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ABSTRACT

Siitonen, Valtteri

Work-based use of smart personal assistants and their impact on technostress
Jyvéskyld: University of Jyvaskyld, 2021, 95 pp.

Information Systems, Master’s Thesis

Supervisor: Salo, Markus

The rapid proliferation of information technology use has had a significant im-
pact on the work of individuals. Not all these impacts are positive, and one of
the negative effects of information technology use is a phenomenon called tech-
nostress. Technostress has been found to cause many adverse effects on indi-
vidual employees, such as exhaustion and decreased productivity. Some of the
causes for technostress are the constant technological change and the adoption
of new emerging technologies. One of the current emerging technologies is the
smart personal assistant. The unique interactive way of using smart personal
assistants provides its own set of challenges for the user. Thus, this study aims
to examine the connection between technostress and smart personal assistants.
Currently, the understanding of the connection between technostress and smart
personal assistants is limited. This study provides new insights to both tech-
nostress and smart personal assistant research by examining how technostress
emerges in the work-based use of smart personal assistants. These insights were
gathered by examining how the context-specific design principles of smart per-
sonal assistants are connected to the creators of technostress. Adverse tech-
nostress outcomes were also examined. This study was conducted using a qual-
itative research approach involving semi-structured interviews of 20 smart per-
sonal assistant users from multiple organizations. The results suggest that tech-
nostress can occur in the work-based use of smart personal assistants. Many
technostress creators, such as techno-overload and techno-uncertainty, were
found to cause technostress in smart personal assistant use. Two new tech-
nostress creators, communication challenges and unrealistic expectations, close-
ly related to smart personal assistant interaction, were also introduced. All but
one of the smart personal assistant design principles were also connected to
many of the technostress creators. These results provide insights into the con-
nection between smart personal assistants and technostress and establish a basis
for further research.

Keywords: technostress, smart personal assistant, stressor, outcome
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Henkilokohtaisten &dlykkdiden avustajien tyokadytto ja siitd aiheutuva tekno-
stressi
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Ohjaaja: Salo, Markus

Informaatioteknologian kdyton nopealla lisddntymiselld on ollut merkittavia
vaikutuksia ihmisten tyoskentelyyn. Kaikki vaikutuksista eivit kuitenkaan ole
olleet myonteisid ja yksi negatiivisista vaikutuksista on ilmi¢ nimeltd tekno-
stressi. Teknostressin on todettu aiheuttavan tyontekijoille monia ei-toivottuja
seurauksia, kuten uupumusta ja heikentynyttd tyotehokkuutta. Esimerkkejd
teknostressid aiheuttavista tekijoistd ovat esimerkiksi teknologian jatkuva muu-
tos ja uusien kasvavien teknologioiden kdyttoonotto. Henkilokohtaiset dlykkat
avustajat ovat yksi ndistd uusista kasvavista teknologioista. Henkilokohtaisten
dlykkdiden avustajien omanlaatuinen vuorovaikutukseen perustuva kayttoko-
kemus aiheuttaa uudenlaisia haasteita niitd kayttaville tyontekijoille. Taman
tutkimuksen tarkoituksena onkin tutkia teknostressin ja henkilokohtaisten
dlykkdiden avustajien tyokdyton yhteyttd. Tdlld hetkelld kyseisestd aiheesta on
vain vdhédn tietoa. Taman tutkimuksen tarkoituksena on tarjota uutta ymmarys-
td teknostressin ja henkilokohtaisten dlykk&diden avustajien suhteesta tarkaste-
lemalla, kuinka teknostressi ilmenee henkilokohtaisten &lykkdiden avustajien
tyokdytossd. Tutkimuksessa tarkasteltiin mahdollisia teknostressin aiheuttajia,
ja sitd kuinka henkilokohtaisten dlykkdiden avustajien suunnitteluperiaatteet
linkittyvat teknostressin aiheuttajiin. Liséksi tarkasteltiin teknostressin seurauk-
sia henkilokohtaisten avustajien tyokdytossd. Tutkimus suoritettiin hyodyntden
laadullisia tutkimusmenetelmii ja tutkimusaineisto keréttiin teemahaastatteluin.
Tutkimukseen haastateltiin 20 henkilokohtaisten dlykkdiden avustajien tyokayt-
voi ilmetd henkilokohtaisten &dlykkdiden avustajien tyokdytossda. Monet tek-
nostressin aiheuttajat, kuten teknologiasta johtuva ylikuormitus ja teknologiaan
liittyvd epdvarmuus, aiheuttivat teknostressid henkilokohtaisten dlykkdiden
avustajien kdytossd. Tutkimuksessa 1oydettiin myos kaksi uutta teknostressin
aiheuttajaa, kommunikaatiohaasteet ja epdrealistiset odotukset, jotka liittyivt
kiintedsti henkilokohtaisten dlykkadiden avustajien erityispiirteisiin. Kaikki hen-
kilokohtaisten dlykkdiden avustajien suunnitteluperiaatteista, yhta lukuun ot-
tamatta, olivat yhteydessd teknostressin aiheuttajiin. Tutkimuksen tulokset tar-
joavat tietoa henkilokohtaisten dlykkdiden avustajien ja teknostressin yhteydes-
ta sekd luovat pohjaa aiheeseen liittyville jatkotutkimukselle.

Asiasanat: teknostressi, henkilokohtainen &lykds avustaja, stressin aiheuttaja,
seuraus
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1 INTRODUCTION

The proliferation of information technology has brought many solutions that
make individuals’ lives easier by facilitating both work and leisure. Information
technology use promotes people-to-people connectivity, brings enjoyment to
users, and increases productivity. These positive effects of information technol-
ogy use are well-known, but while trying to make people’s lives easier, tech-
nology can sometimes hinder individuals’ performance and cause unwanted
negative outcomes. During the recent decades, there has been a growing inter-
est in research towards the negative dark side effects of information technology
(Tarafdar, Gupta & Turel, 2013).

One of the negative effects of information technology examined in re-
search is a phenomenon called technostress. Technostress refers to stress caused
directly or indirectly as a result of using information technology (Salo, Pirk-
kalainen, Chua & Koskelainen, 2017; Ragu-Nathan, Tarafdar, Ragu-Nathan &
Tu, 2008). Technostress affects both work and leisure and is a growing problem
in the modern technology-driven society. In the context of work, employees are
increasingly dependent on information technology and must constantly adapt
to the use of new applications and changing workflows (Ragu-Nathan et al.,
2008). For instance, according to a study by Tarafdar, Ragu-Nathan, and Ragu-
Nathan (2011), even 80% of those surveyed experienced increased stress at
work due to technological complexity, system problems, and increased work-
load caused by information technology use. These negative aspects of infor-
mation technology use, such as the complexity of technology, overload, and
interruptions, have been recognized in multiple studies and are referred to as
technostress creators (Galluch, Grover & Thatcher, 2015; Tarafdar, Ragu-Nathan
& Ragu-Nathan, 2007; Tarafdar et al., 2011; Ragu-Nathan et al., 2008; Salo, Pirk-
kalainen & Koskelainen, 2019; Srivastava, Chandra & Shirish, 2015; Salanova,
Llorens & Cifre, 2013). Technostress, like traditional stress, can cause a plethora
of adverse work and wellbeing-related outcomes (Tarafdar, Cooper & Stich,
2019). Work-related outcomes can decrease the work productivity, commitment,
and satisfaction of individual information technology users (Khan, Rehman &
Rehman, 2013; Kumar, Lal, Bansal & Sharma, 2013; Tarafdar et al., 2007; Ragu-
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Nathan et al., 2008). As further consequences, technostress can cause exhaustion,
burnout, and mental health-related issues like depression and anxiety
(Khedhaouria & Cucchi, 2019; Pawlowski, Kaganer & Cater, 2007; Reinecke et
al., 2017). With new information technology solutions, such as applications and
systems based on artificial intelligence and robotics on the way, the increase in
technostress experienced by users can be expected to continue. (Atanasoff &
Venable, 2017.) Therefore, it is important to study the possible effects of tech-
nostress among these new emerging technologies. One of these new smart
technological solutions already gaining widespread use is the smart personal
assistant.

A smart personal assistant (SPA) can be defined as a device or a software
solution that is aimed to assist its users in performing various tasks using natu-
ral language processing and artificial intelligence (Mitchell, Caruana, Freitag,
McDermott & Zabowski, 1994; Knote, Janson, Eigenbrod & Sollner, 2018a).
Even though the idea of SPAs has been around for a few decades, only the re-
cent advancements in technology have made SPAs available for widespread use
(Hu, Pan & Liu, 2019). In the context of work-based SPA use, Gartner (2020)
predicts that up to 50% of knowledge workers could be using a smart virtual
assistant in their work by the year 2025. At the moment, SPAs can help users in
their work with tasks such as information seeking, arranging appointments,
and booking trips (Mitchell et al., 1994; Bentley et al., 2018). Research on smart
assistants is diverse, and SPAs have been found to create multiple benefits for
their users. SPAs have been proven to be a valuable aid in various contexts such
as healthcare, e-learning, and automated customer service (Johansson, Peters-
son & Nilsson, 2013; Canbeck & Mutlu, 2016; Bentley et al., 2018; Go & Sundar,
2019).

Despite all the positive aspects of SPAs, there are many possible problems
and challenges currently associated with SPAs. These challenges are related to,
for example, the lack of personal customization, technical issues, and usability
(Cowan et al., 2017; Milhorat et al., 2014; Han & Yang, 2018; Luger & Sellen,
2016). These problems have been identified to cause, for example, distractions
and increased workload among users (de Barcelos Silva et al., 2020). Other chal-
lenges found by the SPA research have been, for example, issues with speech
recognition and difficulty of use which have been linked with user frustration
(Han & Yang, 2018; Cowan et al., 2017; Luger & Sellen, 2016). Even though the
SPA research has found many challenges and issues with SPAs, little is known
about how these issues and challenges affect individual SPA users.

Considering the connection between technostress and SPA use, Benlian,
Klumpe, and Hinz (2019) found the intrusive technology features of SPAs to be
a cause for technostress for users of smart home applications. Benlian et al.
(2019) focused on the free time use of SPAs, but little to no research has been
done on the connection of technostress and work-based SPA use. The aim of
this study is to examine the gap in research related to technostress and work-
based SPA use by answering the following research questions:
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1. How does technostress emerge in the use of SPAs in the working envi-
ronment?

2. How are the principles of SPAs related to technostress caused by SPA
use, and what are those principles?

Research on the topic answers research calls from both technostress and SPA
research. From the point of view of technostress research, there is a lack of
knowledge related to a more context-specific understanding about technostress
and technologies causing it in the context of work (Tarafdar, Pullins & Ragu-
Nathan, 2015; Tarafdar et al., 2019). This study offers context-specific under-
standing related to the technostress creators and outcomes of work-based SPA
use. For SPA research, this study tackles the unanswered question of how the
identified key characteristics and features, called principles of SPAs, affect indi-
vidual users (Knote et al., 2018a). Overall, the results of this study offer valuable
insights considering what kind of negative effects the work-based use of new
emerging technologies, like SPAs, can cause for individual users. The results of
this study can also help with recognizing possible issues with current SPA im-
plementations and fixing these issues moving forward.

The source literature of this study was retrieved by searching for prior lit-
erature using five databases: Google Scholar, ACM Digital Library, IEEE Xplore
Digital Library, Science Direct, and Scopus. A conductive database search was
done using the following keywords and all their combinations to identify rele-
vant source material: “technostress”, “smart personal assistant”, and “intelli-
gent personal assistant”. When selecting source material, close attention was
paid to the overall quality and relevance of the sources to the research topic.

To answer the research questions, empirical research was conducted using
a qualitative research approach. In total, 20 semi-structured interviews were
conducted to gather data from individuals who use and interact with SPAs in
their work. The interviewees worked in organizations in several different fields
and regularly used SPAs in their work. The usage of interviews enabled the
gathering of actual real-life technostress experiences, which have been found
useful in providing rich insights about uncovered topics related to real-life in-
formation technology use and technostress (Klein & Myers, 1999; Venkatesh,
Brown & Bala, 2013; Salo et al., 2019).

The rest of this study proceeds as follows. Next, chapter two reviews prior
technostress literature, and chapter three examines prior research related to
SPAs. These sections take a detailed look into the prior literature by introducing
important concepts, including technostress creators, technostress outcomes,
SPA archetypes, and SPA principles. Chapter four examines the research meth-
odology used in the empirical research of this study. The chapter goes through
the empirical research design, including data collection and analysis, and dis-
cusses the quality and credibility of the study. Chapter five presents the results
of the study. Finally, chapter six discusses the study’s results, connects them to
prior research, and presents both theoretical contributions and practical impli-
cations. Possible limitations and topics for future research are also discussed.
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2 TECHNOSTRESS

Technostress is a relatively new phenomenon caused by the increasing imple-
mentation and use of information technology that started in the 1980s. Tech-
nostress has become a growing modern problem, and it is important to under-
stand the issues it can cause and how the negative effects of technostress can be
mitigated. This chapter will first discuss the definition and nature of tech-
nostress and then move on to discuss the individual characteristics, creators,
and outcomes of technostress. Lastly, ways to mitigate technostress are dis-
cussed, focusing on the individual’s ways for technostress mitigation.

2.1 Stress and technostress

Stress as a phenomenon has been researched for nearly a century. The first pub-
lished stress research is from the 1930s when Hans Selye defined stress as “the
non-specific neuroendocrine response of the body”. Later the “neuroendocrine
response” was dropped from the definition as it was found that stress does not
only affect the neuroendocrine response but also affects the body in a variety of
ways. This discovery is often considered the beginning of modern stress re-
search. (Szabo, Tache & Somogyi, 2012.) The understanding and knowledge
about stress have come a long way since the 1930s. A more recent and well-
known definition of stress used in this study is by Lazarus and Folkman. Laza-
rus and Folkman (1984, p. 19) define stress as “a relationship between the per-
son and the environment that is appraised by the person as taxing or exceeding
his or her resources and endangering his or her wellbeing”. To rephrase it, the
person feels that they do not have the necessary capabilities or resources to cope
with the challenges posed to them by the environment. This unbalance triggers
a stressed state which can lead to psychological, physiological, and behavioral
reactions. These reactions can cause symptoms such as headaches, anxiety, in-
somnia, and aggressive behavior (Michie, 2002.)
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The negative effects of stress are usually originated from harmful long-
term stress called distress. However, momentary stress can also have positive
short-term effects, such as increased productivity and better self-efficacy. This
kind of short-term positive stress is called eustress. (Le Fevre, Matheny & Kolt,
2003; Galluch et al., 2015; Califf, Sarker, Sarker & Fitzgerald, 2015; Califf, Sarker
& Sarker, 2020.) It is also important to note that stress is always a subjective ex-
perience, and different individuals can perceive the feeling of stress differently.
One can respond with distress while the other responds with eustress. (Lazarus
& Folkman, 1984; Salo, Pirkkalainen, Makkonen & Hekkala, 2018.)

The phenomenon of technostress was identified in literature during the
1980s when Brod (1984) defined it as a modern disease caused by the inability
to cope with new technology in a healthy manner. Technostress is a phenome-
non that has become more common since the 1980s, and the research consider-
ing technostress started to become widespread after the turn of the millennium.
Reasons for the increase in popularity of technostress research were the increase
in technology use and the realization of the harmful effects of technostress (La
Torre, Esposito, Sciarra & Chiappetta, 2018; Ennis, 2005; Ragu-Nathan et al.,
2008; Tarafdar et al.,, 2013; Tarafdar et al., 2011). In modern technostress re-
search, technostress is defined as a form of stress that is directly or indirectly
caused by the use of information technology (Salo et al., 2017; Ragu-Nathan et
al., 2008; Tarafdar et al., 2019).

The modern technostress research is largely based on the stress transaction
theory (figure 1) presented by Lazarus (1966). The stress transaction theory
broadly describes stress as a phenomenon and is still widely used in stress re-
search. One of the important concepts in the stress transaction theory is called a
stressor. Stressors, or in the context of technostress, technostressors, can be de-
scribed as factors that cause technostress. Technostress research has found a
plethora of these factors like information technology-related complexity, inva-
sion of privacy, and computer self-efficacy (Tarafdar et al., 2007; Ragu-Nathan
et al., 2008; Shu, Tu & Wang, 2011; Ayyagari, Grover & Purvis, 2011). A more
in-depth look at the technostress creators found by the prior research is done
later in this next section (section 2.3). The second important concept in the stress
transaction theory is strain. Strain can be described as an outcome of stress, and
it can cause earlier mentioned physiological, psychological, or behavior-related
outcomes (Lazarus, 1966; Salo et al., 2017; Ragu-Nathan et al., 2008). Tech-
nostress outcomes are discussed in detail in chapter 2.4. The third important
concept in the stress transaction model is a situational factor. Situational factors
refer to a wide variety of factors that can affect how an individual experiences
stress (Lazarus, 1966; Lazarus & Folkman, 1984). In the context of technostress,
situational factors were first described as factors that reduce the impact of
stressors and thus reduce the strain of the individual (Ragu-Nathan et al., 2008).
However, situational factors can have several different meanings, and they
usually comprise a much larger set of factors than only the inhibitors of stress.
Thus, a more accurate concept to describe stress-reducing factors used in mod-
ern technostress research is a technostress inhibitor. Technostress inhibitors can
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include factors like information technology modification, disengagement from
information technology, and technical support (Salo et al., 2017; Salo, Makko-
nen & Hekkala, 2020; Ragu-Nathan et al., 2008). The process of reducing the
impact of stressors is referred to as the stress mitigation process (Salo et al.,
2017). The technostress mitigation process and the inhibitors of technostress are
described in more detail in chapter 2.5.

Stressor
Technostress creator

¥

r Strain

Situational factors
Technostress inhibitors

FIGURE 1 Simplified illustration following the stress transaction model (Ragu-Nathan et al.
2008)

2.2 Individual characteristics affecting technostress

Individual characteristics refer to factors that may influence how an individual
experiences and mitigates stressful situations. Such factors are, for example,
individual personality traits, cultural factors, age, and gender (Srivastava et al.,
2015; Khedhaouria & Cucchi, 2019; Ragu-Nathan et al., 2008; Tu, Wang & Shu,
2005; Wang, Shu & Tu, 2008). These individual factors can either enhance or
mitigate the technostress experience, thus changing how individuals respond to
stress (Srivastava et al., 2015; Tarafdar et al., 2011).

Personality traits play an important role when reacting to a stressful situa-
tion because they can have an effect on the psychological stress outcome for
individuals (Srivastava et al., 2015). Personality trait-related technostress re-
search has focused on the so-called ‘big five’ personality traits, which are open-
ness to experience, neuroticism, agreeableness, conscientiousness, and extraver-
sion. (Srivastava et al., 2015; Khedhaouria & Cucchi, 2019; Krishnan, 2017.) The
‘big five’-approach has been found to work as a baseline when trying to under-
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stand individuals” overall personality characteristics and how they respond to
stressful situations (Roccas, Sagiv, Schwartz & Knafo, 2002; Srivastava et al.,
2015). Openness to experience refers to one’s ability to be open-minded and put
themselves in unusual situations. Neuroticism reflects the ease of someone be-
coming upset and having a negative mood because of that. Highly neurotic
people tend to experience more feelings of anger, frustration, and depression.
Agreeableness describes an individual who is cooperative, friendly, and modest.
Extraversion relates to being talkative, sociable, energetic, and impulsive. Con-
scientiousness describes an individual who is hardworking, planful, organized,
and responsible. (Judge, Higgins, Thoresen & Barrick, 1999; Roccas et al., 2002.)
In the context of information technology use, the big five personality traits can
influence how an individual reacts to, for example, the introduction of new in-
formation technologies. Differences between personality traits can also influ-
ence whether an individual responds to a stressor as a distressor or as an eu-
stressor. (Srivastava et al., 2015.) The most significant personality traits affecting
the creation of technostress have been found to be neuroticism, extraversion,
and agreeableness (Srivastava et al., 2015; Khedhaouria & Cucchi, 2019; Krish-
nan, 2017).

Krishnan (2017) found that espoused cultural values can also increase the
amount of technostress experienced by an individual. Cultural values can affect
how individuals react to stressful situations by encouraging a certain kind of
approach and behavior. Cultural values encouraging masculinity and power
distancing were found to increase the experienced technostress the most. Mas-
culinity refers to emphasizing values like earnings, competitiveness, and
achieving goals, while power distancing refers to the degree of inequality ac-
cepted between individuals. (Krishnan, 2017.)

Other individual characteristics that can influence the perception of tech-
nostress are age, gender, and level of education. Higher age has been connected
with increased resistance towards information technology and challenges with
using information technology (Shu et al., 2011; Tu et al., 2005; Burton-Jones &
Hubona, 2005). Men have also been found to experience more technostress than
women. Possible reasons for this could be that men spend more time using in-
formation technology and experience more addictive feelings towards it. (Ta-
rafdar et al., 2011; Ragu-Nathan et al., 2008; Shu et al., 2011.) Higher educated
users have also been found to experience less strain than less educated users
because higher educated users may be more confident with using information
technology (Tarafdar et al., 2011; Ragu-Nathan et al., 2008; Shu et al., 2011; Bur-
ton-Jones & Hubona, 2005).

2.3 Technostress creators

Information technology use can create stress in a variety of ways, and there
have been many technostress creators acknowledged in technostress research.
These creators can vary from personal self-efficacy with information technology
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to different aspects of the technology itself, such as its complexity (Tarafdar et
al., 2007; Shu et al., 2011). Some of the stress creators are directly related to
technostress, and some are more general work-related stressors that can also
cause stress due to information technology use.

Some of the most used technostress creators in technostress research are
techno-overload, techno-invasion, techno-complexity, techno-insecurity, and
techno-uncertainty introduced by Tarafdar et al. (2007). Techno-overload refers
to situations in which users must work longer and harder due to information
technology use and control a large amount of information simultaneously
(Tarafdar et al., 2007). Multiple real-time sources of information, such as smart
devices and social networking sites, can expose users to a greater amount of
information than ever before (Ragu-Nathan et al., 2008; Maier, Laumer, Eck-
hardt & Weitzel, 2015a; Maier, Laumer, Weinert & Weitzel, 2015b; Salo et al.,
2019). This may lead to users being exposed to more information than they can
efficiently handle, resulting in them having to work faster to cope with the in-
creasing requirements. Trying to handle too much information can cause over-
load, resulting in users feeling frustrated and dissatisfied. (Fischer & Riedl, 2017;
Ragu-Nathan et al., 2008.)

Techno-invasion describes situations in which users feel like they must be
constantly connected through information technology, which makes the line
between work and leisure blurrier and more difficult to distinguish (Tarafdar et
al., 2007). Due to this continual connectivity, users can feel bound to the infor-
mation technology they are using, which can create a feeling that technology is
invading their time and space. This can create stress, increase user frustration,
and decrease job satisfaction. (Ragu-Nathan et al., 2008; Tarafdar et al., 2011.)

Techno-complexity refers to situations in which users feel inadequate and
unskilled in using information technology (Tarafdar et al., 2007). Information
technology, including hardware, software, and applications, has become in-
creasingly complex and difficult to use, leading to users taking a long time to
learn to use a specific information technology (Ragu-Nathan et al., 2008;
Tarafdar et al., 2011). This can make users feel uncertain about their skills with
using information technology which again can lead to anxiety, fear, and even
phobia when using or learning new information technologies (Tarafdar, Tu &
Ragu-Nathan, 2010; Ragu-Nathan et al., 2008).

Techno-insecurity describes situations where users feel afraid of losing
their jobs because they could be replaced by higher-skilled employees or tech-
nology automation (Tarafdar et al., 2007). The sense of techno-insecurity is pre-
sent even among long-time information technology professionals as younger
recruits often have good skills and enthusiasm to learn the latest information
technologies. Therefore, existing professionals may feel that their jobs are under
threat which can cause tension and stress (Tarafdar et al., 2011).

Techno-uncertainty refers to the constant change of information technolo-
gy (Tarafdar et al., 2007). Rapid changes can cause users having to constantly
learn how to use new technologies and applications, which can lead to users
feeling overwhelmed, frustrated, and anxious. Learning new technologies also
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takes a lot of time and effort, and the constant technological change can make
previously studied information obsolete. Learning new technologies also in-
creases the amount of time spent using technologies which in itself can cause
overload and increase in stress. (Ragu-Nathan et al., 2008; Tarafdar et al., 2011.)

Fischer, Pehbock, and Riedl (2019) proposed three technostress creators to
be added to complement the five technostress creators introduced by Tarafdar
et al. (2007). These three proposed technostress creators are monitoring, cyber-
bullying, and techno-reliability. Monitoring refers to electronic performance
monitoring of information technology use. Monitoring can affect user stress
because it is usually not clearly stated what exactly is monitored and what type
of data is collected. Cyberbullying refers to a phenomenon in which infor-
mation technology is used for negative behavior against other users, and it has
been found to possibly increase the daily stress experienced by users. (Fischer et
al. 2019.) Reliability is defined as how dependable the features and capabilities
of the technologies are (Ayyagari et al., 2011). Ayyagari et al. (2011) character-
ized reliability to be a technostress-related usability feature. However, it was
also found to be the most cited stressor as a standalone stressor, techno-
reliability, in the study conducted by Fischer et al. (2019).

Interruptions caused by information technology have also been found to
cause stress and frustration among users. Interruptions refer to situations in
which users have to switch their focus away from the task at hand to deal with
a distraction caused by information technology. These distractions can be, for
example, notifications and alerts. Interruptions can affect the user's workflow
by decreasing satisfaction and productivity and increasing overload and strain.
(Galluch et al., 2015; D’ Arcy, Gupta, Tarafdar & Turel, 2014a.)

Shu et al. (2011) state that computer self-efficacy and technology depend-
ence can influence the technostress experienced by individuals. Computer self-
efficacy refers to the ability and confidence of an individual to perform tasks
using information technology. Lower-skilled individuals can be more resistant
to technological change, possibly increasing the amount of stress experienced
by the individuals (Shu et al., 2011). On the contrary, higher-skilled users have
been found to better overcome the challenges of using information technology
and take a more positive approach towards challenges posed by information
technology use. It has been found that high computer self-efficacy can decrease
the technostress caused by techno-complexity and techno-insecurity. (Ragu-
Nathan et al., 2008; Tarafdar et al., 2011; Shu et al., 2011.) Technology depend-
ence refers to users' dependence on information technology in their job. High
dependence on information technology can increase the likelihood of facing
stressful situations when using information technology. High technology de-
pendence has been found to increase techno-complexity and techno-uncertainty
among users. (Shu et al., 2011.) Technoaddiction, in turn, refers to the need for
coercive and repeated use of technology. Technoaddiction has also been found
to increase the amount of technostress experienced by technology users and be
an outcome caused by other technostress creators (Salanova et al., 2013; Brooks,
Longstreet & Califf, 2017).
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Ayyagari et al. (2011) introduced a set of five technology-related stress
creators that have since been popular in technostress research. The five stress
creators presented are work overload, role ambiguity, job insecurity, work-
home conflict, and invasion of privacy. These stressors are mainly general
work-related stressors that can have a component due to the use of information
technology and thus influence the technostress experienced by employees. (Ay-
yagari et al., 2011.)

Work overload can be divided into quantitative and qualitative overload.
Quantitative overload is focused on the sheer amount of work that the employ-
ee must complete. However, technostress research is generally more interested
in qualitative overload as it is more focused on the psychological strain. Quali-
tative work overload means that the work done and the assignments given to
employees exceed their capability or skill level. (Cooper, Dewe & O’Driscoll,
2001; Ayyagari et al., 2011.)

Role ambiguity refers to the level of ambiguity an individual experiences
with their role-related tasks and the lack of information to perform those tasks
(Cooper et al., 2001). Users may also have multiple differing roles at their
workplace that they are trying to perform by maintaining constant availability
using information technology. The goal of maintaining constant availability can
create interruptions in their workflow. These interruptions make individuals
question which role they are trying to fulfill at a given time and which tasks are
related to which specific role. This feeling of confusion can create role ambigui-
ty and the feeling of stress. (Ayyagari et al., 2011.)

Work-home conflict is the conflict experienced by an individual between
the demands of work and family. The differing demands of work and family
and the goal of constant availability can make separating work and leisure
harder than before, which can cause a work-home conflict to arise. (Ayyagari et
al., 2011; Ragu-Nathan et al., 2008.) Work-home conflicts were also researched
by Leung and Zhang (2017), who found that a higher level of work-home con-
flict can increase the amount of techno-overload and techno-invasion experi-
enced by individuals.

Invasion of privacy is the feeling of an individual that their privacy is
compromised by information technology. This feeling creates a misfit between
the intrusive features of information technology and the privacy needs of indi-
viduals, which can create strain and the feeling of technostress. (Ayyagari et al.,
2011; Benlian et al., 2019.)

Job insecurity refers to the threat of job loss experienced by an individual
because of information technology (Ayyagari et al., 2011). Job insecurity as a
stress creator is in many ways identical to the techno-insecurity introduced by
Trafdar et al. (2007) discussed earlier in this section.

Technostress creators have also been studied in specific contexts such as
social networking sites and services (SNS) and security-related stress (SRS)
(Maier et al., 2015b; Maier et al.,, 2015a; Salo et al., 2019; Tarafdar, Maier,
Laumer, & Weitzel, 2020; D’ Arcy, Herath & Shoss, 2014b; D’ Arcy & Teh, 2019;
Hwang & Cha, 2018). SNS-related technostress research is focused on how SNS,
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like Facebook, can create technostress and what outcomes it can have. Stressors
identified specifically related to SNS include SNS invasion, social overload, SNS
disclosure, and SNS uncertainty (Salo et al., 2019; Maier et al., 2015a; Maier et al.,
2015b). As an example of an SNS-related technostress creator, social overload-
ing refers to situations in which an individual is receiving and/or giving too
much social support, such as sending messages to other users. This can create
exhaustion and thus increase the technostress experienced by users. (Maier et
al., 2015a.) SRS-related research is focused on how technostress affects infor-
mation security-related behavior, such as complying with information security
policies. SRS-related technostress creators identified are SRS overload, SRS
complexity, and SRS uncertainty. (D’Arcy et al., 2014b; D’Arcy & Teh, 2019;
Hwang & Cha, 2018.) As an example of an SRS-related technostress creator, SRS
overload describes situations in which increased workload caused by security
requirements increases the time taken by the employees to finish their jobs, thus
creating pressure and increasing the strain experienced by employees (D’ Arcy
et al.,, 2014b). A summary of the technostress creators discussed in this section
can be found below in table 1.

TABLE 1 Technostress creators

Stress creators related to IT use Creators introduced by  Creators later used in, e.g.,

Techno-overload Tarafdar et al., 2007 Ragu-Nathan et al., 2008;
Techno-invasion Pfltigner et al., 2020a;
Techno-complexity Srivastava et al., 2015;
Techno-insecurity D’Arcy et al., 2014b
Techno-uncertainty

Work overload Ayyagari et al., 2011 Benlian et al., 2019;

Role ambiguity (stressors due to ICTs) Salo et al., 2019;

Job insecurity Maier et al., 2015b

Work-home conflict
Invasion of privacy

Computer self-efficacy Shu et al., 2011 Tarafdar et al., 2015;

Technology dependence Dong et al., 2019; Qi, 2019

Technoaddiction Salanova et al., 2013 Tarafdar et al., 2020;
Brooks et al., 2017

Monitoring Fischer et al., 2019 Oksanen et al., 2020

Cyberbullying

Techno-reliability

Interruptions Galluch et al., 2015 Tams et al., 2017;

Tams et al., 2018

2.4 Technostress outcomes

Technostress can cause a variety of different outcomes, also referred to as
strains, for the individuals experiencing technostress. Following the categoriza-



18

tion presented by Tarafdar et al. (2019), technostress outcomes can be sorted
into four different categories: job-related negative outcomes, information tech-
nology use-related negative outcomes, wellbeing-related negative outcomes,
and physiological outcomes.

Technostress can have adverse outcomes on an individual’s work perfor-
mance. These job-related outcomes can hamper both the individual’s and the
organization’s performance. For the employee, technostress interferes with in-
novation and reduces the time spent on creative thinking (Tarafdar et al., 2007;
Tarafdar et al., 2011). The lack of creative thinking can lead to hastily performed
work tasks, which reduces the efficiency and quality of work. Tarafdar et al.
(2011) also state that employees suffering from technostress make less use of
information technology in their work tasks. This can be problematic because
information technology is one of the key tools used for innovation (Tarafdar et
al., 2015). Technostress can also influence employee work motivation and job
satisfaction. A decrease in motivation or job satisfaction can have negative ef-
fects, such as increase employee turnover and absenteeism, and decrease the
overall atmosphere in the organization. (Ragu-Nathan et al., 2008; Tarafdar et
al., 2011; Tarafdar et al.,, 2010; Khan et al., 2013.) All of the mentioned job-
related negative outcomes can weaken the employee’s image of the organiza-
tion. As a result, this can decrease employees' organizational and continuance
commitment (Ragu-Nathan et al., 2008; Tarafdar et al., 2011; Tarafdar et al.,
2015; Kumar et al., 2013). Technostress experienced by the employees can also
directly affect work efficiency and productivity (Tarafdar et al., 2011; Tarafdar
et al., 2010; Khan et al., 2013; Kumar et al., 2013). Constantly changing infor-
mation technology and the consequent learning of new information technolo-
gies can cause overload. This can reduce the time available for actual work-
related tasks, which decreases efficiency and productivity. (Tarafdar et al., 2011.)

The second category of technostress outcomes is information technology
use-related outcomes. Technostress, and the frustration it causes, can change
the way users use information technology, negatively affecting the user experi-
ence, user satisfaction, and the perceived benefits of information technology use
(Maier et al., 2015a; Tarafdar et al., 2011). Maier et al. (2015a) found that psycho-
logical technostress outcomes, like exhaustion, can cause discontinuous use in-
tention and thus an urge to switch from one technology to another. The user
can commit to these actions as an outcome caused by a stressful experience dur-
ing information technology use, but also as a preventative measure to cope with
stress (Maier et al., 2015a; Salo, Pirkkalainen, Chua & Koskelainen, 2021). An
increase in information technology use has also increased the amount of multi-
tasking, which can increase frustration and tension. This increased frustration
and tension can cause the user to lose self-confidence when using information
technology. Lack of self-confidence can make the user feel helpless and even
afraid of using technology. (Ragu-Nathan et al., 2008; Reinecke et al., 2017; Ta-
rafdar et al., 2007.) A more serious fear and nervousness related to information
technology use is referred to as computer phobia (Tarafdar et al., 2007; Tarafdar
et al., 2010). D’ Arcy et al. (2014b) and D’ Arcy et al. (2019) studied the impact of
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technostress outcomes on security-related issues such as information security
policy (ISP) violations and ISP compliance. It was found that an increase in
technostress among users makes ISP violations more acceptable, and users are
more likely to commit unsafe actions as an outcome of technostress (D’ Arcy et
al., 2014b; D’ Arcy et al., 2019).

The third category of technostress outcomes is related to individual well-
being and mental health. The link between technostress and mental health
problems has been studied relatively extensively, and technostress has been
found to affect mental health in several studies. Technostress outcomes affect-
ing mental health have been found to be anxiety, depression, and burnout.
(Pawlowski et al., 2007; Reinecke et al., 2017; Wang et al., 2008; Khedhaouria &
Cucchi, 2019; Tarafdar et al., 2007.) The following technostress creators have
been found to affect technostress-related mental health problems and burnout:
techno-overload, techno-invasion, techno-complexity, and multitasking
(Reinecke et al., 2017; Tarafdar et al., 2007; Ayyagari et al., 2011; La Torre et al.,
2018). Technostress, and in particular multitasking, has been associated with
exhaustion which debilitates employee work motivation, commitment, and job
satisfaction (Ayyagari et al., 2011; Tarafdar et al., 2007). Other wellbeing-related
outcomes of technostress have been found to be concentration problems, sleep
problems, identity problems, social relation problems, negative self-view, and
fluctuating mood (Salo et al., 2019; La Torre et al., 2018; Jena, 2015). Overall,
technostress can have a variety of effects on welfare can lower individuals’
wellbeing.

Technostress has also been found to have similar physiological outcomes
as traditional stress. Technostress can cause, for example, headaches, restless-
ness, and drowsiness (Arnetz & Wilholm, 1997). Technostress can also affect the
user’s stress hormone levels. Galluch et al. (2015) measured specific stress hor-
mone (alpha-amylase) levels of people experiencing technostress. It was found
that users with higher alpha-amylase levels had been experiencing technostress
and users with low alpha-amylase levels had not (Galluch et al., 2015). Riedl
(2012) conducted a literature review of studies concerning physiological out-
comes of technostress. The most common physiological outcomes identified in
the study were increased blood pressure, heart rate, adrenaline, cortisol, and a
decrease in melatonin levels (Riedl, 2012).

Despite the mainly negative outcomes of technostress, positive tech-
nostress (technoeustress) has been found to cause positive effects and outcomes.
To obtain the positive effects of stress, one can only reach a certain stress level
called the optimal amount of stress, after which performance will start to de-
cline (Le Fevre et al.,, 2003). Ahmad, Amin, and Ismail (2014) found in their
study that technoeustress can increase organizational commitment and produc-
tivity, but this may only apply if the negative technostress (distress) levels can
be kept relatively low. Califf et al. (2015) and Califf et al. (2020) found in their
studies that technoeustress is positively related to job satisfaction. The personal-
ity trait of conscientiousness has also been found to induce positive stressful
feelings (Srivastava et al., 2015). The creators of technoeustress can be, for ex-
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ample, positive challenges posed by information technology, the experience of
information technology as an inspiring and useful tool, and optimal pace of
technological change (Tarafdar et al., 2019; Califf et al., 2015; Califf et al., 2020).
It is important to realize the positive effects of eustress, however, this study is
mainly going to focus on the negative distress aspect of technostress. A sum-
mary of the negative technostress outcomes presented in this section can be
found below in table 2.

TABLE 2 Negative technostress outcomes presented according to the categorization by
Tarafdar et al. (2019)

Outcome group and sources Technostress outcome

Job-related outcomes Decrease in creative thinking and
innovation

Tarafdar et al., 2007; Tarafdar et al., 2011; Reduced efficiency and productivity

Tarafdar et al., 2015; Ragu-Nathan et al., 2008; Decrease in information technology use

Khan et al., 2013; Kumar et al., 2013 in work tasks

Reduced job satisfaction and motivation
Increase in employee turnover
Decrease in organizational and
continuance commitment

Information technology use-related outcomes Discontinuous use intention
Information technology switching

Maier et al., 2015a; Tarafdar et al., 2011; Reduced self-confidence when using
Ragu-Nathan et al., 2008; Reinecke et al., 2017;  information technology
Tarafdar et al., 2007; Tarafdar et al., 2010 Computer phobia
Reduced user satisfaction
Wellbeing-related outcomes Mental health issues: anxiety, depression,
and burnout
Pawlowski et al., 2007; Reinecke et al., 2017; Exhaustion
Wang et al., 2008; Khedhaouria & Cucchi, 2019; Concentration problems
Ayyagari et al., 2011; Salo et al., 2019; Sleep problems
Jena, 2015; La Torre et al., 2018 Social relation problems
Negative self-view
Physiological outcomes Headaches
Restlessness
Arnetz & Wilholm, 1997; Drowsiness
Galluch et al., 2015; Riedl, 2013 Increase in stress hormone levels

Increase in blood pressure, heart rate,
adrenaline, and cortisol

2.5 Technostress mitigation

As technostress and its negative effects become more common, it is important
to consider how technostress can be prevented. Even though this study did not
focus on technostress mitigation in its empirical research, it is important and
helpful for users and organizations to understand the possible mitigation strat-
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egies available to counter the possible technostress caused by smart personal
assistants.

The purpose of technostress mitigation is to identify and create conditions
for users and organizations to prevent technostress and its negative effects.
Thus, technostress mitigation can be defined as preventing the adverse effects
and outcomes of technostress (Ragu-Nathan et al., 2008; Tarafdar et al., 2011;
Pirkkalainen, Salo, Makkonen & Tarafdar, 2019; Pirkkalainen, Salo, Tarafdar &
Makkonen, 2019). Technostress literature considering the mitigation of tech-
nostress was first focused on the possible inhibitors on the organizational level
(Ragu-Nathan et al., 2008; Tarafdar et al., 2011; Tarafdar et al., 2015; Wang et al.,
2008). However, during recent years focus has switched more towards the indi-
vidual’s ways for technostress mitigation (loannou & Papazafeiropoulou, 2017;
Salo et al., 2017; Salo et al., 2020; Salo et al., 2021; Pirkkalainen et al., 2017; Pirk-
kalainen et al., 2019; Sumiyana & Sriwidharmanely, 2020; Pfliigner, Maier &
Weitzel, 2020a; Tarafdar et al., 2020). First, this section briefly discusses the or-
ganizational ways for mitigating technostress, after which focus is switched to a
more in-depth look at the individual’s ways for technostress mitigation.

2.5.1 Organizational technostress mitigation

It is important for organizations to curb the occurrence of technostress. By less-
ening the effects of technostress experienced by employees, organizations may
increase employee engagement, job satisfaction, and work efficiency, making a
notable contribution to the performance and efficiency of organizations (La Tor-
re et al., 2018; Ragu-Nathan et al., 2008). Organizations’” means for alleviating
technostress are based on modifying organizational mechanisms to help em-
ployees better cope with the creators of technostress and reduce the adverse
effects of technostress creators. Four popular organizational means for tech-
nostress mitigation found in the literature are technical support, literacy facilita-
tion, technology involvement facilitation, and innovation support (Ragu-
Nathan et al., 2008; Tarafdar et al., 2011).

Technical support is an important part of organizational technostress mit-
igation due to the fast pace of technological change in organizations. Technical
support can, and should, include both user training and help desk support. This
is to make sure that users receive help and guidance in using both new and ex-
isting information technologies. (Ragu-Nathan et al., 2008; Tarafdar et al., 2011;
Tu et al., 2005; Tu, Tarafdar, Ragu-Nathan & Ragu-Nathan, 2008; Fuglseth &
Serebg, 2014; Wang et al., 2008; Jena, 2015.) Technical support has been found to
counter especially techno-complexity and techno-uncertainty, thus increasing
organizational commitment, productivity, and job satisfaction (Ahmad et al.,
2014; Ragu-Nathan et al., 2008; Tarafdar et al., 2011).

Literacy facilitation refers to encouraging the sharing of information tech-
nology-related knowledge inside the organization so that it is easily accessible.
This way, employees can more easily educate themselves in using new technol-
ogies which can counter technostress caused by, for example, techno-
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complexity. (Ragu-Nathan et al., 2008; Tarafdar et al., 2011; Fuglseth & Serebg,
2014; Califf & Brooks, 2020.)

Technology involvement facilitation describes involving information tech-
nology users in information technology-related decision making and develop-
ment. Technology involvement facilitation can lessen the effects of technostress
caused by techno-complexity and techno-uncertainty as users are more aware
of the possible changes, and they can have a say in the adoption of new tech-
nologies. (Tarafdar et al., 2011; Fuglseth & Serebg, 2014; Califf & Brooks, 2020.)

Innovation support refers to how an organization encourages employees
to experiment and learn. These measures aim to build an organizational culture
that promotes new ideas, discussion, and communication between employees.
Innovation support has been found to prevent technostress caused by techno-
complexity and techno-insecurity because information technology users feel
less restricted and more entitled to take risks and experiment with information
technology. (Tarafdar et al., 2011.)

Other organizational means for technostress mitigation found in the litera-
ture are, for example, stress management training, job control, organizational
rewards, delegation, communication regulation measures after work hours, and
personnel selection (Hung, Chang & Lin, 2011; Wang et al., 2008; Tu et al., 2005;
Pfliigner, Reis, Maier & Weitzel, 2020b; Szalma & Hancock, 2007). All the organ-
izational mitigation measures introduced in this section are summarized below
in table 3.

TABLE 3 Organizational means for technostress mitigation

Group of measures and sources

Mitigation measures

“Organizational technostress inhibitors”
by Ragu-Nathan et al. 2008.

Tarafdar et al., 2011; Tu et al., 2005;
Fuglseth & Serebg, 2014;
Training and education

Hung et al., 2011; Tu et al., 2005;
Szalma & Hancock, 2007; Wang et al., 2008
Task-related measures

Szalma & Hancock, 2007;
Wang et al., 2008
Communication-related measures

Tu et al., 2005;
Pfltigner et al., 2020b

Organizational culture

Szalma & Hancock, 2007; Wang et al., 2008

Technical support

Literacy facilitation

Technology involvement facilitation
Innovation support

Stress management training
Job control
Training and skill development

Delegation
Task adaption

Communication work
hours

Improved communication with executives
Best practices for internal communication
Communication support

Organizational structure and atmosphere
Personnel selection

Rewards

regulation after
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2.5.2 Individual’s technostress mitigation

Research focusing on the individual's ways for technostress mitigation has
gained increasing interest and attention. As mentioned earlier, the importance
of information technology use at work is constantly growing, and employees
are more likely to face technostress at their work. Understanding the individu-
al’s ways for technostress mitigation can improve the individual’s chances to
mitigate the harmful effects of technostress at work and offer ways for organi-
zations to support their employees with technostress mitigation (Pirkkalainen et
al., 2019).

The concept of coping has been a growing trend in the research focusing
on the individual’s ways for technostress mitigation. Coping can be seen as a
cognate concept to stress, and individuals use coping strategies to mitigate the
harmful effects of stressful situations. The coping process includes four main
concepts: a negative incident, appraisals, coping strategies, and an outcome.
(Lazarus & Folkman, 1984; Salo et al., 2020; Pirkkalainen et al., 2019; Pirkkalai-
nen et al., 2017; Tarafdar et al., 2020.) Right after a negative incident, users eval-
uate the importance of that negative event in relation to themselves. This evalu-
ation can be defined as an appraisal. If the result of the appraisal is that the per-
son sees the situation as stressful, they might end up using coping strategies to
mitigate the issue. Appraisals also affect the person’s decision on which coping
strategies they will decide to use. (Lazarus, 1993; Salo et al., 2020.)

Coping strategies can be divided into two main categories, which are
problem-focused coping strategies and emotion-focused coping strategies. The
main goal of problem-focused coping strategies is to actively try and find ways
to solve the root cause of stressors. In contrast, emotional-focused coping strat-
egies are more focused on passive and reactive ways for technostress mitigation.
However, there are exceptions to this division between different coping strate-
gies. Emotion-focused coping strategies can also include active coping such as
active improvement of information technology-control, which refers to the us-
er’s perception of how capable they are at using information technology. Prob-
lem-focused coping strategies can also include passive coping, like users re-
straining themselves from using the information technology causing stress until
updates. (Salo et al., 2020; Pirkkalainen et al., 2019; Pirkkalainen et al., 2017;
Gaudioso, Turel & Galimberti, 2017.) The following sections will take a look at
the problem and emotion-focused coping strategies identified in technostress
research.

One of the problem-focused coping strategies is to fix or modify the in-
formation technology used. Fixing or modifying the information technology
refers to users fixing the stressors themselves by looking for a possible solution
and applying that solution to overcome the problem. This adjusting makes the
technology better suit the user’s needs and actively eliminates the stressor. (Salo
et al., 2017; Salo et al., 2020; Salo et al., 2021.) An example of this kind of coping
could be changing phone settings like push notifications or applying a bug fix
for a system. Another possible problem-focused coping strategy is that the user
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adjusts their information technology use to better fit the quality of the infor-
mation technology. Adjusting information technology use is usually done if the
user feels like they do not want to switch or stop using a specific information
technology. Reasons for this kind of behavior can be, for example, monetary
loss if information technology use is stopped or user’s personal history with
using a specific information technology that results in a reluctance to switch
away from using it. (Salo et al., 2020.) Users can also change their information
technology use routines. These routine changes refer to modifying or switching
stressful use routines, such as checking work emails in leisure time. (Salo et al.,
2017.) Restraining from using a specific information technology until updates
and switching to another information technology have also been found to be
possible problem-focused mitigation methods. Restraining until updates can, in
some cases, be a working coping strategy as the update cycles for information
technology have become increasingly faster (Salo et al., 2020). Switching away
from the problem-causing technology can also be a viable option if there are
alternative technologies to choose from (Maier et al., 2015b; Salo et al., 2020; Sa-
lo et al., 2021). Modifying personal reactions to stress caused by information
technology can also help users to mitigate and build a tolerance to stressors
over time. When modifying their reactions, users should focus on training
themselves to control their reactions to acknowledged stressors and evaluate
the role of information technology in their lives. This can help users to modify
their attitude to be more positive and calmer towards unpleasant situations
caused by information technology. (Salo et al., 2017.) One of the possible tech-
niques to make these changes is referred to as positive reinterpretation. Positive
reinterpretation is described as a coping technique to infuse stressful situations
with a positive meaning. In the context of technostress, this implies that infor-
mation technology users should focus on the positive aspects of information
technology use and discover new ways to use information technology in stress-
ful situations. (Pirkkalainen et al., 2019.) Active distraction has also been found
as a viable option for problem-focused coping. Active distraction refers to users
actively diverting their attention away from stress-causing technologies by do-
ing other activities and tasks. (Tarafdar et al., 2020.)

The most researched emotion-focused coping strategies are disengage-
ment from information technology and distress venting (Maier et al., 2015a; Sa-
lo et al., 2020; Salo et al., 2017; Pirkkalainen et al., 2017; Pirkkalainen et al., 2019).
Disengagement from information technology refers to a user taking a tempo-
rary break from information technology use to distance themselves from strain
and negative effects. Distancing from information technology can help users to
clear their minds and relieve their emotional charge. This helps users coming
back to using information technology with a clear state of mind and mitigates
the impact of technostress creators. (Pirkkalainen et al., 2019; Salo et al., 2017;
Pirkkalainen et al., 2017.) Distress venting refers to users venting anger and
other negative emotions during stressful situations. Venting is done to let off
steam and air out negative emotions to restore emotional stability and gain back
the focus to concentrate on the task at hand. Distress venting has been found to
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create a temporary boost in productivity and help users mitigate the strain
caused by technostress. (Pirkkalainen et al., 2019; Salo et al., 2017; Pirkkalainen
et al., 2017; Salo et al., 2020.) Information technology control has been found to
have a mitigating effect on technostress. Information technology control refers
to the user’s beliefs in how well they can perform tasks using information tech-
nology (Tarafdar et al., 2015). A high level of information technology control
has been shown to lessen the tension and negative effects of technostress be-
cause users feel like they are in control of the situation. This feeling of control
helps users to be more confident and deal with challenging situations. (Tarafdar
et al., 2015; Pirkkalainen et al., 2019.) Salo et al. (2020) found three other emo-
tion-focused coping strategies: empathizing with the information technology
provider, downplaying the problem, and blaming the information technology
or the user blaming themselves. When empathizing with the technology pro-
vider, users put themselves in the provider's position and feel empathy or pity
towards them to cope with the stressful situation. On the contrary, blaming in-
formation technology can also be used to cope with stress. Users can also blame
themselves for getting into a stressful situation and cope with the stress by tak-
ing the blame on themselves or by downplaying the problem to reduce the im-
pact of the stressful situation. (Salo et al., 2020.)

Mindfulness has also been studied as a possible way for individuals to re-
duce technostress. Mindfulness can be described as a rich state of awareness
that encourages the idea of being in the present rather than focus on the past or
the future (Butler & Gray, 2006; loannou & Papazafeiropoulou, 2017). Mindful-
ness is a skill that can be practiced over time, and individuals can learn to better
focus on the moment and let go of thoughts and feelings that are not relevant at
that present moment (Grover, Teo, Pick & Roche, 2017; Pfliigner et al., 2020a).
Thatcher, Wright, Sun, Zagenczyk, and Klein (2018, p. 832-833) defined the con-
cept of information technology mindfulness specifically in the context of infor-
mation technology: “a dynamic information technology-specific trait, evident
when working with information technology, whereby the user focuses on the
present, pays attention to detail, exhibits a willingness to consider other uses,
and expresses genuine interest in investigating IT features and failures”. Infor-
mation technology mindfulness has been proven as a useful tool to combat
technostress by increasing user satisfaction, increasing performance, and en-
hancing users” other active coping strategies. (Ioannou & Papazafeiropoulou,
2017; Pfltigner et al., 2020a; Thatcher et al., 2018.) A summary of the individual’s
mitigation measures and coping strategies can be found below in table 4.
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TABLE 4 Individual’s means for technostress mitigation and coping with negative infor-

mation technology use experiences

Mitigation strategy and sources

Mitigation or coping measure

Problem-focused

Salo et al., 2017; Salo et al., 2020;
Salo et al., 2021; Pirkkalainen et al., 2019;
Tarafdar et al., 2020

Emotion-focused

Maier et al., 2015a; Salo et al., 2017;
Salo et al., 2020; Salo et al., 2021;
Pirkkalainen et al., 2017;
Pirkkalainen et al., 2019;

Tarafdar et al., 2015

Other

Ioannou & Papazafeiropoulou, 2017;
Pfltigner et al., 2020a; Thatcher et al., 2018

Modification of information technology
Adjusting own IT use

Modification of IT use routines

Restraining until updates

Switching the used information technology
Modification of personal reactions to infor-
mation technology

Active distraction

Disengagement from information technolo-
&Y

Distress venting

Technology control

Empathizing with the IT provider
Downplaying the problem

Blaming the IT or oneself

Mindfulness
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3 SMART PERSONAL ASSISTANTS

One of the goals of new information technology solutions has been to improve
the interaction between computers and humans. Interaction between computers
and humans has been enhanced by using intelligent and interactive computing
solutions, which use artificial intelligence to provide more personalized and
authentic communication with the user (Maedche, Morana, Schacht, Werth &
Krumeich, 2016). One of these kinds of computing solutions is the so-called
smart personal assistant. The proliferation of smart personal assistant use is a
relatively new phenomenon, but their possibilities have been recognized in lit-
erature since the 1990s. Azvine, Dijan, Tsui, and Wobcke (2000) stated in the
year 2000 that smart personal assistants have become a major business oppor-
tunity and that human-computer interaction would have many possible bene-
fits for information seeking and sorting. However, only the recent advance-
ments in technology during the 2010s have enabled a widespread integration of
smart personal assistants into the daily lives of information technology users
(Hu et al., 2019). This rapid increase in smart personal assistant use has created
a growing interest in research towards smart personal assistants and users’ ex-
periences with them.

This chapter first discusses the concept and background of smart personal
assistants. This is followed by a discussion of the architecture and technology
behind the assistants. After that, archetypes, principles, and features of smart
personal assistants are described. This chapter concludes with a discussion on
the benefits and challenges of smart personal assistant implementations and the
connection between smart personal assistant use and technostress.
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3.1 Concept and background of smart personal assistants

The market and possibilities for smart personal assistants (SPAs) have been
growing rapidly during the 2010s. The main reasons for this are advancements
made in technologies that are closely tied with SPAs, such as artificial intelli-
gence (Han & Yang, 2018; Hu et al., 2019; Mihale-Wilson, Zibuschka & Hinz,
2017). Modern SPAs can perform a variety of tasks ranging from everyday tasks
such as information seeking and schedule planning to more complex tasks such
as customer service and e-learning (Bentley et al., 2018; Zierau, Engel, Sollner &
Leimeister, 2020; Luger & Sellen, 2016; Go & Sundar, 2019). Overall, SPAs are
used in a plethora of contexts, like smart home integration, healthcare, and to
increase organizational and group productivity (Fernando, Tan, Vasa, Mouzaki
& Aitken, 2016; Bennett, Rokas & Chen, 2017; Budzinski, Noskova & Zhang,
2019; Myers et al., 2007, Winkler, Sollner, Neuweiler, Rossini & Leimeister,
2019a; Winkler, Neuweiler, Bittner & Sollner, 2019b). Despite the widespread
use of SPAs and increased interest in SPA research, there is no universal defini-
tion for an SPA. However, some similarities repeat between the variety of defi-
nitions. These similarities are the utilization of artificial intelligence, interaction
with the user, and performance of tasks (Knote et al., 2018a; Zierau et al., 2020;
Mihale-Wilson et al., 2017; Hu et al., 2019). In this study, an SPA is defined as a
computer system that interacts with the user using varying levels of artificial
intelligence to perform tasks and services for the user. Deng (2018) defines arti-
ficial intelligence as a branch of computing that aims to develop theories, meth-
ods, algorithms, and applications to simulate and extend human intelligence. In
the context of SPAs, this can include technologies such as natural language pro-
cessing and deep learning (Knote et al.,, 2018a; Knote, Sollner & Leimeister,
2018b; Bellegarda, 2014).

The concept of a technology-based personal assistant was introduced in
the 1990s. The evolution of SPAs can be viewed by comparing them to a classi-
fication of user assistance systems introduced by Maedche et al. (2016). The
classification consists of two dimensions: the degree of intelligence and the de-
gree of interaction of the assistance system. Based on these two dimensions,
SPAs can be classified into two groups: basic user assistance systems and ad-
vanced user assistance systems. An illustration of the user assistance system
classification is presented in figure 2.

The early personal assistants were software agents that could only give
advice within highly specified use cases, but some prototypes did already use
primitive artificial intelligence to improve the accuracy of the assistants (Mitch-
ell et al., 1994; Zierau et al., 2020). The early personal assistants were aimed to
help users with basic tasks such as information seeking, calendar scheduling,
email filtering, and telephone call management (Azvine et al., 2000; Mitchell et
al., 1994; Hoyle & Lueg, 1997). These early prototypes can mostly be categorized
into basic user assistance systems. Basic user assistance systems offer a low lev-
el of intelligence and interaction and rely heavily on manual user input (Maed-
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che et al., 2016). Despite the inaccuracy and limited use cases of the early per-
sonal assistants, the need and possible benefits of SPAs were realized. Azvine et
al. (2000) stated that because of the ever-increasing amount of information,
there is a need for computers that better understand the behavior of the user to
increase productivity and avoid information overload.

Degree * Advanced user assistance systems
of
intelligence
High Intelligent user assistance Anticipating user assistance
systems systems
Low Basic user assistance Interactive user assistance
systems systems
Low High Degree of
interaction

FIGURE 2 Classification of user assistance systems (Maedche et al., 2016, p. 368)

Recent advancements in technology, especially in artificial intelligence, have
made the concept of an SPA more affordable and flexible. Because of these de-
velopments during the 2000s, SPAs can be found integrated into websites and
smartphones as well as standalone hardware devices. (Han & Yang, 2018; Hu et
al., 2019; Zierau et al., 2020; Knote et al., 2018b.) The modern SPAs can also be
applied to more complex use cases like making purchases, e-learning, and as-
sisting business decisions (Hu et al., 2019; Budzinski et al., 2019; Winkler, Btichi
& Sollner, 2019c). Most modern SPAs can be categorized into advanced user
assistance systems, but there are still differences between the level of interaction
and intelligence that SPAs are able to provide. Anticipating user assistance sys-
tems offer a higher level of intelligence and interaction, proactive and context-
aware decision making, and sophisticated dialog capabilities. (Knote, Janson,
Sollner & Leimeister, 2019; Knote et al., 2018a; Maedche et al., 2016.) Modern
SPAs that lack either intelligence or interaction can be categorized into either
intelligent user assistance systems or interactive user assistance systems. Intelli-
gent user assistance systems provide higher levels of intelligence but lack inter-
action. Intelligent user assistance systems are often highly adaptive, and they
can be used as, for example, recommendation-focused systems in e-commerce
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or software robots. Interactive user assistance systems contrarily lack intelli-
gence but offer higher levels of interaction. Interactive user assistance systems
often offer assistance on pre-determined patterns but are highly interactive and
work in cooperation with the users. (Maedche et al., 2016; Knote et al., 2019.)

3.2 Architecture and technology

One of the most common ways that SPAs to interact with their users are artifi-
cial intelligence-driven natural language processing techniques (Knote et al.,
2018b; Hauswald et al., 2016; Knote et al., 2018a; Bellegarda, 2014). Natural lan-
guage processing refers to utilizing computing to process spoken or written
language to perform different tasks (Collobert & Weston, 2008; Deng & Liu,
2018). Natural language processing is based on signal identification to under-
stand the meaning of different signals such as speech, written text, and gestures
(Deng & Liu, 2018). In the case of SPAs, natural language processing is used to
interact with the user and provide assistance in the task given to the SPA
(Knote et al., 2018a; Bellegarda, 2014). The smart personal assistant interaction
model (figure 3) by Bellegarda (2014) describes a simplified natural language
processing architecture used in most modern SPAs to interact with users.

Elicitation . |clarification| _ Missing element(s)
Output synthesis  [% om0 | Dialog management [¢
Interaction | context
No
Input from Inbut iti Word Natural language | semantic Complete
—)
user nputrecognition sequence understanding interpretation ?
T Yes
Word | knowledge
y
Output to . _ Best . . Inferred user intention
eor Output synthesis |« Sutcome Action selection |«

FIGURE 3 A simplified smart personal assistant interaction model adapted from Bellegarda
(2014, p. 4)

First, the input given to the SPA is transformed into a word sequence so that
natural language understanding and semantic interpretation can be done. If
clear interpretation cannot be done, the SPA tries to deduce the missing ele-
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ments to decide the best course of action or asks for further information from
the user. Lastly, when the semantic interpretation is complete, the SPA will
choose the best possible outcome to the best of its abilities and communicates
the output to the user. (Bellegarda, 2014.)

The smart personal assistant interaction model provides a simplified
overview of the operation of SPAs. However, it is important to note that there is
no unified architecture for SPAs, but all of the basic elements in the model can
be identified in most modern SPAs (de Barcelos Silva et al., 2019; Hauswald et
al., 2016). Most of the current SPAs are built on their own architectures, and the
exact elements of any given architecture are dependent on the functionality of
that specific SPA. The features affecting the architecture of a specific SPA can be,
for example, the level of context-awareness, possible directions of communica-
tion, and self-evolution capabilities (Hauswald et al., 2016; Knote et al., 2018a;
Knote et al., 2018b). For instance, if an SPA uses vision to communicate with the
user or it uses machine learning for self-evolution, the SPA needs those ele-
ments to be included in its architecture as well. The level of intelligence and
possible conversation paths of the SPA also affect the level of semantic interpre-
tation that the SPA is able to perform. (Hauswald et al., 2016.)

3.3 SPA archetypes

SPAs can be categorized into five distinctive archetypes based on their means of
interacting with the user, the user interacting with them, and the goal of the
interaction. The five different archetypes recognized are adaptive voice assis-
tants, chatbot assistants, passive pervasive assistants, and natural conversation
assistants (Knote et al., 2019). However, it is also important to note that arche-
types and their features are often mixed with each other in real-life use cases,
and one SPA can include characteristics from multiple archetypes.

The main communication method of adaptive voice assistants is speech
combined with possible vision-based communication methods such as optical
sensors and visual output (Knote et al., 2019). Adaptive voice assistants are ca-
pable of both receiving and responding using natural language, and they are
used for multiple different use cases such as controlling smart devices and cal-
endar scheduling (Han & Yang, 2018; Bentley et al., 2018). Most of the popular
commercial SPAs like Siri, Alexa, and Cortana belong to adaptive voice assis-
tants. Due to the nature of these assistants, they can adapt and learn from user
input and thus improve their ability to perform tasks. (Knote et al., 2019.)

Chatbot assistants, also called text-based conversational agents, mainly
use text and semantic text analysis to provide assistance services (Knote et al.,
2019; Nuruzzaman & Hussain, 2018). Chatbots are designed for tasks such as
customer service, technical support, and answering frequently asked questions
(Go & Sundar, 2019). Chatbot assistants usually operate in closed systems and
utilize domain-specific knowledge rather than third-party information. (Knote
et al., 2019.) This can lead to inflexible dialogue capabilities and only using pre-
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defined interaction methods (Nuruzzaman & Hussain, 2018). However, even if
a chatbot assistant works in a closed system, it can still learn to provide better
assistance through multiple encounters with different users, thus learning bet-
ter patterns for assistance (Knote et al., 2019). There have also been develop-
ments in chatbots to increase their learning capabilities by using deep learning
techniques to make chatbots more flexible and better at providing useful infor-
mation (Nuruzzaman & Hussain, 2018). Chatbot assistants have allowed organ-
izations to automate parts of their customer service and respond to the need for
around-the-clock interaction (Go & Sundar, 2019).

The third SPA archetype is an embodied virtual assistant. Embodied vir-
tual assistants often have human-like qualities, such as a sense of humor, empa-
thy, and appearance, and they are usually designed to perform a specific task
(Knote et al., 2019; Epley, Waytz & Cacioppo, 2007). An example of a task like
this is e-learning, which is currently the most common use case for embodied
virtual assistants (Winkler et al., 2019c; Canbeck & Mutlu, 2016; Knote et al.,
2019). Embodied virtual assistants usually communicate using speech and visu-
al output, and they are designed to increase and sustain human-like interaction
in use cases where human-to-human communication has been the dominant
way to accomplish a task, such as learning (Knote et al., 2019).

Passive pervasive assistants refer to SPAs whose main task is to collect as
much data as possible to help the user accomplish a task or make a decision.
Unlike the other assistant archetypes, passive pervasive assistants are often
unidirectional and require minimal manual input from the user. The goal of a
passive pervasive assistant is to be as seamless as possible while still enhancing
users’ productivity. (Knote et al., 2019.) In organizational environments, soft-
ware robots utilizing intelligent robotic process automation (RPA) can be
thought of as these kinds of SPAs. RPA solutions do not offer a high level of
interaction with the user, but they accomplish tasks and help users in their daily
work lives. (Aguirre & Rodriguez, 2017.)

The last group of assistants is natural conversation assistants. The goal of
natural conversation assistants is to imitate human-to-human natural language
interaction. Natural conversation assistants use sophisticated speech recogni-
tion to understand complex conversations and use natural language interaction
techniques such as filler words. Natural conversation assistants are predicted to
be used to perform tasks on behalf of the user and replace humans in tasks such
as customer service. However, as of now, these types of assistants are still in an
experimental stage. (Knote et al., 2019.) An example of a natural language con-
versational assistant is Google Duplex, which can perform tasks using natural-
sounding and human-like conversations (Leviathan & Matias, 2018). A sum-
mary of the SPA archetypes presented in this section can be found below in ta-
ble 5.
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TABLE 5 SPA archetypes (Knote et al., 2019).

Archetype Common features

Adaptive voice assistants Speech and possibly vision-based interaction
Bidirectional natural language interaction
Learning through user input

Chatbot assistants Designed to provide customer support and assistance
Closed system operation
Learning through experience

Embodied virtual assistants Human-like design and qualities
Speech and visual interaction

Passive pervasive assistants Data collection for task accomplishing and decision making
Unidirectional interaction (system to user)
Minimal user input

Natural conversation Authentic human-to-human-like interaction

assistants Sophisticated speech recognition
Bidirectional interaction

3.4 Principles and features of SPAs

SPAs are complex systems that are built using differing architectures and func-
tionalities. However, there are similarities between different SPAs. Knote et al.
(2018a) conducted an extensive literature review of SPA literature and found
five unifying principles of SPAs. Knote et al. (2018a) presented these factors
mainly as principles for further research, but these principles have been noted
in prior literature as a major part and basis of the functionality of SPAs (Maed-
che et al., 2016; Abowd, Dey, Brown, Davies, Smith & Steggles, 1999; Russell &
Norwig, 2003; Benlian et al., 2019; Touré-Tillery & McGill, 2015; Mourey, Olson
& Yoon, 2017, Luger & Sellen, 2016). These five principles are context-
awareness, self-evolution, multimodality, anthropomorphism, and platform
integration (Knote et al., 2018a).

The exact definition and what is included in context-awareness varies.
However, in the context of SPAs it can be defined as context-aware computing
solutions to identify, process, and use contextual information to offer more per-
sonalized and tailored services for the user of the system (Knote et al., 2018a;
Maedche et al., 2016). The inclusion of some level of context-awareness is said
to be crucial to be able to call a system a smart assistant. Context-awareness can
be obtained by using different kinds of techniques for piecing together infor-
mation from different sources and prior actions. This means that the SPA can
combine new and prior information from different sources to understand the
context in which the user needs help in. Context-aware SPAs can react and de-
tect changes in context and offer information and services relevant to the specif-
ic task of the user. The level of context-awareness varies between current SPA
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implementations, but it is expected to rise as SPAs advance (Abowd et al., 1999;
Knote et al., 2019; Mihale-Wilson et al., 2017.)

Self-evolution refers to the SPAs’ ability to react and learn from unex-
pected situations (Knote et al., 2018a). Russell and Norvig (2003) describe a
learning system that is able to flexibly adapt to unknown contextual infor-
mation and change its behavior accordingly based on the critic it gets. This kind
of a learning system makes the information technology using it more flexible
and automated. Learning allows the system to operate in never-seen environ-
ments and to become more competent than it was prior to it started learning.
(Russell & Norvig, 2003.) However, Knote et al. (2018a) point out that the self-
evolution of current SPA implementations varies heavily. Some SPAs only uti-
lize a set of “if-then rules’ in their interaction, and some use a goal-based model
to end up in the desired outcome. These kinds of SPAs are mainly capable of
learning through the development of the models and rules responsible for the
actions of the assistants. Some modern SPAs also include more advanced learn-
ing architectures capable of utilizing techniques like deep learning to learn
more effectively from user input over time. (Knote et al., 2018a.) These modern
SPAs, like Amazon’s Alexa, have become closer to the automated learning sys-
tem described by Russell and Norwig (2003). Overall, most modern SPAs are
capable of self-evolution and learning to some degree, depending on their de-
sign and architecture. The better the self-evolution mechanism of the SPA, the
better the SPA can usually provide assistance to its users and adapt to changing
circumstances. (Knote, 2019.)

Anthropomorphism refers to attaching human-like physical or non-
physical features, emotions, behavior, characteristics, and attributes to a non-
human object (Epley et al., 2007). Anthropomorphism is important for SPAs
because humans are more likely to form a trusting connection with SPA tech-
nologies if they include well-made and trustworthy anthropomorphic features
(Touré-Tillery & McGill, 2015; Mourey et al., 2017). These features allow users
to connect more easily with their SPAs by providing a more familiar human-
like feeling with the assistant (Pfeuffer, Benlian, Gimpel & Hinz, 2019). Anthro-
pomorphic design features are usually embedded in the design of SPAs. An-
thropomorphic design features on the hardware level can be, for instance, hu-
man-like shaping of the device. On the software level, anthropomorphic fea-
tures can include facial expressions on the display or human-like voice and dia-
logue of the assistant. (Benlian et al., 2019.) However, anthropomorphic features
can also cause issues because of users forming unrealistic expectations towards
the SPAs they are using. This can create challenges with balancing between re-
alistic expectations of the users and the functionality of the assistant. Overall
anthropomorphic design features are an important part of SPAs that improve
the interaction between the user and the assistant, and they have also been
found to mitigate the intrusive negative effects of SPAs. (Knote et al., 2018a;
Benlian et al., 2019.)

Multimodality refers to the ability of an SPA to receive inputs and/or send
outputs in more than one way. This is not a necessity of an SPA, but some mod-
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ern SPAs follow this principle by combining multiple ways of communication.
(Luger & Sellen, 2016.) Different ways of communication, such as facial expres-
sions, gestures, and vocal and textual communication, are referred to as com-
munication modes (Knote et al., 2019). Multimodality can be implemented ei-
ther unidirectionally or multi-directionally. In a unidirectional implementation,
either the user can give inputs to the SPA in more than one way (user to sys-
tem), or the SPA can give outputs to the user in multiple ways (system to user).
In the multidirectional implementation, both inputs and outputs can be done in
both ways (bidirectional interaction). (Knote et al., 2018a; Knote et al., 2019.) It is
also important to note that multimodality is connected to anthropomorphism
and context-awareness. For example, if an SPA decides to respond to a user
with a smile, it needs the anthropomorphic feature to respond with a smile and
preferably context-awareness to know if responding with a smile is appropriate
in that specific context. (Ochs, Pelachaud & Mckeown, 2017; Knote et al., 2018b;
Benlian et al., 2019.)

Platform integrations have been noted as an important part of building a
successful SPA. The lack of integration support with other ecosystems has been
found to increase customer frustration. (Knote et al., 2018a; Cowan et al., 2017.)
Especially with strict ecosystem borders, like with Apple’s Siri, users have been
found to wish for better integration with third-party apps and skills (Cowan et
al., 2017). Rich ecosystem support allows users to customize their SPAs and
gives them more ways to take advantage of their SPAs (Fernando et al., 2016).

3.5 Benefits and challenges

Albeit the idea behind SPAs is to make their users’ lives easier and more effort-
less, literature has also noted multiple possible challenges and problems con-
cerning the use of SPAs. This section is first going to go over the benefits of
SPAs and, after that, discuss the challenges and problems with current SPA im-
plementations.

3.5.1 Benefits of SPAs

The main benefits of SPAs can be divided into two groups which are utilitarian
benefits and social benefits. Utilitarian benefits refer to the usefulness and con-
venience that SPAs provide to the user (McLean & Osei-Frimpong, 2019). One
of the utilitarian benefits of SPAs is that they can increase common task produc-
tivity. Common task productivity usually refers to free time or work-related
tasks, which in the case of SPAs can be for example information seeking,
weather checking, making reservations or booking meetings, and controlling
other smart home devices (Han & Yang, 2018; Bentley et al., 2018; Luger & Sel-
len, 2016; Canbeck & Mutlu, 2016). The benefits in common task productivity
are usually related to the user’s experience that the assistant can do the job fast-
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er or better than the user themselves. SPA working on the task can also leave
the user free to do something else, leading to more efficient multitasking, in-
creasing overall productivity (Luger & Sellen, 2016). In terms of productivity,
users have also been found to value the hands-free operation found in some
voice-controlled SPAs. Hand-free operation enables users to further enhance
their multitasking and use their devices, such as smartphones or work-related
software, even if their hands are engaged with something else (McLean & Osei-
Frimpong, 2019; Luger & Sellen, 2016).

Research has also focused on the utilitarian benefits of SPAs in organiza-
tional environments. When used efficiently, SPAs have been found to reduce
transaction costs, increase organizational efficiency, enhance task management,
and improve multitasking (Budzinski et al., 2019; Myers et al., 2007; Luger &
Sellen, 2016). SPAs can increase the performance and efficiency of organizations
by reducing the task and information overload experienced by employees, re-
ducing the costs related to information seeking and decision making, improving
customer service, and increasing sales (Budzinski et al.,, 2019; Go & Sundar,
2019; Myers et al., 2007; Touré-Tillery & McGill, 2015). SPAs have also been
found to enhance workgroup performance by improving the group’s collabora-
tion quality and task outcome. Groups using SPAs can have more vivid conver-
sations, and they are more focused on solving the task and achieving the de-
sired goal. (Winkler et al., 2019a; Winkler et al., 2019b.) Customized SPA solu-
tions are used in contexts like healthcare and learning to provide contexts-
specific utilitarian benefits for their users, such as smart-home enabled
healthcare and enhanced distance learning (Fernando et al., 2016; Bennett et al.,
2017; Winkler et al., 2019a; Canbeck & Mutlu, 2016).

Social benefits refer to the feeling of social belonging and social attractive-
ness that users might feel when interacting with an entity with anthropo-
morphic features, like an SPA (McLean, & Osei-Frimpong, 2018). SPAs are
sometimes used as conversational agents to keep company, do small talk, and
entertain users, which can make the user form a socially attached relationship
with the SPA (Knote et al., 2019; Bentley et al., 2018; Luger & Sellen, 2016). So-
cially attachable and trustable SPAs have been found to have the ability to fight
the effects of social exclusion, mitigate the negative effects of technostress
caused by SPAs, and make the conversations with the SPA more convincing
and human-like (Cowan et al., 2017; Benlian et al., 2019; Mourey et al., 2017;
Han & Yang, 2018; Touré-Tillery & McGill, 2015). The social attraction between
the user and the SPA can also increase overall user satisfaction and commit-
ment (Han & Yang, 2018).

Research has also speculated on two other groups of benefits which are
hedonic benefits and symbolic benefits. However, hedonic benefits, which are
related to the enjoyment and entertainment of SPAs, have not been found to be
a major contributor to the overall use and acceptance of SPAs, at least as of now.
(McLean & Osei-Frimpong, 2019; Luger & Sellen, 2016.) Few studies have re-
searched the possible hedonic benefits of SPAs, and one of these benefits dis-
covered is joy and entertainment gained from playful interactions with SPAs.
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These playful interactions can include finding hidden special features of SPAs
and having joking conversations with SPAs. However, according to current re-
search, using SPAs for playful conversations lessens the accepted margin of er-
ror of the SPAs, and the amusement of playing with the SPAs can fade fairly
quickly. (Luger & Sellen, 2016.) It is also important to note that SPAs are con-
stantly evolving, and hedonic features may become more important and better
executed in the future. Symbolic benefits refer to users gaining symbolic re-
wards by using SPAs such as enhancing their social status or self-image. Sym-
bolic benefits have been found to be possible benefits of SPA use and adaption.
However, more research is needed to clarify further the magnitude of symbolic
benefits and their effect on SPA use. (McLean & Osei-Frimpong, 2019.) A sum-
mary of the SPA benefits presented in this chapter is found below in table 6.

TABLE 6 Benefits of SPAs
Benefits Group  Benefit Sources
Utilitarian Common task productivity Han & Yang, 2018; Bentley et al., 2018;
benefits Luger & Sellen, 2016;
Canbeck & Mutlu, 2016.
Hands-free operation and McLean & Osei-Frimpong, 2019;
multitasking Luger & Sellen, 2016.
Organizational benefits Budzinski et al., 2019;

Myers et al., 2007;
Go & Sundar, 2019;
Luger & Sellen, 2016.

Winkler et al., 2019a;
Winkler et al., 2019b.

Group performance

Fernando et al., 2016;
Bennett et al., 2017;
Pradhan et al., 2018;
Johansson et., 2013;
Winkler et al., 2019a;
Canbeck & Mutlu, 2016.
Mourey et al., 2017.

Context-specific benefits in
healthcare and learning

Social benefits Fights social exclusion

Technostress mitigation Benlian et al., 2019.

Hedonic benefits
Symbolic
benefits

Human-like trustable rela-
tionship

Overall user satisfaction and
continuance of use
Joy

Social status, self-image

Touré-Tillery & McGill, 2015;
Han & Yang, 2018.

Han & Yang, 2018.

Luger & Sellen, 2016.
McLean & Osei-Frimpong, 2019.
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3.5.2 Challenges and problems of SPAs

The biggest and most researched challenge of current SPA implementations is
privacy. SPAs rely heavily on collecting and processing sensitive data to oper-
ate and perform the assistive functions they are intended to do (Liao, Vitak,
Kumar, Zimmer & Kritikos, 2019). SPAs are usually also operating in an open
and noisy environment, making it difficult to build a fail-proof authentication
mechanism to prevent unauthorized access for the device (Zhang et al., 2019).
Research concerning the security and privacy of SPAs can be grouped into two
distinct lines of research: research focusing on technical attacks and research
focusing on human factors of security and privacy (Abdi, Ramokapane & Such,
2019).

Technical security refers to the SPA’s ability to protect itself against mali-
cious attacks and protect its users’ private information (Abdi et al., 2019). One
of the possible technical vulnerabilities of SPAs are malicious third-party skills
that can be installed on some SPAs. These malicious third-party skills can steal
sensitive information and gain unauthorized access to other skills installed on
the device. Access to sensitive information can be obtained by impersonating
another skill, thus getting the authentication needed to access the user’s sensi-
tive information. If the SPA is a physical device, the malicious skill can, in some
situations, also gain control of the entire device. (Zhang et al., 2019.) Another
technical way of purging the security of an SPA is to impersonate the user of
the SPA and gain access to all the data stored on the device (Abdi et al., 2019).
These authentication attacks are hard to prevent unless better authentication
methods, like continuous voice authentication, can be implemented (Feng,
Fawaz & Shin, 2017).

Research on human factors of security and privacy is focused on people’s
attitudes towards the perceived security of SPAs (Abdi et al., 2019). According
to Mihale-Wilson et al. (2017), privacy concerns and mistrust towards SPAs are
currently major factors for not buying an SPA among potential users. Active
users are also concerned about their sensitive information, and not trusting the
privacy features of an SPA can affect the overall user satisfaction and experi-
ence of SPAs (Abdi et al., 2019; Cowan et al., 2017; Liao et al., 2019). Users can,
in some instances, even avoid certain tasks and turn off their devices in fear of
privacy concerns (Liao et al., 2019). Privacy concerns and intrusive features of
SPAs have also been identified as a cause for technostress among users (Benlian
et al., 2019).

Overall, the challenges presented concerning the privacy of SPAs have re-
sulted in the so-called personalization-privacy paradox. In the context of SPAs,
the personalization-privacy paradox refers to the SPAs’ need for personal data
to offer services and information to the user at the expense of privacy (Knote,
2019). This creates a challenge for the development of SPAs if users who value
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privacy are not willing to be profiled, which is essential for the functionality of
SPAs (Karwatzki, Dytynko, Trenz & Veit, 2017). There have been possible solu-
tions proposed to solve this problem, such as different user profiles. However,
at least as of now, the main solution is still the user’s readiness to give up priva-
cy to achieve functionality. (Knote, 2019.)

The second major group of challenges with SPAs can be grouped into usa-
bility-related challenges. One of the usability challenges with current SPA im-
plementations is the consistency of input recognition (Cowan et al., 2017; Han &
Yang, 2018; Luger & Sellen, 2016). SPAs have been found to have trouble with
recognizing and responding to user requests which can affect the user experi-
ence of SPAs (Han & Yang, 2018). Considering voice-based SPAs, issues have
also been identified with users that use non-native accents, which creates a situ-
ation where users have to change the way they speak to maximize the potential
of their SPAs (Cowan et al., 2017). Inconsistent and faulty speech recognition
can also increase the effort users have to put into learning to use their SPAs.
Studies have found that, when learning to use SPAs, users might change their
sentence formation and word choices to make their SPA understand what they
are trying to convey (Luger & Sellen, 2016). This makes the user experience
more unnatural, which may affect the social relationship and trust between the
user and the SPA (Touré-Tillery & McGill, 2015). The second usability-related
challenge is the issue of trust towards the SPA to perform tasks given to it. The
more inaccurate the SPA is in performing the task, the less the user trusts their
SPA. As a result, users have been found to not trust their SPAs on tasks like set-
ting alarms and writing emails which can affect the overall user satisfaction and
perceived usefulness of the SPAs. (Cowan et al., 2017; Zierau et al., 2020; Luger
& Sellen, 2016.) Lack of trust can also affect the user’s confidence in the SPA’s
self-evolution and its ability to learn new operation models (Luger & Sellen,
2016). To improve the usability of SPAs, Milhorat et al. (2014) noted four tech-
nical challenges that could improve the overall user experience of SPAs. These
four technical challenges are extended dialog history, improved context-
awareness, dynamic system adaptation, and supported task hierarchy design.
These technological improvements aim to improve the self-evolution and con-
text awareness of SPAs to increase their intelligence, precision, and functionali-
ty. (Milhorat et al., 2014.) A summary of all the SPA challenges presented in this
section can be found below in table 7.
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TABLE 7 Challenges of SPAs

Challenge group  Challenge Sources
Security-related Technical challenges: Abdi et al., 2019;
challenges - Malicious skills Zhang et al., 2019;
- Authentication attacks Feng et al., 2017.
Human factors of security and Abdi et al., 2019;
privacy: Cowan et al., 2017;
- Security concerns Liao et al., 2019;
- Avoidance of use Benlian et al., 2019;

- Technostress caused by priva- Mihale-Wilson et al., 2017.
cy concerns

Personalization-privacy paradox Knote, 2019;
Karwatzki et al., 2017.
Usability-related ~ Speech recognition Cowan et al., 2017;
challenges Difficulty of use Han & Yang, 2018;
Unnatural conversation Luger & Sellen, 2016;
Trust issues with task performance Touré-Tillery & McGill, 2015;
Zierau et al., 2020.

Technical challenges related to the Milhorat etal., 2014.
usability of SPAs:

- Context-awareness

- Dialog history

- System adaptation

- Task hierarchy

3.6 The connection between SPA use and technostress

This study is focused on the connection between work-based SPA use and its
impact on technostress. As noted earlier, previous research has shown that
SPAs have been proven useful for organizations in, for example, performing
customer service, cutting costs, and improving productivity (Budzinski et al.,
2019; Go & Sundar, 2019; Myers et al., 2007; Touré-Tillery & McGill, 2015). Even
though these benefits have increased the use of SPAs in organizations, little re-
search exists considering how SPA use affects individual employees. As point-
ed out in the previous sections, users have been found to experience frustration
and lack of privacy when using SPAs due to lack of trust and unexpected be-
havior of SPAs (Liao et al., 2019; Han & Yang, 2018; Cowan et al., 2017; Luger &
Sellen, 2016). These findings could imply that users experience some form of
negative experiences or stress if the SPA does not perform as expected. SPA
research has also found challenges related to the usability features like dialogue,
reliability, and accuracy of SPAs (Cowan et al., 2017; Zierau et al., 2020; Luger &
Sellen, 2016). These challenges have been found to negatively affect the user
experience and satisfaction of SPA users. Users have also ended up not trusting
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SPAs with tasks because they do not trust the SPA to perform them. (Cowan et
al., 2017; Zierau et al., 2020; Luger & Sellen, 2016.) These challenges and prob-
lems have also been connected to, for example, lacking context-awareness, an-
thropomorphic features, and platform integration (Milhorat et al., 2014; Cowan
et al., 2017; Knote et al., 2018a; Knote et al., 2019).

Even though SPA research has not directly examined the connection be-
tween technostress and SPA use, findings such as usability issues and lack of
trust could indicate a possible connection between SPA use and technostress
creators such as techno-complexity and techno-uncertainty (Ragu-Nathan et al.,
2008; Tarafdar et al., 2011; Fischer & Riedl, 2017). A study by Benlian et al. (2019)
also found a connection between intrusive technology features of SPAs and
technostress experienced by users. Next, this study will focus on the empirical
research conducted to provide insights into how technostress emerges in the
context of work-based use of SPAs by examining the possible technostress crea-
tors and outcomes. Possible links of the SPA design principles of and tech-
nostress creators are also considered to better understand the effects of SPA-
specific features on individual users.
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4 RESEARCH METHODS

This study was conducted utilizing qualitative research methods. Qualitative
research aims to approach and understand the topic of research from the partic-
ipant's point of view (Hennink, Hutter & Bailey, 2020). Understanding the ex-
periences, circumstances, and situations of those who participate in the research
allows the participants to get their voices heard, which allows for a multiplicity
of findings to emerge during the research (Hesse-Biber & Leavy, 2011). Qualita-
tive research methods are often best used when researching topics of which lit-
tle to no prior information is available (Dark, Shanks & Broadbent, 1998). Over-
all, qualitative research methods help with understanding different phenomena
in the real-life contexts that they occur in (Hesse-Biber & Leavy, 2011). This
study aimed to examine the connection between technostress and the use of
SPAs in the context of work. The purpose of this study fits well with the basic
principles of qualitative research described above. Stress is a highly subjective
experience, and understanding the experiences of individuals is crucial to un-
derstand how technostress emerges in the context of SPA use. There is also little
prior research available on the topic of technostress related to SPA use. Qualita-
tive research methods have also been found suitable for gaining a context-
specific understanding of how information technology use affects users in real-
life situations (Venkatesh et al., 2013; Salo et al., 2019).

This chapter describes in detail the progression of the empirical research
and the research methods used in this study. The first section of this chapter
will look at the data collection and introduce the semi-structured interview
used as the main method for data collection. The second section will describe
the data analysis and how it was conducted. The third section will evaluate and
describe factors affecting the quality and credibility of this study.
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4.1 Data collection

Qualitative research has three main approaches for data collection: interviews,
observation, and different kinds of written documents (Patton, 2002). Inter-
views were picked as the method for data collection in this particular study as
they have been deemed useful in understanding human behavior and generat-
ing knowledge about unmapped research areas (Berg, 2004). Interviews have
also been proven useful in gathering actual real-life technostress experiences to
provide rich insights about uncovered topics related to information technology
use and technostress (Klein & Myers, 1999; Venkatesh et al., 2013; Salo et al.,
2019; Salo et al., 2021). More specifically, this study utilized semi-structured in-
terviews in its data collection. Semi-structured interviews are a form of an in-
terview in which the main themes for the interviews are predetermined. How-
ever, they still leave room for improvisation and other themes to emerge during
the interviews (Myers & Newman, 2007). This flexibility allows a deep dive into
the interview topics, which helps in understanding the actual real-life experi-
ences of the interviewees (DiCicco-Bloom & Crabtree, 2006). The predetermined
themes of technostress and SPA interaction allowed the interviewees to provide
detailed descriptions of their technostress experiences during SPA use. At the
same time, the freedomness provided by the semi-structured interview allowed
the interviewees to get their voices heard and raise important issues outside of
the main themes as well.

The main themes of the interviews were based on the key themes identi-
fied in both technostress and SPA research. The first theme focused on the gen-
eral SPA use of the interviewees. The purpose of this theme was to gain a gen-
eral understanding of what kind of SPA technologies the interviewees used in
their work and how they used them. The second theme focused on the negative
and stressful experiences of SPA use. The purpose of this theme was to gain an
in-depth understanding of the negative and stressful experiences with using
SPAs and how technostress emerges during SPA use. This theme also included
sub-themes to examine the possible technostress creators and outcomes of SPA
use. The third theme focused on the SPA principles introduced by Knote et al.
(2018a). The purpose of this theme was to gain an understanding of how the
SPA principles affect the emergence of technostress during SPA use. These
themes were used to ensure that all the relevant themes of the study were
acknowledged during all of the interviews. However, as mentioned earlier, the
semi-structured interview is a flexible data collection method that requires im-
provisation and openness. Thus, these themes were not allowed to impact the
flow of the interview. (Myers & Newman, 2007.) In practice, this meant that the
main themes were addressed at different points between interviews depending
on the output of the interviewee and the flow of the conversation.

Data collection started by recruiting potential interviewees to participate
in the study using purposeful sampling. The idea of purposeful sampling is to
select “information-rich cases from which one can learn a great deal about is-
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sues of central importance to the purpose of the research” (Patton, 2002, p. 46).
In the context of this study, purposeful sampling was utilized to gain a rich and
detailed understanding of the connection between technostress and work-based
SPA use. Prescreening was utilized to gather information about potential inter-
viewees and their experiences with using SPAs at work. Prescreening was done
via email, and the selection of interviewees was made based on their answers.
Two conditions were set when picking potential interviewees: 1. The potential
interviewee had to have used and interacted with SPAs regularly in their work.
2. The potential interviewee had to have had negative and stressful experiences
when interacting and using SPAs in their work. The first condition was set to
ensure that the interviewees had a decent amount of experience with using
SPAs and that SPAs were relevant technologies in their work. The second con-
dition was set to ensure that rich and detailed knowledge of the connection be-
tween technostress and SPA use could be gathered. Interviewees were recruited
from multiple organizations and different levels of the organizational hierarchy.
This was done to represent various voices in the data by interviewing individu-
als with different organizational statuses and SPA technologies that they used
(Myers & Newman, 2007). Snowballing was also used to interview different
individuals in the same organization to increase the diversity of the data.

In total, twenty interviews were conducted between 05.02.2021 and
31.03.2021. The interviews were conducted using online video communication
platforms Zoom and Teams. The first three interviews were conducted with
two interviewers (the researcher and the supervisor), and the remaining seven-
teen were conducted solely by the researcher. All of the interviews followed the
same basic structure. First, the interviewer introduced themselves and provided
basic information about the study and how the data gathered during the study
would be utilized. The interviewee was also reminded about the voluntariness
and anonymity of participating in the study. Second, the interviewer asked the
interviewee to fill a preliminary information form that included the background
information of the interviewee. The form included background information
about gender, age, education, work experience, nationality, the interviewees’
perceptions of their skills in using technology, and the role of technology in
their work. Third, the semi-structured interview was conducted by going
through the main themes of the interview following the guidelines for qualita-
tive interviewing presented by Myers and Newman (2007). Fourth, to conclude
the interview, the interviewer asked if there was anything that the interviewee
would like to add to the topics that came up during the interviews. The length
of the interviews varied between 36 and 63 minutes, with an average length of
45 minutes.

All of the interviewees were Finnish and worked in an organization locat-
ed in Finland. Nine of the interviewees were male, and eleven were female. The
age of the interviewees ranged between 26 to 55 years, with an average age of
36 years old. Two interviewees had a high school education, and eighteen had a
higher education, being graduated from either a university or a university of
applied sciences. The reported previous work experience of the interviewees
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varied between 5 to 35 years. Out of this total work experience, the interviewees
had worked with SPA technologies for six months to over three years. The in-
terviewees used SPAs in their work for performing job-related tasks and testing
SPAs used in their organization. Most of the interviewees were also in some
way involved with the development of the SPA that they used and tested. If the
interviewee’s work was focused on the development of the SPA, the focus of
the interview was kept on the use and interaction related to, for example, the
test use of the SPA. A more detailed description of the SPA technologies used
by the interviewees and how they used them is presented in section 5.1. Nine-
teen of the interviewees described their skills in using technology as ‘good” or
‘very good’. Only one of the interviewees described their technology use skills
as ‘average’. Eighteen of the interviewees described the role of technology in
their work to be either ‘big’ or ‘very big’. Two of the interviewees described the
role of technology as ‘moderate’. All the results of the preliminary information
form filled by the interviewees are presented below in table 8.

TABLE 8 Summary of background information of the interviewees

Age Gender Education WE* Perceived skills in Role of tech-
using technology  nology in work

32 Male Higher education Very good Big

26 Male Higher education Very good Very big

38 Female Higher education 16 Average Big

31 Male Higher education 6 Good Very big

40 Male High school 20 Very good Very big

42 Male Higher education 17 Good Big

44 Male Higher education 20 Good Big

52 Female Higher education 25 Good Very big

35 Male Higher education 12 Very good Very big

49 Female Higher education 25 Good Moderate

32 Female Higher education 10 Very good Very big

29 Female Higher education Good Very big

28 Female Higher education Good Very big

28 Female High school 10 Good Very big

27 Female Higher education 9 Very good Very big

55 Female Higher education 33 Good Big

31 Male Higher education 7 Good Moderate

34 Female Higher education 14 Good Big

38 Female Higher education 15 Good Very big

32 Male Higher education 7 Very good Very big

* WE = Work Experience in years
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4.2 Data analysis

The purpose of qualitative data analysis is to transform data into findings.
There is no universal way to conduct qualitative data analysis, but there are
guidelines and well-established practices to aid with the task. (Patton, 2002.) In
qualitative analysis, the researcher and the researcher’s interpretations play an
important role in the formation of the results (Klein & Myers, 1999). Thus, it is
essential that the researcher reports the procedures they used to clarify how the
results were achieved (Patton, 2002).

There is no distinct line between the end of data collection and the begin-
ning of data analysis in qualitative research. The preliminary stage of the analy-
sis starts during the interviews as the researcher makes interpretations of what
the interviewees said and thinks about possible themes and patterns based on
the interviewees' responses. (Patton, 2002.) During this study, these interpreta-
tions were made by, for example, summarizing and mirroring what the inter-
viewees said and asking subsequent questions. These techniques were used to
ensure that the interviewer had understood what the interviewees were trying
to convey. (Myers & Newman, 2007.) Analysis was also conducted during the
interviews by making notes about possible themes and patterns. The interviews
were transcribed into written text by a third party, and thus no preliminary
analysis was done by the researcher during the transcription phase.

Content analysis was used as the approach for data analysis in this study.
Content analysis describes the sense-making effort of qualitative data, such as
written documents or transcriptions of verbal documents, to identify the mean-
ing of the dataset (Patton, 2002). The main phases of the analysis of this study
followed the stages of content analysis presented by Berg (2004). These phases
included reading through the transcriptions and establishing main data catego-
ries, establishing data-driven subcategories, coding all the relevant data into
their respective categories, searching for patterns and relationships, and relat-
ing the findings to prior research (Berg, 2004). NVivo software was used during
the analysis process in labeling the established categories, coding the data into
their respective categories, and finding patterns and relationships between find-
ings.

In the first phase of the analysis, the transcriptions were read through
thoroughly, and four main data categories were identified. These categories
were labeled as interviewees’ connection with SPAs, technostress creators, SPA
principles, and technostress outcomes. These main data categories closely fol-
lowed the main themes of the semi-structured interviews discussed earlier. Da-
ta was coded into each of these categories by searching for themes related to
each of the categories. For example, themes clearly causing stress and negative
experiences for the interviewees were coded as technostress creators:

(SPA keeps reminding) record the hours, record the hours, so I can understand that if
you are having a busy day that it can make you feel stressed. (Later coded under the
subcategory “interruptions” caused by disturbing notifications)
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As another example, themes clearly describing outcomes of stressful situations
were coded as technostress outcomes:

If motivation starts to run out and you’ll get frustrated, it will show in the quality of
your work. (Later coded under the subcategory “job-related outcomes” causing de-
creased work motivation and decreased work quality)

In the second phase of the analysis, the main data categories identified in the
tirst phase were divided into smaller subcategories. This was done by reading
through all the codes related to each of the main data categories established in
the first phase and further identifying more specific themes present in the data.
Some of the subcategories included similar findings to prior research, and some
were identified mainly based on the findings in the data. For example, the cate-
gory of technostress creators was divided into nine subcategories. Some of the
categories, such as techno-overload and techno-complexity, included similar
findings to prior research and were labeled accordingly (Tarafdar et al., 2007;
Ragu-Nathan et al., 2008; Tarafdar et al., 2011; Fischer & Riedl, 2017). For exam-
ple, findings including multitasking were coded as techno-overload according
to the findings of prior technostress research:

That's kind of the problem that most of the times the assistant is in the bottom right
corner (of the screen) and you should also do things which are in the bar on the left
side (of the screen). And at some point, you forget to do those both and you’ll get
frustrated. (Coded under “techno-overload” caused by multitasking)

Findings that were not identified as their own categories in prior research were
coded into new subcategories and labeled to describe the content of the findings.
For example, in the category of technostress creators, these new subcategories
were communication challenges and unrealistic expectations. As an example, all
findings that were related to stress caused by the communication between the
user and the SPA were coded as communication challenges:

I'll just write a three-word question or so (to the SPA) thinking that the bot knows
how to answer it. And then if it doesn’t, you'll get a bit frustrated. (Coded under
“communication challenges” caused by SPA cannot provide an answer to the user or
provides false information)

In the third and final phase of the analysis, close attention was paid to the rela-
tionships and patterns that occurred in the data. These relationships were iden-
tified between technostress creators and SPA principles, and technostress crea-
tors and technostress outcomes. With the relationship between the technostress
creators and SPA principles, attention was paid to which of the SPA principles
were related to each of the technostress creators based on the interviewees' de-
scriptions. This was done by going through all the codes of technostress crea-
tors and identifying possible links to each SPA principle. For example, the SPA
principle of anthropomorphism was linked to the technostress creator of com-
munication challenges through unnatural dialogue:
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I've seen those kinds of (SPAs) that there were just GIFs planted all over, and the bot
just keeps responding “yay that’s nice!” and you’ll just think that this is a very an-
noying this bot. (Coded under “communication challenges” caused by unnatural dia-
logue related to “anthropomorphism”)

With the relationships between technostress creators and technostress outcomes,
attention was paid to which of the technostress creators triggered or were relat-
ed to each of the technostress outcomes. The relationships were looked for by
going through all the codes of technostress outcomes, identifying the context of
the outcome, and its link to the technostress creators. For example, wellbeing-
related technostress outcomes were found to be related to techno-uncertainty
through sleeping problems caused by SPA changes:

You might in the evening, and also at night, have dreams of what was happening
with it (the SPA change) ... Like there are sometimes and still are those sleepless
nights because of it (the SPA change). (Coded under “wellbeing-related outcomes”
causing sleep problems related to “techno-uncertainty”)

Through the results of the analysis, it was possible to find new elements and
link the context of technostress caused by SPA use into the prior technostress
and SPA research. Table 9 describes and summarizes the progress of each phase
of the analysis and how the identified categories were linked to prior research.

TABLE 9 Summary of the analysis and its phases

Phase 1: Phase 2: Phase 3:
Main data catego- Subcategories were identified and Relationships and patterns
ries were identified labeled by reflecting prior research between different categories

to the findings were identified
Interviewees’ Closer connection with SPAs com-
connection pared to other information technolo-

with SPAs gies (Based mainly on data and prior
literature e.g., Pfeuffer et al., 2019)

No closer connection with SPAs com-
pared to other information technolo-
gies (Based mainly on data and prior
literature e.g. Pfeuffer et al., 2019)

SPA principles
(Main category and
subcategories main-

Anthropomorphism
Context-awareness
Platform integration

All of the principles, except
multimodality, were related
to technostress creators

ly based on Knote Self-evolution (described below)

et al., 2018a) Multimodality

Technostress Communication challenges Related to context-
creators (Based mainly on data and prior awareness, self-evolution,

literature e.g., Cowan et al., 2017) and anthropomorphism

(continues)
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Unrealistic expectations

(Based mainly on data and prior
literature e.g., Knote et al., 2018a)

Technical challenges

(Based mainly on data and prior
literature e.g., Fischer et al., 2019)

Techno-complexity

(Based on e.g., Tarafdar et al., 2007)

Interruptions

(Based on e.g., Galluch et al., 2015)

Techno-overload

(Based on e.g., Ragu-Nathan et al,,

2008)

Techno-uncertainty

(Based on e.g Tarafdar et al., 2011)

Distrust in SPA performance

(Based mainly on data and prior
literature e.g., Luger & Sellen, 2016)

Information security and privacy
(Based on e.g., Benlian et al., 2019)

Related to context-
awareness, self-evolution,
and anthropomorphism

Related to platform integra-
tion
Related to platform integra-
tion

Related to anthropomor-
phism

Related to platform integra-

tion

Related to platform integra-
tion and self-evolution

Related to platform integra-
tion

Technostress
Outcomes

Wellbeing-related outcomes
(Based on Tarafdar et al., 2019)

Information technology use-related
outcomes (Based on Tarafdar et al.,

2019)

Job-related outcomes
(Based on Tarafdar et al., 2019)

Physiological outcomes
(Based on Tarafdar et al., 2019)

Emotional outbursts

(Based mainly on data and prior
literature e.g., D" Arcy et al., 2014b)

Related to unrealistic expec-
tations technical challenges
techno-overload, and techno-
uncertainty

Related to technical chal-
lenges, and interruptions

Related to communication
challenges, techno-
complexity, and interrup-
tions

Related to techno-
uncertainty

Related to communication
challenges, unrealistic expec-
tations, technical challenges
techno-complexity, interrup-
tions, techno-overload, and
techno-uncertainty
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4.3 Evaluating the quality and credibility of the study

This section describes how the quality and credibility of the research were taken
into account in this study. Evaluating and ensuring the credibility of a qualita-
tive study can be troublesome. The flexibility and room for different interpreta-
tions provided by qualitative methods can danger the credibility of qualitative
studies. (Patton, 2002.) Thus, close attention was paid to the choices made dur-
ing the research process to critically evaluate and improve the quality and cred-
ibility of this study. During data collection, the guidelines introduced by Myers
and Newman (2007) were used to ensure the quality and credibility of the semi-
structured interviews used for data collection. The principles for qualitative
research introduced by Klein and Myers (1999) were also followed to improve
the quality of the study.

To evaluate the quality of qualitative research, the role of the researcher
and how it affects the collection and analysis of data should always be consid-
ered (Myers & Newman, 2007; Patton, 2002; Darke, Shanks & Broadbent, 1998).
In qualitative research, the researcher’s beliefs, values, and assumptions have
an effect on the study, and these should be acknowledged, accepted, and mini-
mized (Darke et al., 1998). The effects of the researcher’s possible biases were
taken into account in this study by carefully evaluating the meaning of the mes-
sage that the interviewees were trying to convey. The possibility for multiple
interpretations of the same message and suspicion towards possible biases of
the researcher were also acknowledged (Klein & Myers, 1999). In the case of this
study, the researcher also conducted their very first qualitative interviews and
analysis. This is important to note as the inexperience of the researcher can af-
fect the credibility of the study (Patton, 2002). These shortcomings were miti-
gated by receiving guidance from the supervisor of this study and conducting
extensive research towards qualitative research methods and research themes
by the researcher.

During data collection, it is important to minimize anything that might
cause the interviewee to feel uncomfortable during the interviewees. If the in-
terviewees start to feel uncomfortable, it can affect the disclosure and credibility
of the answers. (Myers & Newman, 2007.) During the interviews of this study,
uncomfortable situations were aimed to be minimized by showing empathy to
the interviewees, careful construction of questions, and composed reactions to
the interviewees' answers. The researcher also applied the role of the interview-
er to involve listening, encouraging, and directing the conversation as advised
by Myers and Newman (2007) to increase credibility.

Triangulation was also used to improve the credibility of this study. Tri-
angulation was considered during both data collection and analysis. During
data collection, triangulation was achieved by representing various voices, as
mentioned earlier in this chapter. Representing various voices in the interview-
ees improves the credibility and diversity of the findings (Myers & Newman,
2007). During data analysis, triangulation was utilized by confirming that a spe-
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cific finding came up in multiple interviews by multiple interviewees. This
strengthens the credibility of the findings by providing multiple sources of evi-
dence (Darke et al., 1998).

An important factor for the study's credibility is to describe the progress of
the study as accurately as possible to demonstrate the trail of evidence of the
findings (Darke et al., 1998; Klein & Myers, 1999; Patton, 2002). This was done
in the previous sections of this chapter which described the research process in
detail and justified the selection of the research approach and methods used in
this study.
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5 RESULTS

This chapter will go through the results of the study. First, background infor-
mation is given on the SPA technologies that the interviewees used and how
the interviewees used them. This section will describe the types of SPAs, their
level of intelligence and interaction, and SPA principles present in the technolo-
gies. Second, the interviewees’ connection with the SPAs that they used is con-
sidered. Third, an overview is given on the technostress experienced by the in-
terviewees. Fourth, the focus is switched towards the technostress creators
identified in the data and how the principles of SPAs affected the technostress
creators. Lastly, this chapter will examine the technostress outcomes experi-
enced by the interviewees due to the technostress creators presented. The inter-
view quotes presented in this chapter were translated from Finnish to English,
and the names of the organizations and SPA technologies were removed. Dur-
ing translation, close attention was paid not to alter the original meaning of the
quotes. This is important as loose translations might impact the original mes-
sage delivered by the interviewees and the credibility of the study (Patton,
2002).

5.1 General information on SPAs used by the interviewees

On a general level, all the SPAs used by the interviewees were organization-
specific assistants tailored to meet the needs of a specific organization. The ma-
jority of the interviewees described the SPAs they used as chatbot assistants.
These chatbot assistants mainly operated on organizations” websites to provide
customer service for external customers and answer frequently asked questions.
Some external chatbot assistants also acted as conversational assistants that
provided information and support for users, such as students and youth. The
interviewees interacted with the external chatbot assistants as they were using,
testing, and developing the technology. However, some external chatbot assis-
tants were also used by internal users for tasks like information seeking. The
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second group of SPAs was used inside the organization as internal personal
assistants. These personal assistants were integrated with other information
technologies used by the organization to help their employees with, for exam-
ple, accomplishing routine tasks and information seeking. The interviewees
called these solutions bots, or internal or intranet chatbots. The third group of
technologies was what the interviewees described as software robots. These
software robots were trained to perform a specific task in the background to
help their users in their work and had a relatively low level of interaction.

The level of artificial intelligence and smart features varied between dif-
ferent SPA implementations. Some technologies had a high level of intelligence
utilizing features such as neural networks, machine learning, natural language
processing, and synonym libraries. On the other hand, some of the SPAs were
built on a relatively low level of intelligence and mainly relied on pre-
determined conversation paths and natural language identification to guide the
conversation between the user and the SPA. Overall, a relatively wide variety of
different SPAs with varying levels of intelligence and interaction were present
in the data.

All interviewees described their SPAs to include at least one of the princi-
ples of SPAs. The most common SPA principle present in the data was anthro-
pomorphism. The majority of SPAs had features such as human-like dialogue,
name, personality, and appearance in the form of pictures or icons. These an-
thropomorphic features enabled the SPAs to appear more relatable and human-
like. Interviewees also felt like names and human-like dialogue, such as joke-
telling and usage of everyday language, made the SPAs more approachable and
personal.

The majority of the SPAs present in the data included platform integra-
tions to both internal and external information systems. Internal platform inte-
grations allowed SPAs to access information and SPAs to be used through other
communication platforms and organizations” websites. Internal platform inte-
grations were often essential for the SPA to operate as intended. Some SPAs
were also integrated to external information systems. External platform integra-
tion allowed the SPAs to provide additional features, such as buying travel
tickets and having access to a larger pool of information.

Overall, the level of context-awareness in the SPAs was relatively low.
Most of the SPAs had low-level features related to context-awareness, such as,
knowledge of time, anniversaries, and holidays. However, generally, the SPAs
did not have high-level features like connecting information from a previous
conversation to the next one or user profiles to allow more personal interaction.

The level of self-evolution varied significantly between different SPAs.
The concept of learning was present in almost all SPAs, but the manual labor
required for “teaching” the technology varied between the SPA implementa-
tions. This was due to some SPAs utilizing more sophisticated self-evolution
features, such as machine- and automated learning, which increased the level of
automation compared to the SPAs that did not have those features.
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Multimodality was the least utilized SPA principle as almost all SPAs only
utilized text-based communication. Text-based communication was implement-
ed either using text, clickable buttons, or their combination. However, some
SPAs used pictures, GIFs, or other forms of media to support their text-based
communication. Few SPAs also had voice-based functionalities, but those were
not often used due to the lack of functionality and features.

5.2 Interviewees’ connection with the SPAs

One of the important aspects of the interaction between the user and the SPA is
the connection that the user forms with their SPA technology. The formation of
a closer connection has been found to be one of the key characteristics that sep-
arate SPAs from most traditional information technologies. Most of the inter-
viewees said that they had formed in some way a closer connection with the
SPA compared to other information technologies that they use frequently.

Most of the interviewees saw SPAs as more human-like entities compared
to traditional information technologies. This was primarily due to the anthro-
pomorphic features of SPAs, such as personality, name, and human-like dia-
logue. For example, two interviewees described human-like dialogue, name,
and personality of the SPA as factors affecting the closer connection:

Although we have named other systems, this (SPA) is maybe in a certain way the
most humane of these systems. It talks with you and it's named quite adorably, it
isn’t just a number sequence or code that name but rather it’s really named like a
human.

Sure, they are quite fun, we have made those kinds of personalities (to the SPAs) and
they (SPAs) are personalized in a way that they are more fun to use. You can also ask
them to tell jokes and so on.

Anthropomorphic features were seen as important from the perspective of in-
teraction as they would bring the SPA closer to the user and make the commu-
nication between the user and the SPA seem more natural. One of the inter-
viewees emphasized the importance of naming SPAs as it builds the personality
of the SPA and makes it easier to commit the SPA as a part of the organization:

I am also all up for that chatbot should always have a name. In my opinion it builds
its personality and it is also related to committing (the SPA to the organization) so
that it is not talked about just as a bot. Its (SPA’s) name can be for example Bridget
and it can be started to be referred to in internal discussions like “well this lead has
come from Bridget” and it’s funny to see this kind of phenomenon actually happen-
ing in companies.

Another factor affecting the formation of a closer connection with SPAs was the
amount of time and effort the interviewees had put into using and developing
the SPA solutions. The interviewees described seeing the SPA develop over
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time as an important factor in the formation of the closer connection. For some
interviewees, the formation of a closer connection with the SPA resulted in hu-
manizing the technology, and as a result, SPAs were sometimes referred to as
workmates, buddies, or children. One interviewee saw the SPA as a workmate
as it works alongside them and frees time to do other tasks:

Sure, we've used that kind of chatbot technology as a tool in work guidance and it’s
experienced that it becomes your workmate and that you can possibly free working
hours for doing something else.

Some interviewees also playfully regarded the SPAs to be like their own chil-
dren. This approach was mainly present with interviewees who had been using
a specific SPA for an extended period of time and who had also been involved
in the development of the SPA:

Yeah so this whole *SPA name* is kind of my favorite child ‘cause I've been involved
with it from the beginning so you get to know it (SPA) quite well and thoroughly.

However, for some interviewees, the connection was formed early on, as de-
scribed in the following quote:

Yes it (closer connection) started pretty early on, at that point we were building mo-
mentum for this chatbot-customer service, and then of course I handled the project
and produced a significant amount of content (for the SPA) and was also building
the data model. Surely those hours spent affected that connection from the beginning
as it became such a significant part of my work, so already at that point it (SPA) be-
came kind of my favorite child.

In some cases, the SPA was perceived as part of the working community and its
daily life. The SPA would be referred to as he or she inside the workplace, and
conversations were had about how the SPA was doing as if it was an employee
of the organization. One interviewee described the feelings towards the SPA at
their workplace, and their colleagues regard the SPA as a human-like entity:

Especially if it was on a kind of a test drive or something, people worried about how
is *SPA name* doing, if everything is alright, like if it (SPA) knows how to operate
there and so on. It (SPA) is related to as an autonomous human-like entity, like an
employee basically.

Only four of the interviewees did not feel a closer connection with their SPAs.
These interviewees mostly felt like the SPA was only a tool for accomplishing
certain tasks and regarded the SPA as any other information system. The inter-
viewees described the reasons for not forming a closer connection with the SPA
to be the lack of intelligence of the SPA, detailed knowledge of how the SPA
operates, and weak human-like interaction. The lack of intelligence was seen as
a hurdle for forming a closer connection with the SPA as it was seen as just a
simple technology with instructions given to it to answer in a specific way:
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Yeah it’s more like a tool and like it’s not yet close (to being human-like), it would be
interesting to see if the artificial intelligence (of the SPA) would at some point be-
come more like a colleague ... But yeah it’s just more like a system and acts as a tool
in this job.

Yeah it’s just a machine and quite a simple one at that.

Detailed knowledge of the operation was seen to break the “underlying magic”
behind SPAs. By detailed knowledge, the interviewees referred to knowledge
about how the SPA operates on a technical level and knowledge of the commu-
nication models of the SPA. In practice, this meant that the interviewee knew
how they should ask certain questions to get certain answers. For example, one
interviewee said that it broke the human-like illusion for them as it removed the
human-like aspect of the SPA:

Well maybe ‘cause we’ve built it (SPA) ourselves there will be no surprises (in the in-
teraction) which kind of removes its humanity ... And that’s probably the point of
human-likeness and artificial intelligence that you'll get answer that you wouldn’t
expect.

5.3 Overview of the technostress experiences

This section provides an overview of the technostress experiences that the in-
terviewees had with using their SPAs. The purpose of this section is to convey a
general view of how the interviewees described their negative experiences with
work-related SPA use. This section also compares and highlights the differences
between the positive and negative experiences of the interviewees.

Overall, all interviewees described they had at least some negative or
stressful experiences when using SPAs. However, there were noticeable differ-
ences between interviewees in how often and how severe these experiences had
been. Most of the interviewees described the stressful experiences caused by
SPAs use to be short-lasting but relatively impactful. For example, one of the
interviewees described the stressful experiences to occur momentarily:

Well maybe those (stressful experiences) were momentary. You don’t like feel
stressed or have stressful experiences all the time but more like momentarily.

In contrast, some interviewees described longer-lasting stressful experiences
that had more severe effects on their work and wellbeing. For example, one of
the interviewees described a longer-lasting stressful period related to SPA use
that almost caused them to resign from their job, and another said they did not
want to continue using the SPA for a while after a more stressful time period:

Last year between January and June I threatened three times to my boss that I'll re-
sign (due to SPA complexity), that this ain’t gonna work out.
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Maybe those longer-lasting frustrations are caused by individual things, that when
during one week you get enough of those feelings that you want to beat your head
against a wall, in the next week you don’t even want to open the system.

Interviewees described stressful experiences by using words such as stresstul,
frustrating, and annoying. These negative feelings were present, for example, in
situations in which the SPA did not operate as intended or could not provide
assistance to their users. The interviewees also regarded SPAs as new and inter-
esting technologies which also have many challenges related to them. Some of
these challenges present in the data were the lack of intelligence of SPAs, in-
formation security, technical challenges, the complexity of SPAs, and difficulties
in evaluating the usefulness of the SPA to the organization. These challenges
also caused negative experiences and stress for the users. A more detailed look
into the technostress creators and their outcomes is presented in the following
sections.

The negative experiences of the interviewees also contrasted with the posi-
tive ones, which the interviewees also had plenty of. Compared to the negative
experiences, the positive experiences were usually described as longer-lasting
that accompanied users in their daily work lives. For example, one of the inter-
viewees described their positive experiences with SPA use like this:

Yeah it (positive feeling) is more of a long-lasting phenomenon, that when some-
thing starts to go right and you really get the ball rolling, everything just works really
well for some time, and so on.

On the other hand, negative experiences were generally regarded as more im-
pactful by the interviewees:

I guess those negative ones are the most powerful. That when those occur, they mo-
mentarily overwhelm you and you'll get really irritated.

The positive experiences were caused by, for example, SPAs helping users in
their daily work lives, satisfaction related to SPA use and development, and the
excitement of working with a new information technology. The benefits that
SPAs brought with them were described to be, for example, increased produc-
tivity, increased efficiency, social benefits for not feeling left alone with a task,
and monetary benefits by decreasing costs. These positive experiences and ben-
efits were brought up to remark that not all experiences with SPA use are nega-
tive. From here on, the study will focus, in detail, on the technostress creators,
technostress outcomes, and challenges encountered due to the use of SPAs.
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5.4 Technostress creators and SPA principles affecting them

Technostress creators are defined as factors in information technology use that
cause technostress. This section will go through in detail all the technostress
creators identified in the data. This section will also link the relevant SPA prin-
ciples to each technostress creator based on the interviews and explain how
they impacted each individual technostress creator. However, it is important to
mention that the findings of which SPA principles were related to the tech-
nostress creators are specific to this data set and should not be generalized. If a
specific technostress creator was not related to an SPA principle in this data set,
it does not mean that it could not affect that technostress creator in other cir-
cumstances.

In total, nine technostress creators were identified in the data. Some of the
creators, such as communication challenges and unrealistic expectations, were
identified as new technostress creators closely related to the context-specific
principles of SPAs. Some of the technostress creators, such as techno-overload
and techno-complexity, were creators already present in the current tech-
nostress research. However, these creators were also found to be affected by the
context-specific principles of SPAs. It is also important to point out that some of
the technostress creators were closely connected with each other, and in some
cases, it was not possible to create a strict division between stress caused by dif-
ferent creators. For example, interviewees described stress caused by the stress-

or ‘technical challenges’ to also cause ‘techno-overload” due to increased work-
load.

5.4.1 Communication challenges

Sixteen of the interviewees reported negative and stressful experiences related
to the communication with the SPA they use. These communication challenges
were identified to be the simplicity of the communication, user not acknowl-
edging that they are communicating with an SPA, and that the SPA cannot pro-
vide an answer to the user or provides false information during communication.

The simplicity of the dialogue was related to the naturality and attractivity
of the communication that SPAs are able to provide. If the dialogue was seen as
too simplistic or dull, some of the interviewees felt that as negative and irritat-
ing. Unnatural responses can hurt the authenticity of the interaction and make
the dialogue seem simplistic, repetitive, and annoying. The following quote de-
scribes one of the interviewee’s views of irritating interaction with SPAs:

I've seen those kinds of (SPAs) that there were just GIFs planted all over, and the bot
just keeps responding “yay that’s nice!” and you’ll just think that this is a very an-
noying this bot. ... So everything should be within the limits of good taste.

The interviewees also pointed out that diversity during the dialogue with an
SPA is important, but at the same time, achieving a satisfying level of diversity
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can be troublesome. One of the reasons for this was deemed to be the lack of
intelligence and self-evolution of the SPA to learn and provide fruitful and ex-
citing conversations. The Finnish language was also brought up as an issue due
to its several different ways of asking questions and abundant usage of dialects.
Another reason was related to the context-awareness of an SPA. For example, if
the SPA could not connect the answer to an already had conversation, it can
result in the conversation to seem loose and inhuman. For example, one inter-
viewee described the lack of intelligence and context-awareness and their effect
on limiting the communication:

So our bots don’t have any artificial intelligence, but we have only automation. That
(automation) is quite basic and straightforward, there is just one answer for each spe-
cific question, and it (SPA) cannot pay attention it (to the previous conversation).

The second stressful factor in the communication with SPAs were situations in
which the user did not acknowledge that they were interacting with an SPA.
This could happen especially with external chatbot assistants where a user can
start a conversation with and SPA and think that they are talking to a human
assistant instead. This created stress for the interviewees because they had to
constantly think about how to make the communication with the SPA seem
natural, but at the same time not to mislead users into thinking that they are
interacting with a human assistant. This created stress and challenges related to
the design of anthropomorphic features in SPAs. For example, one interviewee
expressed the frustration that these misunderstandings can cause, and another
elaborated on the difficulties posed by the challenges:

Yeah that’s kind of the thing that the customer doesn’t necessarily understand that
they are discussing with a robot and that’s surely a bit frustrating.

On the other hand, there are sometimes problems because people really think that
they are talking with a human. And especially ‘cause it has a name, *SPA name*,
many think that they are talking with a man called *SPA name*... That surely is one
thing that we're kind of constantly struggling with, that how we can make it (SPA)
human-like but not too humane.

The third factor creating technostress in SPA-user communication was that the
SPA could not answer or provided false information for the user. False infor-
mation and the lack of response were deemed stressful as it was seen as essen-
tial that the SPA could provide correct information for the user. Interviewees
also pointed out that false information can be a risk for the image of the organi-
zation, especially if the SPA was used by external users. This made some of the
interviewees feel frustrated and anxious when the SPA could not provide the
asked information. For example, one interviewee expressed their frustration as
the SPA did not manage to answer a simple question:

I'll just write a three-word question or so (to the SPA) thinking that the bot knows
how to answer it. And then if it doesn’t, you'll get a bit frustrated.
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5.4.2 Unrealistic expectations

Ten of the interviewees mentioned negative and stressful experiences related to
unrealistic expectations towards SPAs. These unrealistic expectations were re-
lated to people’s thoughts and beliefs on what SPAs can do and how they oper-
ate. According to the interviewees, these expectations were set too high, and the
SPAs were sometimes thought of as highly intelligent self-learning machines
that could answer any question directed at them. These presumptions caused
pressure, annoyance, and frustration among interviewees as they had to con-
stantly manage and ease their own and other people’s expectations. For exam-
ple, one of the interviewees described their experiences with unrealistic expec-
tations towards SPAs:

So maybe those were the most stressful experiences when we expressed that there is
artificial intelligence in the background and that we’re making an artificially intelli-
gent application that includes cloud computing and machine learning and some oth-
er great things. So customers, and of course the organization, have quite high hopes
about artificial intelligence and they are clearly not aware of what it (artificial intelli-
gence) really is and what is for example the difference between artificial intelligence
and machine learning and so on, so their expectations are already very high from the
start... That sometimes you have to intervene and crush their expectations and
dreams a bit that machine learning requires a huge amount of data, and if it even is
artificial intelligence that is a whole another debate.

Another reason for stress mentioned by one of the interviewees was that they
felt like they could not affect or change the high expectations inside the organi-
zation:

There are quite a lot of preconceptions and strong visions concerning SPAs. So it
might sometimes be that the person who has no knowledge of the topic has such
strong vision that it’s hard to take interest in advice coming from a person who is
more acquainted with the topic (SPA).

Unrealistic expectations were linked to the SPA principles of self-evolution, an-
thropomorphic features, and context-awareness. In some cases, the expectations
for the self-evolution of SPAs were set too high, which frustrated some of the
interviewees. The high expectations towards anthropomorphic features of SPAs
showed in expectations towards the human-like dialogue capabilities of SPAs.
This resulted in users asking complicated questions from the SPA and expected
it to understand them and answer accordingly. Some users also expected the
SPA to know the context of whom it was talking to and provide information for
that specific user. For example, one of the interviewees expressed their frustra-
tion with unrealistic expectations towards the principles of SPAs like this:

Customers can have that kind of perception that I'll just write here my social security
number and my name and ask why I haven’t received my pension. Well it’s clear that
the bot can’t answer those kinds of questions. People sometimes have very wrong
kind of perceptions of what these chats are capable of and they don’t understand that
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it'’s a bot not a person... So it’s kind of frustrating that the customer has higher expec-
tations than we can achieve. Like we would of course want to help them as well as
possible, but these things are so complicated and personal. People are in such differ-
ent situations that we can’t reach that kind of level of personal assistance that cus-
tomers expect.

One of the interviewees also mentioned expectations to affect the techno-
insecurity that the users felt towards SPAs. This insecurity was related to the
SPAs’ intelligence and evolution which led to fear of SPAs stealing the jobs of
users:

So people might think that you can make miracles with the (SPA) technology or that
it will just come and steal our jobs. There might rise these kinds of fears towards that
(technology).

5.4.3 Technical challenges

Eleven interviewees mentioned stress related to technical challenges, issues, or
problems. Stress related to technical challenges was caused by both issues with
the development platform of the SPA and the SPA itself being temporarily una-
vailable to use. Technical challenges with the development platform caused in-
terruptions for some interviewees, which was seen as disturbing and frustrating.
Some interviewees also felt that the development platform lacked functionality
and features, which hindered their workflow. For example, one interviewee
described the technical limitations of the development platform to be annoying
and frustrating:

Its (SPA feature) implementation isn’t necessarily always possible on behalf of the
system or it requires so much typing... And just, those are kind of frustrating situa-
tions when you have to change, for example, a link to all two hundred states. Just like
why do I have to make the change separately to every state, and why can’t I just
write to that system that wherever this link is, it will change it to this new one. So
those kinds of situations are the most annoying and the most challenging for me.

Technical challenges that made SPAs being temporarily unavailable to use were
also seen as a cause for stress. These technical issues caused interruptions for
the workflow of the interviewees and built pressure to get the SPA back online
again. Often fixing the technical issues with the availability of the SPA was not
in the hands of the interviewees, which made the situation frustrating and an-
noying. For example, one of the interviewees described situations like this hid-
eous as all they could do is to report about the problem and then just wait for
the issue to get fixed:

Then there’s sometimes these kinds of issues that the whole *SPA name* just doesn’t
work and every chat goes straight to our customer service which is a really big mo-
mentary problem for us. And those system failures are really hideous because you
can’t affect them in any way, and you just can’t do anything else than just to send a
message that “could you fix this asap” and then just wait for something to happen.
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Technical challenges were connected to the SPA principle of platform integra-
tion. Platform integrations caused issues with both internal and external inte-
grations to information systems and platforms. Interviewees told platform inte-
grations could increase the number of technical challenges with SPAs which in
some cases increased workload, causing overload, and increased the complexity
of the SPA. For example, one of the interviewees described a troublesome inte-
gration that caused technical issues and interruptions:

It (platfrom integration) has occasionally caused some problems since we imple-
mented it and we’ve had some battles with it. It’s just a bit too complicated and it
should be made simpler. It causes those kinds of situations in which customers are
left hanging in the chat when they try to move from the bot to customer service while
the system is down. And it might cause confusing situations for the customer service
as they cannot serve new customers and the system just goes into some kind of a
loop.

5.4.4 Techno-complexity

Techno-complexity was found to be a relevant technostress creator in the con-
text of SPA use. Nine of the interviewees described negative and stressful expe-
riences caused by the complexity of SPAs. One of the reasons for experiencing
techno-complexity was the learning process to understand the technological
solutions of SPAs and how they are used. The interviewees needed this techno-
logical understanding in their interaction with SPAs, and the SPA technology
and tools related to it were sometimes regarded as difficult to grasp. As a result,
the learning process was sometimes seen as time-consuming and stressful. For
example, one interviewee described their difficulties with dealing with the
complexity of the SPA they used like this:

In itself it's a big challenge that how can I handle the whole system environment
where the bot is used and developed. It has taken a lot of time to understand how it
really works... But it’s also very frustrating and sometimes, actually several times,
I've felt like I'd want to throw my laptop into the wall. There’s just so many things to
grasp on that sometimes you just don’t know even know where to start and how
could I divide this into smaller parts.

Difficulties with learning caused some of the interviewees to doubt their skills
in using SPAs which also caused stress and frustration. One of the interviewees
had even threatened to resign from their job due to the complexity of an SPA
they used and developed:

Well the coding involved (with SPAs) that’s just Greek to me, like when you forget to
add an additional node and it (SPA) does everything vice versa and you have to
know how to test it in a million different ways using entities and all kinds of things.
So I have to say that last year between January and June I threatened three times to
my boss that I'll resign (due to SPA complexity), that this ain’t gonna work out.



63

As mentioned earlier with technical difficulties, platform integrations were re-
garded to increase the complexity of the SPA in some cases. Platform integra-
tion was the only principle that was connected to techno-complexity during the
interviews.

5.4.5 Techno-overload

Techno-overload refers to situations during information technology use that
increase the users' workload, multitasking, and information overload. Five of
the interviewees described stressful experiences related to techno-overload.
One of the reasons for experiencing techno-overload was multitasking. SPAs
were mentioned to increase multitasking if the interviewee was doing some-
thing else and managing the SPA simultaneously as described by one of the
interviewees:

That's kind of the problem that most of the times the assistant is in the bottom right
corner (of the screen) and you should also do things which are in the bar on the left
side (of the screen). And in some point you forget to do those both and you’ll get
frustrated.

Some interviewees also found SPAs to increase their workload. It came up as a
surprise for a few interviewees of how much maintenance and constant updat-
ing the SPA needs. These updates increased the workload of the interviewees
more than they had originally imagined. For example, one of the interviewees
described the increased workload as a negative surprise:

On the other hand, if I think about the technologies in my previous jobs when I was
for the first time dealing with this chatbot thing. I was surprised that they actually
needed daily care. You just can’t train it (SPA) and think “that’s it and now it knows
how to answer the questions and there’s no need to do anything else” but it really
requires precise maintenance. That maybe surprised me. In a negative way.

Techno-overload was also caused by technical issues, as was mentioned earlier
with technical challenges. Especially sudden technical issues could cause rapid
temporary changes in the workload, causing overload and stress. Only SPA
principle linked to techno-overload was platform integration via increased
workload caused by technical difficulties.

5.4.6 Techno-uncertainty

Eight of the interviewees had experienced stress caused by techno-uncertainty
related to SPA use. Techno-uncertainty can be caused by the constant change in
information technology. Some of the interviewees reported stressful experienc-
es caused by the constant updates and changes of SPAs. Especially big updates
were reported to cause uncertainty because those changed many things at once,
the updates were hard to prepare for, and the updates caused an increase in
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workload for the interviewees. One of the interviewees described significant
changes that are hard to prepare for to be one of the most stressful experiences
in working with SPAs, and another expressed their frustration and tension re-
lated to the problems caused by the changes of their SPA:

Well maybe it has been the most stressful when there will be a change that is like a
month away and you can’t prepare for it in any way, although you know that the
change is coming.

Let’s say that the phase where there is the most amount of frustration and so on is
the implementation of the changes ... Well at that point issues are starting to emerge
and you’ll get a bit nervous about how everything is going to work out.

Some interviewees also experienced techno-uncertainty related to the function-
ality of the SPA. The interviewees felt uncertain about if the SPA worked well
enough for the organization and how the SPA’s usefulness to the organization
can be proved. For example, two of the interviewees described their worry and
stress about evaluating the usefulness of the SPA and how the advantages of
SPAs can be proved to the organization:

There’s that uncertainty that you have to evaluate every week that does it make any
sense to maintain it (SPA). After all it costs quite a bit and it’s been used for a while
so does it make any sense... But it’s (uncertainty) about, does it serve its purpose, is it
competent enough and does it have everything there, at that point.

And maybe it stresses a little sometimes that how can we argue the development (of
the SPA) if we don’t even know if it (SPA) cuts costs at all.

Two SPA principles, platform integration, and self-evolution were identified to
be connected to stressful experiences caused by techno-uncertainty. Platform
integration was connected to techno-uncertainty as it is closely related to the
changes with SPAs. For example, one of the interviewees felt uncertain about if
the integration of their SPA with other systems would cause issues:

If we switch or integrate other applications, we have to stress that can we even keep
this (SPA) involved and do those other (applications) support this. There’s that (un-
certainty), if one application is removed from that chain of applications then we have
to also keep in mind those others (applications) because they are so closely linked.

The lack of SPA’s self-evolution abilities was also connected to techno-
uncertainty experienced by the interviewees. For example, one of the interview-
ees felt uncertain about changes as they might interrupt the learning of the SPA
and lead to issues, such as the SPA giving false information to the users:

And also there is bigger things we have to do whenever there’s a change. Those must
be done right away and not after a week. Like everything must be up to date that it
(SPA) doesn’t give wrong answers. And especially if products change or there’s a
new section of law or something else, those things have to be taught to it and make
new paths immediately (to not interrupt the learning of the SPA).
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5.4.7 Interruptions

Interruptions are closely related to, for example, techno-invasion, and they refer
to situations during information technology use, in which users have to switch
their focus away from the task at hand to deal with a distraction caused by in-
formation technology. Four interviewees reported negative and stressful expe-
riences caused by interruptions during SPA use. These negative feelings were
mostly related to disturbing notifications. Disturbing notifications were seen as
interrupting the workflow and, in some cases, regarded as spam. For example,
some of the SPAs sent daily or weekly reminders that were regarded as disturb-
ing and annoying by the interviewees:

It sends like proactively those notifications to you if you've forgotten to do some-
thing. Like if you are already having a bad day, been busy and feeling a bit stressed
and so on, it doesn’t necessarily feel nice that at end of a long day you get a message
from *SPA name* that you've forgotten to record some hours or something else. So it
might be a bit triggering sometimes.

Interruptions were, in some cases, related to the anthropomorphic features of
the SPA. This could happen in situations where, for example, the tone of voice
of the SPA was seen as inappropriate or annoying by the user. For example, one
of the interviewees described the notifications of their SPA to be too straight-
forward and authoritative:

*SPA name* has had a pretty straightforward and dull way to present things, like re-
minding to record your hours, nowadays we are reminded of recording hours daily.
So it (SPA) has irritated people even though it’s not a person but people regard it as a
human-like creature.

5.4.8 Distrust in SPA performance

Four interviewees reported negative experiences related to distrust towards
SPAs’" performance to accomplish tasks. According to the interviewees, distrust
towards SPA task performance resulted in the users not trusting the infor-
mation that the SPA was giving them. Despite the identical information, users
still wanted confirmation from another source due to distrust towards the SPA
to provide accurate information. This frustrated some of the interviewees as the
lack of trust towards the SPA performance was seen as underserved. For exam-
ple, one interviewee felt frustrated because of the lack of trust towards SPA’s
performance and speculated a possible reason for distrust to be that the infor-
mation came from a non-human assistant:

There’s a lot of those situations that the customer doesn’t want to believe that she/he
will get the same answer from a bot as they do from a human. So there’s a lot of frus-
tration connected to those situations. Maybe it’s just that people don’t trust that it
(SPA) will give you the right answer and also that they have that kind of attitude that
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they feel like they are above the answer that ‘a machine” can give or something like
that.

Distrust towards SPAs was not directly linked to any of the SPA principles in
this data set.

5.4.9 Information security and privacy

Two of the interviewees reported negative experiences related to information
security and privacy of SPAs. These negative experiences were related to the
difficulty of managing information security and privacy-related issues and us-
ers’ suspicions related to the security of SPAs. Information security and privacy
were seen as complex concerns causing trouble for the interviewees. Infor-
mation security-related concerns also made the users doubt the information
security of the SPA, which in some cases limited SPA use. One of the interview-
ees described issues with ensuring and implementing the information security
of the SPA to be the most troublesome part in working with SPAs:

Figuring out things like information security or other things that you are not at your
best, can be troublesome, and sometimes it is just hard to figure out how to get start-
ed with them. For example, when I didn’t know how to begin with solving issues like
that has caused the most headache in my work.

The issues with ensuring and implementing the information security were re-
lated to the SPA principle of platform integration:

Like those kinds of situations where your own knowledge isn’t at its strongest, like
things related to integrations and such, you should actually know how those things
work to define it (information security required) correctly and so on.

Another interviewee described the users’ suspicions and tension related to the
privacy of SPAs:

Just people have preconceptions about what information those (SPAs) record and
what information I have to give about myself. And their threshold to try might be
very high because you are nervous to use the bot if you are not familiar with them.

A summary of all the technostress creators presented in this section and the
SPA principles linked to them are presented below in Table 10.
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TABLE 10 Summary of technostress creators and the SPA principles related to them

Technostress Causes SPA principles and how they were
creator related to the technostress creators
Communication | -Simplistic or inhuman dia- | Anthropomorphism:

challenges logue - Unnatural dialogue was seen as frus-

-Users not acknowledging | trating and annoying

that they were communicating | - Difficulties with balancing the human-

with an SPA like features caused issues and stress

-The SPA was not able to pro- | Context-awareness:

vide an answer for the user or | - Lack of context-awareness hindered

provided false information the communication
Self-evolution:

- Lack of intelligence prevented the use
of automation to enhance the communi-
cation
Unrealistic - Lack of knowledge about | Anthropomorphism:
Expectations how SPAs operate and what | - Unrealistic expectations towards hu-
they are capable of man-like dialogue led to frustration

- Difficulties with changing | Context-awareness:

unrealistic expectations - Unrealistic expectations towards con-

- Unrealistic expectations | text-awareness led to frustration

caused insecurity in users | Self-evolution:

(Linked to the technostress | - Unrealistic expectations towards the

creators “Techno-insecurity” | self-evolution of the SPA led to frustra-

and “Job insecurity” in prior | tion

research) - Users saw SPAs as a threat to their
jobs

Technical - Technical issues with the | Platform integration:
challenges development platform - Platform integrations caused technical

- Lack of features and func- | challenges and increased the complexity

tionalities on the development | of the system (Linked to techno-

platform complexity)

- SPA wunavailable due to

technical issues

- Increased workload due to

technical challenges (Linked

to techno-overload)

Techno- - Difficulties with understand- | Platform integration:
complexity ing how to use the technology | - Platform integrations increased the

- Questioning of own tech- | complexity of the SPA

nical skills due to frustration

and slow learning

Interruptions - Disturbing notifications Anthropomorphism:

- Workflow interruptions - Tone of voice of the interruptions and
the attitude of the SPA were seen as
annoying

Techno- - Increased multitasking Platform integration:
overload -Increased workload due to - Platform integrations increased over-

updates and constant mainte-
nance

load due to technical challenges

(continues)
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Table 10 continues

Techno - Constant updates Self-evolution:

uncertainty - Updates were hard to pre- | - Changes or updates impacted the self-
pare for evolution of the SPA
- Uncertainty about the use- | Platform integration:
fulness of SPAs - Platform integration caused uncertain-

ty due to changes in the SPA

Distrust in SPA | - Information given by SPAs

performance was regarded as unreliable
because it was given by a non-
human entity
Information - Challenges in ensuring and | Platform integration:
security and implementing the information | - Platform integrations caused issues for
privacy security of an SPA the information security of the SPA

- Suspicions and tension relat-
ed to the privacy concerns of
SPAs

5.5 Technostress outcomes

Technostress can cause adverse outcomes, also referred to as strains, for those
who experience stress due to the use of information technology. All of the in-
terviewees had experienced some kind of negative outcomes due to tech-
nostress caused by SPA use. For some interviewees, these outcomes were more
severe, such as sleep problems, while some others only experienced temporary
anger and frustration. This section will go through all the adverse technostress
outcomes identified in this data set. The outcomes were grouped into four dif-
ferent categories introduced by Tarafdar et al. (2019). These categories were
wellbeing-related outcomes, information technology use-related outcomes, job-
related outcomes, and physiological outcomes. One complementary category,
emotional outbursts, was also introduced. This category consists of outcomes
related to negative emotions caused by technostress that did not fit directly into
the other categories.

5.5.1 Wellbeing-related outcomes

Technostress was found to affect the wellbeing of the interviewees. Wellbeing-
related outcomes were mostly related to the increased workload experienced by
the interviewees related to, for example, usability issues or technical difficulties.
The increased workload made some of the interviewees feel overwhelmed and
exhausted. Exhaustion was present, for example, when the interviewees had
experienced pressure because of tight schedules and getting work done on time:
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You should really pay attention (all the time) but your schedules just cause so much
pressure. Like I said, it (SPA) takes 120% of your working hours so it is in that sense
the worst thing.

One interviewee also described dealing with technical problems as excruciating
for them:

If there’s a technical issue that hasn’t been solved and schedules are stretched, that’s
very excruciating.

Some of the interviewees had also experienced sleeping problems due to stress
caused by using SPAs. Sleeping problems were related to, for example, techno-
uncertainty caused by the changes and updates of the SPAs. One interviewee
mentioned that they had sleepless nights due to changes in the SPA that they
used:

You might in the evening and also at night have dreams of what was happening with
it (the change) ... Like there are sometimes and still are those sleepless nights be-
cause of it (the change).

Another interviewee expressed having lost sleep due to unrealistic expectations
towards their SPA:

I surely had some sleepless nights because of those negative experiences. Those un-
finished things make you feel upset and if your expectations are really high and the
product (SPA) isn’t yet completely what was visioned.

5.5.2 Emotional outburst-related outcomes

The most frequent outcomes of technostress were emotional outbursts. Emo-
tional outbursts were brought up as their own category as they were the most
frequent outcome of technostress but were not directly linked to other catego-
ries presented in this section. Emotional outbursts were described as situations
where the interviewees experienced a temporary negative state of mind caused
by a stressful experience during information technology use. The interviewees
described these negative experiences to cause emotions like frustration, annoy-
ance, and irritation. Most interviewees had experienced these emotions, but the
strength of the emotion and how it affected the interviewees varied. Some in-
terviewees did not feel like the negative emotions had a major impact on them,
but they expressed these emotions as stressful and hard to explain. For example,
one of the interviewees expressed their frustration because of technical chal-
lenges:

Especially if there are several (negative) situations at the same time, you'll get frus-
trated. And like yeah maybe frustration is the best way to describe it. Like when you
think that everything is fine and suddenly it is not.
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Another interviewee described frustrative situations caused by usability issues
as stressful:

So maybe it’s kind of stressful, and also very frustrating at the same time, maybe it’s
just that those frustrating things that stress you I guess.

Some others experienced more considerable effects due to these negative emo-
tions that led to temporary anger and an urge for aggressive behavior. For ex-
ample, one of the interviewees described a frustrating experience like this due
to the complexity of SPAs:

It’s also very frustrating and sometimes, actually several times, I've felt like I'd want
to throw my laptop into the wall.

Emotional outbursts and negative emotions were brought up with all of the
technostress creators described in the previous section.

5.5.3 Information technology use-related outcomes

Some of the interviewees had experienced outcomes that affected their SPA use
and use intention. The interviewees described these outcomes as the need to
take a break from using the SPA or giving up on using the SPA altogether. In-
terviewees often described these information technology use-related outcomes
to build up over time due to multiple stressful experiences during SPA use.
These stressful experiences were related to, for example, interruptions and
technical difficulties. For example, one of the interviewees mentioned a bad
week with multiple negative experiences to result in not wanting to use the SPA
for a while:

That kind of feeling that you want to give up... that when during one week you get
enough of those feelings that you want to beat your head against a wall, in the next
week you don’t even want to open the system.

Another interviewee who had experienced technostress outcomes that affected
their SPA use intention described these feelings to be caused by constant inter-
ruptions:

Yeah, you’d probably just want to remove the *SPA name* from Slack but you just
can’t do it. I guess these days it’s possible to put it on mute that it doesn’t send you
notifications. But if you haven’t realized to do it, it just makes you want to ignore the
whole thing.

5.5.4 Job-related outcomes

Negative job-related technostress outcomes were identified to be a decrease in
work motivation and interruptions in the workflow of the interviewees. Some
of the interviewees felt like the lack of motivation was caused by the familiarity
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of the SPA they worked with and the loss of interest in the technology. As the
technology became familiar, the communication challenges with the SPA be-
came more apparent. This, in some cases, decreased the motivation to further
use and develop the SPA. For example, one of the interviewees had to start
seeking new challenges in working with SPAs and stated the lack of motivation
to also affect the quality of their work:

At the beginning when I started, I was really excited and interested but I have no-
ticed that those feelings have started to fade. And maybe in this job you'll have to
consciously search for new challenges... if the motivation starts to run out and you’ll
get frustrated, it will show in the quality of your work.

On the contrary, the lack of knowledge and skills could also affect the motiva-
tion of the interviewees. One of the more severe job-related outcomes was that
one of the interviewees threatened to resign due to the complexity and lack of
knowledge of the SPA that they were using and developing;:

So I have to say that last year between January and June I threatened three times to
my boss that I'll resign (due to SPA complexity), that this ain’t gonna work out.

Interruptions were also seen to have negative consequences considering the
workflow of the interviewees. Interruptions caused breaks and pauses in the
workflow of the interviewees that caused them to switch their focus away from
the task they were currently doing. Interviewees felt this was annoying and dis-
turbing for their work and productivity. For example, one of the interviewees
described the interruptions as distracting for their work:

And also in my opinion, in this job there’s a lot of things that take quite a bit of con-
centration. And there are interruptions (caused by the SPA) which bother quite a lot
and it takes lot of time to get back on track.

Another interviewee felt the interruptions as triggering especially when com-
bined with rush and hurry:

You get a notification from *SPA name* that you've forgotten to record some hours
or something else. So it might be a bit triggering sometimes.... Yeah it’s maybe con-
nected to everything else as well, like surrounding stress or pressure or unfinished
things. And then, once again you'll get that notification that this thing isn’t done. Li-
ke thanks for the information, that helps a lot.

5.5.5 Physiological outcomes

The only physiological outcome identified due to technostress caused by SPAs
was increased heart rate. One of the interviewees described a situation in which
a technical issue with an SPA caused their heart rate to rise significantly:

Your smart watch flashes in red and your heart rate beats roughly 160 per second.
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A summary of all the technostress outcomes presented in this section can be
found below in Table 11.

TABLE 11 Summary of the technostress outcomes

Outcome group Related technostress Outcome
creators
Wellbeing-related Unrealistic expectations - Exhaustion
outcomes Technical challenges - Sleep problems
Techno-overload
Techno-uncertainty
Emotional outburst-related | Communication - Frustration
outcomes challenges - Anger
Unrealistic expectations - An urge for aggressive
Technical challenges behavior
Techno-complexity
Interruptions
Techno-overload
Techno-uncertainty
Information technology Technical challenges - Taking a break from SPA use
use-related outcomes Interruptions - Wanting to quit using the SPA
Job-related outcomes Communication - Decreased work motivation
challenges - Decreased productivity
Techno-complexity - Decreased work quality
Interruptions - Threats to resign

Physiological outcomes

Techno-uncertainty

- Increased heart rate
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6 DISCUSSION

This chapter discusses the results in detail and examines the possible limitations
of this study. First, the research questions will be answered by discussing the
connection between work-based SPA use and technostress. Second, the results
are connected to prior research, and the theoretical contributions of this study
are reflected. Third, the practical implications of this study are described. Lastly,
the possible limitations of this study are discussed, suggestions for future re-
search are examined, and a conclusion is presented.

6.1 Technostress and SPAs

This study aimed to examine technostress related to the use of smart personal
assistants (SPAs) in the context of work. Although SPAs have become more
widespread and the number of users has been predicted to increase rapidly
during the following years, research on the user experience and technostress
caused by SPA use has been limited. Thus, the goal of this study was to exam-
ine how technostress emerges in the work-based use of SPAs to gain an under-
standing of the individual users” experience with SPAs. The study was carried
out utilizing qualitative research methods, and data was collected by interview-
ing 20 SPA users working in various organizations using semi-structured inter-
views. This study sought to answer the following two research questions: “How
does technostress emerge in the use of SPAs in the working environment?” and “How
are the principles of SPAs related to technostress caused by SPAs, and what are those
principles?”.

First, on a general level, the results of this study suggest that users do ex-
perience technostress and its adverse outcomes caused by work-based SPA use.
All interviewees described some negative or stressful experiences and outcomes
caused by the work-based use of SPAs. However, there were individual differ-
ences in how the interviewees described the duration and impact of the stress-
ful experiences. Most of the interviewees described their technostress experi-
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ences with SPAs to be mostly short-lasting but relatively impactful in nature.
Whereas some of the interviewees also described longer-lasting stressful peri-
ods caused by the use of SPAs. Both the longer and short-lasting experiences
were found to have a plethora of different outcomes for the interviewees” work
performance, wellbeing, information technology use, and state of mind through
emotional outbursts. Most interviewees were also found to have a closer con-
nection with the SPAs they used compared to other information technologies.

Second, multiple technostress creators were connected to the emergence of
technostress in the context of SPA use. Both new technostress creators and
technostress creators already presented in prior technostress research were
identified in the study. These technostress creators were communication chal-
lenges, unrealistic expectations, technical challenges, techno-complexity, inter-
ruptions, techno-overload, techno-uncertainty, distrust in SPA performance,
and information security and privacy. The most common technostress creators
identified in the study were communication challenges between the user and
the SPA, unrealistic expectations towards SPA technologies, and technical chal-
lenges with SPA technologies. The common occurrence of these technostress
creators implies that the context-specific challenges of SPA technologies affect
the emergence of technostress in SPA use. These technostress creators negative-
ly affected the user experience of the interviewees, causing stress and adverse
outcomes such as frustration, discontinuous use intention, and decreased work
motivation. Technostress creators broadly presented in prior technostress re-
search, techno-overload, techno-complexity, techno-uncertainty, and interrup-
tions, were also present in this study. Factors causing technostress related to
these technostress creators were, for example, lack of knowledge of how to use
SPAs, increased workload caused by multitasking, and interruptions to the
workflow of the users. The negative experiences caused by these technostress
creators resulted in, for example, exhaustion, decreased work motivation, and
sleep problems. Distrust in SPA performance and challenges related to the in-
formation security and privacy of SPAs were the least prominent technostress
creators identified in the results of this study. This was surprising as trust to-
wards SPAs and privacy concerns are some of the most researched challenges
related to SPA technologies.

Third, the principles of SPA technologies were found to be related to the
emergence of technostress in SPA use. SPAs are interactive and intelligent in-
formation technology solutions that were found to bring their own context-
specific challenges for their users. Five SPA principles described by Knote et al.
(2018a) were used to describe the context-specific principles and features of
SPAs. These principles were anthropomorphism, context-awareness, platform
integration, self-evolution, and multimodality. Anthropomorphic features were
related to technostress caused by communication challenges, unrealistic expec-
tations, and interruptions. Results suggest that anthropomorphism can affect
technostress through, for example, unnatural conversations and unrealistic ex-
pectations towards the anthropomorphic features of SPAs. Platform integra-
tions were connected to technostress caused by technical challenges, techno-
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complexity, techno-overload, techno-uncertainty, and information security and
privacy, making it the SPA principle connected to the largest amount of tech-
nostress creators. Platform integrations affected the stress creators due to, for
example, the issues with platform integrations increasing the workload of the
users and by making users feel uncertain about future platform integrations.
Context-awareness was linked to technostress caused by communication chal-
lenges and unrealistic expectations. The lack of context-awareness was connect-
ed to the creation of stress by, for example, hindering the dialogue between the
user and the SPA by making it feel unnatural. Self-evolution was connected to
stress caused by communication challenges, unrealistic expectations, and tech-
no-uncertainty. The lack of self-evolution of the SPA made it more difficult to
improve the communication between the SPA and the user, which affected the
stress experienced by interviewees. Self-evolution also raised uncertainty
among interviewees related to both the lack of self-evolution and unrealistic
expectations towards self-evolution, causing fear of job loss. Multimodality was
the only principle that was not linked to any of the technostress creators. One
possible reason for this is that multimodality was not found in most SPAs used
by the interviewees, resulting in the interviewees only using SPAs through one
form of communication.

Overall, the results suggest that technostress can emerge in SPA use
through both more SPA-specific technostress creators and technostress creators
already established in prior research. However, all technostress creators can still
be affected by the SPA principles and the unique interaction between the user
and the SPA. Next, the results presented in this section will be discussed in
more detail by connecting them into both technostress and SPA research and
discussing the theoretical contributions of this study.

6.2 Connections to prior research and theoretical contributions

The aim of this study was to fill the gap in research related to the connection
between technostress and SPA use. This study extends the work by Benlian et al.
(2019), who studied the effects of free time SPA use on technostress. In this
study, the connection between technostress and SPAs was approached by ex-
amining how technostress emerges during the work-based use of SPAs. From
the point of view of technostress research, this approach answers the call for
more context-specific understanding about technostress in the context of work
(Tarafdar et al., 2015; Tarafdar et al., 2019). The results suggest that technostress
can emerge in the context of work-based use of SPAs through multiple tech-
nostress creators. These findings extend the current knowledge of the connec-
tion between technostress and SPA use. This study also contributes to the SPA
research by answering two calls for research. First, this study provides answers
to the question of what kind of effects the SPA principles and features have on
individual users (Knote et al., 2018a). As the main contribution, the results sug-
gest that the SPA principles can affect the creation of technostress among indi-
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vidual SPA users. This finding contradicts with Benlian et al. (2019), who found
the SPA principle of anthropomorphism to mitigate the harmful effects of tech-
nostress. The contradicting finds could imply that the principles of SPAs can
both create and mitigate technostress depending on the quality of the principles.
Second, this study integrates theoretical concepts to real-life SPA use. The lack
of theoretical integration has been noted as a shortcoming in prior SPA research
(Zierau et al., 2020). This study also found the results of prior SPA research re-
lated to negative user experience to also be connected to technostress experi-
enced by SPA users. These findings were, for example, frustration caused by
usability, unnatural behavior, and poor accuracy of the SPA (Cowan et al., 2017;
Zierau et al., 2020; Luger & Sellen, 2016). The results of this study also support
the findings of Touré-Tillery and McGill (2015) and Mourey et al. (2017) that
SPA users can form a closer connection with the SPA technologies they use.

The unique, highly interactive way of using SPAs had an effect on how
technostress emerges in the context of work-based SPA use. As a contribution,
two new technostress creators were introduced in this study: communication
challenges and unrealistic expectations. This study also expanded on the under-
standing of previously known technostress creators, such as techno-complexity,
techno-overload, and interruptions, by introducing them in the context of SPA
use (Ragu-Nathan et al., 2008; Tarafdar et al., 2007; Galluch et al., 2015). SPA-
specific design principles were also linked to the technostress creators to under-
stand how the features of SPAs can affect the creation of technostress.

Communication challenges were introduced as a new technostress creator
in the context of SPA use, and it was also the most common technostress creator
identified in this study. Communication challenges were highly dependent on
the unique way of communication between the user and the SPA compared to
other information technologies. However, even if the category of communica-
tion challenges as a stress creator is new, it can be linked to the principles and
features identified in SPA research. One of the communication challenges caus-
ing stress was identified to be simplistic and unnatural dialogue with SPAs. The
challenges with unnatural dialogue were linked to the principle of anthropo-
morphism, as poorly designed anthropomorphic features were found to in-
crease unnatural dialogue. These findings also comply with the findings by
Cowan et al. (2017). Anthropomorphic features also caused misunderstandings
when the user did not acknowledge that they were communicating with an SPA.
This caused issues with balancing the human-like features of SPAs which was
also acknowledged as a possible issue by Benlian et al. (2019). Context-
awareness was linked to communication challenges through the lack of context-
awareness hindering the conversation between the user and the SPA. The lack
of context-awareness caused the dialogue to feel loose and inhuman as the
SPAs could not connect the previous dialogue with the user to the next one.
These issues were also recognized by Maedche et al. (2016) and Luger and Sel-
len (2016), who pointed out that SPAs should start to utilize more features re-
lated to context-awareness to improve the communication capabilities of SPAs.
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The other new technostress creator introduced in this study was unrealis-
tic expectations towards the SPAs. These unrealistic expectations were caused
by the lack of knowledge about how SPAs operate and what SPAs are capable
of. The lack of knowledge led to some of the users considering SPAs as highly
intelligent and autonomous technologies that could answer any question aimed
at them. These unrealistic expectations were quickly shattered if the system did
not perform on par with the user's expectations, which led to users feeling frus-
trated, unsatisfied, and stressed. Interviewees also had difficulties with chang-
ing the expectations of others in the organization. Stress caused by unrealistic
expectations was also related to the technostress creator of techno-insecurity
introduced by Tarafdar et al. (2007) as one of the interviewees reported the fear
of SPAs stealing the jobs of users. Unrealistic expectations were related to the
SPA principles of anthropomorphism, context-awareness, and self-evolution.
Knote et al. (2018b) found in their study that unrealistic expectations towards
the anthropomorphic features of SPAs can affect the satisfaction of the user. The
results of this study support these findings. This study also expands the under-
standing of the SPA principles of context-awareness and self-evolution as they
were not previously linked to the unrealistic expectations of SPA users.

Three of the technostress creators, techno-complexity, techno-overload,
and techno-uncertainty, introduced by Tarafdar et al. (2007), were identified in
the results of this study. Techno-insecurity was also present in the results
caused by unrealistic expectations towards SPAs, as mentioned earlier. Techno-
complexity refers to situations in which the user feels inadequate or unskilled
due to the complexity and difficulties in information technology use and learn-
ing (Tarafdar et al., 2007; Tarafdar et al., 2010). The results of this study had
similar findings related to the use of SPAs. Some users felt like SPAs were hard
to grasp, which resulted in them doubting their skills in using SPAs. The SPA
principle of platform integration was also found to increase techno-complexity
and stress for some SPA users. Techno-overload was present in this study due
to increased multitasking and workload caused by the use of SPAs. These find-
ings are in line with prior technostress research and their findings (Ragu-
Nathan et al., 2008; Maier et al., 2015a; Salo et al., 2019). This study's contribu-
tion to techno-overload as a technostress creator is the link between the SPA
principle of platform integration and increased overload. However, this finding
contradicts with Knote et al. (2018a) and Cowan et al. (2017), who found plat-
form integrations to increase user satisfaction. The reason for the contradicting
findings could be that in the studies by Knote et al. (2018a) and Cowan et al.
(2017), platform integrations were better implemented or were not visible to the
user because of the SPA design. Ragu-Nathan et al. (2008) and Tarafdar et al.
(2011) found techno-uncertainty to be related to constant changes and updates
in information technology that can cause stress and frustration among users.
This study also had similar findings. Constant updates and changes in SPAs
caused users to feel frustrated and doubtful about the SPA they used, which
caused stress and frustration. Techno-uncertainty was also linked to increased
overload due to users having to relearn to use SPAs due to updates and chang-
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es. These findings are also in line with findings of prior research (Ragu-Nathan
et al., 2008; Tarafdar et al., 2011). This study's contribution to techno-uncertainty
is the introduction of SPA principles platform integration and self-evolution as
possible factors to increase uncertainty among users. This also provides an un-
derstanding of how the principles of platform integration and self-evolution can
affect individual SPA users (Knote et al., 2018a).

Galluch et al. (2015) researched the effects of interruptions caused by in-
formation technology use. Interruptions were described as situations in which
users have to switch their attention away from the task at hand to deal with in-
terruptions caused by information technology use. In prior research, these inter-
ruptions were found to disturb the user's workflow, causing stress, overload,
and strain. (Galluch et al., 2015.) The findings of this study suggest that the use
of SPAs can also cause interruptions. Users felt distracted and frustrated due to
notifications and issues caused by SPAs which affected their concentration and
productivity. Technostress experiences caused by interruptions were also con-
nected to the SPA principle of anthropomorphic features. Interruptions due to
notifications and reminders were seen as more annoying if the tone of voice of
the SPA was regarded as irritating. This finding further confirms the im-
portance of well-made human-like features emphasized by Touré-Tillery and
McGill (2015).

Technical challenges were reported by over half of the interviewees as a
cause for technostress. Technical challenges were related to usability issues due
to the lack of features and functionality of the SPAs and SPAs being unavailable
due to technical issues. These findings are in line with the study conducted by
Milhorat et al. (2014), who found technical challenges to cause usability issues
to SPA users. The findings also support Fischer et al. (2019), who found the
poor reliability of information technology to be a possible cause for technostress.
Cowan et al. (2017) researched lack of functionality, who found the lack of fea-
tures of SPAs to cause negative experiences, such as frustration, among users.
Technical challenges were also linked to the SPA principle of platform integra-
tion. Platform integration caused technical issues, which in turn caused stress
for the users.

In this study, distrust in SPA performance caused stressful experiences to
four of the interviewees. Stress caused by distrust was related to users not trust-
ing the SPA to accomplish its tasks. Lack of trust towards the task performance
of SPAs was also researched by Cowan et al. (2017) and Dubiel, Halvey, and
Azzopardi (2018). According to their findings, the lack of trust towards the task
performance of SPAs was one of the biggest reasons that caused discontinuous
use intention. Distrust towards SPA performance was not identified to cause as
powerful reactions in this study. However, the presence of distrust in the data
can further indicate that there are challenges related to the distrust towards
SPA performance.

Information security and privacy concerns are one of the most researched
challenges related to SPAs (Abdi et al., 2019; Benlian et al., 2019; Cowan et al.,
2017; Liao et al., 2019). Challenges related to information security and privacy



79

have been found to cause users not to adopt SPAs or avoid the use of SPAs due
to privacy concerns (Liao et al., 2019). Ayyagari et al. (2011) introduced privacy
concerns as a possible technostress creator and found a connection between
privacy concerns and technostress. Benlian et al. (2019) tested this connection in
the context of SPAs and found intrusive technology features to cause privacy
concerns and stress for the users. In this study, however, stress related to priva-
cy concerns was only reported by two of the interviewees. Thus, privacy con-
cerns did not play a major part as a technostress creator in this study. One pos-
sible reason for this could be that earlier studies examining users’ reactions to
information security, and privacy concerns were focused on the context of free
time SPA use. More research should be done if there are differences in privacy
and information security-related concerns between the contexts of free time and
work-related use of SPAs.

The technostress outcomes caused by SPA use were found to be broadly
similar to technostress outcomes found in prior technostress research. Tech-
nostress caused by SPA use was found to be related to all the negative outcome
categories presented by Tarafdar et al. (2019). These negative outcomes were
wellbeing-related, information technology-use-related, job-related, and physio-
logical outcomes. This implies that even if the context causing technostress
changes, the outcomes of technostress can remain relatively similar. Emotional
outbursts were also introduced as technostress outcomes in this study. This cat-
egory described outcomes like sudden negative emotions and aggressive be-
havior caused by technostress.

This study recognized two wellbeing-related outcomes, which were ex-
haustion and sleep problems. These outcomes have also been connected to
wellbeing in prior technostress research (Pawlowski et al., 2007; Reinecke et al.,
2017; Salo et al., 2019). Wellbeing-related outcomes were found to be connected
to techno-overload and techno-uncertainty, which agrees with the findings of
previous studies (Reinecke et al., 2017; Salo et al., 2019; Ragu-Nathan et al.,
2008). However, this study also connected unrealistic expectations and technical
challenges to cause negative wellbeing-related outcomes among SPA users.
Technostress was found to affect the information technology use of the inter-
viewees through discontinuous use intention. Discontinuous use intention was
researched by Maier et al. (2015a). They found that exhaustion and other nega-
tive experiences in information technology use can make the user want to take a
break from information technology use or stop using that information technol-
ogy entirely. The results of this study agree with Maier et al. (2015a). This study
also found that interruptions and technical challenges can impact the discontin-
uous use intention of the user due to multiple smaller annoyances during SPA
use. Prior research has found negative job-related outcomes caused by techno-
complexity, techno-overload, and interruptions. These outcomes can be, for ex-
ample, decreased work motivation, productivity, and quality (Tarafdar et al.,
2007; Tarafdar et al., 2011; Ragu-Nathan et al., 2008; Khan et al., 2013). This
study supports these findings but also introduces communication challenges as
a cause for job-related technostress outcomes. The repeating interactions and
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conversations with SPAs can end up in the user feeling bored and annoyed,
decreasing the work motivation of the SPA user. The only physiological out-
come recognized in this study was increased heart rate. Physiological outcomes
did not have a major role in the findings of this study, but increased heart rate
has also been noted in previous studies such as Riedl (2012). Emotional out-
bursts included all the negative outcomes that were not directly related to any
of the outcomes introduced by Tarafdar et al. (2019). Negative emotions, such
as frustration, anger, and helplessness, have been recognized in prior tech-
nostress research as common technostress outcomes that can lead to other out-
comes, such as job-related or wellbeing-related outcomes. (Ragu-Nathan et al.,
2008; Tarafdar et al., 2011; Reinecke et al., 2017; Salo et al., 2020). Emotional out-
bursts were the most common outcome reported by the interviewees in this
study. Emotional outbursts were linked to all of the technostress creators identi-
fied in this study and caused, for example, an urge for aggressive behavior,
frustration, and anger.

6.3 Practical implications

First, this study introduces practical implications to the users of SPA technolo-
gies in organizations. The understanding provided by this study can help users
recognizing possible technostress creators and challenges with SPA use to pre-
pare for them. For example, if a user knows that specific features of SPAs can
cause overload, they might want to look out for possible implications of over-
load to avoid the negative effects caused by it. As another example, if the user
recognizes that their expectations towards the SPA might be too high, they
might want to actively lower their expectations to better match the capabilities
of SPA technologies. This study also discussed the possible technostress out-
comes related to SPA use. Knowledge about these outcomes can help SPA users
recognize possible technostress experiences by pondering whether, for example,
a decrease in work motivation could be related to work-based SPA use.

Second, this study's results can help organizations plan their SPA imple-
mentations and focus their attention on fixing or improving the possible issues
with SPAs used by their employees. For example, it would be important to in-
form their employees about the frequent changes that SPAs need to improve
and stay operational. It would also be important to clearly communicate what
the SPA is designed to do and how it operates to avoid unrealistic expectations
towards the implemented SPA technology. However, this can be troublesome if
the organizations are the ones with these expectations. Thus, it would be im-
portant for organizations to become familiar with the opportunities and limita-
tions of the current SPA technologies before implementations. Overall, this
study provides useful insights for organizations interested in SPA technologies
about the possible negative effects and outcomes of SPA use on their employees.
This knowledge can help organizations plan their decisions considering the
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SPA technology they want to implement or develop to minimize the adverse
outcomes of SPA use.

Third, the results of this study can help with the design and development
of SPA solutions. Close attention should be paid to, for example, the design of
anthropomorphism and platform integrations of SPA solutions. The design of
SPAs was found to have a noticeable impact on the user experience and the
emergence of technostress among users in this study. Thus, anthropomorphic
features of SPAs should be well balanced and sound natural to not evoke nega-
tive emotions among users of SPAs. It would also be important to develop easi-
ly integrable SPAs to minimize the issues related to platform integrations. There
should also be an opportunity for users to mute or remove SPA notifications if
they want to solely focus on their work without the SPA interrupting their
workflow. SPAs that are easily approachable and easy to use would also benefit
users and help them avoid techno-complexity and distrust towards SPA per-
formance.

6.4 Limitations and suggestions for future research

First, semi-structured interviews pose possible limitations for the data collection
of this study. Collecting data using interviews limits the generalizability of the
results and relies on self-reported experiences recalled by the interviewees. Alt-
hough self-reported data collection methods have been proven reliable in prior
technostress research, it still poses its limitations due to relying on the memory
and expression of the interviewees (Ayyagari et al., 2011; Salo et al., 2019; Ragu-
Nathan et al., 2008). This study provides useful insights and a first look at the
technostress experiences related to work-based SPA use. However, more re-
search should be done utilizing various research approaches and data collection
methods to further examine and validate the technostress creators and SPA
principles affecting them in the context of work-based SPA use.

Another possible limitation of this study is related to the role of the inter-
viewees in the organization. As described earlier, most of the interviewees were
also involved with the development of the SPA that they used in their work.
This was due to most organizations developing their own customized SPA so-
lutions using third-party tools, which caused the users of SPAs to also be in-
volved with the development process. On the one hand, this allowed the collec-
tion of technostress experiences from users who had gained the most amount of
experience with interacting and using SPAs. The development experience also
helped with collecting detailed descriptions of the SPA principles present in the
SPAs. On the other hand, some of the interviewees had a detailed understand-
ing of the technologies they used, which could affect the strength and regularity
of the technostress experiences. It is hard to say if the detailed knowledge might
have increased technostress due to more regular use and closer connection with
the SPA or decreased technostress due to the more detailed understanding of
how to use SPAs. More research should be conducted focusing on end-users
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who are not involved with the development of the SPAs to compare the experi-
ences of different groups of users.

The third possible limitation of this study is that all the interviewees were
of the same nationality, that being Finnish. The Finnish language introduces its
own challenges related to the usability issues of SPAs, as mentioned earlier in
the results section of this study. Some of the SPA implementations used by the
interviewees were only available in English due to the challenges or lack of
functionality with the Finnish language. This might affect the technostress ex-
periences of some of the interviewees as they had to either deal with the limited
functionality of using SPAs in Finnish or use them in a foreign language. More
research should be done with participants from multiple nationalities to further
examine the impact of using SPAs in different languages and accents and its
impact on technostress and user experience. For example, Cowan et al. (2017)
found that speech recognition issues can be caused by the user's accent, result-
ing in usability issues.

The fourth possible limitation is related to the SPA technologies that the
interviewees used. The principle of multimodality was not present in most of
the SPAs, and therefore the connection between multimodality and technostress
creators could not be examined in this study. Knote et al. (2018a) noted that
multimodality is not necessary for SPAs as rich communication can also be
achieved only using one form of communication, such as text. However, as
SPAs become more widespread, it is probable that SPAs will start utilizing a
more varied scale of communication methods. This assumption was also shared
by most of the interviewees in this study. Thus, more research should be done
on the effects of multimodality on user experience and technostress.

Other possible areas for future research can also be identified based on the
results of this study. First, technostress mitigation had to be left out from the
scope of this study. Thus, it is important for future research to also examine
how the adverse effects of technostress can be mitigated in the context of SPA
use. Another possible area for future research is to examine the possible reasons
and the connection of SPA principles with the distrust towards the performance
of SPAs. More research should be done on the topic as there still remains a gap
in understanding of the possible reasons behind the distrust towards SPA per-
formance. Another possible topic for further research would be to examine how
the connection between the user and SPA affects the formation of technostress.
This study was not able to provide results considering if a closer connection
with an SPA could increase or mitigate technostress. Lastly, more research
should be conducted to identify when the principles of SPAs might mitigate
and create technostress. As mentioned earlier in this chapter, Benlian et al. (2019)
found the principle of anthropomorphism to mitigate technostress, whereas, in
this study, it was related to the creation of technostress. It would be important
to understand how the quality of the SPA principles can affect user experience
and technostress to help with the design of SPAs.
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6.5 Conclusion

The use of information technology continues to spread to all aspects of work
and leisure, and new information technology solutions constantly emerge. It is
important to examine the negative effects of these new information technology
solutions to minimize stress and adverse outcomes of individual users. SPAs
are a constantly evolving information technology that is predicted to boom in
popularity during the following years. As SPAs become more popular, it is like-
ly that the adverse effects caused by the use of SPAs do as well. This study ex-
amined the gap in research related to the work-based use of SPAs and tech-
nostress to understand the negative and stressful effects of work-based SPA use.
The results of this study imply that SPAs can cause technostress in multiple dif-
ferent ways and that the context-specific design principles and features of SPAs
play a major role in how technostress emerges in SPA use. Technostress caused
by SPA use was also found to have similar adverse outcomes compared to
technostress experienced in other contexts of information technology use. This
study provided theoretical contributions to both technostress and SPA research
and practical implications to individual users and organizations. The insights of
this study can be used to further examine the connection between technostress
and SPA use to understand and minimize the negative effects of SPA technolo-
gies use in the future.
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