newspaper articles and eight interviews. Although we have been selecting interviewees and
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experts from different jobs and personal backgrounds, future research should aim for a larger
sample and in the field of management in particular. Secondly, during the quantitative stage,
we explicitly focused our sample on participants who had no major changes (i.e., changed em-
ployers, changed jobs, no reduced working hours and unemployment) compared to the pre-
lockdown time period. Future research projects should also explicitly examine workers and
their work and privacy, which were heavily impacted by COVID-19, to take special precautions
regarding future scenarios. However, this decision has enabled us to examine how telework
affects technostress. Furthermore, this section's research was empirically driven due to the top-
ic's timeliness and dynamics, and the focus was more on the quantitative strand. Further re-
search should embed the results from the qualitative and quantitative strands more firmly in the
scientific literature and expand current knowledge on the effect of work, private, and personal
context factors on technostress. This is particularly important since many studies on tech-
nostress in the literature are either based on cross-sectional studies or longitudinal studies within
a single company. Hence, it is difficult to transfer the results of this research as-is to a broader
context, and thus, the external validity of individual research is limited unless additional efforts
are taken to transfer the results to a broader context. Besides, it would be interesting to under-
stand how technostress changes during the further course of the COVID-19-pandemic, to what
extent there are habituation effects on the side of the employees or how job resources are suc-
cessively provided to teleworking employees (e.g., where employees get additional IT equip-

ment or managers manage their employees healthier due to the new experience).

One part of these limitations is addressed in Section 4.2, which examines the influence of per-
sonal factors (specifically the coping preference) in the work domain on employee health and
productivity. However, there is potential for further research. We have used a cross-sectional
study design to research coping as a moderator where relationships are based on the covariance
analysis. It is important to note, therefore, that this does not involve causality. Causality can
also flow the other way. For future research, we argue that coping is to be studied as a moder-
ator—ideally to learn more about causality in long-term studies. The first evidence shows that
causality flows both ways (Hauk et al. 2019). Furthermore, rather than actual coping actions,
we have looked at coping strategies in general to draw broader findings. Although the distinc-
tion could already provide compelling contributions and implications, a differentiated consid-
eration of coping strategies could lead to further insights. Finally, only one component,
exhaustion, was the focus of our analyses. The disengagement of the behavior causes increased

stress; in turn, a higher strain leads to an increased disengagement in the behavior at a later
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stage. It would be interesting for people who consume alcohol or other substances to get an
insight into issues, such as the risk of addictions and the symptoms of depression, to overcome
strained DTMs. Furthermore, other options may be considered, such as aspects of burnout, ab-

sence duration, or general health problems.

Designing DTMs that Foster the Reciprocal Interaction

Third, regarding the aim of Chapter 5 to develop frameworks and guidelines for DTMs that
understand the social component and adjust accordingly to their user's needs, the results yield
some technical, social, and ethical challenges which need to be addressed in future research.

Beyond that, the research process also offers potential for improvement.

The research in Section 5.1 presented a generic medical sensor framework that can combine
sensors and collect data independent of devices that build the ground for further research. Be-
sides the one or other additional functionalities that would extend the applicability of the JIDCF
(e.g., first pre-processing of data, calculations of first aggregations, or conducting sensor fu-
sion), the limitations refer to evaluation and relevance. The framework was implemented as a
prototype and used for evaluation purposes in a laboratory experiment. During the game within
our experiment, the sequence of stress levels always started with a low-arousal-mode followed
by a high-arousal-mode with a repetition of both modes. To obtain a higher validity, it would
have been better to avoid sequential effects in the experiment and, therefore, divide the partic-
ipants in the laboratory study into two groups, one group starting with a low-arousal-mode and
the other group starting with a high-arousal-mode. However, since the focus of the experiment
was primarily on validating the framework's applicability and not on the stress measurement's
accuracy and validity, this limitation is of less importance. Finally, it should be noted there are
other frameworks for data processing besides ours. One example is the funf framework for
collecting and analyzing mobile data developed by MIT Media Lab (Aharony et al. 2011). This
framework uses the sensors integrated with the smartphone and stores the extracted data (e.g.,
GPS, call log, browser history). It prepares them for the user in the form of visualizations and
reports. Another example is the Social Signal Interpretation framework from Wagner et al.
(2013) that records, analyses, and recognizes human behavior (e.g., gestures, mimics, head
nods, and emotional speech) by using data from cameras or microphones. Furthermore, there is
amobile version, which makes it possible to collect data outside of a laboratory setting (Damian
et al. 2018). Although these frameworks bring their unique expertise to the field (funf for the

processing of data from smartphones and the Social Signal Interpretation framework for the
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processing of multimedia data), we believe the development of the Java Data Collection Frame-
work has been necessary to cover the breadth of relevant information related to stress (physio-
logical, psychological and behavioral data about the user, data about the environment and data

about the context).

Section 5.2 presented a DTM capable of assessing perceived stress using the Section 5.1 frame-
work in a life-integrated and continual smartphone-based process. This prototype has shown
the general feasibility and applicability of life-integrated mobile sensing to assess stress. Some
aspects of the findings in this section require further testing and an extension of our results.
Firstly, stress is a multi-faceted phenomenon, as already stated in several points in the disserta-
tion. The ground truth of the developed prototype was perceived as stress, which is not neces-
sarily the same as biological stress (Riedl 2013). Thus, going beyond perception towards
physiological measurements will be a valuable addition to the present research. Second, our
system relies on the regular usage of one primary smartphone. The exact boundaries of the
scope are not yet clear. Future field experiments should measure smartphone usage intensity
and recruit participants with diverse intensities to explore how intense smartphone interaction
must be for reliable stress assessment. Thirdly, a technological solution for a perceived stress
assessment is by no means intuitive, given that smartphones are potential stressors themselves
(Leeetal. 2014). The subject of technostress and its effects on employees' health were discussed
intensively over the course of the dissertation. Further research should investigate the paradox
of how far a DTM can help with stress and also lead to technostress; therefore, doing more
harm than good. Nonetheless, we argue that it is worth exploring and assessing how
smartphone-based sensing can foster the development of innovative technologies that appropri-
ately interact with a stressed or relaxed individual. Fourth, an evaluation involving the actual
use of stress assessment in a realistic application context should be conducted. However, to
achieve this, it is also necessary to increase the acceptance on the part of the users and motivate
them to continue using this DTM. Fifth, refined statistical models or aggregation may improve
model performance. For example, future research could investigate what amount of historical
sensor data is best suited to predict stress. Besides, the value of customized models is worth
exploring. For new users, stress assessment could initially be based on a pre-trained general
model as presented in Section 5.2; the model could then be improved over time by customiza-
tion, similar to the approach used by Rachuri et al. (2010) for personalized emotional detection.

Finally, future work should link stress assessment to stress management interventions.
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Research activities in Section 5.3 consolidated extant design knowledge formerly dispersed
across various studies on mobile stress assessment and derived design requirements, an abstract
blueprint, design principles, and design features. Furthermore, trade-offs between design re-
quirements and the design features have been found by developing five prototypes. Neverthe-
less, research in Section 5.3 subject to some limitations. First, it is by no means clear that a
technological solution for stress assessment is the most appropriate solution because technology
itself is a potential stressor (Lee et al. 2014). Nevertheless, we contend that it is worth exploring
and evaluating how mobile sensing and assessment can support stress management. Also, the
assessment of stress using mobile sensors is subject to biological and sensory blurriness. There-
fore, it might not be the right approach or associated with high costs in applications that depend
on a very high accuracy of stress assessment, such as in medical applications. Furthermore,
although 136 studies are already a substantial amount, we did not yet search in all outlets of IS
and adjacent disciplines, which might reveal additional insights into best practices in MSA de-
sign. Lastly, the trade-offs were derived from the insights during the development of five proto-
types, although we did not prototypically instantiate every single archetype. Furthermore, the
range of possible uses of MSA is very broad, and therefore, our five prototypes can only address
a small subset. Nevertheless, these five prototypes have already provided valuable insights that
can support future researchers and users in the design of MSAs.

Understanding the Future Misfit

Lastly, regarding the aim of Chapter 6 to understand the upcoming misfit within the socio-
technical system due to ongoing digitalization, the research results are accompanied by limita-
tions in terms of methodological procedure and interpretability.

First, our sample in the qualitative study is not representative for all employees. Although we
collected qualitative data of 61 individuals in expert interviews and focus groups, we did not
select the individuals to be representative of the German workforce according to, for example,
gender, age, or industry. However, by following a mixed-methods approach and combining the
qualitative strand with a quantitative one, we were able to overcome this issue by testing our
qualitative results in large-scale quantitative analysis. Second, we collected the quantitative data
with the help of online surveys providing financial incentives. Typical weaknesses of this
method, such as self-selection of the population, non-response, and questionable reliability of

expressed opinions (Nayak and Narayan 2019), have to be considered in our research. Third,
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our three newly created dimensions non-availability, lacking sense of achievement, and perfor-
mance control were tested with multiple large data sets, but only with employees in Germany.
Future work may validate our results in other economic and cultural backgrounds. Fourth, it
was tough to interpret the higher-order factor impediment. Therefore, future work needs to test
these higher-order factor analyses with a different data set to check for stability and consistency
and different potential compositions of higher-order factors. Fifth and last, we embedded our
factors in a nomological net with job satisfaction and productivity. Future research should con-
sider them with regard to potential antecedents (e.g., use or characteristics of digital technolo-
gies), further consequences (e.g., appraisal, coping behavior), or moderators (e.g., resources
such as individual characteristics).

Future Research

Overall, besides the aforementioned limitations, this dissertation contributes to the IS commu-
nity's knowledge base by providing knowledge regarding the interaction between employees
and their digital workplace to foster the achievement of humanistic and instrumental objectives.
Although the conducting of behavioral science and design science research added relevant and
new descriptive and prescriptive knowledge to the existing knowledge base, further research is

needed to achieve a healthy digital workplace.

On the one hand, a large part of the studies, both in the literature and the research presented in
this dissertation, are based either on data from cross-sectional surveys or on data from a narrow
context (for example, the employees of a single company). This is illustrated by the recently
published article from Benlian (2020), who reviewed the "basket of eight" for empirical studies
on technostress and found that almost exclusively cross-sectional surveys and a few isolated
experiments were used as the research methodology. Accordingly, it is difficult to transfer the
results as-is to a broader context, and thus, the external validity of individual research activity
is limited unless additional efforts are taken to transfer the results to a broader context. Further-
more, in many cases, the participants for cross-sectional surveys are acquired via service pro-
viders or platforms like market research companies or crowdsourcing marketplace, where
participants are paid an incentive. Many publications have already discussed the quality of this
kind of data, and most of them conclude the data quality is similar to traditional paper-pencil
questionnaires or self-acquired participants (Buhrmester et al. 2016; Kees et al. 2017; Peer et

al. 2014). However, especially concerning the challenges of digitalization, this form of online
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data acquisition requires particular caution since the participants in the surveys themselves al-
ready have an affinity for the use of DTM. Accordingly, a higher digital competence, or at least
a higher confidence in dealing with DTM, which has already been identified in several studies
as a significant influence on the perception and further processing of technostress, is likely to
be expected in the sample collected in an online survey. Therefore, further research should
investigate the relationship between using an online survey and the observed digital stress by
conducting larger-scale studies across several companies. In parallel, the use of a traditional
paper-pencil method could provide further compelling insights in this regard. One final point
to mention is the aspect of causality. Causality is not necessarily observable (Hume 2003). In
fact, an observed correlation between events should not be considered causal until there are
theory-based hypotheses. Furthermore, the correlation between cause and effect can be inter-
preted as causal if three criteria are met. There is a statistical relationship between the cause
and the effect (first criterion), whereby the cause precedes the effect in time (second criterion).
In addition, the statistical relationship between cause and effect must not disappear when other
aspects that precede both the effect and the cause are considered (third criterion) (Hirschi and
Selvin 2017; Lazarsfeld 1955; Price 1956). Accordingly, in cross-sectional studies, it is difficult
to interpret observed relationships as causal, as only the first criteria and to a certain degree the
second criteria can be addressed. Therefore, further longitudinal studies are necessary, espe-
cially when considering the consequences of digital stress, to obtain well-founded conclusions
(Rindfleisch et al. 2008) as they are compared to cross-sectional studies more suitable to ade-
quately address the second criterion. However, it is important to note that longitudinal studies
are also not capable of proving or observing causality. However, there may be other confound-
ing factors that can explain the changes in digital stress over time (i.e., the third criteria). For
example, the change in digital stress in response to the COVID-19 pandemic of Section 4.1 may
not only be explained by self-efficacy but perhaps even more by the actual digital competence
that, for example, is built up in the course of training and routine, which, in turn, leads to higher
self-efficacy. Accordingly, future longitudinal studies should take up the advantages of a
mixed-method design and, in addition to quantitative analyses, also carry out qualitative anal-

yses, such as in the form of interviews to better understand the results.

On the other hand, this dissertation's research has identified measures along with the three levers
of technology, organization, and individual that support the design of a healthy digital work-
place. However, these measures have not yet been examined concerning their actual effective-

ness in companies. Therefore, in the further course of the research, specific measures should be
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implemented in companies and their effectiveness observed. A procedure based on action re-
search is suitable for solving current practical problems while expanding scientific knowledge
and involving researchers and subjects (Babiroglu and Ravn 1992). Action research is typically
conducted in an iterative process, which is said to improve the practical relevance of IS re-
search. This process consists of two steps. The first step refers to an analysis of the subject's
social situation by the researcher, and then in the second step, changes are introduced and the
effects are studied (Blum 1998). The measures should be introduced and evaluated in various
companies to transfer the results to a broader context. A multiple case study that "explores [...]
real-life, contemporary [...] multiple [...] cases over time, through detailed, in-depth data col-
lection involving multiple sources of information™ (Creswell and Poth 2016, p. 97) could be
used for this purpose. A multiple case study would enable us to understand the similarities and
differences between the effects of countermeasures targeting digital stress applied in multiple
organizations (Baxter and Jack 2008) by analyzing data both within each organization and
across different organizations (Yin 2017).

Lastly, the DTM for assessing stress developed in Chapter 5 is the fundamental prerequisite for
using DTM to support employees and individuals in dealing with stress. However, the assess-
ment of stress alone is not sufficient. Instead, it is necessary to develop additional components
to achieve the original goal of the proposed DTM that adjusts accordingly to the users' needs.
The first step on this path could be, for example, to prepare the data in a kind of diary to support
users in self-reflection before the DTM itself takes measures to deal with stress in a later ver-
sion. For this purpose, it will first be necessary to conduct further research on which individual
and context-specific information influences the choice of a measure for dealing with stress to
develop possible data-driven models to identify measures. This will ultimately enable the de-
velopment of individual stress management DTMs, enable adaptive user interaction in an en-

terprise context, and even allow the design of adaptive enterprise DTMs (Adam et al. 2017).
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Conclusion

8. Conclusion

This research in this dissertation supports the successful change toward a healthy digital work-
place in the face of digitalization. It tackles one of the most significant socio-technical chal-
lenges of modern humankind. Although much descriptive knowledge about the reciprocal
interaction between the social component and technical component was acquired and supple-
mented by prescriptive knowledge about the design of the individual components, this is only

the first step on the way to a healthy digital workplace.

For this, companies and also employees must be prepared to adapt to the changed situation
through digitalization, because according to Charles Darwin (Megginson 1963, p. 4), "it is not
the strongest of the species that survives, nor the most intelligent that survives. It is the one that
is the most adaptable to change™. Just how valid this assessment from a completely different
context is can be seen from the many well-known companies (e.g., Kodak, Quelle, Nokia) that
have not managed to keep up with the changes brought about by digitalization. It is important
to bear in mind that digitalization is not just purely technical development. Instead, through
modern DTMs, there is a change in communication and collaboration between employees,
which changes the work's nature. Accordingly, the focus should be on both DTMs and employ-
ees as users, in line with the core of IS. After all, the goal of DTM as a technical component is
to solve problems, support the achievement of goals, or generally serve a purpose that is human-
defined (Lee et al. 2015). At the same time, however, companies must also create suitable con-
ditions for using these DTMs and support employees in developing the necessary skills and
attitudes in dealing with DTMs. Thus, it is essential to bring together and promote the proper
well-designed DTMs, suitable working conditions, and the necessary knowledge in dealing
with DTMs to achieve a healthy digital workplace. This dissertation would like to contribute to
this and concludes with a statement from Steve Jobs from 1994, one of the founders of Apple
that is one of the most innovative tech companies (Ringel et al. 2020), who argues that “tech-
nology is nothing. What's important is that you have faith in people, that they're basically good
and smart - and if you give them tools, they'll do wonderful things with them™ (Goodell 1994).
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Appendix A Analyzing the Effect of Technology Characteristics

Appendix A.1 Search Strings for Literature Research

Area Specification Search String

1 Technologies (reality NEAR/4 (augmented OR virtual OR artificial) OR "Aurti-
ficial Intelligence” OR "virtual environment") OR (digital
NEAR/4 (device OR technology OR system OR machine OR as-
sistant)) OR (technology NEAR/4 (new OR information OR
communication) OR "ICT" OR robot* OR (crowd OR click OR
smart) AND worker) OR (device NEAR/4 (wearable OR mobile
OR smart) OR wearables OR (head NEAR/2 mounted NEAR/2
display) OR "hmd") OR (smartwatch OR smart NEAR/4 (watch
OR phone OR glass*) OR mobile NEAR/4 (phone OR compu-
ting OR "based solution™ OR business OR service) OR "pda™)
OR (tablet NEAR/2 (computer OR PC) OR touchscreen OR lap-
top OR notebook OR computer)

2NOT child* OR smoking OR smoke* OR animal OR electromagnetic
OR radiation OR base-station OR "base station" OR drug* OR
electrosmog OR economic OR *oscopy* OR incontinence OR
elastomer* OR polymer* OR *fiber* OR fabrication OR treat-
ment OR therap* OR "PTSD" OR war OR trier OR financial OR
"mechanic* stress*" OR "deformation* stress*" OR chemical*
OR crystal* OR temperatur* NEAR/3 (high* OR low*) OR ar-
throplast* OR piezoelect* OR metal OR transistor* OR corro-
sion* OR microstructur* OR biomechanic* OR oxid* OR
genom* OR composit* OR bone* OR diabet* OR road

3 Context (work* OR occupation* OR job OR employ*)
A Outcome: General and Symp- | strain OR stress OR complaint OR affliction OR distress OR ir-
Stress and Strain toms of Illness ritation OR irritability OR discomfort OR disorder NEAR/4

(mood OR psychiatric OR sleep OR affect*) OR (mental
NEAR/4 (illness OR symptom* OR satiation OR health OR ten-
sion OR disorder))

Fatigue fatigue OR exhaustion OR satiation

Well-Being affect* NEAR/4 (negative OR positive OR symptom* OR ten-
sion)) OR "well being" OR "well-being" OR wellbeing OR "irri-
table mood"

Technostress Crea- | (techno* NEAR/4 (invasion OR uncertainty OR overload OR un-
tors reliability OR complexity OR insecurity OR stress)) OR tech-
nostress OR Technikstress

Stress coping OR ,,.Boundary Management* OR ,,online intervention‘
Prevention OR care OR mhealth OR "mobile health" OR mHealth OR ther-
apy OR rehabilitation OR treatment OR screening OR "monitor-
ing") und/oder Lernaspekte ("mobile learning” or mlearning or
m-learni
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B Outcome:
Detachment

Usage Behavior

"phantom ringing" OR "phantom vibration" OR "internet de-
pendency” OR "mobile dependency™ OR "phone dependency"
OR "technology dependency" OR "internet addiction" OR "mo-
bile addiction" OR "phone addiction" OR "technology addiction"
OR “daily interruptions” OR ringxiety OR “ringing syndrome”
OR “impulsive use” OR “obsessive use” OR "invasion of pri-
vacy" OR "privacy invasion™ OR "role ambiguity"

Work-Life-
Conflict

“work-home interference” OR “work-home segmentation” OR
"work home conflict* OR "work-home conflict" OR "work-life
balance" OR "work life balance" OR “work-life conflict” OR
“life-to-work-conflict” OR “life to work conflict” OR “work-to-
life-conflict” OR “work to life conflict” OR “work-family-con-
flict” OR “work family conflict”

C Outcome:
Surveillance

(surveillance NEAR/2 (performance OR computer* OR e- OR
electronic*)) OR (monitoring NEAR/2 (performance OR com-
puter* OR e- OR electronic*)) OR "performance observation”

D Outcome:
Cultural Diversity
in the Workplace

((backround NEAR/2 (cultural OR ethical OR national OR man-
agement)) OR (intercultural NEAR/2 (communication OR com-
petence OR awareness)) OR (cultural NEAR/2 (differences OR
distance OR norms OR habits OR values OR customs OR gap))
OR (work NEAR/4 (migration OR migrants OR immigrants OR
refugees OR discrimination OR acculturation)) OR (diversity
NEAR/2 (workforce OR management OR cultural)) OR "inter-
cultural management")

E Outcome:
Cognition

((cognit* OR mental* OR informat*) NEAR/2 (load OR over-
load OR workload)) OR overus* OR “over-us*” OR ((cognit*
OR mental*) NEAR/2 (speed OR perform* OR attent* OR inat-
tent* OR distract* OR judg* OR evaluat* OR reason* OR com-
put* OR (problem NEAR/2 solv*) or (deci* NEAR/2 mak*) OR
comprehend* OR alert* OR aware* OR multitask*)) OR ((cog-
nit* OR mental*) NEAR/4 (know* OR memor* OR forget* OR
interrupt* OR "executive function*" OR concentrat*))

F Outcome:
Acceptance

(acceptance OR satisfaction OR willingness OR trust OR relia-
bility OR accessibility OR preference OR compliance) AND
(*stress OR strain)

Notes: Search strings to identify technology characteristics which relate to technostress and its’
outcomes; for some databases operators were adjusted due to different logic

Table 30: Search Strings for the Literature Research in the qualitative Strand
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Appendix A.2 Guideline for the Expert Interviews

l. Introduction

Introduction

Thank you very much for taking the time to participate in this interview concerning healthy
work with digital technologies. You are in expert in the field and we are kindly interested
in your opinion and hearing your experiences regarding this topic.

Anonymity

The interview solely serves research purposes. None of your statements are traced back to
you as a person, your employees or business partners.

Documentation

Do you approve that the interview will be recorded for the purpose of documentation?
Please sign the declaration of consent and the data protection declaration before the
interview begins.

I1. Research Questions

General

Can you think of examples of digital technologies and media which were introduced in
German companies and small and medium sized enterprises (SME) in the last couples of
years? What effect did the introduction have?

(Background information)

There are different definitions and models of stress. Stress is basically a normal and
adaptive response to challenges. Stress is caused by certain triggers (stressors), e.g.,
excessive demands, conflicts, shift work, perfectionism. In addition, stress is associated
with various reactions, such as feelings (e.g. fear, anger), behaviors (e.g. increased
consumption of alcohol / nicotine, social withdrawal) and physical reactions (e.g.
sweating, breathlessness), but also cognitive impairments (e.g. concentration, memory).
However, people differ in which stressors are experienced as stressful. Whether a person
experiences a situation as stressful depends heavily on how the person evaluates it,
whether, for example, he sees it as personally relevant or threatening, and what “tools”
or resources the person has at hand to deal with the situation. Stress does not necessarily
have to be negative but can, to a certain extent, also be experienced as positive and
improve performance. Stress is therefore a very individual process. In everyday language,
stress often refers to the negative consequences that stressors have. (Based on the
transactional model by Lazarus & Folkman, 1984)

Technostress (respectively digital stress) refers to stress that is triggered by digital
technologies and is associated with certain reactions and consequences on the physical,
emotional, cognitive, and behavioral level.

Digital technologies (also information technology (IT), information and communication
technology (ICT), information systems (IS) or just called computers) enable the storage
and processing of data, the transfer of information and different types of electronically
mediated communication (based on Zuppo, 2012). Digital technologies can be divided
into hardware, software and networks. Hardware includes, for example, workstations,
laptops, tablets, projectors or smartphones. Software includes, for example, Skype for
Business, Microsoft Office, Google Drive or Dropbox. Intranet or social networks belong
to the generic term of networks.

Causes

In your opinion, what causes technostress among employees?

e  Which technologies and media may cause stress?

e  Which characteristics or use cases of digital technologies may cause stress?
(Examples are that a technology often evolves or that the technology can be used in
a flexible manner away from the workplace or outside of working hours.)

e  Which occupational groups are particularly affected?

e Do employees differ with respect to what causes technostress for example persons
with different age, gender, full-time/half-time employment, care of elderly
persons/children?

o Do employees differ with respect to what causes technostress due to their cultural
background?

Consequences

In your opinion, what are the consequences of technostress for employees?
e How do these consequences manifest?
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Coping In your experience, how do employees and the company / SME handle technostress. It
means how do they cope?

e Do employees differ with respect to how they cope with technostress for example
persons with different age, gender, full-time/half-time employment, care of elderly
persons/children?

e Do employees differ with respect to how they cope with technostress due to their
cultural background?

o Does coping differ between different digital technologies and media which are sued,
are they handled differently?

e Does the handling of technostress differ from other forms of stress and if so in what
way?

Coping How successful do you think are those strategies to cope with technostress?
Success e What do you believe is an effective way and what is a less effective way to cope?

e s this way of coping more successful/less successful than dealing with other forms
of stress? In what way?

Resources By what means or resources, e.g. features, abilities and characteristics can the

assessment of technostress and the effective handling of it be supported?
(Possible areas)

e Organizational characteristics (autonomy, social support etc.)

o Personal characteristics (1T-skills, self-efficacy, resilience, etc.)

I11. Structuring Variables

Avreas of In your opinion, which areas of expertise are relevant in the examination of technostress?
Expertise

Occupational In your opinion, which occupational groups should eb included in focus groups
Groups investigating technostress? Are different hierarchy levels of relevance?

Cultural In your opinion, should employees with different cultural backgrounds be regarded
Background separately in focus groups?

1V. Conclusion

Further With this question we conclude our interview. Is there anything that comes to your mind
Information which seems important in this context which we have not talked about yet?
End Note Thank you very much for taking the time to support the research in our project!

Table 31: Guideline for the Expert Interviews in the Qualitative Strand
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Appendix A.3

Guideline for the Focus Groups

l. Introduction

Actions and Comments

Introduction

Today, we would like to talk about your usage of
digital technologies for work. Thank you for in
participating in this group session. We are kindly
interested in your opinions and hearing your
experiences.

Keep it general

Don’t name specific
technologies, stressors, or
consequences to avoid
priming

Digital
Technologies

Which digital technologies do you use for work?
(Background information)

Digital technologies (also information technology
(IT), information and communication technology
(ICT), information systems (IS) or just called
computers) enable the storage and processing of data,
the transfer of information and different types of
electronically mediated communication (based on
Zuppo, 2012). Digital technologies can be divided into
hardware, software and networks. Hardware includes,
for example, workstations, laptops, tablets, projectors
or smartphones. Software includes, for example, Skype
for Business, Microsoft Office, Google Drive or
Dropbox. Intranet or social networks belong to the
generic term of networks.

Individual work (5 mins)
Avoid “at the workplace”
use “work”

Participants write down
what comes to their mind
without evaluation or
judgement of importance,
relevance, or frequency
Collect cards, spread them
out on the floor and stack
duplicates on top of each
other (3 mins)

I1. Research Ques

tions

Actions and Comments

Stress

How much do(es) the named technology(ies) stress
you out?

Scale from “not at all” to
“totally”

Each participant gets sticky
points for the rating to glue
them on the pin board (10
mins)

Causes

What usage and/or characteristics of this specific tech-
nology stresses you out exactly?

Group discussion
Comparison of triads:
o 2 “less stressful”
technologies vs. 1
“highly stressful”
technology
o 3 heterogeneously
stressful technolo-
gies
o  Other interesting
combinations
Moderator puts characteris-
tics on pin board
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Stress, Potential
Characteristics

How strongly do these specific aspects stress you out?
How strongly does this aspect stress you compared to
the others?

Template with the results
from the afore steps is put
on pin board

Moderators explains already
known techno stressors
Group discussion (15 mins)
Participants get sticky points
to glue them behind the
characteristics on the pin
board

Moderators lets participants
prioritize the characteristics
according to the rating

Consequences

What triggers this in you and your environment? (be-
sides feeling stressed) What can you observe in your
colleagues? How does it manifest itself in behavior
(at work, at home, among friends...)?

(Additional Question)
o Are there positive aspects?

Participants write on cards
for each characteristic
Show matrix afterwards
(short/long term conse-
guences, psychologi-
cal/physiological...)

Leave room for group dis-
cussion (15 mins)
Moderator should ask to be
more precise and specific if
necessary

Coping

What can you personally do about it (meaning cope
with it)? What can the organization/environment do
about it? What can be done about it from a technolog-
ical point of view? What are your experiences / wishes
here?

Do not skip! Essential part
for the participants and
company’s’ motivation that
their employees take part in
the focus group

Group discussion (15 mins)

I11. Conclusion

Actions and Comments

Further
Information

With this question we conclude our workshop. Is there
anything that comes to your mind which seems im-
portant in this context which we have not talked about
yet?

End Note

Thank you very much for taking the time to support
the research in our project!

Table 32:
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Appendix A.4 Items of the Finale Scales
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Appendix A.5 Taxonomy of DTMs

Category Technology Category Technology
Laptop Product Development
PC Design Software
Telephone Subject- Simulation Software
- Specific —
Standard Mobile Applications Statistics Software
Technologies Smartphone Medical Software
Tablet Database
Printer Management Information
Management- Software
Headset and Enterprise- | pecision Support Systems
— : Applications ——
Artificial Intelligence Administrative Software
New .
Technologies Augmented Reality Payment Cash Systems
Language Interaction Transaction and | Digital Cash
Office Software E-Commerce E-Commerce
Standard Knowledge Management Network Wireless Network
L etworks
Applications Internet Network Hardware
CMS Production Planning
E-Mail Production and Manufacturing System

Communication,
Interaction and
Collaboration

Realtime Communication

Logistics

Logistics System

Social Collaboration

Cloud Computing

Environmental
Recognition

Sensor Systems

Localization

Security

Security Background

Security Interaction

Table 34: Taxonomy of Digital Technologies
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Appendix A.6 Rotated Components Matrix

@

@)

3

(4)

)

(6)

(@)

(8)

©)

(10)

11

0.81

12

0.84

I3

0.90

14

0.90

15

0.91

16

0.89

17

0.61

18

0.89

19

0.95

110

0.80

111

0.75

112

0.86

113

0.94

114

0.73

115

0.77

116

0.91

117

0.93

118

0.86

119

0.71

120

121

0.93

122

0.96

123

0.94

124

0.94

125

0.92

126

0.95

127

0.91

128

0.91

129

0.67

130

131

0.75

132

0.91

133

0.65

134

0.92

135

0.72

136

0.85

137

0.87

138

0.81

139

0.86

140

0.75

141

0.68

Notes: Used extraction method was a principal axis factoring with oblimin rotation; n = 2,280
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Appendix A.7 Latent Correlations of the Constructs in the Study
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Appendix A.8 Results of the Structural Model
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Appendix B Analyzing the Effect of Autonomy Features

Appendix B.1 Screenshots of the Measurement Instrument

GOALS JOURNAL QUESTIONS < Add goal H

Hit the gym
1 of 3 this week

R i itle @
/ Goal title
) Hit the gym

Meditate 7

0 of 3 this week ) Days of the week @

M T W

Read /

0 of 3 this week ® L L 2
T F s s
® & ® &

™ Weekly goal: 3 times @
%y Level of difficulty ©
5 - Rather difficult to reach
° ? Motivation @
Exnresses my true values
Figure 25: Goals Tab Figure 26: Add Goals Menu
GOALS JOURNAL QUESTIONS

+

Tuesday, August 1

Hit the gym ® @

Read B @ e @
+

Wednesday, August 2 Saved!

Meditate ] How are you feeling?
+

Thursday, August 3

Hit the gym a8
+

Friday, August 4

Meditate a

Figure 27: Journal Tab Figure 28: Screen for Indicat-

ing the Feeling after Logging
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Wednesday

2

Meditate August 2017

Hit the gym

Read

CANCEL

September 2017

CANCEL 0K

Figure 29: Screen for Sponta- Figure 30: Screen for Moving
neously Adding an Activity an Activity
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Appendix C Analyzing the Effect of Contextual Factors

Appendix C.1 Methodological Approach within the Qualitative Strand

For the first strand, a qualitative, interpretive approach to study the effect of the COVID-19
pandemic on German employees was adopted and data collection and analysis were guided by
several principles (Glaser and Strauss 2017; Sarker et al. 2013b; Walsham 2006). These enabled
us to deal with the analysis and interpretation of the data reflectively and supported us in pre-
senting them transparently. The result was an understanding of what general changes the in-
creased telework induced by the COVID-19 pandemic has had on the work activities of
employees and what potential factors have an impact on them to check for applicability of the-
oretical perspective to work during COVID-19 induced social distancing.

Journalistic Articles

We analysed journalistic articles published from 18 March 2020 to 16 April of 2020 in high-
quality German daily or weekly newspapers. The articles either describe the far-reaching influ-
ence of the COVID-19 pandemic on the German workforce in general or present the effect of
the pandemic based on stories of multiple real people (see Table 39 for the list of articles). In
this period, the lockdown (i.e., cancellation of events, contact restrictions, compulsory masks,
closed restaurants, and shops) due to the COVID-19 pandemic has already been triggered and
the people in Germany had a chance to get used to it.
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The analysis of the journalistic articles was primarily conducted by the first author of the man-
uscript using open and axial coding techniques to identify important pieces of information and
to analyse the relationship between them. The following labelling and relabelling of the relevant
concepts were performed by all three authors in a constant comparative analysis, ending when
theoretical saturation occurred (Glaser and Strauss 1967). In other words, the pieces of infor-
mation were either categorized as demands or resources (i.e., change in job demands, private
demands, and resources) affected by the COVID-19 induced fostering of telework or contextual
aspects that could potentially influence if and how teleworking affects a demand or resource.

The results of this analysis built the ground for the interviews.
Interviews

Two researchers of the author team were involved in the interviews. Interviewees were either
employees or experts on the fields of human resources, IT-support, or occupational health man-
agement and hence, were well aware of the effect of the COVID-19 pandemic. The interviews
aim to foster the understanding of social distancing during the COVID-19 pandemic on em-
ployee's stress and technostress and to determine the relationship to contextual aspects that in-
fluence these relationships. Additionally, the interviews with experts were used as an
applicability check (i.e., the relevance of our research for practice (Rosemann and Vessey
2008)).

We conducted interviews with five employees and three experts, each lasting at least thirty
minutes (see Table 39 for a list of all interviewees). Interviews were recorded and subsequently
transcribed. Field notes were also taken during the interviews. To supplement the data from the
interview, we added information on the personal- and job-related background of the interview-
ees (e.g., childcare, remote office experience, technology use). In the first part of the interview,
respondents were asked to describe their everyday working life before the COVID-19 pan-
demic. Particular attention was paid to aspects that were already identified as relevant in jour-
nalistic articles (e.g., workplace equipment, communication behaviour, structure in everyday
life). Afterward, the interviewees were asked to explain how their everyday working life is
during the lockdown and what the most significant changes are compared to before. In the sec-
ond part of the interview, the respondents were asked to go into more detail about the challenges
they have faced in dealing with the changed conditions and what has helped them personally in

dealing with them.
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ID Role Sector Job Description

Expl | Expert Occupational health management g?slsﬂézggsﬁzﬁ?ological
Exp2 | Expert Research Head of IT-Department
Exp3 | Expert :;ltjsa?irggr acquisition and customer Head of HR

Empl | Employee ggggu;;itg?p?ifszr:a”' and medium- Consultant

Emp2 | Employee | Governmental Consulting Researcher

Emp3 | Employee | Pharmacy Teamlead HR-Marketing
Emp4 | Employee | Education Teacher

Emp5 | Employee | Software Development Web Developer

The interviews were analysed iteratively primarily by two authors of the manuscript by refining
and enriching the first part of the qualitative phase using open and axial coding techniques. The
following labelling and relabelling of the relevant concepts were performed by all three authors
in a constant comparative analysis, ending when theoretical saturation occurred (Glaser and
Strauss 1967). In particular, the information from the first part of the interview helped to iden-
tify demands and resources affected by the increasing intensity of telework. In contrast, part

two broadened the understanding of different contextual aspects and their influences on em-

ployee's stress in general and technostress in particular.

Table 39: Conducted Semi-Structured Interviews with Experts and Employees

The results of this analysis build the ground for our hypotheses.
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Appendix C.2 Methodological Approach within the Quantitative Strand

For the second strand, a quantitative, positivistic approach was applied to test the developed
hypotheses from the qualitative strand. This strand is based on data from two surveys. The first
took place in March 2019 and gathered data from a representative sample of German workers
on job and private demands and resources focusing on digital work, DTM use, and technostress.
In May 2020, we returned to the participants sampled in 2019 from the first survey to conduct
a second survey on individual level demands and resources in times of the COVID-19 pan-
demic. The result was the validation of the hypotheses established in the qualitative phase.
Hence, we revealed changes in the work activities of employees and the effect of contextual

factors on the changes in the overall technostress and on the individual technostress creators.

Survey Design and Procedures

Both surveys are based on constructs of the job-demand resources model using existing scales.
It included the following aspects: digital workplace, the extent of stress factors, technostress,
competence in handling digital technologies and media, organizational and social conditions at
the workplace, and health status. In addition, the participants in the survey were asked about
other work-related aspects, measures for dealing with stress, characteristics of the digital tech-
nologies and media used, demographic characteristics, and information about their occupation.

In the second survey, questions regarding technostress were asked again and also additionall
demographic and job-related information. Furthermore, specific questions on the COVID-19
pandemic, such as their attitude towards the pandemic and how the employers handels it. Ad-
ditionally, more specific questions were asked about the private situation of the participants.

In both surveys, we acquired participants via an external research panel focusing on the German
workforce. Respondents were paid a small incentive for participation in the study. For the ques-
tionnaire, we collected existing item scales. For the first survey, 5,005 complete respondents
were collected with good data quality (e.g., reasonable answers on work experience compared
to age, actual working hours compared to contractually fixed working hours, free text fields,
and finished the questionnaire in a realistic timeframe). Of those 5,005 participants, 1,553 also
took part in the second survey in May 2020. From these, we excluded 195 respondents as they
changed position or employer since the first survey and 341 as they were affected by job termi-
nation, reduced working hours, or other special leave due to the COVID-19 pandemic and the
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along going recession. Thus, our final sample consisted of 1,017 respondents, of which 43%
are female and 57% are male. Table 40 provides an overview of all constructs.

Category | Construct Items | Before | During
Contextual | Child and Elderly Care (self developed) 2 38 %
FEBE Home office experience (self developed) 1 8.9 %
Manager Position (self developed) 1 44 %
Remote Working Self-Efficacy (Staples et al. 4 2 64
1999)
Job Emotional demands (Burr et al. 2019) 2 2.073 1.832
DI Social conflicts (Burr et al. 2019) 4 0.913 0.779
Workload (Burr et al. 2019) 3 2.255 1.940
Techno- Techno-Complexity (Ragu-Nathan et al. 2008) 5 1.065 1.085
S Techno-Insecurity (Ragu-Nathan et al. 2008) 5 1.054 0.937
Techno-Invasion (Ragu-Nathan et al. 2008) 3 0.973 1.055
Techno-Overload (Ragu-Nathan et al. 2008) 4 1.476 1.411
Techno-Uncertainty (Ragu-Nathan et al. 2008) 4 1.735 1.474
Job Productivity (Chen and Karahanna 2014) 4 2614 2516
Outcome
Job Autonomy (Burr et al. 2019) 5 2.428 2.401
Resllies Feedback (Burr et al. 2019) 2 1.849 1.804
Job support (Burr et al. 2019) 4 2428 2426
Leadership behaviour (Schyns et al. 2005) 6 2431 2.440
Sense of community (Burr et al. 2019) 2 2.906 2.966
Technical support provision (Ragu-Nathan et al. 3 2 646 2609
2008)
B | ™ s | 10| sam
Financial Worries (Fehm 1999) 4 1.021 1.135
Mental Home Demands (Peeters et al. 2005) 4 2.017 2.081
%Jgg)titative Home Demands (Peeters et al. 3 1691 1767
Private Family Support (adapted from Burr et al. (2019)) 5 2.857 2.786
REOUITEE Social support (adapted from Burr et al. (2019)) 2 2594 2634

Notes: The columns "before™ and "during" refer to lockdown and the average value for this variable
during a period across all participants; items were collected in English and then translated into Ger-
man; n = 1,017

Table 40: Mean Values for each Construct Before and During the Lockdown
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Hypotheses Testing

Before we go into detail in the validation of the hypotheses, it is necessary to check the distri-
bution of the dependent variables (e.g., workload, technostress). This will influence the choice
of further applied statistical tests. For this purpose, we performed a test for normal distribution
applying the Shapiro-Wilk-Test (Shapiro and Wilk 1965). All results delivered a p-value
smaller than 0.001, and therefore, a normal distribution cannot be assumed. Hence, we use non-

parametric methods in the following course of analysis.

When evaluating hypotheses 1a, 1b, 2a, 2b, 3, and 4 the aim is to examine how variables have
changed compared to the time before and after the lockdown. For this, we apply a Wilcoxon
signed-rank test, which applies to paired samples that do not have a normal distribution (Wil-
coxon 1992) and additionally calculate Wilcoxon R to report the effect size (Tomczak and
Tomczak 2014). Finally, we report all changes of variables compared to before and after the
lockdown where the change is statistically significantly different from zero at the 5% level and
additionally, the values for all technostress creators since this is the focus of this research. Be-
sides, we inform on the effect size and highlight values greater or equal to 0.1 (Fritz et al. 2012),
to reflect both statistical and practical significance (Mohajeri et al. 2020) to answer our hypoth-

€ses.

For the remaining hypotheses 4, 5, 6, and 7 we aim to explore how technostress and the tech-
nostress creators have changed compared to the time before the lockdown. In particular, we
consider the influence of different contextual factors on these changes and the extent to which
these factors explain the shift in overall technostress and individual technostress creators. The
different contextual factors thereby serve as group variables with different manifestations and
each participant belongs to exactly one manifestation for each group variable. It is, therefore,
necessary to analyse the influence of a person's membership within a group variable on the
temporal change of technostress. Here we are in a classic mixed design where we have a be-
tween variable (the group membership) and a within variable (the two measurement points,
before the lockdown and during the lockdown per person). As we know from previous analyses,
technostress and its creators are not normally distributed, non-parametric methods must be ap-
plied. The generalized van der Waerden test is appropriate here (Tucker 1994). For all interac-
tion effects found to be significant (p < 0.05) between the group and the time variable in this

test, further analyses were performed in two steps.
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First, we calculated the effect size of the group differences for each point in time (i.e., once
before the lockdown and once during the lockdown). As a measure for the effect size, we chose
Vargha et al. (2000) A, which is well suited for our case and allows for an intuitive interpreta-
tion. A is a measure that ranges from 0 to 1. Having a value of 0.5, the two groups that are being
compared perform equally. Having a value of less than 0.5, the first group performs worse, and
when A is more than 0.5, vice versa. Hence, the closer the value for A to 0.5 is, the smaller is
the difference between the groups. More precisely, Vargha and Delaney's A provides the infor-
mation, how often, on average, one group outperforms the other. For example, if we have a
value of 0.31 for A, group 1 performs worse than group 2. Naturally spoken, in 31% of the time,
group 1 will perform better than group 2. Equivalently, 66% of the time, group 2 will perform
better than group 1. Thus, Vargha et al.'s (2000) A allows us to examine how the relationship

between the groups changed over time (i.e., converged or diverged).

Finally, we create interaction graphs based on these results, using the estimated marginal means,
to also allow for a graphical interpretation.
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Appendix C.3 Elaboration of Decision Choice of Mixed-Methods Study

Step

Property

Decision Consideration

Other design deci-
sion(s) likely to affect
current decision

Design decision and reference to
the decision tree

Stepl: decide on
the appropriate-
ness of mixed-
methods research

Research Question

Quialitative or quantitative method
alone was not adequate for ad-
dressing the research question.
Thus, we used a mixed-methods
research approach

None

Identify the research objectives
supporting the research questions

. We first wrote the qualita-
tive and quantitative re-
search objectives separately
and then the mixed-methods
research objective.

. The qualitative research ob-
jective was: "What demands
and resources of the work-
force were affected by the
effort for physical distancing
fostering telework?"

¢ The mixed-methods research
objective was: "Are the fac-
tors identified in the qualita-
tive study supported by the
results in the quantitative
study?"

e The quantitative research
objective was: "How have
the demands and resources
changed and how to do dif-
ferent contextual factors in-
fluence the effect of the
COVID-19 pandemic on
technostress?"

Purpose of mixed-
methods research

The purpose of our mixed-meth-
ods design was to help develop a
research model for empirical test-
ing using the results of the quali-
tative study given the lack of
current research on the effect of
the COVID-19 pandemic on tech-
nostress.

Research questions

Developmental purpose and the re-
sults from the qualitative strand
were used to develop the research
model in the quantitative strand.

Epistemological per- | The qualitative and quantitative | Research  questions, | Multiple paradigm stance.
spective components of the study used dif- | purpose of mixed-
ferent paradigmatic assumptions. | methods
Paradigmatic as- | The researchers believed in the | Research  questions, | We used more of the interpretive
sumptions importance of research questions | purpose of mixed- | and grounded-theory perspective in
and embraced various methodo- | methods the qualitative study, then applied a
logical approaches from different positivist perspective, and deduc-
worldviews. tively tested the developed model in
the quantitative study.
Step 2: develop Design investigation | The mixed-methods study was | Research  questions, | e Phase 1: exploratory investi-
strategies for | strategy aimed to develop and test a the- | paradigmatic assump- gation.
mixed-methods ory. tions e Phase 2: confirmatory inves-
research designs tigation.
Strands/phases of re- | The study involved multiple | Purpose of mixed- | Multistrand design.
search phases. methods research

Mixing strategy

The qualitative and quantitative
components of the study were
mixed at the data-analysis and in-
ferential stages.

Purposes of mixed-
methods research,
strands/phases of re-
search

Partially mixed methods.

Time orientation

We started with the qualitative
phase, followed by the quantita-
tive phase.

Research  questions,
strands/ phases of re-
search

Sequential (exploratory) design.

Priority of methodo-
logical approach

The qualitative and quantitative
components were not equally im-
portant.

Research questions,
strands/ phases of re-
search

Dominant-less dominant design
with the quantitative study being the
more dominant paradigm.
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Step 3: develop
strategies for
collecting and
analyzing mixed-
methods data

Sampling
strategies

design

The samples for the quantitative and
qualitative components of the study
differed, but they came from the
same underlying population (parallel
samples).

Design investigation
strategy, time orien-
tation

Purposive sampling for the first
qualitative study given the qualita-
tive differences in newspapers and
magazines.

Purposive sampling for the qualita-
tive phase interviewing a small
number of employees and experts
from a large number of people af-
fected by social distancing.
Probability sampling for the quanti-
tative study based on the participant
of the previous survey.

Data collection strat-
egies

3 Qualitative data collection in
phase 1.

. Quantitative data collection
in phase 2.

Sampling design
strategies, time ori-
entation,
strands/phases of re-
search

. First qualitative study: con-
tent analysis of journalistic
articles using open and axial
coding and conducting
open-ended interviews using
a pre-designed guideline.

. Quantitative study: closed-
ended questioning (i.e., tra-
ditional survey design).

Data analysis strat-
egy

Time orientation,
data collection strat-
egy, strands/phases
of research

Sequential qualitative-quantitative
analysis.
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Appendix C.4 Mixed-Method Approach and Criteria

2::;::?; Quiality Criteria Response to Venkatesh et al. ’s (2013) guideline

Purpose of | Development This study is divided into two phases: (1) qualitative study involving the analysis of six recently
mixed published journalistic articles of top German daily and weekly newspapers to understand the
method effect of the COVID-19 pandemic on employee's work in general and technostress in particu-
approach lar, followed by additional interviews to foster the understanding of the effect of social dis-

tancing during the COVID-19 pandemic on employee's stress and technostress and to identify
possible contextual factors that influence these relationships, and (2) a large quantitative survey
based on the population of a previously conducted survey to test the hypotheses developed in
the earlier phases. The qualitative study was used to identify the contextualized variables for
model development and hypotheses justification, subsequently tested in the quantitative study.
A less-dominant qualitative fol- | The scope and objectives of the qualitative investigations using a set of journalistic articles and
lowed by a sequential dominant | interviews with employees are very limited; it is primarily to support the quantitative investi-

quantitative investigation gation.
Design Design adequacy The study used a qualitative analysis of journalistic articles and qualitative interviews along
quality with limited documentary analysis followed by a quantitative survey. This strategy of examin-

ing "raw" data from the phenomenon as a "prelude™ to the larger quantitative study ensured
that the research model tested using the quantitative study was relevant to the phenomenon of
interest. In doing so, it sought to combine the advantages of the two approaches, achieving
depth and insight into the phenomenon as well as the breadth of coverage.

Qualitative Journalistic Articles

. Selecting suitable articles: Journalistic articles of German high-quality daily and
weekly newspapers that either describe the general influence of the COVID-19
pandemic on work or present the effect of the pandemic based on stories of mul-
tiple real-world person were seen as suitable.

. Conduct of analysis: For the content analysis of the journalistic articles, open and
axial coding techniques were used to identify relevant pieces of information and
to analyse the relationship between them.

Qualitative Interviews

. Selecting suitable interviewees: The interviewees were either employees or ex-
perts on the fields of human resources, IT-support, or occupational health man-
agement and were thus seen as suitable.

. Entering the field with credibility: The interviews were primarily conducted by
two authors of the manuscript, who were (at the time of the study) both working
on research on the digital workplace, job demands, job resources, and tech-
nostress for years.

Conduct of interviews: All interviews were conducted using a pre-designed interview guide-
line.
Analytical adequacy Qualitative Journalistic Articles

. Labelling and relabelling of the concepts by all authors after the generation of the
codes by the first author. The process was iterative and roughly resembled a con-
stant comparative analysis, ending when theoretical saturation occurred (Glaser
and Strauss 1967).

. Although no quantitative measure was used to determine conformance, the iden-
tification and selection of the concepts represented a consensus among the three
researchers involved in data collection and analysis, implying some form of con-
vergence and/or reliability.

. Given the exploratory nature of the study that aimed for discovery by engaging
with "raw" data and the limited scope of the qualitative strand, the notion of theo-
retical validity is not applicable here.

Qualitative Interviews

. Transcription of the interviews (Walsham 2006); the use of interview outline
(though customized for the two different types of participants, i.e., employees or
experts); other documents such as the result of the first qualitative phase.

. The interviews were analysed iteratively primarily by two authors of the manu-
script by refining and enriching the result of the first qualitative phase using open
and axial coding techniques.

. Given the exploratory nature of the study that aimed for discovery by engaging
with "raw" data and the limited scope of the qualitative strand, the notion of theo-
retical validity is not applicable here.

Quantitative

. Justification of the choice of analysis technique (that are Wilcoxon signed rank
test, and generalized van der Waerden test).

. A sample size of 1,017 to ensure reasonable power.

. The survey was distributed to all participants of the first survey, ensuring that
bias in a sampling of subjects is avoided or at least minimized.

Explana- Qualitative inference The constructs and their relationships identified through the qualitative study were not
tion quality only plausible and already covered by existing literature (e.g., by the job-demand re-
sources model), but many of them were seen to be relevant to the explanation of the
effect of the COVID-19 pandemic on technostress.
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Quantitative inference

Internal validity concerns were addressed by developing a theoretically
robust model, had a reliable data collection process and reliable measure-
ments, and appropriate statistical tests.

Statistical conclusion validity was ascertained by ensuring an appropriate
level of significance for tests and analysing the effect sizes.

External validity was ascertained to some degree, given that the original
population of the first survey (the basis for the second survey) was repre-
sentative for the German workforce. However, since we only considered
participants who did not change their employer and job between the first
and second survey, our results are subject to certain limitations in terms
of external validity.

Integrative inference

Much of the originality in the study in terms of changes in demands and
resources, relevant contextual factors, and their impact on the change in
overall technostress and its individual creators can be attributed to the
qualitative interviews and the journalistic articles analysed in the qualita-
tive strand. This offered the researchers a real-world view of the effects of
the enforced telework, given that the interviewees were employees or ex-
perts, and the journalistic articles focused on a broad view on this topic.
Many of the hypotheses developed in the qualitative study were empiri-
cally validated as significant and relevant in the quantitative study, alt-
hough not all hypotheses could be validated.

Although many results were statistically significant and relevant, some
cause-effect relationships turned out to be contradictory. For example, it
was expected that the characteristics of a contextual variable would influ-
ence the change in the overall technostress and its individual tech-
nostress creators. However, we could observe that in such cases, the
characteristic does not influence the change but keep the intensity of
overall technostress and its individual technostress creators on the same
level as before the lockdown. In contrast, other characteristics of the con-
textual factor have then enabled that the intensity has become stronger or
weaker compared to the time before the lockdown.

Furthermore, it has also been shown that despite the major changes in
demands and resources due to enforced telework, not all technostress
creators have changed significantly or at least not to a relevant extent.
Finally, the additional presentation of our results within the four specialist
events made the results from the quantitative stand even more compre-
hensible and thus enriched them

Based on the above, we can say that the synergy between the qualitative
interviews followed by a survey, which in turn was followed by four spe-
cialist events indicates a satisfactory level of integrative efficiency and in-
tegrative efficacy.
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Appendix C.5 Effects of the Interaction between Contextual Factors and Time
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Appendix D Analyzing the Effect of Individual Coping Style

Appendix D.1 Rotated Component Matrix

Factor

Item 1 2
Brief COPE 2 0.57

Brief COPE 3 0.67
Brief COPE 4 0.74
Brief COPE 5 0.58

Brief COPE 7 0.72

Brief COPE 8 0.59
Brief COPE 10 0.72

Brief COPE 11 0.75
Brief COPE 13 0.49 0.48
Brief COPE 14 0.75

Brief COPE 15 0.62

Brief COPE 21 0.53 0.41
Brief COPE 23 0.67

Brief COPE 25 0.65

Brief COPE 26 0.41 0.53

Notes: Results of a principal axis factoring with varimax rotation. Number of factors was determined through
parallel criterium. Factor loadings < .35 are not printed. Cross-loadings are in boldface, these items were ex-
cluded for the analysis of the measurement and the structural model

Table 42: Rotated Factor Matrix from Exploratory Factor Analysis
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Appendix D.2 Items of the Coping Scales

Subscale M SD Loading
Active-functional coping
Brief COPE 7: I’ve been taking action to try to make 0.88 0.84 0.70
the situation better. ' ' '
Brief COPE 10: I’ve been getting help and advice 0.76 0.77 0.76
from other people. ' ' '
Brief COPE 14: I’ve been trying to come up with a 0.86 0.84 0.72
strategy about what to do. ' ' '
Brief COPE 15: I’ve been getting comfort and under- 0.50 0.69 0.70
standing from someone. ' ' '
Brief COPE 23: I’ve been trying to get advice or help 0.63 0.73 0.72
from other people about what to do. ' ' '
Brief COPE 25: I’ve been thinking hard about what 0.69 0.84 0.68
steps to take. ' ' '
Dysfunctional coping
Brief COPE 3: I’ve been saying to myself “this isn’t 034 061 0.69
real”. ' ' '
Brief COPE 4: I’ve been using alcohol or other drugs 0.24 054 0.77
to make myself feel better.
Brief COPE 8: I’ve been refusing to believe that it has 034 059 063
happened.
Brief COPE 11: I’ve be_en using alcohol or other drugs 0.22 053 0.79
to help me get through it.

Notes: Items which were excluded during the analysis of the measurement model are omitted. Factor loadings
were obtained from confirmatory factor analysis in SEM

Table 43: Items of the Coping Scales: Wording, Descriptive Statistics, and Loadings
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Appendix D.3 Moderated Mediation Model

Productivity Exhaustion

Predictor Est SE z Est SE z
Job demands 0.12*** | 0.04 4.19 0.44*** | 0.06 14.64
Exhaustion -0.25*** | 0.02 -9.22

Active-functional coping (A) -0.05* 0.05 -2.25
Dysfunctional coping (D) 0.31*** | 0.09 8.10
Coping (A) x job demands -0.05** | 0.03 -2.61
Coping (D) x job demands -0.12*** | 0.06 -4.85

R2 0.05 0.36

Notes: Standardized path coefficients are displayed. 2Bootstrapped standard errors were used for the interpre-
tation of the results

Table 44: Detailed Results of the Moderated-Mediation Model
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Appendix D.4 Conditional Indirect Effects

Moderator values

Indirect effect

A D Est SE 8

Low A (-1 SD) Low D (-1 SD) -0.12*** 0.02 -8.22
Medium A (M) Low D (-1 SD) -0.11%** 0.02 -8.04
High A (+1 SD) Low D (-1 SD) -0.10%** 0.02 -7.58
Low A (-1 SD) Medium D (M) -0.09*** 0.02 -6.80
Medium A (M) Medium D (M) -0.09*** 0.02 -6.51
High A (+1 SD) Medium D (M) -0.08*** 0.02 -5.96
Low A (-1 SD) High D (+1 SD) -0.07*** 0.02 -3.93
Medium A (M) High D (+1 SD) -0.06*** 0.02 -3.58
High A (+1 SD) High D (+1 SD) -0.05** 0.02 -3.13

Notes: Standardized path coefficients are displayed. 2Bootstrapped standard errors were used for the interpre-
tation of the results of the indirect effects. * p < .05, ** p < .01, ***p <.001

Table 45: Conditional Indirect Effects from the Moderated-Mediation Model
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Appendix E Deriving a Design Theory for Mobile Stress Assessment

To gain practical experience on MSA design by ourselves, we develop five prototypes of MSA
systems for different intended applications. During the agile development process and within
the studies evaluating our prototypes, we gain important insights that help us understand the
interconnectedness of our design theory's components and reveal possible trade-offs that need
to be considered in the design process. Each prototype is described in the following structure:
it introduces a specific application scenario, outlines the flexible design and development of the
prototype, presents the experimental study setting as well as relevant results, and discusses im-

portant learnings from this process.

Appendix E.1 Life-integrated Mobile Stress Assessment

Application Scenario: The prototype targets the real-time assessment of perceived stress using
only the sensors of a personal smartphone to infer the user’s stress level on an interval scale
while being best-possibly integrated into their life. Here we provide a brief overview of the
system; a detailed description is provided by Gimpel et al. (2015).

Design & Development: We implemented a prototype for the Android platform, tested it with
alpha and beta testers within several develop and deploy cycles, and iteratively refined it based
on testers’ feedback. It reads a total of 36 hardware and software smartphone sensors to identify
sensors that might be applicable for stress detection empirically. Exemplary sensors include
ambient temperature, audio frequency, and amplitude, an analysis of the user’s voice during
phone calls, the frequency of pressing the power button, or the number of incoming or outgoing

text messages.

Experimental Setup: We applied the prototype within a public field study with 40 participants
from countries across the globe and collected a total of 474 stress level observations (average
of 11 observations per participant). For calibration purposes within the study and related
smartphone sensors to perceived stress, the prototype also asks the user to answer a short ques-
tionnaire three times a day. All data is stored on the device but regularly transmitted to a server.
Supervised machine learning relating perceived stress to sensor data is conducted offline. Data
analysis shows that the smartphone sensor data captured by the prototype suffice to explain the

most variance in perceived stress levels (R? of 41% using elastic net regression based on 474
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answered questionnaires from 40 participants). For more details, see (source disclosed to edi-

tors).

Learnings: The prototype's successful development suggests that the design’s implementation
is generally feasible, even for the most advanced use case. But it also unveils important learn-
ings for the design of MSA. First interviews with alpha testers, for example, revealed issues
with high battery consumption and a significant decrease in the battery’s charge level. This was
the result of a probe interval of sensors being set to only a few seconds. We further learned that
a high level of life integration is vital for user acceptance of frequent stress assessment. For
model building, the prototype also required to upload the data to cloud storage. The upload
interval was chosen as a trade-off between data timeliness and resource usage and upload was
limited to times where WiFi is available to spare data connection. Furthermore, very sensitive
data (e.g., text messages) stored in first versions were eliminated from the final instantiation
due to privacy concerns. Now, the text of an outgoing text message is immediately evaluated
using sentiment analysis and discarded directly afterward. Even more important than the choice
of sensors and additional services was the appropriate aggregation of sensor data. For each
sensor, we used multiple aggregation functions (e.g., minimum and maximum value, average
value, and a normalized number of events) to extract valuable information from the data stream.
The high R2 of the stress assessment model involving sensor data gives evidence that the design
is suitable for stress assessment. Data analysis further reveals that initializing data processing
with a general model built on all users’ data can prevent cold-start problems. However, some
use cases will use MSA systems over a long period. In these cases, personalization could sig-

nificantly improve the assessment’s performance.
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Appendix E.2 Mobile Personalization of Stress Assessment

Application Scenario: We build upon the previous studies and aim to enhance the stress assess-
ment model by applying machine learning techniques for personalization purposes. The basis
for this addition is prototype 1, targeting the assessment of perceived stress. Although sensor
data collection is also integrated into the user’s life, effective personalization requires to drop
the requirement of life integration. This is because model personalization requires regular user
feedback on its prediction performance. More details on this study can be found in Gimpel et
al. (2019b).

Design & Development: We extend prototype 1 and include a feedback system that enables the
user to value the model performance and the actual stress perception level. Like the initial pro-
totype, this has been implemented for the Android platform and further performs data collec-
tion, storage, processing, model building, and personalization directly on the smartphone. This
brings along a strong limitation of the available resources when compared to cloud or desktop
processing. The prototype uses sensory data from the user's environment and behavior to deter-
mine perceived stress and continually adapts it to the user via stochastic gradient descent ma-

chine learning.

Experimental Setup: The personalization algorithm has been tested with 10 participants; each
provided 20 or more observations. Compared to stress prediction with the unpersonalized stress
assessment model developed within the evaluation of prototype 1, we could observe a signifi-
cant improvement of prediction results for all users. However, we found that no fixed learning
rate works for all users and some users are more sensitive to small changes in sensor data than
others. This supports the claim that stress is highly individual and each user perceives stress
differently. Instead, we use the adaptive learning rate algorithm Adadelta (Zeiler 2012) to
acknowledge individual differences. Additionally, this episode's lessons further substantiate the
findings from previous episodes, e.g., the importance of resource efficiency for user acceptance.
Compared to using a desktop computer for calculation purposes, a smartphone has very scarce
resources regarding battery capacity, computing power, or simulation tools. This puts high de-
mands on the quality and efficiency of the personalization algorithm. Additionally, this episode
also provides interesting implications for MSA systems which apply machine learning tech-
niques. As data arrives over time, the personalization should apply an online learning algorithm
that learns one data point at a time, e.g., stochastic gradient descent. Furthermore, as a central
requirement of our use case, personalization should integrate passively into the user’s life and
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abort itself when the assessments are sufficiently good. However, the term “sufficiently good”
needs clarification, e.g., in the form of termination criteria that define success and failure of
personalization and terminate personalization accordingly (concerning the robustness dimen-
sion of requirements). Finally, a general model might be useful to avoid cold start problems.
However, the same stress assessment model will probably not stay valid forever and eventually
require readjustment to maintain assessment accuracy. Therefore, resumption of the personali-
zation should be considered using criteria that specify cases, in which this readjustment should

be triggered.
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Appendix E.3 Assessment of Biological Stress using Video Processing

Application Scenario: We built a prototype that continuously assesses an individual’s stress
level by assessing variations in the user’s pupil dilation using video processing techniques. Pu-
pil dilation is a physiological measure, which reflects short-term stress based on biological body
reactions (Gao et al. 2007; Mahwah 2010; Winn et al. 1994). This approach can be performed

without the need for user’s direct interaction or attention and, thus, can be used in everyday life.

Design & Development: We developed a prototype for desktop computers, which uses C++
and the OpenCV (OpenCV 2016c¢) library. It is capable of assessing variations in pupil dilation
without prior calibration or human intervention. Image processing techniques segment the pupil
from the iris. The algorithm calculates the pupil/iris ratio of both eyes, averages them to a single

value, and evaluates the result of the segmentation to assess cognitive load as stress indicator.

Experimental Setup: The prototype has been applied under controlled conditions in a laboratory
study with 23 participants. Of these participants, six participants wore glasses and all eye colors
from blue and green to brown were represented. Confounding variables that also influence the
pupil dilation, such as room lighting, have been controlled in the experiment. In the experiment,
short-term stress is induced by a stress game, which puts participants under stress by inducing
different stimuli (Schaaff and Adam 2013). During this, their face is recorded on video. Based
on this video stream, the prototype analyzes the pupil diameter changes to detect short-term
stress. As a performance measure, physiological stress is assessed using heart rate variability
(HRV) as a biological marker. Video, stress game and physiological data have been pre-pro-
cessed, synchronized with each other and segmented into intervals of one second. Video data
that does not meet quality requirements are discarded. Data analysis yields a correlation of

0.471 between pupil dilation and physiological stress as assessed by HRV.

Learnings: We conclude from these results that the assessment of biological stress and the ap-
plication of video-based sensors are feasible. The development process unveils further im-
portant learnings: For biological stress, most physiological markers such as pupil dilation can
only be observed with a delay. Simultaneously, physiological markers vary regarding their re-
covery time, in which the marker returns to the base level. Hence, not every marker might be
suitable to detect short-term or long-term stress. Finally, raw data generally is noisy. Especially

in uses cases with low fault tolerance, proper pre-processing is critical.
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Appendix E.4 Sensor Fusion for Sleep Duration Assessment

Application Scenario: As a contrast to the previous prototypes, we do not target the direct as-
sessment of stress in this episode but build an artificial sleep sensor using sensor fusion tech-

niques as an indicator of stress.

Design & Development: Within an Android prototype, we combine different sensors to assess
sleep duration and sleep quality as important indicators of stress. This prototype collects pri-
marily environmental parameters from standard smartphone sensors and does not require the
user to change his sleeping routines or habits. The basic idea is that the user does not have to
explicitly activate a sleep mode, take a specific sleeping position, or position the smartphone
on the bed in a certain way. The prototype is designed to recognize the user’s daily routines
over time by combining smartphone sensors. Besides the daytime, which is a rather obvious
indicator of sleeping behavior for most people, sleep prediction can benefit from environmental
information such as the current location, illuminance, and ambient temperature. Behavioral

signs might include the activation of airplane mode or the charging of the smartphone.

Experimental Setup: The prototype has been applied in a field study with nine participants that
provided data daily. A total of 30.000 data points has been collected. For model building pur-
poses, data is currently uploaded and processed in the cloud. Different aggregation and methods
of data analytics have been tested for model building. Again, the removal of outliers was needed
as smartphone sensors generally do not achieve the highest data quality. A random forest model

achieved the best accuracy of 93.23%.

Learnings: Again, the learnings regarding resource efficiency were found to be of high im-
portance. But this episode also reveals interesting insights into the processing of data: When
multiple sensors (e.g., the WiFi and the radio mast the device is connected to) point to the same
real-world feature (in this example the location), it is best to use an aggregation of both values,
e.g., the average, to achieve increased robustness. Furthermore, some sensors need some time
to calibrate themselves. Thus, the first observations have significantly higher bias and should
not be used. In reality, sleeping and waking states do not alter too often. Thus, timely interde-

pendencies between predicted values should be considered in the model.

317



Appendix E - Deriving a Design Theory for Mobile Stress Assessment

Appendix E.5 Framework for Data Collection, Storage, and Preprocessing

Application Scenario: Until now, it was an important learning that data collection, storage, and
pre-processing are important success factors of stress assessment. Therefore, this prototype
aims to build a supportive framework that takes care of data collection, storage, and pre-pro-
cessing. We used a binary classification model for evaluation purposes, distinguishing the states
“stressed” and “not stressed.” More details on this study can be found in Beckmann et al.
(2017).

Design & Development: The framework works as a module providing the functionality needed
to make data collection and merging of different sensors efficient. A Java package and a port
to the Android platform are provided as exemplary instantiations and enable the use on both
stationary and mobile devices. The instantiation reads various sensors on multiple platforms
and saves data on different persistence forms and, thereby, constitutes a linking element be-
tween numerous components of the blueprint and can be used as a shortcut to data analytics.

Experimental Setup: We evaluated the framework together with 15 participants, who played
the stress-inducing game from prototype 2 with an additional wearable self-tracking device.
The framework collects, stores, and pre-processes data from mouse, keyboard, and wearable
during the game. To expand the input data, we combined data from different sensors to new,
more complex indicators. This approach is commonly referred to as “sensor fusion.” Based on
this expanded dataset, we trained a binary classification model. The prediction of stress-free
states achieves an accuracy of about 99%, whereas stress states can be predicted with an accu-
racy of approximately 70%.

Learnings: An important learning from this episode is that the application of sensor fusion is a
very promising approach and can significantly boost small datasets. We achieved very good
results in determining stress on a binary scale. As multiple devices were involved in our exper-
iment, our study demonstrated that sensor fusion is even possible across device boundaries,

when the same, standardized data collection framework is used on all devices.

318


Generic#_CTVL00165947782596449dca5e10bf820501486
Generic#_CTVL00165947782596449dca5e10bf820501486

Appendix F - Understanding the Misfit in Modern Systems

Appendix F  Understanding the Misfit in Modern Systems

Appendix F.1 Elaboration of Decision Choice of Mixed-Methods Study

Step

Property

Decision Consideration

Other design deci-
sion(s) likely to affect
current decision

Design decision and reference to
the decision tree

Stepl: decide on
the appropriate-
ness of mixed-
methods research

Research Questions

Quialitative or quantitative method
alone was not adequate for ad-
dressing the research question.
Thus, we used a mixed-methods
research approach

None

Identify the research questions

. We wrote the qualitative and
quantitative research ques-
tions separately first and re-
frain from asking a mixed-
methods research question.

. The qualitative research
questions were: “Which de-
mands from contemporary
work practices relating to
digital technologies cause
stress for employees?”

e The quantitative research
question was: “How do the
different demands relate to
each other?”

Purpose of mixed-
methods research

The purpose of our mixed-meth-
ods design was to help develop a
research model for empirical test-
ing using the results of the quali-
tative study given the lack of
current research on new tech-
nostress creators.

Research questions

Developmental purpose and the re-
sults from the qualitative strand
were used to develop the research
model in the quantitative strand.

Epistemological per-
spective

The qualitative and quantitative
components of the study used dif-
ferent paradigmatic assumptions.

Research questions,
purpose of mixed meth-
ods

Multiple paradigm stance.

Paradigmatic as-
sumptions

The researchers believed in the
importance of research questions
and embraced various methodo-
logical approaches from different
worldviews.

Research questions,
purpose of mixed meth-
ods

We used the interpretive and
grounded-theory perspective in the
qualitative study, then applied a
positivist perspective, and deduc-
tively tested the developed model in

mixed at the data-analysis and in-
ferential stages.

strands/phases of re-
search

the quantitative study.

Step 2: develop Design investigation | The mixed-methods study was | Research  questions, | e Phase 1: exploratory investi-
strategies for | strategy aimed to develop and test atheory. | paradigmatic assump- gation.
mixed-methods tions . Phase 2: confirmatory inves-
research designs tigation.

Strands/phases of re- | The study involved multiple | Purpose of mixed | Multistrand design.

search phases. methods research

Mixing strategy The qualitative and quantitative | Purposes of mixed- | Partially mixed methods.

components of the study were | methods research,

Time orientation

We started with the qualitative
phase, followed by the quantita-
tive phase.

Research  questions,
strands/phases of re-
search

Sequential (exploratory) design.

Priority of methodo-
logical approach

The qualitative and quantitative
components are equally im-
portant.

Research  questions,
strands/phases of re-
search

Equally dominant design with the
qualitative and quantitative study
being equally important.

Step 3: develop
strategies for
collecting and
analyzing mixed-
methods data

Sampling
strategies

design

The samples for the quantitative
and qualitative components of the
study differed, but they came from
the same underlying population
(parallel samples).

Design  investigation
strategy, time orienta-
tion

Purposive sampling for the qualita-
tive study given interdisciplinary
nature of technostress in the work-
ing context, probability sampling
for the quantitative study.

Data collection strat-
egies

. Qualitative data col-
lection in phase 1.

. Quantitative data col-
lection in phase 2.

Sampling design strate-
gies, time orientation,
strands/phases of re-
search

. Qualitative study: open-
ended questioning using a
pre-designed interview
guideline.

. Quantitative study: closed-
ended questioning (i.e., tra-
ditional survey design).

Data analysis strat-
egy

Time orientation, data
collection strategy,
strands/phases of re-
search

Sequential qualitative-quantitative
analysis.
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Appendix F.2 Mixed-Method Approach and Criteria

Quiality
Aspects

Quiality Criteria

Response to Venkatesh et al. ’s (2013) guideline

Purpose of
mixed
method
approach

“Development”

This study is divided into two phases: (1) after an extensive literature search, a quali-
tative study involves 15 interviews with experts on different fields including employee
and employer representatives, experts from occupational health management, ethics,
ergonomics, informatics, and human resource management followed by seven focus
group interviews with employees to understand current factors that could result in
technostress (2) multiple large quantitative surveys (Npre-test = 455, n1 = 1,560, n2 =
3,00) to test for the identified factors and their underlying structure. The qualitative
study was used to identify the factors for theory building and survey development,
which was subsequently tested in the quantitative study.

Sequential dominant qualitative
followed by a less-dominant quan-
titative investigation

The scope and objectives of the quantitative investigation using statistical techniques
are to support the qualitative investigation and to inspect a potential hierarchical struc-
ture.

Design
quality

Design adequacy

The study used 15 qualitative interviews with experts from different fields along with
an in-depth-analysis of the transcribed data followed by a seven qualitative focus
group discussion. After this qualitative phase, a quantitative survey was designed und
distributed.

This strategy of examining “raw” data from the phenomenon as a “prelude” to the
larger quantitative study ensured that the research model tested using the quantitative
study was relevant to the phenomenon of interest. In doing so, it sought to combine
the advantages of the two approaches, achieving depth and insight into the phenom-
enon as well as the breadth of coverage.

Qualitative — Expert Interviews

. Selecting suitable interviewees: The interviewees were experts on fields
that related to technostress and address this topic from a variety of differ-
ent perspectives and were thus in sum seen as suitable.

. Entering the field with credibility: The interviews were primarily conducted
by authors of the manuscript, who were (at the time of the study) working
on his/her Ph.D. thesis (thus seen in high respect in society).

. Conduct of interviews: All interviews were conducted using a pre-de-
signed interview guideline.

Qualitative — Focus Group Discussion

. Selecting suitable interviewees: The interviewees were groups of white-
collar-workers of different companies using digital technologies to perform
their work tasks or researchers on the field of digital technology use and
were thus seen as suitable.

. Entering the field with credibility: The interviews were primarily conducted
by authors of the manuscript, who were (at the time of the study) working
on his/her Ph.D. thesis (thus seen in high respect in society).

. Conduct of interviews: All interviews were conducted using a pre-de-
signed interview guideline.

Analytical adequacy

Qualitative (Expert Interviews and Focus Group Discussion)

. Transcription of all interviews and photo-logging of all focus group discus-
sions; the use of interview outline (though customized for the two different
types of interviews)

. Each interview was analyzed by at least one author by using detailed
analysis techniques and the principle of theoretical engagement (Sarker
et al. 2013a) and overall multiple authors participated in the analysis.

. Labeling and relabeling of the relevant concepts by more than half of the
authors after the generation of the codes. The process was iterative and
roughly resembled a constant comparative analysis, ending when theoret-
ical saturation occurred (Glaser and Strauss 2017).

. While no notion of interrater reliability was used, the identification and se-
lection of the concepts represented a consensus among a great number of
researchers involved in data collection and analysis, implying some form of
convergence and/or reliability.

Qualitative

. Justification of the choice of analysis technigue (that is, factor analysis,
structural equation modeling).

. A pre-test sample (n = 455), a developmental sample (n = 1,560) and a
validation sample (n=3,000) to ensure reasonable power.

. The survey was randomly distributed und is representative of the German
workforce ensuring that bias in a sampling of subjects is avoided or at least
minimized.
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Explanation
quality

Qualitative inference

The constructs identified through the qualitative study were not only plausible, but
many of them were seen to be relevant in the literature.

Quantitative inference

Internal validity concerns were addressed by developing a model that was
theoretically robust, had a reliable data collection process and reliable
measurements, and appropriate statistical tests.

Statistical conclusion validity, considered to be a “special case of internal
validity,” was ascertained by ensuring construct validity, and appropriate
level of significance for tests, and testing for common method bias.
External validity was ascertained to some degree given that the sample is
representative of the German workforce. In this sense, the results will likely
be similar if studied in an external setting.

Integrative inference

Much of the originality in the study in terms of current and new demands
from digital work, their impacts on the negative psychological responses,
and in turn on job satisfaction and productivity can be attributed to the
qualitative interviews that was conducted in the introductory phase

Many of the constructs that were identified in the qualitative study were
empirically validated as significant in the quantitative study.

An additional second-order analysis has brought further understanding of
possible relationships between existing and new demands from digital
work. Four second-order factors were considered.

Model comparisons about the structure of the twelve first-order and the
four second-order factors were performed. The fit measures for the corre-
lated group factor model were slightly better than for the second-order
model.

Based on the above, we can say that we have been able to achieve a rea-
sonable degree of balance between comprehensiveness and parsimony in
the model, and hence integrative efficacy. The synergy between the quali-
tative interviews followed by a survey, the results of which could be under-
stood in light of the qualitative study indicates a satisfactory level of
integrative efficiency and integrative efficacy.
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Appendix F.3 Development and Validation of Measures

For the development and validation of measures, we followed two different processes depend-
ing on the prerequisites. If possible, the use of existing measures is recommended (Urbach and
Ahlemann 2010). In the case of new constructs without existing measures, we followed the
guidelines formulated by Hinkin (1998) and MacKenzie and Podsakoff (2011). Therefore, the
following passages are structured according to the steps recommended by MacKenzie and Pod-
sakoff (2011).

Step 1: Develop a conceptual definition of the construct

The first step is to define the constructs conceptually and to discuss “how the construct differs
from other related constructs” MacKenzie and Podsakoff (2011, p. 298). This step has been
covered in Phase 1 of our mixed-methods study. The qualitative investigations concluded with
a definition of twelve demands from digital work, as presented in Table 22 within the research
article.

Step 2: Generate items to represent the construct

For existing scales, we collected the items from Ragu-Nathan et al. (2008) (i.e., invasion, over-
load, complexity, insecurity, and uncertainty), Ayyagari et al. (2011) (i.e., unreliability, role
ambiguity, and invasion of privacy), and Galluch et al. (2015) (i.e., interruptions). The items
were slightly adapted. For example, instead of the wording “technology” or “ICT”, we consist-
ently used the term “digital technology and media”. The items were collected in English and
then translated in a four-step approach based on Beaton et al. (2002) into German since the
survey’s final sample consisted of German employees. Therefore, two bilingual speakers trans-
lated the questions in parallel. They met afterward to discuss discrepancies with a third bilingual
speaker and agree on the most suitable translation. A fourth bilingual speaker back-translated

the items into English again and check the validity.

For the newly identified demands, non-availability, performance control, and lacking sense of
achievement, we developed items based on the definitions of these constructs (Table 22) con-
sidering standard guidelines (Hinkin 1998; MacKenzie and Podsakoff 2011; Podsakoff et al.
2003). We created the items to be short, simple, and precise and used appropriate language for
employees (Hinkin 1998; MacKenzie and Podsakoff 2011). During the development, we care-
fully made sure that the items only address a single aspect (i.e., no connection of different state-

ments in one item) to prevent the respondent's confusion (Hinkin 1998). High quality of items
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and careful construction of the statements used are necessary procedural remedies to avoid
common method bias (CMB) (Podsakoff et al. 2003). Since it is likely in a scale development
process that approximately half of the items may be dropped due to reliability and validity
issues (Hinkin 1998), we generated six items for each creator of digital stress so that at least
three items would remain after the validation process. Because the questionnaire was rather
long, reverse coded items were included to reduce response patterns in the first draft of the
survey. The items of the three new scales were generated in German. We translated the final
versions of the items into English for further reusability according to the same procedure as we

translated the existing English item scales into German.

We used a five-point Likert-type rating scale from 0 = “I do not agree at all” to 4 = “I totally

agree” to measure all twelve demands.
Step 3: Assess the content validity of the items

To evaluate the newly developed item scales' content and face validity, we conducted a card-
sorting experiment via an online matching task with fellow researchers (Moore and Benbasat
1991; Thatcher et al. 2018). Thirty-nine participants completed the task. Items that were cor-
rectly matched by less than 85 % of participants were subject to refinement. Thus, we changed
the wording of these items to fit the corresponding demands from digital work better and fin-
ished this step of item generation with the revised scales.

Step 4: Formally specify the measurement model

We specify the measurement model as first-order reflective for each of the established scales
as suggested by Ragu-Nathan et al. (2008, p. 428), who “[...] have conceptualized technostress
creators [...] as reflective or superordinate (Edwards 2001, Law and Wong 1999) constructs.
This implies that (1) each of the first order constructs represents a facet or manifestation and
can be viewed as one of its dimensions and the direction of causality is from the second order
construct to its facets, the first order constructs, (2) the first order constructs are interchangea-
ble, (3) covariation among the first order constructs is not unexpected, and (4) the nomological
networks associated with them are expected to be similar (Jarvis et al. 2003)”. For the newly
developed scales we follow the suggestion from Ragu-Nathan et al. (2008, p. 428) and are
“consistent with previous literature on stress that models stress as a reflective construct (Law
et al. 1998)”. Furthermore, we allow for correlation among the twelve demands. In a later step,

we will investigate whether there are higher-order structures among the twelve demands.
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Step 5: Collect data to conduct pre-test

Next, we collected data for evaluating our measures’ factor structure and validity (Hinkin 1998;
MacKenzie and Podsakoff 2011). First, we acquired respondents for a pre-test via an external
research panel focusing on the German workforce. Respondents were paid 3,10 € for participa-
tion in the study. Four hundred forty-five respondents took part in the study providing data in
sufficiently good quality (e.g., consistency checks between individual items, meaningful an-

swers to free-text questions).
Step 6: Scale purification and refinement

On the pre-test dataset, we performed an EFA to assess the quality of our questionnaire care-
fully and did a preliminary analysis of all scales (Hinkin 1998). Parallel analysis (Horn 1965)
suggested to extract nine factors but also showed a strong first factor, which suggests that a
minimum average partial (MAP) test (Beauducel 2001) is more adequate to determine the num-
ber of factors to extract (Velicer 1976). The MAP test suggested 13 factors.

We used principle axis factoring and oblique rotation to identify the factors. As can be seen in
Table 46, the items for overload as well as for interruptions loaded on one joint factor. Further,
the items for non-availability and for lacking sense of achievement loaded on two separate fac-
tors each. These “sub-factors” were compounded of items that were formulated in the same
direction. Thus, we decided to reformulate all reversely coded items. Furthermore, we removed
the first item of invasion of privacy due to its cross-loading on performance control. As both,
the overload and interruptions scales were validated in prior research (even if not used jointly),

we for now refrained from adaptations.
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Item FO1 F02 F03 F04 F05 F06 FO7 F08 F09 F10 F11 F12 F13

INVO1 | 0.753

INV02 | 0.667

INV03 | 0.483

OVEO1 0.367

OVEO02 0.529

OVEO03 0.526

OVE04 0.565

CoMo01 0.582

COMO02 0.817

COMO03 0.627

COMO04 0.688

COMO05 0.805

INSO1 0.309

INS02 0.419

INS03 0.420

INS04 0.387

UNCO01 0.650

UNCO02 0.719

UNCO03 0.860

UNCO04 0.917

UNRO1 0.886

UNRO02 0.943

UNRO3 0.764

ROLO1 0.564

ROLO02 0.675

ROLO3 0.781

ROL04 0.525

10P01 0.416 | 0.439

10P02 0.877

10P03 0.892

10P04 0.834

INTO1 0.318

INTO2 0.330

INTO3 0.328

PERO1 0.571

PERO2 0.668

PERO3 0.798

PER04 0.702

PERO5 0.758

PERO6G 0.675

NONO1 0.901

NONO02 0.909

NONO3 0.676

NONO4 0.778

NONO5 0.766

NONO6 0.476

LSA01 0.761

LSA02 0.852

LSAOQ3 0.850

LSA04 0.832

LSAQ5 0.782

LSA06 0.866

Notes: Loadings smaller than 0.4 are not shown; INV = Invasion, OVE = Overload, COM = Complexity, INS = Insecu-
rity, UNC = Uncertainty, UNR = Unreliability, ROL = Role Ambiguity, IOP = Invasion of Privacy, INT = Interruptions,
PER = Performance Control, NON = Non-Availability, LSA = Lacking Sense of Achievement

Table 46: Item loadings from EFA on the Pre-Test Sample (n = 445)
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Step 7: Gather data from new sample and reexamine scale properties

Using the revised scales, we collect new data from 1,560 respondents (Table 47) participating

in an online survey (developmental sample) through the same external research panel as in the

pre-test.

Gender N % Employment N %
Male 834 53 Full-time (>20 h) 1488 95
Female 726 47 Half-time (<20 h) 72 5
Age (M =43.19) N % Technology Use N %
<25 53 3 Never 0 0
25-34 341 22 Seldom

35-44 427 27 Weekly 80 5
45-54 406 26 Daily 203 13
55-64 328 21 Several Times 1277 82
>65 5 <1

Education N %
No Diploma 0 0
Primary School Education 23 1
Secondary School Education 205 13
Tertiary Education / High School Diploma 170 11
Completed Apprenticeship 485 31
College Degree (Bachelor) 286 18
College Degree (Master) 346 22
Dissertation (PhD) 45 3

Table 47: Demographic Properties of the Developmental Sample (n1 = 1,560)

Using the revised scales, we conducted a confirmatory factor analysis (CFA) to measure the
models’ fit according to standard fit measures likes the root mean square error of approximation
(RMSEA) and the square root mean residual (SRMR) for global measures, the comparative fit
index (CFI), Tucker-Lewis index (TLI), and the Normed Fit Index (NFI) for incremental
measures, and the Adjusted Goodness of Fit Index (AGFI) for the assessment of the parsimony.
We applied the thresholds suggested by Lei and Wu (2007) and Gefen et al. (2000). We do not
report 2 or ?/df as these are not considered meaningful for samples of our size. Results are
displayed in Table 48.
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Fit measures Threshold Source of Threshold Demands from Digital Work
Global RMSEA <0.06 Lei and Wu (2007) 0.050
measures
SRMR <0.05 Gefen et al. (2000) 0.049
Incremental | Ny > 0.90 Gefen et al. (2000) 0.920
measures
TLI >0.90 Gefen et al. (2000) 0.929
CFI >0.90 Gefen et al. (2000) 0.935
Parsimony AGFI >0.80 Gefen et al. (2000) 0.826

Table 48: Fit Measures from a CFA on the Developmental Sample (n:1 = 1,560)

The data from the developmental sample showed a good fit. Furthermore, we evaluated relia-
bility using Cronbach's Alpha and convergent validity using the item loadings and average var-
iance extracted (AVE) from the confirmatory factor analysis. The descriptive statistics,
loadings, Cronbach's Alpha values, and AVE are presented in Table 49. Cronbach's Alpha
showed values of at least 0.82 for all scales indicating internal consistency. Almost all loadings
of the items on their respective latent factors in the CFA were above the value of 0.70, which
indicates that the underlying construct explains more than 50 % of the variance of this item.
Also, the AVE (i.e., assessing whether, on average, over all items, the underlying latent con-
struct explains more than 50 % of the variation in its indicators in sum) of all constructs was

above 0.50. Thus, convergent validity was satisfactory.

Construct Items M SD Loadings a AVE
Invasion 3 1.14 | 1.33 | 0.64-0.89 0.82 0.60
Overload 4 1.52 | 1.31 | 0.71-0.85 0.88 0.66
Complexity 5 1.21 | 1.21 | 0.76-0.87 0.91 0.67
Insecurity 4 1.18 | 1.26 | 0.69-0.84 0.83 0.57
Uncertainty 4 1.69 | 1.24 | 0.76-0.86 0.88 0.65
Unreliability 3 1.75 | 1.22 | 0.85-0.94 0.92 0.79
Role Ambiguity 4 1.22 | 1.23 | 0.79-0.89 0.91 0.72
Invasion of Privacy 3 1.95 | 1.38 | 0.90-0.94 0.93 0.85
Interruptions 3 149 | 1.26 | 0.85-0.90 0.91 0.76
Performance Control 6 195 | 1.36 | 0.77-0.88 0.92 0.67
Non-Availability 6 1.19 | 1.27 | 0.79-0.88 0.93 0.68
Lacking Sense of Achievement 6 1.04 | 1.22 | 0.79-0.94 0.96 0.81

Table 49: Descriptive Statistics, Internal Consistency, AVE, and Factor Loadings on
the Developmental Sample (n1 = 1,560)
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Step 8: Assess Scale Validity

Additionally, we assessed the discriminant validity of our twelve constructs amongst them-
selves based on the Fornell-Larcker criterion (Fornell and Larcker 1981) as Cronbach's Alpha
does not account for the dimensionality of constructs. The Fornell-Larcker criterion compares
the size of the intercorrelations of the latent constructs to the AVE. The square root of the AVE
printed in the diagonal of Table 50 was higher than the intercorrelations of each construct with

the other latent factors. Therefore, we considered construct validity as given.

Construct | INV | OVE | COM | INS | UNC | UNR | ROL | IOP | INT | PER | NON | LSA
INV 0.78

OVE 0.65 | 0.82

COM 0.63 | 0.66 | 0.82

INS 0.73 | 0.72 | 0.66 | 0.76

UNC 048 | 056 | 043 | 0.64 | 081

UNR 048 | 062 | 051 | 051 | 0.43 | 0.89

ROL 065 | 069 | 0.75 | 068 | 0.44 | 058 | 0.85

IOP 042 | 049 | 043 | 041 | 027 | 0.44 | 054 | 0.92

INT 057 | 0.71 | 061 | 057 | 042 | 0.62 | 0.70 | 0.54 | 0.87

PER 040 | 059 | 045 | 050 | 0.38 | 045 | 055 | 0.67 | 0.55 | 0.82

NON 059 | 054 | 059 | 055 | 0.34 | 052 | 0.66 | 0.44 | 0.58 | 0.42 | 0.82
LSA 064 | 062 | 067 | 064 | 041 | 048 | 0.75 | 047 | 0.65 | 0.43 | 0.64 | 0.90

Notes: Diagonal elements are square root AVE; off-diagonal elements are correlations; INV = Invasion, OVE = Overload,
COM = Complexity, INS = Insecurity, UNC = Uncertainty, UNR = Unreliability, ROL = Role Ambiguity, IOP = Invasion
of Privacy, INT = Interruptions, PER = Performance Control, NON = Non-Availability, LSA = Lacking Sense of
Achievement

Table 50: Discriminant Validity on the Developmental Sample (n: = 1,560)

The accomplished analyses show that the scales to assess the digital work demands perform
well, and there is evidence for twelve underlying factors in the data. The translated scales
worked well, just as did the three scales for the newly developed constructs from scratch. Es-
pecially as we initially intended to potentially reduce the number of items for non-availability,
performance control, and lacking sense of achievement. However, all newly generated items'
psychometric properties were good enough for retaining them in the final scales. The final

scales from this process is presented in Appendix F.4.

MacKenzie and Podsakoff (2011) also mentions in step 8 that it should also be examined to
what extent a multidimensional structure is present, as we already pointed out in our fourth step.
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We defer steps 8 and 9 to the sub-sections in the main part of this chapter where we first use
the developmental sample (n1 = 1,560) to investigate the structure of the twelve demands. Next,
we gather new data for the validation sample (n2 = 3,000) to re-assess scale validity, select
among the potential structures of the demands, and embed the final structure in a nomological

net. We omit step 10, as it is not relevant for our research questions.
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Appendix F.4 Final Scale

Tarafdar et al.
2007)

Construct Item
Invasion INVO1: | have to sacrifice my vacation and weekend time to keep current on digital technol-
(Adapted from | ogies.

INV02: | have to be in touch with my work even during my vacation due to digital technolo-
gies.

INVO03: | feel my personal life is being invaded by digital technologies.

Overload
(Adapted from
Tarafdar et al.
2007)

OVEO1: | am forced by digital technologies to do more work than I can handle.

OVEO02: | am forced to work with very tight time schedules by digital technologies.

OVEO3: I am forced to change my work habits to adapt to new technologies.

OVEO04: | have a higher workload because of increased technology complexity.

Complexity
(Adapted from
Tarafdar et al.
2007)

COMO1: | do not know enough about digital technologies to handle my job satisfactorily.

COMO2: I need a long time to understand and use new technologies.

COMO3: I do not find enough time to study and upgrade my technology skills.

COMO4: | find new recruits to this organization know more about computer technologies
than 1 do.

COMO04: | often find it too complex for me to understand and use new technologies.

Insecurity
(Adapted from
Tarafdar et al.
2007)

INSO1: I feel constant threat to my job security due to new digital technologies.

INSO02: | have to constantly update my skills with regard to digital technologies to avoid be-
ing replaced.

INSO3: I am threatened by coworkers with newer technology skills.

INSO4: | feel there is less sharing of knowledge about digital technologies among cowork-
ers.

Uncertainty
(Adapted from
Tarafdar et al.
2007)

UNCOL1: There are constant changes in computer software in our organization.

UNCO02: There are constant changes in computer hardware in our organization.

UNCO3: There are frequent upgrades in computer networks in our organization.

UNCO04: There are always new developments in the technologies we use in our organization.

Unreliability
(Adapted from
Ayyagari et al.
2011)

UNROL1: | often experience that features provided by digital technologies are not dependa-
ble.

UNRO2: | often experience that the capabilities provided by digital technologies are not reli-
able.

UNRQO3: | often experience that digital technologies do not behave in a highly consistent
way.

Role Ambigu-
ity

(Adapted from
Ayyagari et al.
2011)

ROLO1: I am not sure whether | have to deal with problems with digital technologies or
with my work activities.

ROLO2: | am not sure what to prioritize: problems with digital technologies or my work ac-
tivities.

ROLO3: I cannot allocate time properly for my work activities because the time spent on
solving problems with digital technologies varies.

ROLO04: Time spent resolving digital techonlogy problems takes time away from fulfilling
my work responsibilities.

Invasion of
Privacy
(Adapted from
Ayyagari et al.
2011)

10P02: | feel my privacy can be compromised because my activities using digital technolo-
gies can be traced.

I0PO03: | feel my employer could violate my privacy by tracking my activities using digital
technologies.

10P04: | feel that my use of digital technologies makes it easier to invade my privacy.
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Interruptions

INTO1: I received too many interruptions during the task through digital technologies.

(GA(Ijlaptr?d tfr?m INTO2: I experienced many distractions during the task due to digital technologies.
alluch et al.
2015) INTO3: The interruptions caused by digital technologies are frequent.
Performance PERO1.: | feel that my professional performance is monitored using digital technologies.
Control (Self- | peR(2: | feel that professional achievements can be better monitored because of digital
developed) technologies.
PERO03: Due to digital technologies other people can easily monitor my performance.
PERO04: | feel that my professional achievements can be compared with the achievements of
my <colleagues/competitors> due to digital technologies.
PERO05: My performance can be continually assessed through digital technologies.
PEROG: | have the feeling that more of the mistakes | make during work can be discovered
through digital technologies.
Non-Availa- NONOL1: I do not have the necessary digital technologies at hand that | need to carry out my
bility (Self-de- | activities.
veloped) NONO2: The digital technologies available to me are not sufficient to execute my work

tasks.

NONO3: | could do better work if I had more digital technologies available.

NONO4: | am restricted in the execution of my work tasks because | am lacking essential
technologies.

NONOS5: | could handle my work tasks better if | had more rights to the relevant digital tech-
nologies.

NONOG: | do not have the right to use the digital technologies which I need to do my job.

Lacking Sense
of Achieve-
ment (Self-de-
veloped)

LSAO1L: | feel that I do not know what | have accomplished at the end of a working day
when using digital technologies.

LSAO02: When working with digital technologies, | lack the feeling of knowing what | have
personally achieved.

LSAQ3: It is hard for me to recognize the results of my work while using digital technologies.

LSAO04: I can’t tell what progress I’ve made at the end of the day when working with digital
technologies.

LSAO05: It is very difficult for me to recognize my work success and | have to think carefully
about what I have actually achieved when using digital technologies.

LSAO06: Digital technologies do not help me to assess the progress | made at work.

Notes: This scale may not be used commercially

Table 51: Final Scale for the Demand from Digital Work
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Appendix F.5 Item loadings for the Bi-Factor Model

Items Ffilt-or COM | INS INT | INV | IOP | NON | LSA | OVE | PER | ROL | UNC | UNR
COMO01 | 0.60 0.46

COMO02 | 0.63 0.60

COMO03 | 0.66 0.45

COMO04 | 0.60 0.51

COMO5 | 0.63 0.61

INSO1 0.59

INS02 0.58 0.51

INSO03 0.64 0.54

INS04 0.59

INTO1 0.70 0.49

INTO2 0.67 0.51

INTO3 0.71 0.56

INVO1 0.56 0.64

INV02 0.63 0.59

INVO03 0.57

10P02 0.59 0.67

10P03 0.57 0.74

10P04 0.57 0.66

NONO1 0.63 0.50

NONO2 0.64 0.47

NONO3 0.50 0.67

NONO4 0.61 0.65

NONO5 0.61 0.56

NONO6 0.65 0.47

LSA01 0.84

LSAQ02 0.84 0.46

LSAOQ3 0.84 0.51

LSA04 0.84 0.49

LSAQ5 0.84 0.47

LSA06 0.72

OVEO1 0.74 0.41

OVEQ02 0.71 0.46

OVEQ3 0.58

OVE04 0.71 0.46

PERO1 0.64 0.46

PERO2 0.47 0.62

PERO3 0.51 0.71

PERO4 0.63 0.56

PERO5 0.54 0.67

PERO6 0.57 0.51

ROLO1 0.74 0.42
ROLO02 0.76 0.49
ROLO3 0.76

ROL04 0.60

UNCO01 0.46 0.61
UNCO02 0.51 0.59
UNCO03 0.44 0.69
UNCO04 0.48 0.71
UNRO1 0.55 0.64
UNRO2 0.61 0.72
UNRO3 0.64 0.59

Notes: Loadings smaller than 0.4 are not shown; INV = Invasion, OVE = Overload, COM = Com-plexity, INS = Insecu-
rity, UNC = Uncertainty, UNR = Unreliability, ROL = Role Ambiguity, IOP = Invasion of Privacy, INT = Interruptions,
PER = Performance Control, NON = Non-Availability, LSA = Lacking Sense of Achievement

Table 52: Bi-Factor Model Item loadings on the Developmental Sample (n1 = 1,560)
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Appendix F.6 Psychometric Properties of the Final Scale

Construct Items | M SD Loadings a AVE
Invasion 3 1.15 | 1.32 | 0.40-0.86 0.82 0.60
Overload 4 1.54 | 1.31 | 0.55-0.71 0.89 0.67
Complexity 5 1.16 | 1.22 | 0.55-0.87 0.91 0.66
Insecurity 4 1.16 | 1.27 | 0.45-0.79 0.83 0.57
Uncertainty 4 1.70 | 1.25 | 0.72-0.83 0.88 0.64
Unreliability 3 1.75 | 1.21 | 0.78-0.94 0.92 0.78
Role Ambiguity 4 1.20 | 1.24 | 0.40-0.61 0.91 0.70
Invasion of Privacy 3 1.81 | 1.39 | 0.85-0.98 0.94 0.84
Interruptions 3 148 | 1.27 | 0.74-0.83 0.90 0.76
Performance Control 6 1.90 | 1.38 | 0.65-0.89 0.93 0.69
Non-Availability 6 1.18 | 1.27 | 0.66-0.91 0.93 0.70
Lacking Sense of Achievement 6 1.02 | 1.27 | 0.70-0.94 0.96 0.80

Table 53: Descriptive Statistics, Internal Consistency, AVE, and Factor Loadings on
the Validation Sample (n2 = 3,000)

We conducted Harman’s single factor test to derive whether CMB seems a problem in our data.
All items were subject to principal components analysis (Podsakoff et al. 2003). More than one
factor was extracted, the largest one accounting for about 13% of the variance, so CMB is con-
sidered as uncritical. Second, we employed the correlational marker technique as a post hoc test
(Lindell and Whitney 2001; Richardson et al. 2009). Therefore, we partialled out the smallest
and the second-smallest shared variance in bivariate correlations among substantive exogenous
latent variables (i.e., demands from digital work). Since we found only minor changes in sig-
nificance of the bivariate correlation among these variables, we assume that CMB is not a con-

cern in this study.
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Construct | INV | OVE | COM | INS | UNC | UNR | ROL | IOP | INT | PER | NON | LSA
INV 0.78

OVE 0.65 | 0.82

COM 0.63 | 0.66 | 0.81

INS 0.73 | 0.72 | 0.66 | 0.76

UNC 0.48 | 0.56 | 0.43 | 0.64 | 0.80

UNR 048 | 0.62 | 051 | 051 | 043 | 0.89

ROL 065 | 0.72 | 0.76 | 0.68 | 0.45 | 0.58 | 0.84

IOP 042 | 049 | 043 | 041 | 027 | 0.44 | 051 | 0.92

INT 0.57 | 0.71 | 061 | 057 | 042 | 0.62 | 0.74 | 0.54 | 0.87

PER 040 | 0.59 | 045 | 050 | 0.38 | 0.45 | 057 | 0.67 | 0.55 | 0.83

NON 059 | 0.54 | 059 | 055 | 0.34 | 052 | 0.67 | 044 | 058 | 042 | 0.84
LSA 0.64 | 062 | 0.67 | 0.64 | 041 | 048 | 0.75 | 047 | 0.65 | 0.43 | 0.64 | 0.90

Notes: Diagonal elements are square root AVE; off-diagonal elements are correlations; INV = Invasion, OVE = Overload,
COM = Complexity, INS = Insecurity, UNC = Uncertainty, UNR = Unreliability, ROL = Role Ambiguity, IOP = Invasion
of Privacy, INT = Interruptions, PER = Performance Control, NON = Non-Availability, LSA = Lacking Sense of

Achievement

Table 54: Discriminant Validity According to Fornell-Larcker on the Validation Sam-
ple (n2 = 3,000)
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Appendix F.7 Results of the Nomological Network

Outcome Job-Satisfaction Productivity

Digital Deman Est z P Est Z p

Control: Age 0.139 7.386 0.000 0.164 8.456 0.000
Control: Gender -0.011 -0.612 0.540 0.006 0.293 0.770
S‘S’Q”O': Technology | 5004 | 1201 | 0197 | 0023 | 1194 | 0233
Impediment -0.390 -4.774 0.000 -0.673 -7.590 0.000
Inference -0.095 -0.919 0.358 0.464 4,198 0.000
Constant Change 0.427 6.907 0.000 0.253 4.456 0.000
Exposure -0.102 -2.309 0.021 0.164 8.456 0.000

Table 55: Results of the Nomological Network on the Validation Sample (n2 = 3,000)
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