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A B S T R A C T   

In the digital era, the prevalent integration of new technologies in work processes gives rise to employees’ 
perceptions of technological insecurity. Such technology-induced strain poses new challenges to occupational 
health and safety and needs to be better understood in order to be prevented. Based on Conservation of Resources 
(COR) theory, we investigate to which extent the negative effect of technological insecurity on perceived health 
depends upon the availability of non-technology-related resources in the workplace. Specifically, we argue that 
employees who experience two key organizational resources, i.e. organizational support for strengths use and 
friendship opportunities, are better suited to cope with these modern forms of strain. We hypothesize that those 
resources reinforce each other in such way that employees’ coping capabilities rise and health issues decrease. 
For hypothesis testing, time-lagged hierarchical moderated regression analysis is conducted. The study sample 
consists of 8019 German employees. Results support our assumption that accumulating resources create an 
intensified buffering effect, which surpasses the additive buffering effects of individual resources. Under the 
condition of high support for strengths use and high friendship opportunities, technological insecurity does no 
longer show a negative relationship with employees’ time-lagged health. By using post-stratification weights, 
these results apply to 33.3 million employees in Germany having access to Information and Communication 
Technologies.   

1. Introduction 

Digitization is speeding up and it is accompanied by dramatic 
changes for the workforce. There is almost no day public press does not 
report about new technologies and their threats to existing jobs. Fore
casts expect growth rates in worldwide spending on Information and 
Communication Technologies (ICTs) of double that of the global econ
omy; leading to a total market opportunity of approximately $5.5 tril
lion by 2020 (Businesswire, 2017). Further studies claim that almost 
50% of all jobs are in high danger to be replaced by technological so
lutions in the future (Frey & Osborne, 2017; 2018). 

This development implies that new technologies will continue to 
change and penetrate work processes in the future. Technological 
changes will affect current demands in the workplace, cause recurring 
and reinforcing adaptation efforts for employees, add skill requirements 
or even turn employees’ skills obsolete (Ayyagari, Grover, & Purvis, 
2011; Day, Scott, & Kelloway, 2010; Fuglseth & Sørebø, 2014; Gekara & 
Thanh Nguyen, 2018; Ragu-Nathan, Tu, Tarafdar, Ragu-Nathan, 2008; 
Wang, Shu, & Tu, 2008). Most likely, employees will experience 

increased levels of stress and strain due to increasing ICT demands in the 
workplace (i.e. “technostress”, see Ayyagari et al., 2011; Ragu-Nathan 
et al., 2008; Weil & Rosen, 1997). Due to those developments, the Eu
ropean Agency for Safety and Health at Work (European Agency for 
Safety and Health at Work (EU-OSHA), 2018, p.7) highlights that “digit 
[ization] […] opens the door to an increase in [occupational safety and 
health] challenges, in particular of an ergonomic, organizational and 
psychosocial nature, that need to be better understood and managed.” 

In Information Systems (IS) literature, various studies have examined 
the negative effects of ICT-related stressors, such as on job-related, IS use 
related and well-being related outcomes (see Ayyagari et al., 2011; 
D’Arcy, Herath, & Shoss, 2014; Tarafdar, Tu, Ragu-Nathan, & 
Ragu-Nathan, 2007). Other studies focused on the boundary conditions 
of those relationships, such as technology self-efficacy and competence 
(Tarafdar, Pullins, & Ragu-Nathan, 2015), ICT exposure control (Gal
luch, Grover, & Thatcher, 2015), personality traits (Srivastava, Chandra, 
& Shirish, 2015), ICT involvement facilitation (Ragu-Nathan et al., 
2008), Technical support provision (Ragu-Nathan et al., 2008), ICT lit
eracy facilitation (Ragu-Nathan et al., 2008) and training interventions 
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(Soucek & Moser, 2010). Nonetheless, in line with recently published 
reviews on technostress (e.g. Tarafdar, Cooper, & Stich, 2017), we argue 
that the IS literature on technostress is still limited in four important 
ways: First, prior research does not offer a sound theoretical explanation 
or framework to explore the effects of technostress on outcomes. 
Particularly, prior studies did not incorporate established theoretical 
explanations from outside the IS field, e.g. from psychological stress 
literature. Second, key stressors in the technostress literature and their 
respective effects on the health of employees are still understudied. One 
of those variables is technological insecurity (Ragu-Nathan et al., 2008; 
Tarafdar et al., 2007). It covers stress and strain associated with feelings 
of potential job loss due to ICT-related changes in the workplace 
(Ragu-Nathan et al., 2008). Third, prior research did not yet examine the 
effects of ICT-related stressors in the presence of supportive, 
non-technology-related organizational resources. Such resources could 
help employees to overcome ICT-induced stress and strain by enhancing 
coping capabilities. Fourth, previous studies mostly rely on rather small 
and isolated samples to examine the effects of ICT-related stressors 
which strongly limits their external validity. 

To jointly address those research gaps, this study integrates Con
servation of Resources (COR) theory as one of the most influential 
psychological stress theories with IS-related work on technostress. 
Further, we examine how two non-technology-related organizational 
conditions influence the relationship between employees perceived 
technological insecurity and their general health perception. To do so, 
we collected data from 80019 employees in Germany, which can be 
statistically weighted to be representative for 33.3 million employees in 
the respective workforce. Based on COR theory, our central argument is 
that organizational conditions apart from the IS-related environment 
can serve as important resources that increase employees’ coping ca
pabilities with strain. This reduces the negative effect of technological 
insecurity on employees’ health perceptions. 

Specifically, we argue that two non-technology-related organiza
tional resources are of particular relevance for employees in insecure 
and/or unstable working environments because they individually 
induce feelings of appraisal by and belonging to an organization: (a) 
organizational support for strengths use (Keenan & Mostert, 2013; van 
Woerkom, Bakker, & Nishii, 2016) and (b) friendship opportunities in 
the workplace (Morgeson & Humphrey, 2006; Sims, Szilagyi, & Keller, 
1976). Organizational support for strengths use covers “employees’ 
beliefs concerning the extent to which their employer actively supports 
them in applying their personal strengths at work” (van Woerkom et al., 
2016, p. 142). This increases employees’ actual use of their strengths at 
work and induces feelings of being valued due to own individual capa
bilities (Biswas-Diener, Kashdan, & Minhas, 2011; van Woerkom et al., 
2016). 

Next, friendship opportunities in the workplace are a key element for 
the informal structure of organizations (Barney, 1985), which can in
crease the actual friendship formation among employees (Richey & 
Richey, 1980; Tokuno, 1986). Friends enable to provide and receive 
assistance and emotional support to and from others. This can encourage 
positive emotions in the workplace such as trust, respect, support, and 
security (Chiaburu & Harrison, 2008; Colbert, Bono, & Purvanova, 
2016; Foote, 1985; Grant, 2008; Spreitzer, 1995). We further argue that 
support for strengths use and friendship opportunities play together and 
reinforce each other by accumulating to higher resources levels (Hob
foll, 2011). This interaction of resources further increases one’s coping 
capabilities and reduces stress and strain caused by technological 
insecurity. 

Taken together, this study makes four primary contributions to the 
literature. First, we follow the call by Tarafdar et al. (2017) and provide 
a cross-disciplinary contribution by combining IS research on techno
stress with non-IS research on psychological stress (i.e., COR theory). By 
doing so, we open up a new research direction to adequately examine 
the impact of technostress on employees. Second, we provide theoretical 
and empirical support that technological insecurity is an important, yet 

understudied variable in the technostress literature that can negatively 
affect the perceived health of employees across an entire workforce. 
Third, we show that two non-technology-related organizational re
sources, i.e. support for strengths use and friendship opportunities, are 
important for employees in order to successfully cope with ICT-related 
stressors. This “interdisciplinary lens” on preventing and dealing with 
technostress broadens the existent research focus which has mainly 
focused on the role of boundary conditions directly related to ICTs (e.g. 
Technical support provision, ICT involvement facilitation, ICT equip
ment or ICT training). And fourth, we argue and empirically demon
strate that our results have high external validity and are robust with 
respect to multiple controls. By using post-stratification weights, the 
results apply to approximately 33.3 million employees in Germany who 
are 18 years or older and have access to internet-enabled ICTs. 

2. Theory and hypotheses 

Our central argument is that organizational resources, particularly 
organizational support for strengths use and friendship opportunities, 
help to decrease the negative effect of strain caused by technological 
insecurity concerns, and thus, increase employees’ health perceptions. 
An overview of the hypothesized model is shown in Fig. 1. 

2.1. Conservation of Resources Theory 

Conservation of Resources Theory (COR; Hobfoll, 1989) is one of the 
most influential theories in explaining stress. Resources’ are defined as 
objects (e.g., car, house), conditions (e.g., marriage, employment), en
ergies (e.g., time, money), and personal characteristics (e.g., key skills, 
self-esteem) that are centrally valued by humans, are the major focus of 
the theory (Hobfoll, Freedy, Green, & Solomon, 1996; recommended 
reading about resources: Halbesleben, Neveu, Paustian-Underdahl, & 
Westman, 2014; Krohne, 2002; ten Brummelhuis & Bakker, 2012). The 
psychological processes that motivate people to maintain and/or attain 
those resources explain how people react to everyday stressors in their 
environment and how this affects their respective well-being. 

In its core, COR theory attempts to explain much of human behavior, 
respectively stress, from an evolutionary approach to resources. For 
instance, its rationale is largely derived from the notions of an “evolu
tionary-based built-in and powerful bias [of humans] to overweight 
resource loss and underweight resource gain […] [and the] evolutionary 
need to acquire and conserve resources for survival” (Hobfoll, Halbe
sleben, Neveu, & Westman, 2018, p. 104). Accordingly, COR theory’s 
basic tenet is that “individuals […] strive to obtain, retain, foster, and 

Fig. 1. Overview of Model and Hypothesis under investigation.  
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protect resources” (Hobfoll et al., 2018, p. 104) and that stress arises 
when those resources are in danger to be depleted or are depleted 
(Hobfoll, 2002). Situations or events are perceived as ‘stressful’, i.e., 
causing strain, when individuals commonly associate those with po
tential or actual loss of the resources. This, in turn, may have detri
mental effects on well-being. 

COR theory has been constantly debated, applied, and modified since 
its first publication by Hobfoll (1989). This resulted in a compilation of 
individual principles and corollaries that together form the basis of to
day’s COR theory (recommended readings for more detail: Halbesleben 
et al., 2014; Hobfoll et al., 2018; ten Brummelhuis & Bakker, 2012). The 
applied tenets in this study are explained below. 

First, the primacy of (resource) loss principle states that the detrimental 
effects of the loss of resources on individuals are disproportionately 
greater compared to the beneficial effects of the equivalent gain of re
sources. This also implies that resource loss “not only is more powerful 
than resource gain in magnitude but also tends to affect people more 
rapidly and at increasing speed over time” (Hobfoll et al., 2018, p. 105). 
Second, the resource investment principle describes that individuals “must 
invest resources to protect against resource loss, recover from losses, and 
gain resources” (Hobfoll et al., 2018, p. 105). This suggests that in
dividuals engage in a direct replacement, e.g., replacing lack of income 
with savings, and indirect investment processes of resources, e.g., using 
time and money to increase key skills necessary to stay competitive in 
the workplace environment. Third, the gain paradox principle states that 
the importance of resource gains increases especially in times when 
resource loss is very likely or the resources are in high danger of 
depletion (Hobfoll, 2002; Hobfoll et al., 2018). Fourth, Corollary 1 states 
that the possession and the lack of resources are crucial factors in an 
individual’s vulnerability and resilience, mainly assuming that “those 
with greater resources are less vulnerable to resource loss and more 
capable of resource gain” (Hobfoll et al., 2018). The contrary applies to 
individuals who lack resources. 

Applying those rationalities, COR theory must be differentiated from 
other stress theories, especially Lazarus and Folkman’s (1984) 
stress-appraisal theory. In sum, the stress-appraisal theory postulates 
that the extent of the effects of stressful situations depends on one’s 
perception, i.e., ‘appraisal’ of these situations as stressful. It even as
sumes that there is no such thing as environmentally produced stress 
without the appraisal of the individual (Lazarus & Folkman, 1984, p. 
19). In the first place, the stress-appraisal theory implicitly considers the 
occurrence of stress to solely depend on an individual’s appraisal of the 
situation which might lead to certain problematic conclusions in certain 
contexts. 

For instance, in the context of a criminal act, stress would emerge in 
response to the victims’ perception of the event to be stressful. As such, 
addressing the situation would be a matter of the victim who would need 
to adjust his/her appraisals (Hobfoll et al., 2018) rather than the matter 
of the criminal act itself. As this is only one drawback of former stress 
theories (for a detailed discussion see Hobfoll, 1989; Hobfoll et al., 
2018), Hobfoll (1989) formulated the COR theory to provide a more 
appropriate and testable understanding of coping and stress. 

Although COR theory does not deny subjective appraisal, it puts 
much more emphasis on the objectivity of stressful events (Hobfoll, 
1989; Hobfoll et al., 2018). It follows the notion that stressful events 
contain objectively stressful elements “that are shared within a culture 
and have a common level of impact” (Hobfoll et al., 2018, p. 104). 
Although subjective perceptions might have an influence, COR theory 
states that objective elements will be the determining factors in 
explaining the effects of stressful events on any outcome. 

In this study, we assumed that perceptions of technological insecu
rity can be regarded as a commonly stressful situation that contains 
negative objective elements for employees. The rationalities behind this 
assumption are outlined in the following section. 

2.2. Technological insecurity and health 

One special form of job insecurity that is on the rise is the so-called 
technological insecurity (Tarafdar et al., 2007). More than 30 years 
ago, clinical psychologist Craig Brod’s (1984) already described, in his 
book “Technostress: The Human Cost of the Computer Revolution,” a 
term called technostress as “a modern disease of adaptation caused by an 
inability to cope with the new computer technologies in a healthy 
manner” (p.16). Weil and Rosen (1997) adjusted this notion by 
including “any negative impact on attitudes, thoughts, behaviors, or 
body physiology that is caused either directly or indirectly by technol
ogy” (p.5). Since Brod’s (1984) book, decades of irresistible enthusiasm 
to incorporate technologies have passed. 

To date, ICTs are the most dominant technologies in the workplace 
because they provide high efficiency and productivity opportunities for 
organizations (Srivastava et al., 2015). However, they also change and 
shape organizational structures, working processes, and interactions 
between individuals inside and outside of organizations (Ayyagari et al., 
2011). According to those persistent change processes, employees 
constantly need to learn new skills as well as to adapt to new work 
processes and increased capabilities of ICTs in performing complex 
tasks. This may lead to doubts about one owns’ ability to keep up with 
the rising workplace demands through ICTs and/or to worries about 
being replaced in the future (Ayyagari, Grover, & Puris, 2011; Day et al. 
2010; Fuglseth & Sørebø, 2014; Ragu-Nathan et al., 2008; Wang et al., 
2008). In other words, technological insecurity actually focuses on 
perceived threat of losing the job due to technologies or also to other 
people, e.g., colleagues who possess a better knowledge or under
standing of those technologies (Fuglseth & Sørebø, 2014; Ragu-Nathan 
et al., 2008; Srivastava et al., 2015). 

Therefore, technological insecurity links technological reasons with 
concerns about ones’ job security. In line with COR theory, this means 
that when employees face increased technological insecurity, they 
commonly associate technologies with being a threat to actual re
sources, i.e., ‘job insecurity’ or ‘employment’ (Hobfoll et al. 1996; 
Krohne, 2002), which may lead to strain (Hobfoll, 1989). For example, 
an employee (e.g., a project manager) is confronted with continuous 
and/or radical changes in the technological environment of the orga
nization. Hence, he/she shows high perceptions of technological inse
curity (e.g., fear of being replaced in the future due to technological 
solutions that make ones’ skills obsolete). Thus, individuals commonly 
associate this situation with an actual or potential loss of their current 
job (position), also called ‘job insecurity.’ 

Job insecurity is generally defined as the subjective perception of 
being threatened by job loss and concerns about the continued job ex
istence in the future (Klandermans & van Vuuren, 1999; Mohr, 2000). 
Several studies have shown a link of job insecurity with increased stress 
and decreased well-being and health (Abildgaard, Nielsen, & Sverke, 
2018; De Jong et al., 2016; De Witte, Pienaar, & De Cuyper, 2016; 
Hellgren & Sverke, 2003; Wiezer et al., 2011). In particular, negative 
effects of job insecurity on both psychological well-being (e.g., depres
sion), somatic health (e.g., high blood pressure), and general self-rated 
health have been established (Ibrahim, Smith, & Muntaner, 2009; 
Kim, Kim, Park, & Kawachi, 2008; Kirves, De Cuyper, Kinnunen, & N€atti, 
2011; Virtanen, Janlert, & Hammarstr€om, 2011). Therefore, job inse
curity has been shown to have a major influence on health. 

Therefore, as technological insecurity reflects an individuals’ 
perception of being threatened in ones’ job security or employment due 
to technologies, it is expected to be a common and objectively perceived 
stressful situation for employees. Nevertheless, the effect of technolog
ical insecurity on individuals’ health has, to our knowledge, never been 
studied from a psychological stress perspective. Thus, the IS literature 
runs the risk of neglecting relevant findings of decades of research in the 
field of psychological stress. Hence, in line with COR theory’s primacy of 
(resource) loss principle (Hobfoll, 1989; Hobfoll et al., 2018), we expect 
technological insecurity to cause actual strain manifested in a decreased 
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assessment of one’s general health perception. Therefore, we 
hypothesize: 

Hypothesis 1. Technological Insecurity is negatively related to em
ployees’ perceived general health. 

2.3. Moderating effect of organizational support for strengths use 

As initially outlined, COR theory provides further rationalities about 
resource processes, which explain the coping of individuals in stressful 
situations. As stated in Corollary 1, people “with greater resources are 
less vulnerable to resource loss and more capable of resource gain” 
(Hobfoll et al., 2018, p. 105) because they are argued to be better suited 
for dealing with stressful situations (Hobfoll, 2002). In line with the 
resource investment principle (Hobfoll et al., 2018), a greater set of re
sources allows them to execute resource replacement processes when 
being confronted with resource losses, and thus, reduce strain (Hobfoll, 
2002). Therefore, this rationality implies that individuals may actually 
use existing resources in order to induce coping processes for both actual 
and potential resource losses. For example, individuals may be able to 
invest energy resources (e.g. time) in the development of personal re
sources (e.g. new skills) to protect against potential losses of condition 
resources (e.g. employment) in the future. 

Following the theoretical assumptions of COR theory, organizations 
may provide or emphasize special environmental conditions (organi
zational resources), that direct and energize employees’ behavior and 
resources (Gagn�e & Deci, 2005) to better cope with stressful conditions. 
One non-technology-related organizational resource, expected to be of 
particular relevance in stressful conditions of technological insecurity, is 
organizational support for strength use (Keenan & Mostert, 2013). It has 
been shown that if individuals perceive their organizational environ
ment to be supportive in terms of encouraging the use of their individual 
strengths, they are less likely to be negatively affected by strain expe
rienced by stressful job conditions (van Woerkom et al., 2016). This 
form of organizational support relies on previous research showing that 
actual strength use leads to positive effects on the users’ stress levels and 
well-being (Forest, Mageau, Crevier-Braud, Bergeron, Dubreuil, & Lav
igne; 2012; Senf & Liau, 2013). Hence, it is argued that instead of 
focusing on the identification and correction of particular weaknesses of 
employees (Buckingham, 2005), organizations should rather enable and 
support the use of employees’ existing strengths at work (Luthans & 
Youssef, 2007). This organizational support then leads to increased 
levels of actual strengths use in the workplace. It is argued that enabling 
employees to perform tasks that capitalize on their individual strengths, 
these employees experience “higher levels of self-esteem as a result of 
feeling valued for their unique worth and experiences” (van Woerkom e 
al., 2016, p. 143). This may act as an important counterbalancing 
resource to the decreased self-confidence in one’s worth for the com
pany caused by experienced technological insecurity (Ayyagari et al., 
2011). Furthermore, when employees perceive to be supported in doing 
what they are good at, this inherently covers freedom to behave more in 
line with their authentic selves and perform at ones’ personal best ac
cording to one’s individual habits (Wood, Linley, Maltby, Kashdan, & 
Hurling, 2011). This may further stimulate their personal growth and 
development (Dollard & Bakker, 2010; Peterson & Seligman, 2004), 
decrease strain and increase performance and happiness levels (Forest 
et al., 2012; Govindji & Linley, 2007; Seligman, Steen, Park, & Peterson, 
2005). 

Therefore, when being supported to use one’s individual strengths, 
employees experience the appreciation by the organization of one’s 
abilities and thus profit from increased resource levels (e.g. personal 
resources: self-esteem, et cetera). Higher resource levels then further 
increase one’s coping capabilities with strain (e.g. caused by the fear to 
loose one’s job due to any technological solution). Hence, we argue that 
organizational support for strengths use acts as valuable resource in the 
workplace, which increases the coping capabilities of employees 

according to strain caused by the exposure to technological insecurity 
concerns. In this manner, in line with COR theory, organizational sup
port for strength use is expected to decrease the negative effects of 
technological insecurity on one’s general health perception. Therefore, 
we hypothesize the following: 

Hypothesis 2. Organizational support for strengths use moderates the 
relationship between technological insecurity and general health such 
that the negative relationship between the two is weaker when organi
zational support for strengths use is higher. 

2.4. Moderating effect of friendship opportunities 

Moreover, friendship opportunities are expected to inhere high 
relevance in the ICT-related workplace context at hand. Fundamentally, 
the need to build social ties with others is one of the most central needs 
of human beings (Hobfoll et al., 2018). Strong social relationships to one 
another, often termed as friendships, provide several positive functions 
for the people involved such as, having a listener, someone who un
derstands one’s problems, receiving valuable advice, guidance, accep
tance, and a sense of belonging to a social group (Richey & Richey, 1980; 
Tokuno, 1986; Weiss, 1974). Those interpersonal encounters increase 
peoples’ self-esteem and well-being (Hartup & Stevens, 1997). Further, 
stable friendships enable opportunities to expand one’s own social 
network by getting in closer contact with the people in the social 
network of a friend, subsequently profiting from aggregated benefits of 
more friendships (Buote et al., 2007). 

Due to the fact, that most people spend a significant amount of time 
at work, it is not surprising that friendships play a crucial role in the 
workplace. This notion is supported by several studies showing the 
positive relation of workplace friendships with, e.g. job satisfaction, 
involvement, motivation, supportive and innovation climate, and pro
ductivity (Berman, West, & Richter, 2002; Crabtree, 2004; Nielsen, Jax, 
& Adams, 2000; Sias, Heath, Perry, Silva, & Fix, 2004; Solano, 1986; 
Synder & Smith, 1986). This is in line with recent findings by Colbert, 
Bono, and Purvanova (2016) who identify friendships in the workplace 
to be “the most important predictor of positive emotions at work” (p. 
1215) and further highlight its importance for the individual and or
ganizations, respectively. 

From an organizational point of view, it is valuable that employees 
build friendships at work in order to capitalize on those benefits. Hence, 
an organization can design the workplace environment in a way that 
allows employees to participate in organizational processes and activ
ities. Thus, enabling more social contact and communication with 
others, and subsequently strengthening the opportunities to develop 
friendships in the workplace (Ragins & Dutton, 2007; Riordan & Grif
feth, 1995; Song, 2006). Those friendship opportunities (Morgeson & 
Humphrey, 2006; Sims et al., 1976) are examined as an important 
antecedent for actual workplace friendships (Nielsen et al., 2000; Sias & 
Cahill, 1998). This implies that the perception of employees about the 
extent the workplace environment provides adequate friendship op
portunities is an important organizational job resource. It increases 
one’s capabilities to lower stress levels by helping employees to cope 
with demanding situations, which further increases one’s health per
ceptions (Berman et al., 2002; Buote et al., 2007; Ragins & Dutton, 
2007). 

Hence, in the context of employees facing technological insecurity, 
providing adequate friendship opportunities (as antecedent for actual 
friendship formations) may increase employees’ resources by helping to 
share one’s individual uncertainty about the job-related future with 
peers. This subsequently buffers the negative strain effects by mutually 
received social support among friends. Therefore, friendship opportu
nities are assumed to increase one’s possibilities to receive social sup
port, share honest views with peers about one’s uncertainty and 
perceptions of job threats caused by technology. This makes employees 
more likely to perceive oneself as an integrated element of the 
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organization that will not be replaced, which ultimately reduces the 
impact of strain caused by technological insecurity on one’s health 
perception. Hence, we hypothesize: 

Hypothesis 3. Friendship opportunities moderates the relationship 
between technological insecurity and general health such that the 
negative relationship between the two is weaker when friendship op
portunities are higher. 

2.5. Organizational resource reservoirs: strength use support and 
friendship opportunities 

As outlined, both organizational resources are individually expected 
to be valuable in enhancing coping capabilities with strain caused by 
technological insecurity. This roots mainly on the notion of COR theo
ry’s primacy of (resource) loss principle and Corollary 1 (Hobfoll et al., 
2018). Together, they say that higher resource levels make employees 
less vulnerable to stressful conditions (Corollary 1) leading to less actual 
strain, and that the loss of resources takes place with a disproportion
ately high (negative) effect on individuals. Thus, resource losses are 
more salient than resource gains (Hobfoll, 2002, Hobfoll et al., 2018). 

Further following these notions, when employees perceive to be 
provided with more types of resources, those individual resources 
accumulate to higher resource levels. Higher resource levels then enable 
to experience less strain caused by stressful conditions, which leads to 
less resource losses as a result of the coping process. In turn, decreased 
resource losses and strain leads to a disproportionate reduction of the 
associated negative impact on the individual, i.e. on one’s health 
assessment. Therefore, we expect the mitigating role of resources to be 
higher when individuals are in possession of both resources simulta
neously, meaning, being able to use both their strengths and develop 
social ties in form of friendships in the workplace. 

Further, following the notion of COR theory’s gain paradox principle, 
the effect of resource gains on individuals becomes particularly salient 
when resources are in danger to be depleted, or actually deplete (Hob
foll, 2002). This implies that higher resources unfold its true potential 
when employees perceive being confronted with high demanding con
ditions. Hence we additionally expect that especially in times of high 
stressful conditions (e.g. high technological insecurity), when job re
sources are in great danger of depletion, employees benefit the most 
from higher accumulated resource reservoirs. This is coherent, because 
particularly in situations when employees experience high stress caused 
by technological insecurity (e.g. in form of perceptions of not being able 
to adequately adapt to ongoing or expected technological changes; 
having actual fear to be replaced by technologies), employees may 
request and benefit the most from positive work experiences and feelings 
of appreciations caused by using their strengths and receiving emotional 
support from colleagues. 

For example, again, imagine an employee (e.g. a project manager) 
with perceptions of technological insecurity that is confronted with 
continuous technological changes in the organization and therefore 
having high perceptions of technological insecurity (e.g. fear of being 
replaced by technologies that make one’s skills obsolete). But, imagine, 
that the employee is additionally supported by the organization to use 
and foster the individual strengths (e.g. financial forecasting) and is 
provided with friendship opportunities in the workplace. By applying 
his individual strengths, this employee will perform tasks with unique 
value which provides him with higher security to not fall into disuse in 
the future. Additionally, he performs routine tasks on a high level with 
less effort. Thus, using one’s strengths encourages higher self-esteem 
while performing at one’s personal best and feelings of being valued 
by the organization due to the individual abilities. This leaves the 
employee with more time, energy and attitude towards work to cope 
with the demanding situation (e.g. by investing time and energy in 
improving key skills to foster the employment position). In addition, the 
employee will be able to exchange thoughts and information on the 

relevance of technological changes with peers from other organizational 
areas and from peers in the specific field of financial forecasting. This 
leaves the employee with feelings of being an integral part of the social/ 
informal organizational environment, not being confronted with the 
technological insecurity just on its own. This informal environment al
lows to receive mutual emotional support amongst peers, which is 
particularly valuable when feeling insecure. As a result, this decreases 
the impact of stress caused by perceptions of high technological inse
curity on the employee’s health perception. 

Therefore, employees will experience an accumulated level of 
organizational resources when being provided with both organizational 
support for strengths use and friendship opportunities simultaneously. 
The higher resource levels buffer the impact of stress caused by per
ceptions of technological insecurity on the employee’s health perception 
at a disproportionally higher level. In addition, the higher resource 
levels are expected to be particularly valuable when the employee en
counters stressful situations. Thus, the employee is encouraged to make 
the most out of those resources provided in times of high technological 
insecurity. In this particular situation, the resources show an accumu
lated buffering effect on the negative effect of technological insecurity 
on health. Hence, in line with COR theory, we hypothesize: 

Hypothesis 4. There is a three-way interaction among technological 
insecurity, organizational support for strengths use and friendship op
portunities in explaining general health. The negative relationship be
tween technological insecurity and general health is weaker when both 
organizational support for strengths use and friendship opportunities are 
high and stronger when both organizational support for strengths use 
and friendship opportunities are low than in any other combination of 
organizational support for strengths use and friendship opportunities. 

3. Methods 

3.1. Data collection and sample 

To test our hypotheses, we collected a representative data set for the 
German labor force by instructing a German market research institute 
with the data collection process. In doing so, we only surveyed partici
pants with an age of 18 years or older, who are currently employed and 
have access to internet-enabled communication technologies. Hence, all 
participants of the survey are registered panel members who agreed to 
participate in online surveys and are rewarded for their participation by 
points which can be converted into a real currency. To ensure high data 
quality, the research institute thoroughly checks for and excludes par
ticipants who are found to manipulate the survey (e.g. multiple partic
ipation or click-through behavior). To reduce single-source bias, two- 
wave survey data were collected. The survey versions were translated 
to German by professional translators following a double-blind back- 
translation procedure to ensure semantic equivalence with the original 
English items (Schaffer & Riordan, 2003). The two surveys were carried 
out at a 9-month interval, resulting in 8019 and 8004 respondents, 
respectively. Being able to track each participant by a specific ID 
enabled us to identify an overlap sample of 4754 respondents having 
participated in both survey waves. Therefore, attrition rate is 40.7%. 

To take missing values of the model variables into account, we 
conducted chained multiple imputation by using the mi impute chained 
command in Stata software version 15 (StataCorp. 2017). We chose 
chained imputation over multi-variate normal imputation (mvn), 
because variables with missing values are not solely of continuous na
ture and violate the normality assumption of mvn. All variables in the 
model are included in the imputation model. We imputed continuous 
variables using linear regression models, binary variables using logistic 
regression models, ordinal variables using ordered logistic regression 
models and categorical variables using multinomial logistic regression 
models. Although some continuous variables were skewed, they were 
imputed on the raw scale without transformation, irrespective of their 
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distribution (Lee & Carlin, 2017; von Hippel, 2013). Hence, we did not 
constrain the imputation values to a specific range of values (e.g. Likert 
scale range) - “although this imputation method results in some 
implausible values, it appears to be the most consistent method with low 
bias and reliable coverage in repeated sampling of missingness, irre
spective of the amount of skewness in the data.” (Rodwell, Katherine, 
Romanuik, & Carlin, 2014, p. 10). To take care of missing values in the 
dependent variable due to dropout (potential ‘attrition bias’, see Asen
dorpf, Van De Schoot, Denissen, & Hutteman, 2014), we also imputed 
the dependent variable (second survey period) by adding the same 
variable from the first survey period as an auxiliary variable in the 
imputation model (Enders, 2010; Johnson & Young, 2011; White, 
Royston, & Wood, 2010). This procedure leads to more accurate and 
stable estimates when the auxiliary variable is strongly correlated with 
the dependent variable, e.g. > 0.5 (Enders, 2010; Johnson & Young, 
2011). Herein, the observed correlation is 0.66, and therefore fits this 
criterion. In total, 50 datasets were imputed, being in line with the rule 
of thumb provided by White et al. (2010), as the number of imputed data 
sets surpasses the maximum percentage of missing cases in one variable 
(here: 41.3% in outcome variable). All variables were imputed on the 
item level. In doing so, all observations of the first survey period, 8019 in 
total, are used for hypothesis testing. 

After multiple imputation, the final study sample consists of 8019 
observations. Herein, the age of the respondents ranged from 18 to 77 
years, with an average of 44.3. Hence, the sample consisted of 3.922 
women and 4.097 men (i.e. 51.1% were male). Of all respondents, 
31.4% hold a university degree, 21.0% a higher education entrance 
qualification, 39.3% a secondary school leaving certificate, and 8.4% 
hold a lower vocational background. On average, the contractual 
working hours of the respondents are 35.1 h per week and the mean 
organizational tenure is 11.4 years. Additionally, 11.5% do have an 
officially labeled disability. By using sample weights, the study sample 
can be weighted to be representative for 33.3 million employees of at 
least full age in Germany and having access to internet-enabled ICTs.1 

3.2. Measures 

Unless otherwise noted, answers for all measures were provided on a 
5-point Likert scale ranging from 1 (completely disagree) to 5 (completely 
agree). Means, standard deviations, and standardized factor loadings of 
measurement items are shown in Table 1. 

3.2.1. Technological insecurity 
We measured technological insecurity with a scale developed by 

Tarafdar, Ragu-Nathan, and Ragu-Nathan (2007), including the 
following items: “I feel constant threat to my job security due to new 
technologies”; “I have to constantly update my skills to avoid being 
replaced”; “I am threatened by coworkers with newer technology skills” 
and “I do not share my knowledge with my coworkers for fear of being 
replaced”. Among others, Ragu-Nathan, Tu, Tarafdar, Raghu-Nathan 
(2008) validated that the items load on one single factor. Later, Chen 
(2015) validated the scale in a Chinese context concluding that this 
measure offers solid ground to further investigate technological stress in 
a global perspective. We excluded one item from the original five-item 
scale to shorten the survey. 

3.2.2. Organizational support for strengths use 
We measured an individuals’ perception about the organizational 

support for strengths use with a scale developed by Keenan and Mostert 
(2013). To reduce the burden for the respondents, we excluded 4 items 
from the original eight-item scale, resulting in the following items: “My 
organization gives me the opportunity to do what I am good at”; “My 
organization allows me to use my talents”; “My organization ensures 
that my strengths are aligned with my job tasks“; and “My organization 
allows me to do my job in a manner that best suits my strong points”. 

3.2.3. Friendship opportunities 
We used three items from the Friendship Opportunity scale validated 

by Sims et al. (1976) and later adapted and included in the Social 
Support Scale as part of the Work Design Questionnaire (WDQ) (Mor
geson & Humphrey, 2006; Sims et al., 1976). The questionnaire was 
modeled to capture work characteristics for research purposes. Specif
ically, survey participants were asked about their perception to which 
extent they think to have the opportunities to establish friendships and 
receive social contact with others in their workplace. The items used are 
as follows: “I have the opportunity to develop close friendships in my 
job”; “I have the chance in my job to get to know other people”; and “I 
have the opportunity to meet with others in my work.“. 

Table 1 
Means, Standard Deviations, and Standardized Factor Loadings of the main study items.  

Measurement items of main study variables 

Items M SD N Load. Source 

Technological insecurity (N ¼ 8019, T1) 
I: “I feel constant threat to my job security due to new technologies.” 1.80 .98 8019 (fixed) Tarafdar, Tu, Ragu-Nathan,& Ragu-Nathan 

(2007) II: “I have to constantly update my skills to avoid being replaced.” 2.43 1.17 8019 .90 
III: “I am threatened by coworkers with newer technology skills.” 1.75 .94 8019 1.09 
IV: “I do not share my knowledge with my coworkers for fear of being replaced.” 1.59 .90 8019 .89 
Org. Strength use support (N ¼ 7861, T1) 
I: “My organization gives me the opportunity to do what I am good at.” 3.71 1.03 7987 (fixed) Keenan and Mostert (2013) 
II: “My organization allows me to use my talents.” 3.59 1.07 7973 1.02 
III: “My organization ensures that my strengths are aligned with my job tasks.” 3.57 1.05 7936 .99 
IV: “My organization allows me to do my job in a manner that best suits my strong points.” 3.62 1.03 7965 .99 
Friendship opportunities (N ¼ 7808, T1) 
I: “I have the opportunity to develop close friendships in my job.” 3.09 1.15 7917 (fixed) Morgeson & Humphrey (2006), adapted from  

Sims, Szilagyi, & Keller (1976) II: “I have the chance in my job to get to know other people.” 3.84 1.16 7930 1.08 
III: “I have the opportunity to meet with others in my work.” 3.61 1.19 7953 1.37 
General Health (N ¼ 7901, T2) 
“When indicating the best conceivable health condition with 10 points and the worst with 

0 points: How would you assess your current health condition?” 
7.88 1.81 7901 – Adapted from Tuomi, Ilmarinen, Jakhola, 

Katajarinne, & Tulkki (1998) 

Note. Mean, SDs, and Loadings of items shown for Confirmatory Factor Analyses in the unimputed, original data set with listwise deletion as commands mi impute and 
sem are not jointly available in Stata. All items were measured on a 5-point Likert scale with 1 (completely disagree) to 5 (completely agree), except the General Health 
item, which is measured on a 11-point Likert like scale with 0 (worst possible) to 10 (best possible). All loadings (coefficients) are significant with p < .01. 

1 Structural representativeness is established by comparing the distribution of 
key demographics in the data sample at hand with the distribution in the sta
tistical population. The participants are weighted so that the weighted data 
sample has the same distribution as in the statistical population. For this pro
cedure, we acquired access to ‘best for planning’ (b4p, 2016) data. ‘b4p’ are 
statistical population data for the German workforce - regularly collected by the 
‘Gesellschaft für integrierte Kommunikationsforschung’ (GIK). For further in
formation, please contact the authors. 
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3.2.4. Construct validity and measurement model comparison 
The original latent constructs have been adapted to the German 

context, which requires respective construct validity testing (Hinkin, 
1998). Hence, we statistically tested the validity of the three constructs 
with both Exploratory Factor Analysis (EFA) and Confirmatory Factor 
Analysis (CFA). 

First, EFA has been conducted. Table 2 summarizes the EFA factor 
loadings and interitem correlations. Accordingly, the results show high 
internal consistency reliability for the three measures in this study. All 
measurement items consistently load on one single factor with no major 
intercorrelations between factors. The Eigenvalues of the three factors 
are higher than 1 (Kaiser criterion), and all factor loadings are sur
passing .40 and thus are judged as meaningful (Ford, MacCallum, & Tait, 
1986). Further, the interitem correlations show that the items correlate 
more strongly with items from the same domain compared to items from 
another domain. The Kaiser-Meyer-Olkin measure for sampling ade
quacy shows an overall value of 0.83 with all items being higher than 
0.73, indicating that the items were adequate for EFA (Tabachnick, 
Fidell, & Ullman, 2007). Further, every single factor shows high internal 
consistency reliability based on Cronbach’s alpha (Price, 1997). Thus, 
coefficients are 0.91, 0.77, and 0.72 for the factors technological inse
curity, organizational support for strengths use and friendship oppor
tunities, respectively, with no value being below the threshold of .70 
(Hinkin, 1998). Therefore, the study variables are rated as showing high 
internal consistency reliability for the study context at hand. 

Second, the three latent constructs are validated by executing indi
vidual CFA, to test the model fit of the individual latent constructs (see 
Table 3). Results indicate good model fit for technological insecurity (χ2 
¼ 39.55; df. ¼ 2; Comparative Fit index [CFI] ¼ 0.97, Tucker-Lewis 
Index [TLI] ¼ 0.99, root mean square error of approximation 
[RMSEA] ¼ 0.05) and organizational support for strengths use (χ2 ¼
30.34, df ¼ 2, CFI ¼ 1.00, TLI ¼ 1.00, RMSEA ¼ 0.04). Fit indices for 
friendship opportunities were not able to be estimated, as the model is 
statistically perfectly identified (df ¼ 0). Overall, the computed fit sta
tistics indicate good fit to the data. 

Last, joint CFA with items from all latent constructs was conducted 
for measurement model comparison (for test results see Table 4). Results 
showed that a three-factor model with technological insecurity, 

organizational support for strength use and friendship opportunities 
loading on three separate factors (χ2 ¼ 562.41; df. ¼ 41; CFI ¼ 0.99, TLI 
¼ 0.98, RMSEA ¼ 0.04) fits significantly better to the data than a two- 
factor model with organizational support for strengths use and friend
ship opportunities loading on one factor and technological insecurity on 
a second factor (Δχ2 ¼ 3730.91, df ¼ 2, p < .001, CFI ¼ 0.89, TLI ¼ 0.86, 
RMSEA ¼ 0.11), as well as a model with all three constructs loading on 
one single factor (Δχ2 ¼ 12622.76, df ¼ 3, p < .001, CFI ¼ 0.65, TLI ¼
0.57, RMSEA ¼ 0.19). 

Overall, the combined results from EFA and CFA indicate high 
construct validity of the latent constructs under investigation. Based on 
those results, we assume that the applied transfer to the German context 
was appropriate. Thus, the constructs were used as described. 

3.2.5. General health 
General health was captured by using a single-item measure, 

generated based on the WAI (Work Ability Index) first item (i.e., current 
work ability compared with best) (Tuomi, Ilmarinen, Jahkola, Katajar
inne, & Tulkki, 1998). We asked participants to indicate their current 
(general) health when being compared to the best possible. The item 
used was “When indicating the best conceivable health condition with 
10 points and the worst with 0 points: How would you assess your 
current health condition?” Answers were provided on a 11-point Likert 
type scale, ranging from 0 (worst possible) to 10 (best possible). Opposed 
to all other study variables, data for general health was used from the 
second study wave to reduce single source bias. The average health 
status was 7.84 (SD ¼ 2.03). 

We chose to assess perceived general health using self-reported 
measures that can provide more accurate health information 
compared to objectively verifiable health indicators (Burr, Kersten, 
Kroll, & Hasselhorn, 2013; De Witte et al., 2016; Wurm, Tomasik & 
Tesch-Roemer, 2008). For instance, objective indicators (e.g., cortisol 
levels) might be misleading because they are a highly isolated health 
measure and deviations between individuals can likely occur due to 
genetic differences; thus, they might not be detrimental for ones’ health. 

Further, we decided to use a single-item measure because when 
collecting a vast amount of data across several time points, it is crucial to 
minimize the burden on respondents which has shown to have negative 

Table 2 
Exploratory factor loadings and interitem correlations of the studied latent constructs.   

Items Factor Loadings Interitem Correlations 

F1 F2 F3 1 2 3 4 5 6 7 8 9 10 

1 Technological insecurity I .71             
2 Technological insecurity II .55   .41**          
3 Technological insecurity III .81   .57** .44**         
4 Technological insecurity IV .70   .50** .35** .57**        
5 Org. Strengths use support I  .87  -.12** .02 -.07** -.06**       
6 Org. Strengths use support II  .85  -.09** .06** -.03** -.02 .76**      
7 Org. Strengths use support III  .86  -.09** .03** -.05** -.04** .73** .72**     
8 Org. Strengths use support IV  .85  -.10** .04** -.05** -.05** .74** .73** .74**    
9 Friendship opportunities I   .57 .01 .01 .01 .02 .26** .28** .25** .26**   
10 Friendship opportunities II   .63 -.11** -.04** -.09** -.09** .24** .25** .22** .23** .39**  
11 Friendship opportunities III   .82 -.08** .04** -.04** -.06** .26** .27** .23** .26** .48** .52** 

Note. Factor loadings based on Exploratory Factor Analysis using maximum likelihood estimation with oblique quartimin rotation. Factor loadings with p < .15 are not 
shown for clarity purposes. Interitem correlations based on unimputed data. *p < .05, **p < .01. 

Table 3 
Summary of results from individual confirmatory factor analysis (CFA) construct validation.   

Latent Constructs N χ2 df AIC BIC CFI TLI RMSEA 

1 Technological insecurity 8019 39.55** 2 81593.59 81677.46 .97 .99 .05 
2 Org. Strength use support 8017 30.34** 2 69561.03 69644.67 1.00 1.00 .04 
3 Friendship opportunities 8012 0 0 68857.32 68919.99 .00 1.00 1.00 

Note. Model results calculated with maximum likelihood with missing values (mlmv) option. Replication with listwise deletion (sample size as shown in Table 1) does 
not substantially bias estimation results. For listwise deletion, SRMR < 0.05 in all cases. No model results available for Friendship opportunities, as the model is 
perfectly identified (df ¼ 0). N ¼Mlmv sample size; χ2 ¼Model chi-square; df ¼ Degrees of freedom; AIC ¼ Akaike information criterion; BIC ¼ Bayesian information 
criterion; CFI ¼ comparative fit index; TLI ¼ tucker lewis index; RMSEA ¼ root mean square error of approximation; *p < .05, **p < .01. 
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effects on response rates (Crabtree, 2004; Fisher, Matthews, & Gibbons, 
2016). Alternative multiple-item measures commonly contain many 
items (e.g., SF-36 scale, see Ware & Gandek, 1998; World Health Or
ganization, 2010) that are very time-consuming to complete and thus 
result in higher attrition. 

Further, Fisher et al. (2016) pointed out that multiple-item measures 
within occupational health psychology often omit construct-relevant 
items and maintain construct-irrelevant ones. This is particularly rele
vant when “the survey is administered to a wide range of different 
populations” (Petrescu, 2013, p. 113), as item relevance may vary. Due 
to the high interpretability, face validity, and general lack of repetition 
of single-item measures (Metz et al., 2007), “they allow testing more 
holistic or thorough models of relations among constructs” (Fisher et al., 
2016, p. 3). This led to the recommendation to assess health using more 
general single-item measures (Fisher et al., 2016). 

Accordingly, in the field of “occupational health psychology [..] [,] 
single-item measures have attained a degree of respectability […] 
[especially when assessing] overall self-rated health” (Fisher, Matthews, 
& Gibbons, 2016, p. 4). Ensuring high validity and not overloading re
spondents who might eventually drop out, single-item measures are 
commonly used to assess general health in population-representative 
surveys (Burr et al., 2013). Hence, we regard the use of our selected 
measure as appropriate for this study. 

3.2.6. Control variables 
We included disability status (0 ¼ no; 1 ¼ yes) as control variable, 

because having a disability, by definition directly affects the current 
health assessment compared to one’s best conceivable health condition. 
Therefore, not incorporating disability status might strongly bias the 
observed effects on a perceived health outcome (McDowell, 2006; 
Røysamb, Tambs, Reichborn-Kjennerud, Neale, & Harris, 2003). In 
similar vein, we also account for a sporty or healthy lifestyle by using the 
average hours of workouts per week as a proxy. Physical activity has 
shown to be a strong predictor of physical and mental health (Bize, 
Johnson, & Plotnikoff, 2007; Haskell, Lee, Pate, Powel, & Blair, 2007). 
Furthermore, the official working hours per week (by contract, in hours) 
were measured as a proxy of the degree of how much people interact 
within their work environment. This control captures potential work 
overload issues and the relevance (and impact) of work (demands) on 
employees’ health ratings (McDowell, 2006; Sluiter, De Croon, Meij
man, & Frings-Dresen, 2003). Being exposed to demanding work con
ditions for a prolonged period of time, employees are more likely to 
suffer from negative health effects caused by these conditions. Unob
servable work-related factors will influence general assessments about 
life more when spending more time at work. 

In addition, based on the sample structure, having participants from 
many different companies and occupational backgrounds, which is 
known to have an effect in study designs due to self-selection bias 
(Antonakis, Bendahan, Jacquart, & Lalive, 2010), we also account for 
those effects. In doing so, we incorporated the operating sector (branch) 
of the company the participants work for (i.e. 22 categories that cluster the 
German industry sectors from “Banking, insurance, real estate” to “Gov
ernment, administration, public services”) and the type of occupation the 
participants perform in their respective company (i.e. 14 categories 
ranging from “Occupations in business management” to “Occupations in 

cleaning services”; Federal Agency of Employment, 2011). as control 
variables. We also control for the respective job position of the partici
pants (i.e. 11 categories ranging from different types of self-employment 
(freelancers, self-employed, etc.), lower-tier to higher-tier employees and 
civil servants, and several categories of blue-collar workers). Additionally, 
gender (0 ¼ female; 1 ¼ male), age (in years), organizational tenure (in 
years) and educational level (i.e. six categories ranging from “still in edu
cation or training” to “university degree”) are incorporated. 

3.3. Analysis 

To analyze the superior effect of a three-way interaction model, we 
conducted hierarchical moderated multiple regressions (HMMR) with a 
time-lagged dependent variable using Stata 15 (StataCorp., 2017). For 
each latent independent construct in the analysis, a single-indicator 
factor score was obtained after confirmatory factor analysis within 
every single imputed dataset. Furthermore, we grand-mean centered all 
continuous control variables after imputation. Categorical controls were 
included as dummies. Interaction terms to test for moderating effects 
were computed by using factor variables of the respective factor scores 
involved within regression. All models with full data were estimated by 
using Stata’s mi estimate command. Hence, Model 1 contains solely the 
control variables. In model 2, the main effects of the three independent 
variables were added to test Hypothesis 1. Following the hierarchical 
structure, model 3 additionally included the moderation term of tech
nological insecurity and organizational strengths use support to test 
Hypothesis 2. To test Hypothesis 3, model 4 included the interaction of 
technological insecurity and friendship opportunities. Model 5 incor
porated the interaction of organizational strength use support and 
friendship opportunities. Finally, model 6 incorporated the three-way 
interaction term to test Hypothesis 4. With multiply imputed data it is 
not possible to perform incremental F tests of the R2 changes to test 
nested models against each other. Therefore, in order to compare the 
different (nested) models several joint tests by using Stata’s mi test 
command were conducted – following the null hypothesis that co
efficients on several variables are simultaneously equal to zero (Stata
Corp., 2017). Finally, we performed a simple slope analysis of the 
interaction effects one standard deviation above and below the mean of 
the interacting variables2 to illustrate the interaction effects (Aiken & 
West, 1991). To further illustrate the nature of the three-way interaction 
we also followed the approach recommended by Dawson and Richter 
(2006) for comparing the corresponding slopes amongst each other.3 

Table 4 
Summary of results from joint confirmatory factor analyses (CFA) measurement model comparison.   

CFA Model Δχ2  Δdf  χ2 df AIC BIC CFI TLI RMSEA 90% CI 

1 One-Factor Model 12622.76** 3 13185.17 44 233971.35 234202.01 .65 .57 .19 n.a. 
2 Two-Factor Model 3730.91** 2 4293.31 43 225081.50 225319.14 .89 .86 .11 .108–.114 
3 Three-Factor Model – – 562.41 41 221354.59 221606.21 .99 .98 .04 .037–.043 

Note. N ¼ 8019. Models calculated using maximum likelihood with missing values (mlmv) option. Δχ2 ¼ Model chi-square difference; Δdf ¼ Degrees of freedom 
difference (respective difference between three-factor model and compared model); χ2 ¼ Model chi-square; df ¼ Degrees of freedom; AIC ¼ Akaike information 
criterion; BIC ¼ Bayesian information criterion; CFI ¼ comparative fit index; TLI ¼ tucker lewis index; RMSEA ¼ root mean square error of approximation; CI ¼
confidence interval; *p < .05, **p < .01. 

2 Standard Deviations of extracted factor scores above and below zero mean: 
Technological insecurity (0.98), organizational support for strength use (0.94) 
and friendship opportunities (0.94). 

3 No observations with ‘impossible’ values or ‘response patterns’ were iden
tified in the survey. Also, no responses were able to be classified as outliers due 
to ‘extreme’ values. The latter is mainly because of the use of Likert Scales for 
the measurement of the main study variables. Yet, applying the common SD- 
method (3-SD � variable mean) for all continuous and Likert-scale variables 
prior to imputation as a robustness check did not lead to substantially different 
estimation results. Therefore, we assume that our analysis is not substantially 
biased due to outliers. 
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4. Results 

Table 5 shows the means, standard deviations and the correlations 
among the study variables. Herein, correlation coefficients were all in 
the expected direction. Additionally, results of the conducted hierar
chical regression analysis are reported in Table 6. Supporting Hypoth
esis 1, Model 2 shows a significant direct and negative effect of 
technological insecurity assessed at time 1 on general health assessed at 

time 2 (B ¼ -.27, p < .001; F ¼ 81.47, df ¼ 3, p < .01). 
In support for Hypothesis 2, Model 3 shows the results of general 

health at time 2 regressed on the interaction term for technological 
insecurity and organizational support for strength use in time 1, thus 
indicating a positive relation (B ¼ 0.12, p < .01; F ¼ 9.94, df ¼ 1, p < .01; 
cf. Fig. 2). Simple slope tests indicated significant slopes for both em
ployees with low support for strength use (B ¼ � 0.38, SE ¼ 0.05, p <
.01) and the respective high-level condition (B ¼ � 0.17, SE ¼ 0.05, p <

Table 5 
Means, standard deviations and correlations between the study variables.   

Variables M SD 1 2 3 4 5 6 7 8 9 10 11 12 113 

1 Gender (0 ¼ female, 1 ¼ male) .51 .50              
2 Age (in years) 44.3 11.4 .12**             
3 Disability status (0 ¼ no, 1 ¼ yes) .12 .32 .04** .16**            
4 Educational level a 4.75 1.00 -.05** -.10** -.11**           
5 Official working hours per week 35.1 8.99 .33** -.09** -.05** .11**          
6 Organizational tenure 11.4 10.3 .15** -.46** .10** -.06** .10**         
7 Sport hours per week b – – – – – – – –        
8 Job position b – – – – – – – – –       
9 Occupation segment b – – – – – – – – – –      
10 Companies’ operating sector b – – – – – – – – – – –     
11 Technological insecurity c 1.80 0.98 .07** -.14** .03** -.00 .07** -.03* – – – –    
12 Org. Strengths use support c 3.62 0.94 .06** .05** -.06** .09** .02 -.01 – – – – -.10**   
13 Friendship opportunities c 3.51 0.94 .06** -.03* -.06** .11** .07** .01 – – – – -.11** -.48**  
14 General health (T2) 7.84 2.03 .01 -.08** -.26** .13** .04* -.03* – – – – -.10** -.20** -.16** 

Note. N ¼ 8019. Results based on multiply imputed data. Correlations calculated as regression coefficient in a bivariate regression (mi estimate: regress) by using 
standardized variable forms for both independent and dependent variable, respectively. 
*p < .05, **p < .01. 

a Although educational level is operationalized as categorical variable, the categories follow an internal order. Therefore an aggregated value and its correlations 
offer some valuable information and thus, is shown. 

b Correlations with aggregated categorical variables (with no internal order) are not interpretable and therefore not executed. 
c For descriptive purposes, the means and standard deviations derived from an aggregated construct (index) consisting of all respective indicator variables (without 

centering). 

Table 6 
Hierarchical moderated regression analysis predicting general health perception from the interactions among. Technological insecurity, organizational support for 
strength use, and friendship opportunities.  

Variables (T1) General Health (T2) 

1 2 3 4 5 6 

Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE Estimate SE 

Constant 7.75** .95 7.53** .95 7.58** .96 7.58** .95 7.52** .95 7.60** .96 
Gender (0 ¼ female, 1 ¼ male) .06 .05 .05 .05 .05 .05 .05 .05 .05 .05 .06 .05 
Age (in years) -.00 .00 -.01** .00 -.01** .00 -.01** .00 -.01** .00 -.01** .00 
Disability status (0 ¼ no, 1 ¼ yes) � 1.41** .08 � 1.33** .08 � 1.33** .08 � 1.33** .08 � 1.33** .08 � 1.33** .08 
Working hours per week .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
Organizational tenure .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 .00 
Educational level c c c c c c c c c c c c 
Sport hours per week c c c c c c c c c c c c 
Job position c c c c c c c c c c c c 
Occupational segment c c c c c c c c c c c c 
Companies’ operating sector c c c c c c c c c c c c 
Technological insecurity (X)   -.27** .04 -.27** .04 -.27** .04 -.27** .04 -.31** .04 
Org. Strength use support (M1)   .30** .03 .30** .03 .30** .03 .31** .03 .31** .03 
Friendship opportunities (M2)   .15** .05 .15** .05 .16** .05 .16** .04 .16** .05 
X � M1     .12** .04     .11* .05 
X � M2       .18** .05   .13* .06 
M1 � M2         .05 .04 .07 .04 
X � M1 � M2           .14** .05 
F-value a 11.84** 

.125 
81.47** 
.164 

9.94** 
.166 

10.73** 
.166 

1.45 
.164 

6.46**b 

.168 R2 (Fisher-z) 

Note. N ¼ 8019. Reported values for each model are estimates of the effect, comparable to unstandardized regression coefficients in standard multiple regression. 
Results based on multiply imputed data with robust standard errors. Using sample weights and/or excluding the control variables does not lead to substantially 
different results. 
*p < .05, **p < .01. 

a Comparisons of nested models was conducted by joint tests of coefficients (mi test) – the respective F-values are shown.All coefficients of the first model, except 
gender, were jointly restricted to be 0, in order to compared the first model to an empty model, with gender as only predictor (df ¼ 62). Similar, we compared Model 1 
with Model 2: df ¼ 3, Model 2 with Model 3: df ¼ 1, Model 2 with Model 4: df ¼ 1, Model 2 with Model 5: df ¼ 1, and Model 2 with Model 6: df ¼ 4. 

b Secondly, Model 6 was compared with Model 3 (F ¼ 4.74, p < 0.01, df ¼ 3), Model 4 (F ¼ 4.65, p < 0.01, df ¼ 3), and Model 5 (F ¼ 8.27, p < 0.01, df ¼ 3). 
c Categorical variables were included as dummies within regression. For reasons of clarity, results for those categorical controls are excluded in results table. 
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.01). This supports our hypothesis that higher levels of strengths use 
support buffer the negative effect of technological insecurity on general 
health over and above all controls. 

In a similar vein, Model 4 shows the interaction effect of techno
logical insecurity and friendship opportunities at time 1 to be positively 
related to general health at time 2 (B ¼ 0.18, p < .01; F ¼ 9.94, df ¼ 1, p 
< .01; cf. Fig. 3). Simple slope tests indicate that the relationship is 
significant for both low levels (B ¼ � 0.38, SE ¼ 0.05, p < .01) and high 

levels (B ¼ � 0.16, SE ¼ 0.05, p < .01) of friendship opportunities in the 
workplace, indicating that the negative relationship of technological 
insecurity on general health is stable under low and high conditions of 
friendship opportunities, but will be buffered more when friendship 
opportunities are high. Therefore, Hypothesis 3 found support. 

Furthermore, Model 5 shows that the combination of both job re
sources at time 1, strengths use support and friendship opportunities per 
se, in absence of the stressful job condition technological insecurity, 
does not have a buffering effect on general health at time 2 beyond the 
simple direct effects caused by the individual resources (B ¼ 0.05, p >
.05; F ¼ 1.45, df ¼ 1, p > .05; cf. Fig. 4). 

To test Hypothesis 4, model 6 shows a significant three-way inter
action in the expected direction (B ¼ 0.14, p < .01; F ¼ 5.42, df ¼ 4, p <
.01; cf. Fig. 5). Simple slopes indicate that solely the slope for high 
organizational support for strength use (I) and high friendship oppor
tunities (II) was not significant (I↑II↑: B ¼ � .06, SE ¼ 0.06, p > .05), 
while all other slopes are significant (I↓II↓: B ¼ � 0.42, SE ¼ 0.06, p <
.01; I↑II↓: B ¼ � 0.37, SE ¼ 0.09, p < .01; I↓II↑: B ¼ � 0.40, SE ¼ 0.10, p <
.01, respectively). This means that technological insecurity at time 1 is 
not negatively related to general health at time 2 under the condition of 
high organizational support for strength use and high friendship op
portunities in the workplace – supporting the thesis of a strong buffering 
effect, occurring as a total ruling out effect, of organizational job re
sources when establishing both in high conditions. Additionally, by 
comparing the three-way interaction slopes among each other (Dawson 
& Richter, 2006), results show the slope with high organizational 
strength use support and high friendship opportunities to be signifi
cantly different from all other slopes (p < .01 w.r.t. all other slopes). 
Also, all other slopes do not differ significantly from each other (p > .05 
in all other cases). This result is an additional indication of the superior 
amelioration effect of the resources organizational support for strength 
use and friendship opportunities on the technological insecurity – gen
eral health link, when being present in high levels. 

5. Discussion 

The results from the time-lagged regression analysis indicate that 
perceptions of technological insecurity influences employees’ perceived 
health over time. Specifically, we observe that the perceptions of tech
nological insecurity negatively affect employees’ health perception nine 
months later. Furthermore, we find this relationship to become weaker 
when employees’ perceive to be supported by the organization in using 
their individual strengths in the workplace and/or their work enables 
them to build friendships. When employees’ perceive those two aspects 

Fig. 2. Plot of the two-way interaction effect of technological insecurity and 
organizational support for strengths use on general health. 

Fig. 3. Plot of the two-way interaction effect of technological insecurity and 
friendship opportunities on general health. 

Fig. 4. Plot of the two-way interaction effect of organizational support for strength use and friendship opportunities on general health.  
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to be highly present, we no longer find a time-lagged effect of techno
logical insecurity on ones’ general health perception. The examined 
relationships are derived and in line with COR theory, one of the 
dominant theories in psychological stress literature to theorize indi
vidual stress. 

More theoretically, the study shows that the impact of technostress 
creators (e.g. technological insecurity) on individuals is context specific. 
Even more, derived from COR theory it is the first study to show that 
non-technology-related organizational resources (organizational sup
port for strength use � friendship opportunities) play a crucial role in 
determining the extent to which individuals are affected by ICTs. Thus, 
adapting organizational resources may act as a buffering strategy to deal 
with rising technological insecurity concerns in the digital era. Although 
there is research about the negative effects and consequences of tech
nostress (Ayyagari et al., 2011; Ragu-Nathan et al., 2008; Srivastava 
et al., 2015), previous research still lacks on strategies on how to 
effectively and adequately cope with those new forms of stress from a 
non-technology-related organizational environment perspective. Hence, 
the findings at hand are particularly important because they provide 
initial support for the high value of this research direction. 

Moreover, our results indicate that applying established theories 
from other disciplines in the context of IS research is valuable. More 
specifically, relying on COR theory (Hobfoll, 2001, 2011) from psy
chological stress literature to analyze the effects of technostress con
structs on individuals allows to uncover more complex relationships. 
Doing so, the study provides initial support for the emphasis of Tarafdar 
et al. (2017), who claimed the need for IS literature to combine research 
of technostress (constructs) with non-IS research on (psychological) 
stress and organizational behavior. This enables to gain valuable theo
retical insights on how to cope with uprising stressor(s) in times of 
inevitable technological change. 

By using structural weights, we draw on representative data for 
approximately 33.3 million employees in Germany, being of full age and 
having access to internet-enabled ICTs. This strengthens both the in
ternal and external validity of the results. 

5.1. Limitations and future research 

Despite methodological strengths such as high statistical power, 
representative data, time-lagged data and the related absence of single- 
source bias (Podsakoff, MacKenzie, Lee, & Podsakoff, 2003), this study 

still has certain methodological limitations. First, the study is 
cross-sectional in nature, which leads to associated limitations with re
gard to causality. For example, low perceptions of one’s general health 
might be the reason rather than the consequence of high technological 
insecurity. Although generating the amount and quality of data at hand 
is time and cost-intensive, we encourage future studies to focus on 
longitudinal study designs to enable causal interpretations. 

In addition, our study provides findings based on a study sample 
representative for respective employees in Germany. This makes the 
generalizability to employees in other countries questionable. Replica
tion studies with data from other countries are thus encouraged to 
validate the study results. 

Third, study data is generated via surveys conducted by a market 
research institute. As common practice, by using participants being pre- 
registered in the institutes’ survey panels, we cannot rule out self- 
selection bias of the people tending to participate in those surveys 
regularly. The development of data generation procedures, able to 
minimize self-selection bias, are encouraged. 

Fourth, although the use of self-reported single-item measures of 
perceived health are regarded as adequate for the study at hand, we 
acknowledge that the use of other measures might lead to slightly 
different results. Thereof, with rising statistical computation possibil
ities we also encourage to examine relationships jointly from different 
health perspectives, i.e. by using both subjective and objective measures 
(e.g. cortisol levels) or the use of more holistic measures of health, i.e. 
full workability index (Tuomi et al., 1998). 

At last, by providing initial support for both the relevance of theories 
outside the IS research stream and the context-specificity of technostress 
effects (i.e. technological insecurity), we strongly encourage future 
scholars to further integrate existing theories in IS literature. 

5.2. Practical implications 

By showing strong indication for an accumulative buffering effect of 
organizational resources, the study at hand provides a clear toolbox for 
reducing the impact of highly stressful conditions on employees’ health 
perceptions in times of technological change. Our findings suggest that 
organizational support for strength use and friendship opportunities are 
of high value for employees to cope with technological insecurity 
perceptions. 

According to those findings, strengths use support can be established 

Fig. 5. Plot of the three-way interaction effect of technological insecurity, organizational support for strengths use, and friendship opportunities on general health.  
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by providing training for employees and supervisors that focus on the 
superior positive effects to use individual strengths at work rather than 
compensating deficits. Additionally, organizations may introduce plat
forms for employees to mention their personal interests and strengths. 
This may facilitate their integration in future decisions by the supervi
sor. With regard to friendship opportunities, organizations may increase 
the possibilities for employees to participate in activities with their 
colleagues by offering teambuilding events or organizational wide fes
tivities. Also, it may be advisable to increase work and break flexibility. 
This may enhance the opportunities for employees to interact with 
colleagues they want to while not being restricted to formal work con
ditions (e.g. flexible working times; flexible break sequences). Further, 
sophisticated public socialization zones, such as caf�es, in which em
ployees may have private conversations amongst each other during 
breaks may increase the likelihood to build up social ties. Doing so may 
facilitate friendship opportunities in the workplace. 

To bring both components together, possibilities in which employees 
can communicate their personal interests and strengths with their direct 
colleagues may be valuable. Colleagues can profit from this knowledge 
when being confronted with difficult tasks. In the future they know 
whom to ask for support. On the one hand this may lead to increased 
feelings of individual value and socialization of the supporter due to its 
requested personal strengths. On the other hand it may cause decreased 
stress levels for the colleagues who received the requested support. 
Overall, our results suggest that adapting the organizational environ
ment may reduce the impact of ICT-related psychological stress, and 
thus, contribute to employees’ health in times of enhanced digitization. 
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