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Abstract
Despite the rise in technostress research, two significant gaps have been overlooked. First, although
studies on stress proposed curvilinear relationships, such interactions have rarely been examined in
the technostress literature. Second, despite stress being multi-disciplinary and theoretically related to
emotions, past technostress studies have rarely adopted transdisciplinary approaches. This paper
aims to address these knowledge gaps by adopting the triphasic stress model, the appraisal theory of
emotions, and the activation theory to investigate and explain the presence of curvilinear
relationships within a mediated and moderated model. Data were collected and analyzed by
surveying 215 employees from four different medium-sized US organizations. Our findings suggest
that antecedents such as ICT-self-efficacy and presenteeism significantly relate to technostressors
through cubic S-shaped interactions, while technostressors exhibit a quadratic U-shaped relation
with technoexhaustion, whereas technoexhaustion shows a positive linear relationship with
discontinuous usage intention. Furthermore, our results partially support the moderating influence of
negative affectivity and mediation effects of technoexhaustion. Through this study, we offer a different
theoretical perspective and an innovative understanding of the true nature of the technology and
stressors. It also offers insights on designing effective organizational ICT tools.
Keywords: technostress, curvilinear, triphasic stress model, activation theory.
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Introduction

Stress has been a ubiquitous phenomenon often associated with practical, economic, and health
consequences for individuals and organizations. Several academic surveys and studies show an
increase in overall stress levels from 4.8 to 5.1 on a 10-point scale (American Psychological
Association - APA, 2017) and a 9% increase in individuals facing at least one stress symptom per
month (APA, 2017). The adverse effects of stress subsequently lead to financial losses, higher
mortality rates, mental exhaustion, lower performance, lawsuits, lower profits, and individual
dissatisfaction (e.g., Chilton et al. 2005; CNN, 2006). Introduction and dependence on information
and communication technologies (ICTs) have also contributed to the presence of stress in the
workplace. Although ICTs are essential for businesses, they may lead to adverse outcomes due to
their excessive use (Bulgurcu et al. 2010). The effectiveness and efficiency of ICTs raise productivity
expectations and a competitive advantage, hence resulting in more stress for employees (Wang et al.
2008).
Stress is an unavoidable part of life, resulting in both negative and positive outcomes (Selye, 1973,
1974). Despite the suggestions from the positive psychology movement (Seligman and
Csikszentmihalyi, 2000) and the increasing interest in the positive consequences of stressors (Ohly
and Latour, 2014; Eurofound and the International Labor Office, 2017; Folkman and Moskowitz,
2004), technostress (TS) research has largely focused on the negative consequences. Prior IS research
framed and viewed technology related stress negatively (e.g., Baroudi 1985). Lately, IS research has
focused on the reasons behind the adverse psychological outcomes caused by technology (e.g.,
Ayyagari et al. 2011; Ragu-Nathan et al. 2008; Tarafdar et al. 2010; 2011). In sum, TS has been
widely recognized as an unintentional negative effect of technology (Ayyagari et al. 2011; Tarafdar et
al. 2011). Nevertheless, similar studies have related technology to bad and good stress (e.g., Sethi et
al. 1987; Califf et al. 2016). This paper follows their approach of distinguishing between the
perceptions and experiences of eustress and distress (Little et al. 2007; Le Fevre et al. 2003; Selye
1983) by testing for curvilinear relationships. Against this background, our research question is as
follows:
RQ: What types of relationships exist within a mediated and moderated technostress model?
There are two major contributions emanating from this study. First, although numerous studies on
stress from different disciplines examined the nonlinear effects of stressors (e.g., Singh, 1998;
Nygaard and Dahlstrom, 2002; Bhuian et al. 2005; Takeuchi et al. 2007; Uotila et al. 2009; Leung et
al. 2011; Mihalache et al. 2012; Lindberg et al. 2013; Haans et al. 2016) and despite nonlinearity
being suggested as an interesting future research direction in recent TS studies (Srivstava et al. 2015),
these types of relationships have been missing in TS literature. This study addresses this specific
research gap. Second, since a) stress is multi-disciplinary in nature (Fischer and Riedl, 2017; Tarafdar
et al. 2017), b) psychological stress is similar to the literature of emotions (Lazarus, 1993), and c) job
stress is also conceptualized as “a constellation of theories and models that addresses a meaningful
process or phenomenon” (Nelson and Simmons, 2003 - 04), the current research tests for curvilinear
relationships through the theoretical lenses of the triphasic stress model, appraisal theory of emotions,
and activation theory.
The rest of the paper is organized as follows: The first section of this paper describes the stress and TS
concepts. The second section discusses the adopted models and theories that were utilized to articulate
our arguments for the chosen research model and curvilinear relationships. The third section describes
the research methodology and data analysis techniques. The fourth section is devoted to the overall
empirical findings (including nonlinear regression analysis, restricted cubic splines regression
analysis, and nonlinear moderation and mediation analysis). The last section concludes with the
limitations, future research directions, research and practical implications, and discussion.
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2

Theoretical Foundation

2.1

Stress and Technostress

Early studies have defined stress as either a response from a physiological perspective (McGrath,
1976; Selye, 1956) or as a stimulus from a scientific approach (Baum, 1990). Stress occurs when the
relationship is perceived as personally significant and challenges the resources available for
successful coping strategies (Folkman, 2013). Thus, in addition to biological factors, psychological
and cognitive factors also have an impact on the perception of stress. Given the conceptual and
theoretical limitations of both approaches (e.g., Cooper et al. 2001; Cooper and Dewe, 2008; Lazarus
and Folkman, 1984), psychological stress theories followed a distinct approach involving
transactional processing between the individual and the environment. Therefore, stress has been
conceptualized as a process that includes an environmental condition, a demanding/challenging
stressor, coping responses, and psychological/behavioral/physiological outcomes (e.g., Folkman,
2011; Lazarus, 1966; Lazarus and Folkman, 1984; McGrath, 1976). Stressors have been defined as
conditions and events that induce strain (Kahn and Byosiere, 1992) and can be divided into physical
stressors (e.g., poor ergonomic conditions at the workplace), task-related job stressors (e.g., high time
pressure, work overload, task complexity, and system breakdown), role stressors (e.g., role overload,
role conﬂict, role ambiguity, and facing illegitimate tasks), social stressors (e.g., poor social
interactions and handling difficult customers), work schedule stressors (e.g., night/day time
arrangements), career-related stressors (e.g., job insecurity), traumatic events (e.g., disasters), and
organizational change (e.g., implementation of new technologies leading to other stressors, such as
job insecurity, overtime, and social conﬂicts).
The conceptualization of stress and stressors offers an adequate starting point for understanding the
concept of TS. TS has been defined as the constant need to adapt to new applications, functionalities,
software, and programs (Ragu-Nathan et al. 2008); as the inability to adapt to or cope with ICTs in a
healthy and positive manner (Srivastava et al. 2015); or as a consequence of perceived work overload
and information fatigue (Ayyagari et al. 2011; Ragu-Nathan et al. 2008). For instance, the
implementation of new applications, multitasking, constant connectivity, information overload,
frequent system upgrades, constant uncertainty, continual relearning, job-related insecurities, and
technical problems have been linked to the organizational use of technology (Tarafdar and Tu, 2010;
Ayyagari et al. 2011; Tarafdar et al. 2011). Tarafdar et al. (2007) identiﬁed ﬁve TS creators: technooverload, techno-invasion, techno-complexity, techno-insecurity, and techno-uncertainty. Because of
the omnipresence and practical significance of TS, academic interest in the topic has recently grown.
There are several studies examining different technological and cognitive antecedents (Ayyagari et al.
2011; Shu et al. 2011) and different consequences of TS (Tarafdar et al. 2007; 2010; 2014).

2.2

Appraisal Theories of Emotions and the Triphasic Stress Model

Lazarus (1993) argues that since psychological stress theory is equivalent to the theory of emotion and
because the two kinds of literature share similar concepts, both fields could be successfully adjoined
as the field of emotion theory. Following this suggestion, in this paper, we refer to the concepts of
stressors and stress as equivalent to the concept of emotions. Appraisal theories of emotion
conceptualize appraisals as direct, immediate, and intuitive cognitive evaluations of the environment
(Arnold, 1960). The fundamental principle is that emotions are related to specific combinations of
appraisals. Despite earlier theorists studying appraisals as the ones preceding emotions (e.g., Arnold,
1960; Lazarus, 1966), more recent studies showed that emotions could also lead to appraisals (e.g.,
Keltner et al. 1993; Lerner and Keltner, 2001). This supports the perspective that emotions and
appraisals are intertwined as the subset of same affective state (Ellsworth and Scherer, 2003). The
concept of appraisal was introduced to emotion theory specifically to support and systematically
explain the variability in emotional reactions (e.g., Lazarus and Folkman, 1984; Roseman and Smith,
2001). Although scholars disagree over details of the appraisal criteria (e.g., Reisenzein and Hofmann,
1993; Scherer et al. 2006), they broadly agree on the distinction among emotional reactions and how
they are triggered within the realm of appraisal theories (Ellsworth and Scherer, 2003). Most appraisal
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models evaluate the extent to which a situation is helps one achieve specific goals and distinguishes
between positive and negative emotions (Ellsworth and Scherer, 2003). Although most appraisal
theories assume linear causations across many psychological, psychophysical, cognitive, and
technological processes (e.g., Ausubel and Marchetti, 1997; Treisman, 1999), few theorists have
challenged this view and suggested a reciprocal (S-shaped) relationship in which both the cognitive
appraisal and emotion development dynamically emerge and interact (e.g., Lewis, 2005; Tong et al.
2009; Kappas, 2001). In other words, emotions are continuously adapted by changes in appraisals,
while emotional effects gradually update appraisals. Therefore, there is no evident reason to assume
that appraisal–emotion relationships are strictly linear, especially since cognitive-neurological and
psycho-physiological disciplines follow the logic of S-shaped functions (Tong et al. 2009). It is
possible that appraisals can influence emotions either at extreme ends (U-shaped) or at moderate
levels (S-shaped function) (Tong and Tay, 2011). If appraisal–emotion relationships interact at
moderate levels, then it should be of interest to theorists, experimenters, and practitioners for theory
advancement (Roseman and Kaiser, 2001).
In this study, we have adopted the triphasic stress model (general adaptation syndrome, G-A-S)
(Selye, 1950) as a theoretic framework for explaining the combined linear-quadratic interactions as
observed in prior studies such as Bhuian et al. (2005). The triphasic stress model emerged from
laboratory observations by showing S-shaped patterns through measuring responses to increasing
levels of stimuli (Bhuian et al., 2005). The theory conceptualizes a three-phase model of reactions to
stress in the form of a sine curve (Nygaard and Dahlstrom, 2002) (see Figure 1). In the first phase,
stress negatively affects performance. In the second phase (B to D), performance improves as stress
rises. In the final phase (D to E), performance decreases (Nygaard and Dahlstrom, 2002). The model
appears to be credible since the triphasic perspective extends (rather than replacing) the existing
linear, quadratic and interactive views (Bhuian et al. 2005). As the model a) shows the cyclical (Sshaped) behavior of stress through three different phases (Selye, 1950; Nygaard and Dahlstrom,
2002), and b) incorporates both linear and quadratic perspectives (Bhuian et al. 2005), we can expect
triphasic effects of the technostressors (TSS) within our hypothesized mediated nonlinear model.
Therefore, in this paper, the differentiation between the different phases leads to the proposition that
the reaction of stress could be either positive eustress (pleasant experience) or negative distress
(unpleasant experience) (Selye, 1973). We modeled ICT self-efficacy and presenteeism as sine
functions of TSS.
In technology management literature (e.g., Foster, 1986; Utterback, 1994), technological evolution
and radical innovation are IS-related areas that can be associated with the same pattern of the triphasic
stress model. Embracing the technological change requires knowledge regarding how new
technologies evolve (Sood and Tellis, 2005). The literature suggests that a new technology evolution
follows an S-shaped curve that starts below an outdated technology, intersects it once, and finally
ends ahead of the old technology (Utterback, 1994). In practice, it follows a managerial concept of
excluding a maturing technology and adopting a new one to stay competitive (Christensen, 1997).
Shifting to a new technology occurs at the point of inflection; beyond that threshold, performance
increases at a decreasing rate until maturity. In this paper, the shifting in technology resembles the
pace that ICTs are rapidly changing and affecting the behavior of employees through adaptation
mechanisms, resembling an S-shaped relationship similar to the triphasic stress model (see Figure 2).
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Model and Hypotheses

Our research model (see Figure 3) is adapted from the expanded stimulus-organism-response (S-O-R)
model of organizational stress (Strümpfer, 1986). The S-O-R model is an extended version of
Lazarus's psychological stress model. It refers to any factor in the environment (stimulus) as a
perceived and appraised stressor before leading to stress (as a reaction) and then to strain (as a
consequence). In this study, a similar conceptual framing is followed to relate TS with stress by
shifting focus from the organizational to the technological environment (Erasmus, 2003). However,
since the S-O-R model lacks curvilinear explanations, we further integrate the triphasic stress model,
appraisals theories of emotion, and activation theory to better describe the reasons and logic for our
proposed hypotheses.
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3.1

ICT Self-Efficacy – Technostressors Relationship

ICT self-efﬁcacy (SE) refers to one's belief in one's capability to successfully use and perform a
computer-related task (Compeau and Higgins, 1995). Hence, it is linked to ICT-related stress. Selfefficacy reflects a broad sense of personal competence to manage stressful conditions (Schwarzer,
1992). Self-efficacy is responsible for how people think, feel, and behave. Individuals with low selfefficacy have low self-esteem, pessimistic thoughts, negative feelings, and high anxiety levels.
Individuals with high self-efficacy have strong sense of competency, high decision-making qualities,
high levels of efforts, high levels of persistence, high commitment levels, greater achievement
approaches, behave more proactively, feel less threatened by stressful demand, and perform more
challenging tasks (Jex et al. 2001; Bandura, 1997). To date, the basic conceptualization of stressors
(i.e., role stressors) and their effects on self-efficacy has proposed and tested linear negative
relationships, in which high levels of stressors lead to low levels of self-efficacy (e.g., Brown et al.
2005; Sonnentag and Kruel, 2006). While this perspective dominates stress research, recent
developments show the potential for non-linear responses to stress (Lindberg et al. 2013). Despite
stressors being generally perceived as harmful, few scholars have opposed the view of the linear
negative relationship and found evidence for nonlinear causation (e.g., Lindberg et al. 2013). ICTefficacy and workload moderate the level of TS (Tarafdar et al. 2011; Suharti and Susanto, 2014).
Therefore, self-efficacy could act as an enhancer in the motivation process by reshaping the thoughts
towards positive emotional states (Llorens et al. 2007) or could positively influence thoughts in
negative scenarios. Since this dynamic construct a) inﬂuences perceptions of stress through thought
patterns and emotional reactions, b) functions as a cognitive regulator of anxiety arousal (Bandura,
1997), c) can change over time (Gist and Mitchell, 1992), and d) is explained by the appraisalemotion theory in terms of S-shaped relationships (Leary et al. 1998), we link our arguments to the
triphasic stress model and appraisal theories of emotions and hypothesize:
Hypothesis 1. The relationship between ICT-self efficacy and technostressors exhibits a cubic Sshaped function, with negative and positive slopes at different levels of ICT-self efficacy.

3.2

Presenteeism (Hyper-connectivity) – Technostressors Relationship

Hyper-connectivity refers to the numerous methods of communication and interaction that overcome
time and space boundaries by virtualizing experience and physical presence (Fredette et al. 2012).
Technology dependence is one of the growing concerns because of hyper-connectivity (Fredette et al.
2012). Hyper-connectivity can also be defined as the degree to which technology enables users to be
accessible anywhere and anytime (Fredette et al. 2012), referred to as presenteeism (McGee, 1996).
Presenteeism (PR) is perceived as a source of stress/strain (Van de Heuvel et al. 2010; Ayyagari et al.
2011) and work overload due to endless connectivity (Cooper et al. 2001). Research on hyperconnectivity (constant connectivity/presenteeism) relies on the nonlinear (S-shaped) technological
innovation (Foster, 1986; Utterback, 1994) and psychological concepts as key lenses to explore
increasingly stressful work environments (Mazmanian and Erickson, 2014). Since hyper-connectivity
has been defined as a result of an increasingly accelerated technological evolution affecting individual
and organizational behavior (Fredette et al. 2012), it can be curvilinearly associated with the
technology and stress-emotions literature. We argue that hyper-connectivity can be a powerful tool for
efficiency and development, but it can rapidly change the ways many tasks are performed. Hence,
people are expected to adapt to these changes (Fredette et al. 2012). Consequently, it would lead to
various stressful situations. Linking our arguments with the appraisals theory of emotions and the
triphasic stress model, pattern variations in the relationship between constant connectivity and
emotions (stressors) could be expected at all levels. Therefore, we hypothesize the following:
Hypothesis 2. The relationship between presenteeism and technostressors exhibits a cubic S-shaped
function, with negative and positive slopes at different levels of presenteeism.
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3.3

Negative Affectivity as a Moderator

Negative Affectivity (NA) or Neuroticism is one of the five personality dimensions (McCrae and
Costa, 2003). It reflects the degree of emotional stability and adjustment. High level of NA or
neuroticism a) implies a high level of psychological distress and emotional instability (Costa and
McCrae, 1985(a)(b), 1992); b) interferes with one's ability to adapt (Tellegen, 1985); c) implies high
levels of job stress (Kumaresan and Ramayah, 2005); and d) relates to ICT-related job disruptions
(stress creators) due to individuals’ negative beliefs about the technology use (Lazarus and Folkman,
1984; Srivastava et al. 2015). Self-efficacy requires awareness of one's own emotions and the ability
to control them to achieve the desired results (Saarni, 2000). Recent studies show that low levels of
self-efficacy are preceded by high levels of negative emotions (Martinez and Salanova, 2005). Similar
studies show evidence that certain negative emotions influence the levels of self-efficacy (Garcia et al.
2006), buffer the benefits of high control on achievement (Ruthig et al. 2008), and interact as
moderators between self-efficacy and achievement (Villavicencio and Bernardo, 2013). Therefore, we
hypothesize the following:
Hypothesis 3. Negative affectivity moderates the relationship between ICT self-efficacy and
technostressors.
In the organizational context, since PR implies the continuous presence of the employee at all times,
the work-home boundaries have blurred. A growing body of research suggests that the affective trait
(NA) is related to high levels of work-family conﬂict (Bruck and Allen, 2003; Stoeva et al. 2002).
Furthermore, since PR, or hyper-connectivity, is perceived as a source of stress/strain (Van de Heuvel
et al. 2010; Ayyagari et al. 2011) and might be related to emotional problems or mood disorders that
are associated with high neuroticism (Carballedo et al. 2015), then it would be appropriate to consider
NA as a possible moderator between PR and TSS. Therefore, we hypothesize the following:
Hypothesis 4. Negative Affectivity moderates the relationship between Presenteeism and
Technostressors.

3.4

Technostressors – Technoexhaustion Relationship

Activation theory was prominently used as a theoretical lens for understanding emotion in psychology
(Donald B. Lindsley (1907-2003)). The activation theory provides explanation for the causes of job
stress (Gardner and Cummings, 1988). The use of the activation theory has focused on inverted Ushaped relationships between job stress or characteristics with performance and satisfaction
(Champoux, 1978, 1980, 1992; Gardner, 1986; Schwab and Cummings, 1976). Activation theory
argues that both low and high levels of stressors inhibit performance because they either under- or
over-stimulate leading to disorganized responses (Scott, 1966). A low level of stressors weakens
awareness or resource activation (stimulation), hence resulting in lack of motivation or withdrawal
intentions (Onyemah, 2008). A high level of stressors overwhelms reactive and coping capacities,
hence leading to discouragement (Schaubroeck and Ganster, 1993). Studies showed that high levels of
stressors (e.g., workload & time pressure) reduce performance (Jehn, 1995), creativity and efficiency
(Amabile et al. 2002), and effective decision making (Barczak and Wilemon, 2003). On the other
hand, moderate levels of stressors provide balanced or optimum stimulation, subsequently leading to
desirable outcomes (Nygaard and Dahlstrom, 2002). Therefore, it is argued that moderate levels
stressors result in the best performance, while low and high levels of stressors should be associated
with poor performance (Rodriguez-Escudero et al. 2010), hence developing an inverted U-shaped
relationship. Drawing on these arguments and the activation theory principle, which suggest an
inverted U-shaped relationship exists between stressors and performance (positive outcome), we
argue for a U-shaped relationship between stressors and strain or exhaustion (negative outcome). We
believe that low and high levels of TSS (extreme ends) can be similarly dysfunctional, in which high
levels of technoexhaustion (TE) are observed (relative to poor performance). On the other hand,
moderate levels of TSS result in minimal TE (relative to optimal performance). Therefore, we
hypothesize the following:
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Hypothesis 5. Technostressors will exhibit a U-shaped relationship with technoexhaustion, such as
if technostressors increase, technoexhaustion will decrease to a certain limit. Beyond this level,
technostressors will show a positive relationship with technoexhaustion.

3.5

Technoexhaustion – Discontinuous Usage Intention Relationship

Technoexhaustion, defined as a high level of psychological strain, may result from the influence of
TSS on individuals (Ragu-Nathan et al. 2008; Ayyagari et al. 2011). Consequently, behavioral strain
may also follow as an outcome (Tarafdar et al. 2010). Psychological strain is a major contributing
factor to behavioral strain (Ragu-Nathan et al. 2008; Tarafdar et al. 2010). Following studies such as
Maier (2015), we identify psychological strain in terms of exhaustion and behavioral strain in terms of
discontinuous usage intention (DIS) (withdrawal). In the technology-organizational context, high
levels of skills are needed when using ICTs (Ayyagari et al. 2011), which eventually cause TS (RaguNathan et al. 2008) due to time pressure, overload, and invasion of privacy (Tarafdar et al. 2010).
These perceptions cause mental exhaustions (Ayyagari et al. 2011) and users can develop intentions to
quit (Ragu-Nathan et al. 2008). Whenever ICTs induce feelings of technoexhaustion, users resort to
behavioral change to overcome the current situation (Maier, 2015). Hence, we agree that employees
feeling technoexhausted report high DIS, despite the perceived benefits of ICTs (Khan and Jarvenpaa,
2010). Therefore, we hypothesize the following:
Hypothesis 6. A linear positive relationship exists between technoexhaustion and discontinuous usage
intention.

Figure 3. Research Model
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Method

The sampling frame included US publicly listed firms on the NYSE. From the initial 73 targeted
firms, only four accepted to conduct the survey. The firms operate in different industries: health,
technology, finance, and construction. Before data collection, the questionnaire was pretested with
two executives and three academics. Validated scales from existing literature were adapted to
formulate the questionnaire. To measure the 38 items and the 5 control variables, we used a 5-point
Likert scale (1 = Strongly Disagree; 5 = Strongly Agree). Table 1 presents the descriptive statistics of
the measurements items. Data were collected through a web-based questionnaire sent to the senior
executives in charge of the HR departments at each of the four companies. In return, the survey was
distributed by the HR managers to senior, middle, and lower management employees. We did not
target specific professions or employment levels since employees across all industries manage and use
technologies in their jobs (Atanasoff and Venable, 2017). After four months, we reached a final
number of 215 effective responses from the 297 sent invitations, yielding a 72% response rate.
Demographics (control variables) statistics showed that age(s) (mean = 2.47) between 27 to 37 had
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the highest percentage of 40.9; gender (mean = 1.66) with females having highest percentage of 65.5;
education level (mean = 1.95) with college and university graduated employees having highest
percentages of 39.5 and 38.2, respectively; and employment level (mean = 3.25) was concentrated
mostly on middle management employees, with 38.9%.
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Results

First, data were analyzed (internal consistencies, validity, descriptive analysis, linear-nonlinear
regression, and restricted cubic splines (RCS) nonlinear regression) using SPSS 23.0. Second,
nonlinear mediation was calculated through medcurve analysis (macro extension to SPSS). Third,
different confirmatory factor analyses (CFA) were computed using AMOS 23.0. Fourth, WarpPLS
5.0 was used for identifying nonlinear relationships, estimating path coefficients, and modeling
nonlinear moderation effects. Fifth, Stata 14.2 was implemented as a concluding robustness check for
all cubic and quadratic relationships.
Prior to the regression analysis, all validities (content (Haynes et al. 1995), convergent (Hair et al.
1998), discriminant (Fornell and Larcker, 1981)) and reliability measures were all checked for
consistency, robustness, and adequacy (see Table 2 and Table A for factor loadings). The model fit
provided an average-to-good overall results with all measurement loadings being statistically
significant (see Table 3). Table 4 shows the R, R², Adjusted R², and the Variance Inflation Factors
(VIFs) for each of the models as a test for multicollinearity issues. The F-Test for the difference in R²
is presented in Table 5 between the linear, quadratic, and cubic forms of all the interactions. The Ftest has been used to compare the statistical models to identify which model best fits the data
sampling. Further, since the data was self-reported and collected over specific time frame, then
common method variance may cause measurement error and haze the real estimates. To overcome
such issues, we adopted a number of technical procedures and statistical controls (Podsakoff et al.
2003; Ahuja et al. 2007; Liang et al. 2007; Ayyagari et al. 2011; Srivastava et al. 2015). Specific
technical procedures involved clear proposal of the questionnaire, separation of the criterion-predictor
items measures and anonymity assurance. However, for statistical control, we used Harman's onefactor test (as a diagnostic tool; not a control method) by loading all variables into exploratory factor
analysis (EFA) to determine the number of factors necessary to account for the variance (see Table 6).
Our empirical analysis presents several interesting insights. Table 7 shows the regression results for
SE-NA-TSS and PR-NA-TSS (cubic model 1), TSS-TE (quadratic model 2), and TE-DIS (linear
model 3). First, for model 1, SE³ and PR³ are significantly related to TSS (t = 2.464; β = .208; p ˂
.015) and (t = 4.327; β = .262; p < .015) respectively, hence supporting H1 and H2 (see Figures 4 and
5). Similarly, NA³ shows a significant relationship with the model (t = 5.496; β = .392; p < .015) and
is a moderator for the SE-TSS relationship (t = 2.153; β = .188; p < .05), hence supporting H3 (see
Figure 8). However, for the PR-TSS relationship, NA showed no significant influence (t = -.367; β = .028; p ˃ .05); hence, H4 was not supported. Second, for models 2 and 3, TSS² showed a significant
relationship with TE (t = 3.244; β = .185; p ˂ .015), and TE showed a significant linear relationship
with DIS (t = 7.595; β = .462; p ˂ .015), hence supporting H5 and H6 (see Figures 6 and 7).
For models 1 and 2, our findings indicate that low levels of SE and PR will hold a certain level of
TSS, but any increase in their levels will lead to a decrease in TSS (negative slope). However, a
further increase in SE or PR will lead to an increase in TSS up to a certain limit (positive slope), after
which the relationship will show an inverse pattern (negative slope). In other words, the low and
downward sloping of TSS (initial phase compared to the triphasic stress model) is equivalent to the
concept of eustress, while increasing levels of TSS (middle and last phases) embody the concept of
distress. Thus, the perception of eustress emerges when SE and PR are increasing at early stages,
hence reflecting on excitement (acquiring new skills) and adaptability. Moderate and high levels are
accompanied by increased work overload and expectations to finish more tasks under limited time,
hence reflecting on the concept of distress. Moreover, NA showed a significant moderating influence
on SE-TSS relationship (i.e., NA positively moderates [amplifies] the relationship), while it has no
effect on PR-TSS relationship. For the SE-NA-TSS relationship, low and high levels of SE lead to
minimal and constant TSS levels when NA is found at low levels, while low and high levels of SE
lead to increased TSS levels when NA is found at high levels. The absence of moderating effect on
the PR-TSS relationship is perhaps due to the fact that work-home conflict might be stressful, but
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negative emotions might not exist in the presence of incentive or reward mechanisms for the
employees. Financial gain improves satisfaction rather than making it distressing (Bono and Vey,
2005), hence leading to positive emotions instead of negative emotions. For model 3, our results show
the fact that TSS found at minimal or maximum levels have the same damaging effect on the
individual in which TE will be at high levels. TSS found at moderate levels lead to low levels of TE,
in which the TSS are converted to motivational-positive tools (eustress) for adjusting and getting the
task done. For model 4, a simple linear relationship exists between TE and DIS.

5.1

Restricted Cubic Splines (RCS)

As a guideline for examining S-shaped relationships, researchers investigating longitudinal effects can
use stage theories (such as G-A-S) to hypothesize different levels of effects at different points in time
(e.g., Ahearne et al. 2010). Similarly, stage theories can also be used in cross-sectional research by
equating stages to levels of a given independent variable (Nygaard and Dahlstrom, 2002; Bhuian et al.
2005). Following such suggestions, we utilize trigonometric functions of the constructs to estimate
their triphasic cubic effects (restricted cubic splines regression).
RCS are introduced as algorithmic and validity testing of nonlinear hypotheses, in which
segmentation of an independent variable into multiple regression equations occurs. Regression models
in which the function changes along the range of the predictor are called splines (piecewise
polynomials). The locations of these shifts are termed knots (change of slopes defining the end and
the start of each segment). In this study, a spline model is hypothesized, expecting that the
relationships between SE and PR with TSS vary through four equally distant knots, thus testing for a
three-phase spline for each model. Applying the algorithmic approach, spline functions overcome
many disadvantages by replacing linear approximations with a system of piece-wise polynomial
approximations (Suits et al. 1978). Hence, each interval found between two knots relates to Y(x) = a +
b1X¹ + b2X² + b3X³ for each of the SE and PR relationships. Tables 8a and 8b present the Cubic
Spline - Correlations of Parameter Estimates for both antecedents.
-

5.2

Cubic Spline Regression model 1a = ba0 + ba1*ICT_Self_Eff + bb1*(ICT_Self_Eff-knot1)
*(ICT_Self_Eff ge knot1) + bc1*(ICT_Self_Eff-knot2) *(ICT_Self_Eff ge knot2)
Cubic Spline Regression model 1b = ba0 + ba1*presenteeism + bb1*(presenteeism-knot1)
*(presenteeism ge knot1) + bc1*(presenteeism-knot2) *(presenteeism ge knot2)

Nonlinear Mediation Test

The nonlinear mediational analysis should be tested based on the concept of instantaneous indirect
effects using bootstrapping procedures for inference (Preacher and Hayes, 2010). This approach is the
only acknowledged test and, by far, more effective and accurate than Baron and Kenny (1986) or the
Sobel test (1982), both of which only address direct linear mediation. It facilitates the assessment of
the results by generating both percentile and bias-corrected bootstrap conﬁdence intervals. Figure 9 &
Table 9 show the examined model and the estimates for the nonlinear mediation analysis. Interval
estimates for the instantaneous indirect effect of TSS (X) on DIS (Y) through TE (M) at low (2.3441),
moderate (3.0476), and high (3.7511) values of TSS are a) 95% CI for X 2.3441 = 0.0488 to 0.2844;
b) 95% CI for X 3.0476 = 0.1078 to 0.3926; and c) 95% CI for X 3.7511 = 0.1557 to 0.5746.
Recalling the point estimates (THETA) for low, moderate, and high TSS (0.1392, 0.2490, and 0.3588,
respectively), we observe among DIS relatively low or moderate or high in TSS, there is evidence that
increasing TSS can function to increase perceptions of DIS through the partial mediation influence of
TE (as the interval estimate is entirely above zero).

6

Limitations and Future Directions

Our study has following limitations. First, since the analysis is based on random sampling, the chosen
types of the organizations might affect the results. The sample was mainly focused on four mediumsized US corporations; hence, findings cannot be generalized to large firms or other countries (states)
with different ICTs experience. Cultural differences between western and eastern organizations might
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influence certain stressors over the others (Tu et al. 2005). Therefore, a sample consisting of different
cultural background might offer further interesting insights in investigating TS (Chen, 2015). Second,
employees and managers from different departments or employment levels experience stress from
diverse ICTs sources and complexities. However, the study followed an undifferentiated treatment for
the use of ICTs, and diversification of technology was not controlled. Third, the findings can be
further developed by analyzing the effects of each of the control variables on TS as suggested by
Tarafdar et al (2011). For instance, personal characteristics (e.g., age, gender, and personality) may
influence the level of TS experienced by yielding different estimates and levels of intensities. Fourth,
only three out of the five TSS were adopted. We considered only the overload, complexity, and
uncertainty dimensions for this research since they are considered the most relevant in the IS
management-security-related stress and behavioral intention contexts (Anderson and Agarwal, 2010;
D'Arcy et al. 2014). Furthermore, techno-invasion and techno-insecurity were found to negatively
affect individual productivity (surplus in strain or deficiency in performance) since excessive ICTrelated pressure leads to stress and insecurity in employees' personal lives and jobs (Tu et al. 2005).
Thus, these two dimensions were removed from our model to avoid extreme measures. However, it
could be more interesting for future studies to apply all five dimensions (as one construct or
separately) in examining curvilinear relationships in different organizational contexts and locations.
Fifth, although we did our best to minimize response bias and noncollinearity issues, the conducted
cross-sectional design methodology (self-reporting) might not be as effective as longitudinal or
experimental studies that are more suitable for investigating stress-related processes. Therefore,
conducting studies that objectively measure the presence of stressors would provide an adequate
stance in addressing stress within the curvilinear realm (Muse et al. 2009).

7

Implications for Practice and Research

The majority of IS studies focus on "what technology can do for you" rather than "what technology
can do to you" (Ayyagari et al. 2011). Therefore, in this research, we focused on the later concept by
showing the curvilinear nature of the technology stressors' relationships and their damaging effects on
employees. Our main motive behind testing non-linear relationships is to provide important
implications for researchers (in terms of developing new conceptual models based on curvilinear
patterns) and for managers (in terms of designing ICTs that stimulate psychological and
organizational effectiveness). The empirical support found in this paper opens up new avenues for
understanding stress. In particular, for managers dealing with different decisions to help employees
deal with high levels of stress, the findings suggest a need for novel and unconventional formulation
of strategies. Since, work/ICT designs influence individuals' psychological, social, and physical wellbeing, then organizational interventions need to examine all features (i.e., task, technology,
environment, and individual) through systematic and methodical strategies to achieve balanced levels
of stress and optimum performance. Adopting the balance and equilibrium concepts can offer
effective and holistic solutions. Since intermediate levels of stressors should encourage employees to
push their efforts further (Akgun et al. 2006), our findings suggest developing appropriate diagnostic
and interventional tools to a) reduce or increase stressors to moderate instead of high or low levels
(excessiveness or absence), b) moderate the ICT-related characteristics that directly balance the
effects on stress and performance, c) directly evaluate the level of stressors found in the organization,
d) introduce new technologies reasonably and gradually, and e) better manage the stressors levels to
yield desirable effects by identifying the three phases of the triphasic stress model. Past studies such
as Tarafdar et al. (2007) already suggest the need for managers be cognizant of appropriate
management mechanisms to reduce TS to counter the inverse relationship between TS and
productivity (Tarafdar et al. 2007).
One main reason for the lack of nonlinear findings is the failure to clearly examine such relationships
(Salamin and Hom, 2005). This is one of the few studies that attempt to investigate the curvilinear
nature of TSS and invoke different theoretical lenses. Our findings a) propose further investigations in
non-linear relationships because they are “theoretically predominant and can be exceedingly useful
tools in developing stress theories” (Johnson, 2014) and b) address research calls for implementing
multiple theoretical perspectives in TS studies (Fischer and Riedl, 2017; Tarafdar et al. 2017); c)
extend previous studies (e.g., Selye, 1964, 1987; Ayyagari et al. 2011; Srivastava et al. 2015) by
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distinguishing between the concepts of good and bad stress through the perspectives of stressors and
technology.

8

Discussion and Conclusion

Technology integration and dependence have created challenges and opportunities for organizational
and individual growth (Symantec, 2009). TS has been globally witnessed across different businesses,
organizations, nations and cultures (Chen, 2015). We followed suggestions (Jex et al. 1992; Muse et
al. 2009) to identify stress from a challenge rather than a threat perspective in the technology context.
Hence, we make a distinction between the concepts of being under-challenged and over-challenged.
First, our findings show that moderate levels of stressors are the optimum level to obtain best outcome
(Onyemah, 2008) as they are evaluated as challenges rather than hindrances leading to innerstimulation and higher performance outcomes (lower exhaustion) (Rodriguez-Escudero et al. 2010;
Gilboa et al. 2008). Second, through the triphasic stress model, we validate previous arguments that
quadratic and linear relationships can be seen as complementary in shaping a cubic form. The way we
react to stressful situations is important, but managing them is a more demanding task. Balancing
between high and low job or ICT-related stressful demands is achieved through developing
organizational awareness and appropriate new strategies. To conclude, research efforts and empirical
studies on TS have been very limited (Chen, 2015) and lacking in theoretical progress (Tarafdar et al.
2017). Therefore, our findings can promote further research.
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Appendix
Variables
TO
TC
TUN
SE
PR
NA
TE
DIS

Item #
5 items
5 items
3 items
6 items
6 items
6 items
4 items
3 items

References

Mean
2.98
2.45
3.71
3.52
3.66
2.91
2.64
3.00

Ragu-Nathan et al., 2008; Tarafdar et al., 2007
Compeau & Higgins, 1995
Ayyagari et al., 2001
Watson & Clark, 1984; Agho et al., 1992
Ayyagari et al., 2011
Maier et al., 2015

St. Dev.
0.99
1.00
0.88
0.78
0.72
1.06
1.09
0.87

Table 1. Items, Sources and Descriptive Statistics

Cronbach’s
alpha
0.847
0.869
0.909
0.849
0.867
0.837
0.805
0.917

DIS
SE
NA
PR
TC
TO
TUN
TE

Composite
Reliability
0.908
0.901
0.928
0.888
0.904
0.883
0.885
0.942

Average Variance
Extracted (AVE)
0.766
0.602
0.683
0.569
0.655
0.606
0.719
0.801

Maximum Shared
Variance (MSV)
0.319
0.355
0.437
0.355
0.442
0.442
0.304
0.437

Table 2. Cronbach’s alpha, CR, AVE, MSV
*(MSV < AVE) (Fornell & Larcker, 1981) supports discriminant validity

CMIN/DF
1.881
= or < 3
Hair et al. 2010

CFI
0.90
= or > 0.90
Hair et al. 2010

NFI
0.88
= or > 0.90
Bentler & Bonnet, 1980

RMSEA
0.051
= or < 0.05
Steiger, 1990

SRMR
0.075
= or < 0.08
Hu & Bentler, 1999

R
0.523
0.567
0.462

R²
0.274
0.321
0.213

Adjusted R²
0.256
0.315
0.209

VIF = (1/1-R²i)
*1.38
*1.47
*1.27

Table 3. Model fit

Model 1
Model 2
Model 3

Table 4. R, R², Adjusted R², and VIFs
*VIFs < 5, Multicollinearity is not a problem in this research

Models
SE-TSS (Linear Function)
SE-TSS (Quadratic Function)
SE-TSS (Cubic Function)
PR-TSS (Linear Function)
PR-TSS (Quadratic Function)
PR-TSS (Cubic Function)
TSS-TE (Linear Function)
TSS-TE (Quadratic Function)

R
0.349
0.350
0.371
0.355
0.372
0.376
0.536
0.567

R²
0.122
0.122
0.138
0.126
0.139
0.141
0.288
0.321

Table 5. Curve Fitting Analyses - Anova F-Test
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F-Test Difference in R²
29.499
14.782
11.250
30.352
16.888
11.474
86.02
50.199

Initial Eigenvalues
Component

Total

% of

Rotation Sums of Squared Loadings

Cumulative %

Total

Variance

% of

Cumulative %

Variance

1

10.265

27.742

27.742

4.479

12.106

12.106

2

5.357

14.479

42.221

3.790

10.245

22.350

3

2.724

7.361

49.583

3.460

9.353

31.703

4

1.885

5.095

54.678

3.134

8.469

40.172

5

1.588

4.292

58.970

3.100

8.377

48.550

6

1.455

3.932

62.902

3.072

8.302

56.852

7

1.290

3.486

66.388

2.372

6.410

63.261

8

1.189

3.213

69.601

2.346

6.340

69.601

9

0.836

2.258

71.860

Table 6. Harman’s One Factor Test – Total Variance Explained

Variables

ICT efficacy³
Presenteeism³
NegativeAffectivity³
NA x PR³
NA x SE³

Technostressors²

Model 1
Technostressors
t
2.464*
4.327*
5.496*
-.367
2.153**

Stnd B
St Er.
.208*
.025*
.262*
.031*
.392*
.018*
-.028
.013
.188**
.006**
Model 2
Technoexhaustion
t
Stnd B
St Er.
3.244*
.185*
.083*

Table 7. Linear and Nonlinear Regression Analyses

Figure 1. Triphasic stress model

Technoexhaustion

Model 3
Discontinuous Usage
Intention
t
Stnd B
St Er.
7.595*
.462*
.048*

n = 215, * (p<0.015), ** (p<0.05)

Figure 2. Technological S Curve
Source: Sood & Tellis, 2005
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Figure 4. SE-TSS Cubic S-shaped Relationship

Figure 5. PR-TSS Cubic S-shaped Relationship

Figure 6. TSS-TE U-shaped Relationship

Figure 7. TE-DIS Linear Relationship

Figure 8. SE-NA-TSS Interaction
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Ba0
Ba1
Bb1
Bc1
Knot1
Knot2

Ba0
1.000
-.972
.145
.000
-.507
.000

Ba1
-.972
1.000
-.150
.000
.640
.000

Bb1
.145
-.150
1.000
-.985
.335
-.939

Bc1
.000
.000
-.985
1.000
-.434
.930

Knot1
-.507
.640
.335
-.434
1.000
-.325

Knot2
.000
.000
-.939
.930
-.325
1.000

Knot1
-1.000
1.000
-1.000
.160
1.000
-.078

Knot2
.078
-.078
.078
.386
-.078
1.000

Table 8a. SE-TSS Cubic Spline - Correlations of Parameter Estimates

Ba0
Ba1
Bb1
Bc1
Knot1
Knot2

Ba0
1.000
-1.000
1.000
-.160
-1.000
.078

Ba1
-1.000
1.000
-1.000
.160
1.000
-.078

Bb1
1.000
-1.000
1.000
-.160
-1.000
.078

Bc1
-.160
.160
-.160
1.000
.160
.386

Table 8b. PR-TSS Cubic Spline - Correlations of Parameter Estimates

Figure 9. Nonlinear Mediation Model

XVAL
2.3441
3.0476
3.7511

Bias Corrected Bootstrap Confidence Interval for THETA
LowerCI
THETA
0.0488
0.1392
0.1078
0.2490
0.1557
0.3588

UpperCI
0.2844
0.3926
0.5746

Table 9. Instantaneous Indirect Effects

Techno-Overload 1
Techno-Overload 2
Techno-Overload 3
Techno-Overload 4
Techno-Overload 5
Techno-Complexity 1
Techno-Complexity 2
Techno-Complexity 3
Techno-Complexity 4
Techno-Complexity 5
Techno-Uncertainty 2
Techno-Uncertainty 3
Techno-Uncertainty 4

1
.043
.156
.148
.028
.141
.245
.217
.197
.121
.179
-.039
.043
-.006

2
-.060
.141
.108
.105
.134
.008
-.008
.063
.133
.022
.071
.146
.134

3
.045
.254
.277
.189
.278
.729
.723
.713
.618
.794
.113
-.039
-.052
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Component
4
5
.065
.718
.016
.658
.004
.757
.136
.675
.164
.665
-.051
.161
.041
.045
-.130
.359
.107
.277
-.009
.221
.202
.127
.258
-.032
.154
.089

6
.004
.326
.146
.180
.194
.206
.142
.118
.139
.198
-.062
.091
-.012

7
-.100
.114
.173
-.054
.124
.155
.131
.115
.084
.176
.037
.030
-.018

8
.040
-.076
-.039
.281
.092
.066
-.064
-.070
.153
-.018
.777
.817
.806

ICT Self-Efficacy 4
ICT Self-Efficacy 5
ICT Self-Efficacy 6
ICT Self-Efficacy 8
ICT Self-Efficacy 9
ICT Self-Efficacy 10
Technoexhaustion 1
Technoexhaustion 2
Technoexhaustion 3
Technoexhaustion 4
Negative Affectivity 1
Negative Affectivity 2
Negative Affectivity 3
Negative Affectivity 4
Negative Affectivity 5
Negative Affectivity 6
Presenteeism 1
Presenteeism 2
Presenteeism 3
Presenteeism 4
Presenteeism 5
Presenteeism 6
Disc. usage intention 1
Disc. usage intention 2
Disc. usage intention 3

.184
.118
.166
.011
.057
-.044
.287
.299
.255
.366
.791
.663
.781
.832
.787
.726
.064
.121
-.199
-.078
-.024
.015
.185
.239
.352

.703
.779
.748
.658
.772
.765
.078
.065
.107
.068
.126
.041
.104
.055
.029
.144
.292
.245
.187
.195
.190
.181
.021
.110
.119

-.030
-.024
-.033
.008
.214
.090
.258
.166
.309
.194
.111
.232
.258
.137
.138
.146
.087
-.013
-.010
.104
-.071
-.024
.217
.208
.189

Table A. Factor Loadings
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.108
.197
.194
.266
.197
.184
.086
.019
-.014
.036
.046
-.143
-.073
-.026
.015
.046
.558
.717
.714
.717
.731
.765
.015
.134
.013

.142
.159
.084
.017
-.104
.037
.130
.204
.228
.214
.151
.065
.082
.038
-.046
.251
.278
.107
.180
.037
-.018
-.055
.109
.005
.004

.063
.058
-.016
.152
.079
-.011
.705
.813
.754
.748
.050
.183
.212
.222
.284
.142
-.090
.042
-.080
-.178
.145
.139
.169
.160
.114

.208
.148
.122
-.061
-.047
-.071
.189
.100
.116
.142
.091
.274
.173
.116
.092
.140
.242
.084
.062
-.213
.008
.032
.757
.821
.741

.109
.035
-.057
.176
.101
.104
.005
-.020
.090
-.045
-.026
.047
-.049
.105
-.025
-.046
.134
.080
.115
.295
.118
.129
.145
-.050
-.065

