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Abstract

Technostress is an inevitable part of work life. This paper

takes a step toward mastering it by focusing on positive

stress that Information Systems (IS) creates for IS users,

known as techno-eustress. Factors that create techno-

eustress are known as techno-eustress creators, which we

conceptualise as cognitions experienced by IS users, that IS

positively challenges and motivates them to enhance their

work. They are important to study because they represent

foundational opportunities for professional achievement

and growth emanating from IS use. Drawing from theories

of psychological eustress, self-determination and proactive

work, this paper theorises and validates an instrument to

measure techno-eustress creators. We establish the con-

struct's validity and examine its nomological relationships

based on data collected from working professionals who

used IT for their work. We draw on data from two qualita-

tive studies (N = 35) and three quantitative surveys

(N = 980) conducted at different points in time. We validate

techno-eustress creators as a second-order reflective construct

having four dimensions: techno-mastery, techno-autonomy,
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techno-enrichment and techno-relatedness. We examine its

nomological relationships with factors that create techno-

distress, IT strain, and user satisfaction. We contribute to the

literature by theorising and validating four ways in which IS

users are challenged and motivated by IS to enhance their

work. We inform to managerial practice by drawing attention

to how organisations can strengthen the different ways

employees experience the creators of the ‘good’ stress that

use of IS generates.

K E YWORD S

IS-driven positive work cognition, IT strain, scale development,

technostress, techno-eustress, techno-eustress creators

1 | INTRODUCTION

Techno-eustress is the ‘good’ stress that challenges and motivates information systems (IS) users1 in a positive way,

toward positive outcomes of growth and achievement at work (e.g., Tarafdar, Cooper, et al., 2019). Factors that create

techno-eustress are techno-eustress creators. Techno-eustress creators are cognitions experienced by IS users, that the

IS they use at work positively challenges and motivates them to enhance their work. For example (e.g., Lal et al., 2021;

Melendez, 2020; Proffitt, 2020; Tarafdar, Beath, & Ross, 2019; van den Broek et al., 2021), advanced analysis and visual-

isation features of analytics and AI applications are complex and difficult to use. Yet, they can positively challenge IS

users to thoroughly understand and master the domain problem at hand, for example, become an expert at predicting

product demand by running different models and visualisations. Similarly, users find it difficult to navigate broad-based

applications such as MS Teams. Yet, they may find it a positive challenge to take advantage of the plethora of features

to take control of their tasks and meetings and find new ways to ideate with remote colleagues. These examples show

that IS users can comprehend IS as something that challenges and motivates them to enhance different aspects of their

work and push against the boundaries of what they can accomplish at work and how. Research by the Pew Research

Center2 finds that 47% of respondents consider that technologies such as the Internet are favourable for users'

wellbeing, because, among other things, they help individuals in fulfilling their ambitions and objectives.

Techno-eustress creators are important from both theoretical and practical perspectives. Theoretically speaking,

they are the point of origin for the IS users' experience of techno-eustress, in which sense, they represent founda-

tional opportunities for professional achievement and growth emanating from IS use. As a typical scenario, AI appli-

cations can take care of routine and repetitive tasks so that IS users feel positively challenged, to use such

applications to transform their work to focus on more value-added and complex tasks (Tarafdar & Beath, 2018) and

to develop new work-related skills and understanding (Bornet, 2020). For example, generative AI applications write

grammatically correct and standard answers to questions, so that users are challenged to be experts in the subject

matter in order to ask more informed questions to elicit deeper insight from such applications. Or, smartphones and

tablets can stimulate IS users to work deftly across different work tasks in their own time (e.g., Diaz et al., 2012;

Leung, 2011; Ohly & Latour, 2014). Theoretically elucidating such scenarios is essential to understanding why people

feel challenged and motivated by IS and how IS can be a propellant in the individual's work-related growth and

1‘IS users’ refers to organisational users of IS at all hierarchical levels.
2https://www.pewresearch.org/internet/2018/04/17/the-future-of-well-being-in-a-tech-saturated-world/.
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development. Practically speaking, the study of techno-eustress creators helps organisations identify different ways

in which employees can engage with IS that would help them excel and grow professionally, and accordingly develop

programs to facilitate such engagement. It can inform managerial understanding of organisational actions needed to

enable employees to use IS not just as a tool to be more efficient, but to create positive and difficult challenges to

enrich their work. From both perspectives, the study of techno-eustress creators is essential to explain how IS chal-

lenges and motivates IS users to enhance their work; it is a starting point in the quest for understanding how individ-

uals can be driven by IS to grow and flourish in their work. Our objective in this paper is to conceptualise and

validate the concept of techno-eustress creators.

We theorise the dimensions of techno-eustress creators. In order to so, we first draw on the literature

on psychological eustress to broadly identify four overarching aspects constituting eustress creators

(e.g., Edwards & Cooper, 1988; Lazarus, 1966; Le Fevre et al., 2003; Selye, 1976). To concretize these overarch-

ing aspects, we then draw from the theories of self-determination (Ryan & Deci, 2000) and proactive work

(Grant & Ashford, 2008) to conceptualise and validate four dimensions of techno-eustress creators, namely

techno-mastery, techno-autonomy, techno-relatedness and techno-enrichment. Drawing from the dual systems

perspective (Cenfetelli & Schwarz, 2011), we demonstrate nomological validity of techno-eustress creators by

investigating techno-eustress creators in a shared nomological network with techno-distress creators, i.e., the

conditions that create negative stress from IS use (Ragu-Nathan et al., 2008). Specifically, we develop nomologi-

cal relationships to link techno-eustress creators and techno-distress creators to user satisfaction and IT strain.

Our results draw from data from two qualitative studies involving 35 individuals, and three quantitative surveys

conducted at multiple points in time across four countries in Europe and involving 980 respondents. All respondents

were full-time employees who used IT applications and devices for work. Data from the qualitative studies was used

to establish content validity. The survey data was used to establish convergent validity, discriminant validity, reliabil-

ity, and dimensional structure, and to test the nomological relationships.

In terms of scholarly contribution, we explain how IS use can create work cognitions of challenge and motivation,

by conceptualising and empirically validating the multi-dimensional construct of techno-eustress creators. Research has

examined challenging demands that IS users face in specific and narrow contexts of IS use, such as work-home spill-

overs (Benlian, 2020); innovative use of IS such as using IS in new ways for work (Maier et al., 2021); and the work of

Uber drivers (Cram et al., 2022). Our study in contrast, investigates IS-driven cognitions experienced by IS users, that IS

positively challenges and motivates them to enhance their work. The multi-dimensional quality of our conceptualization

allows for broad applicability. We identify four dimensions of techno-eustress creators, which exemplify how IS can

challenge and motivate users to enhance work-related autonomy and mastery, enhance their social connectedness and

make their work more enriching. We further examined the simultaneous and comparative effects of techno-eustress

creators and techno-distress creators in a shared nomological network. Our study's practical implications are that orga-

nisations can use our findings to audit employees' experience of techno-eustress creators, and enhance that by devel-

oping programs that guide employees to identify how they can use IS to have greater control of their work, get better

at it, make it intellectually more challenging, and work better with colleagues.

The paper is organised as follows. In section 2, we present literature background. In section 3, we conceptualise

the dimensions of techno-eustress creators and develop their nomological relationships with relevant constructs.

Section 4 describes the paper's methods and results, and section 5 concludes the paper with contributions, future

research, and practical implications.

2 | LITERATURE BACKGROUND

We first present concepts on psychological eustress. Drawing from them, we focus on techno-eustress and

techno-eustress creators and describe the characteristics of techno-eustress creators. We then describe concepts

from self-determination and proactive work to theoretically ground our identification of the different dimensions of

techno-eustress creators.

TARAFDAR ET AL. 3
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2.1 | Psychological eustress

Eustress is ‘good’ stress that challenges and motivates individuals in a positive way (Selye, 1983). It is borne out of a

positive psychological response to the demands of the environment (Cavanaugh et al., 2000; Crawford et al., 2010;

Le Fevre et al., 2003) and leads to constructive and fulfilling outcomes (Edwards & Cooper, 1988; Nelson &

Simmons, 2003; Selye, 1976; Simmons & Nelson, 2001). Eustress creators give rise to eustress (Le Fevre

et al., 2003). They are positive work-related cognitions that challenge and motivate individuals (Carver et al., 1989;

Parker et al., 2006; Ryan & Deci, 2000) to view difficult work situations as opportunity for professional development

and growth (Cavanaugh et al., 2000; Crawford et al., 2010; Lazarus, 1966; Lazarus & Folkman, 1984; LePine

et al., 2004; Selye, 1976). Eustress creators broadly capture four aspects of work (e.g., Cooper et al., 2001; Kahn

et al., 1964; Karasek, 1979) as follows. Work-related expertise can propel individuals to engage in difficult and

stretch tasks that they find fulfilling (Lazarus & Folkman, 1984; LePine et al., 2004; Selye, 1983). Control over work

conditions can inspire individuals to higher levels of professional achievement because they have the freedom to

work in ways that they want to (Cavanaugh et al., 2000; Crawford et al., 2010). Work that is difficult and cognitively

advanced stimulates individuals' curiosity and provides novelty, and thus challenges them to work more innovatively

(Cavanaugh et al., 2000). High quality work relationships enthuse individuals to support and spur one another to

achieve positive and superior work outcomes (McGonigal, 2016).

2.2 | Techno-eustress and techno-eustress creators

Drawing from the above, the phenomenon of ‘techno-eustress’ (Tarafdar, Cooper, & Stich, 2019) embodies positive

stress that IS users experience from using IS. IS users experiencing techno-eustress perceive IS as driving and push-

ing them in a positive way toward affirmative work outcomes. Techno-eustress creators create techno-eustress.

They are cognitions experienced by IS users, that IS positively challenges and motivates them to enhance their work.

Drawing from the insights on eustress creators presented above as the overarching framing, we suggest that techno-

eustress creators would embody four distinct aspects. Multi-dimensional constructs are needed to represent such

multi-faceted and complex concepts in a theoretically comprehensive way (Edwards, 2011). Thus, we conceptualise

techno-eustress creators as constituting multiple dimensions, all of which relate to how users are challenged and

motivated to use IS to enhance and grow vis-à-vis their work, our goal being to theorise a broad-based conceptuali-

zation for techno-eustress creators.

The IS literature notes that IS presents stressful challenge demands to individuals. Faced with these demands, IS

users work more and faster, learn more IT skills and take on more IS related responsibilities. This leads to more inno-

vative use of IS in the form of finding new uses of IS or developing new IS to support work (Maier et al., 2021), and

to positive emotions at home, spilling over from work (Benlian, 2020). In algorithmic ride-sharing, Uber drivers face

positive demands from the Uber app in response to which they drive more skillfully and improve their driver ratings

(Cram et al., 2022). All of these studies focus on demands from IS; demands are externally focused. Our focus is on

how IS users experience cognitions that IS positively challenge and motivate them to enhance their work; cognitions

are internally generated. Moreover, these existing studies are in contained and specific contexts. We investigate dif-

ferent aspects of how IS can challenge and motivate IS in general organisational work. Further we take a deeper, more

complex approach by theorising a multi-dimensional concept of techno-eustress creators.

2.3 | Theories of self-determination and proactive work orientation

To concretize the four overarching facets of eustress creators identified in Section 2.1, we draw from two theoretical

perspectives to conceptualise four aspects of techno-eustress creators. Self-determination theory (Ryan &

4 TARAFDAR ET AL.
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Deci, 2000) suggests that individuals feel positively challenged and motivated in their work under three conditions,

thus expounding on three of the aspects associated with eustress creators. One, when they can work autonomously.

Individuals feel positively challenged and motivated when they execute work tasks of their own volition, rather than

because of extrinsic factors (Gagné & Deci, 2005; Strauss & Parker, 2014), and can make their own decisions on

what to do and how to do it (Grant & Ashford, 2008). Two, when they achieve mastery in their work; individuals feel

positively challenged and motivated when they develop task-related expertise and skills (Aspinwall & Taylor, 1997;

Yeo et al., 2009) and improve their work ability (Ryan & Deci, 2000). Three, when they are socially connected to col-

leagues at work (Grant & Parker, 2009). Individuals who seek and enjoy work challenges solicit support from and give

support to, colleagues, to accomplish work (McGonigal, 2016; Strauss & Parker, 2014). Given that individuals' work

tasks and responsibilities are interrelated and interdependent within the social system of connected work roles in

the organisation (Katz & Kahn, 1978), they need to collaborate to get their work done. Interpersonal interactions are

thus crucial to progress and development (Grant & Parker, 2009). The fourth aspect of eustress creators is doing

work that is cognitively difficult. We draw from the theory of proactive work orientation to frame this aspect. This

theory suggests that individuals experience positive work cognitions when they feel motivated to proactively enrich

their work in the cognitive sense, implying that individuals actively shape their work and set difficult goals (Avey

et al., 2011; Bandura, 1991; Deci & Ryan, 2014), rather than passively executing what is given to them (Grant &

Ashford, 2008).

3 | THEORISING TECHNO-EUSTRESS CREATORS

Drawing from the above, we theorise techno-eustress creators by, first, conceptualising their dimensions, and sec-

ond, examining their nomological relationships.

3.1 | Dimensions of techno-eustress creators

We theorise four dimensions of techno-eustress creators (see Table 1). Each represents a particular cognition of

challenge and motivation that the IS user experiences from IS use, and that relates to a particular aspect of their

TABLE 1 Techno-eustress creators.

Techno-eustress creators

Four dimensions that describe how IS positively challenges and motivates IS users to use IS to become—(1) more

competent at; (2) have greater control over; (3) improve their socialisation at; and (4) intellectually develop—their

work.

Techno-mastery IS users are challenged and motivated by use of IS to achieve competence, efficiency, and

proficiency at work. For example, Aral et al., 2012; Rahrovani & Pinsonneault, 2020; Maier

et al., 2021.

Techno-autonomy IS users are challenged and motivated by use of IS to act with agency in prioritising and

executing work. For example, Li et al., 2011; Mazmanian et al., 2013; Wheatley &

Bickerton, 2016; Addas & Pinsonneault, 2018.

Techno-relatedness IS users are challenged and motivated by use of IS to leverage their connectivity with colleagues

to exchange work feedback and social support. For example, Day et al., 2012; Monzani

et al., 2014; McGonigal, 2016; Waytz & Gray, 2018; Domahidi, 2018.

Techno-enrichment IS users are challenged and motivated by use of IS to make work more interesting, and orient it

toward adding value and solving problems. Spreitzer & Porath, 2014; Davenport, 2018;

Wilson & Daugherty, 2018; Tarafdar, Beath, et al., 2019.

TARAFDAR ET AL. 5
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work. We correspondingly conceptualise them as techno-mastery, techno-autonomy, techno-enrichment and

techno-relatedness.

3.1.1 | Techno-mastery

Techno-mastery refers to individuals' cognition that the use of IS challenges and motivates them to achieve compe-

tence, efficiency, and proficiency at work. The use of IS can push individuals to finish their tasks efficiently and pro-

ductively because it enables quick information processing (e.g., Aral et al., 2012; Bandura, 2015; Maier et al., 2021).

They can harness a range of functions to explore different ways of doing work (Bloom et al., 2014; Rahrovani &

Pinsonneault, 2020) and develop new and efficient work routines to complete their tasks (Bala & Venkatesh, 2013).

For example, emails containing information useful for individuals' tasks challenge them to pay attention to incoming

alerts so that they can use current and relevant information for their work, leading to more proficient work (Addas &

Pinsonneault, 2018). Thus, the use of IS can challenge individuals to attain mastery over their work.

3.1.2 | Techno-autonomy

Techno-autonomy refers to individuals' cognition that IS use challenges and motivates them to act with a sense of

agency and choice, to prioritise important tasks, and execute them as they want. The use of IS can push individuals

to work autonomously. Office productivity tools such as to-do list applications and automated email sorting can

nudge individuals to prioritise their work and focus on what is important when features such as foldering, archiving,

batching or filtering are used (Addas & Pinsonneault, 2018). Being able to use IS to acquire and process critical work-

related information on time challenges individuals to not procrastinate on essential tasks (Mano & Mesch, 2010). IS

users can choose to work simultaneously on multiple tasks to accomplish meaningful work, which is particularly rele-

vant for polychronic individuals who find multitasking stimulating and are positively challenged by tackling several

tasks simultaneously (Li et al., 2011). Conversely, individuals can choose to focus on a single task with the help of IS,

for example, by silencing notifications (Russell et al., 2017). Further, the use of IS facilitates the ability to work any-

time and anywhere. This can challenge and push individuals to be flexible about when and where they do their work

and then use this expanded choice constructively (Mazmanian et al., 2013). For example, they can choose to fill their

commute time with activities, such as responding to emails or making phone calls, thereby leaving office time for

work that requires more face-to-face contact or more analytical activities (Wheatley & Bickerton, 2016), which

require greater social or cognitive focus. In such ways, the use of IS motivates people to forge agency and choice

at work.

3.1.3 | Techno-relatedness

Techno-relatedness refers to individuals' cognition that IS use challenges and motivates them to leverage their con-

nectivity with colleagues to exchange feedback and social support. The use of videoconferencing, text messaging,

enterprise social media, and email applications can drive individuals to enhance their connectedness with colleagues

because they shape the social aspects of organisational life (e.g., Day et al., 2012; Domahidi, 2018; Waytz &

Gray, 2018). Communication and messaging applications can quickly retrieve and transmit documents from and to

co-workers (X. Zhang & Venkatesh, 2013), and can galvanise individuals to seek timely and relevant information and

feedback on their work from colleagues (Monzani et al., 2014). Social networks built through enterprise social media

can spur individuals to learn more about their colleagues, build a community, provide social support, and seek and

exchange new ideas and feedback (Leonardi, 2018).

6 TARAFDAR ET AL.
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3.1.4 | Techno-enrichment

Techno-enrichment refers to individuals' cognition that the use of IS challenges and motivates them to make their

work more interesting, and oriented toward adding value and solving problems. IS can push individuals to do work

that adds more value (e.g., a financial planner who understands why a client's investment needs might have changed

in a given year and develops customised financial products) because they can delegate more routine tasks to applica-

tions (e.g., the financial planner uses scraping and downloading applications to automate the gathering of the client's

past investment transactions). Analytical/modelling tools and data mining applications can stimulate individuals to

tackle difficult and complex tasks that require higher levels of problem-solving, creativity (Tarafdar, Beath, &

Ross, 2019; Wilson & Daugherty, 2018) and learning (Davenport, 2018), because they provide computational and

decision support (e.g., Aral et al., 2012; Müller-Wienbergen et al., 2011) and enable cognitive engagement

(Spreitzer & Porath, 2014). Further, by providing access to a range of task-relevant information that can reveal

insights about different aspects of tasks, IS can challenge individuals to engage more deeply with and develop the

cognitive intricacies of their tasks. For example, integrating online website reviews with customer feedback on social

media can push marketing managers to develop more sophisticated models for analysing customer preferences

(e.g., Wan et al., 2012; Wang & Haggerty, 2011).

3.2 | Nomological relationships

We next place techno-eustress creators in a nomological network of constructs of interest. Specifically, we examine

if techno-eustress creators is significantly related to other constructs hypothesized to be part of its nomological net-

work (MacKenzie et al., 2011). We approach this in two ways.

First, we consider that techno-eustress creators are nomologically related to factors that create techno-distress

in the context of organisational work. The latter are examined through established constructs in the technostress lit-

erature (e.g., Nastjuk et al., 2023; Ragu-Nathan et al., 2008). Factors that create techno-eustress and techno-distress

are opposite in their valence of relationship to similar outcomes (Cram et al., 2022). The IS literature considers them

simultaneously (Benlian, 2020; Maier et al., 2021; Tarafdar, Cooper, & Stich, 2019), pointing to a holistic approach in

examining their nomological relationships.3 They respectively drive techno-eustress and techno-distress, which are

dual-factored phenomena (Cenfetelli & Schwarz, 2011), implying that they exist independently rather than along a

single bipolar continuum.4 Dual-factored phenomena reside in distinct but related nomological nets, which have two

characteristics, namely, they include: (1) corresponding relationships whereby the positive and negative valence phe-

nomena are respectively focused on positive and negative outcomes; and (2) comparative relationships whereby

the strengths of their effects on the positive and negative outcomes are not symmetric. To holistically understand

the influence on key outcomes, these relationships are investigated in shared nomological networks

(e.g., Cenfetelli & Schwarz, 2011; Edwards & Cooper, 1988). We draw from these ideas to theorise corresponding

and comparative relationships involving techno-eustress creators in a shared nomological network with techno-

distress creators.5

Second, we considered two outcomes that are predicted by techno-distress creators. In keeping with

the dual-factored logic, these outcomes are nomologically relevant to techno-eustress creators. These are user

3This characterisation is also supported by literature in organisational psychology that has theorised work-related eustress and distress as two distinct

processes (Edwards & Cooper, 1988; Le Fevre et al., 2003).
4Other pairs of dual factored IS phenomenon are IS adoption and IS resistance, which are shaped respectively by enabling and inhibiting factors

(Cenfetelli & Schwarz, 2011), and website satisfaction versus dissatisfaction (e.g., P. Zhang & Von Dran, 2000).
5Conditions that create techno-distress are widely examined through technostress creators (e.g., Ragu-Nathan et al., 2008) or threat techno-stressors

(e.g., Tarafdar, Cooper, et al., 2019). Conditions that create techno-eustress have been conceptually referred to as “challenge techno-stressors”
(e.g., Tarafdar, Cooper, et al., 2019). For the sake of uniformity, we refer to the former as “techno-distress creators” and the latter as “techno-eustress
creators”.
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satisfaction (e.g., Tarafdar et al., 2010) and IT strain (Ayyagari et al., 2011). User satisfaction describes a positive

attitude and perception among individuals toward the IS that they use. It is an important variable because it is con-

sidered a surrogate for the success of the system (Delone & McLean, 2003). It represents an outcome related to

the system. IT strain describes a negative outcome salient in technostress (e.g., Ayyagari et al., 2011). It represents

feelings of exhaustion, depletion, tiredness and burnout from activities associated with use of IS. It is an indicator

of wellbeing relating to the use of IS. Investigating these two variables together allows us to examine—(1) both

positive and negative facets, and (2) both system-related and wellbeing-related facets. This is in keeping with the

holistic intent of our study.

3.2.1 | Corresponding nomological relationships between techno-eustress creators and
techno-distress creators, and user satisfaction and IT strain

We first examine corresponding nomological relationships involving techno-eustress creators and techno-distress

creators, and user satisfaction and IT strain respectively (Figure 1).

From psychological stress studies, we know that eustress creators create opportunities for accomplishment and

goal attainment (Webster et al., 2011), leading to positive outcomes. Distress creators create a risk of harm or failure

(Lazarus & Folkman, 1984; Webster et al., 2011), resulting in negative outcomes.

Techno-mastery implies that IS users are motivated and challenged by IS to be more proficient in their work.

The IS they use make them feel more competent and confident in tackling difficult tasks. When individuals feel com-

petent in their work, they are enthusiastic and eager to do more (Ryan & Deci, 2000), experience greater satisfaction

(Gagné & Deci, 2005; Van den Broeck et al., 2016) and feel less strained (Olafsen et al., 2016). When IS users feel

challenged and motivated by IS to improve and become more competent in their work, they experience greater user

satisfaction and less strain, with the IS they use.

Techno-autonomy implies that IS users seek work-related empowerment through their use of IS, and to control

various aspects of their work. Empowerment is associated with greater satisfaction with work (Gagné & Deci, 2005;

Van den Broeck et al., 2016) because individuals can choose the time and place of their work (Olafsen et al., 2016).

IS users who experience techno-autonomy are motivated and challenged to find ways to use IS to find empower-

ment in their work (Mazmanian et al., 2013). For example, they might proactively to choose to use email applications

either stay on top of their work (constant checking) or be less at the beck and call of colleagues (checking at certain

frequencies) (Gerlach & Cenfetelli, 2020). This would lead to less IT strain. They would also feel that the IS they use

supports them in their work, because it is the means through which they achieve their work autonomy; they are

likely to be satisfied with IS.

F IGURE 1 Corresponding nomological relationships.
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Individuals who experience techno-relatedness would actively use IS to develop rewarding social support and

professional relationships in the workplace. For example, they might use video conferencing applications to exchange

feedback relating to work and thrive on their professional relationships, or use enterprise social media applications

such as Yammer to stay in touch with colleagues and support them in their work projects (Bertin et al., 2020). In such

situations, they are more able to bounce ideas off colleagues rather than deal with issues by themselves. Thus, they

are likely to draw upon their IS-driven social support to lessen IT strain. They also tend to see use of IS as a driving

factor for rewarding work relationships, and thus are highly satisfied with using IS.

Techno-enrichment is the use of IS to elevate one's work to make it more challenging and difficult. It drives IS

users to do work that is intellectually stimulating and requires problem-solving. In doing so, IS users stretch them-

selves to do work that is cognitively more enriching. For example, IS users can work with complex analytics applica-

tions and use the models to grapple with interesting and difficult organisational decisions pertaining to product

design, marketing promotions, or process improvement (Tao et al., 2018; van der Aalst, 2012). Such activities can

instill a sense of energy and accomplishment in the use of IS, thus diminishing IT strain. Further, when they engage in

experimentation and problem solving with IS, they are better able to leverage the features of and information from

IS (Sun, 2012), and experience satisfaction while using it.

In summary, techno-eustress creators embody conditions under which IS use is the basis for IS users challenging

and motivating themselves to make their work more autonomous and intellectually stimulating, improve their work

mastery, and generate better social relationships at work. IS users with such positive cognitions about IS experience

greater satisfaction with IS and less strain and burden from IS use. We frame the following hypotheses:

Hypothesis 1a. Techno-eustress creators will be positively related with user satisfaction.

Hypothesis 1b. Techno-eustress creators will be negatively related with IT strain.

We expect the relationship between techno-distress creators and IT strain to be positive. Techno-invasion, for

example, can lead to constant use of IS for checking work emails and updates, and doing work-related tasks at differ-

ent times, often outside structured work hours. Techno-overload can lead individuals to work more quickly when

using IS, such as rapid back and forth of work-related communication and processing of more work-related informa-

tion. Techno-complexity implies constant learning of new IS features and functionalities, leaving them feeling poten-

tially depleted. Techno-insecurity can be mentally exhausting due to the fear of losing professional abilities to others

who have a better understanding of how to use IS. Techno-uncertainty implies lack of clarity regarding potential

changes in IS, leading to anxiety about how individuals might face up to changes and how that might disrupt their

work. It can also lead individuals to do more work involving IS, such as installing updates. All of these instances are

expected to lead to strain, either because more work has to be done, or because of depletion of cognitive resources.

The negative relationship between techno-distress creators and user satisfaction has been documented in a number

of studies (e.g., Srivastava et al., 2015; Tarafdar et al., 2010). Based on the above, we state the following.

Hypothesis 2a. Techno-distress creators will be positively related with IT strain.

Hypothesis 2b. Techno-distress creators will be negatively related with user satisfaction.

3.2.2 | Comparative nomological relationships between techno-eustress creators and
techno-distress creators, and user satisfaction and IT strain

We next examine comparative nomological relationships involving techno-eustress creators and techno-distress cre-

ators, and user satisfaction and IT strain respectively, as shown in Figure 2. When faced with psychological eustress

TARAFDAR ET AL. 9
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creators and distress creators, individuals are consciously aware of which one they are experiencing (Cavanaugh

et al., 2000; Lazarus, 1966; Selye, 1976). Individuals facing eustress creators are conscious of being positively chal-

lenged and motivated, and experience primarily positive outcomes (Cavanaugh et al., 2000; Cummings &

Cooper, 1979). Those experiencing distress creators are conscious of feeling threatened; they experience primarily

negative outcomes (Cavanaugh et al., 2000; Cummings & Cooper, 1979). Thus, positive outcomes are more salient

for those experiencing eustress creators and negative outcomes are more salient for those facing distress creators

(Edwards et al., 2006).

IS users experiencing techno-mastery will be more focused on learning how to use different IS features to

improve their work skills and make their work more efficient, and thus will less feel overwhelmed by the features

(Ahuja & Thatcher, 2005; Bloom et al., 2014). Even if they find it difficult to use the features, they will see the diffi-

culty as a positive, motivating challenge, rather than frustrating (Olafsen et al., 2016). IS users experiencing techno-

autonomy will be motivated to use IS applications (e.g., email, to-do lists) to prioritise their work, rather than being

bogged down with unimportant tasks (Li et al., 2011). They will use the IS applications they want to, instead of feel-

ing overloaded with too many applications. IS users experiencing techno-relatedness will be motivated to use IS to

build social relationships at work and seek support from colleagues (Leonardi, 2018), rather than focusing on con-

stant connectivity and feeling that their time is invaded. IS users experiencing techno-enrichment will use IS to

increase intellectual challenge and stimulation in their work (Spreitzer & Porath, 2014), and will learn to use the func-

tionalities required to do so (Davenport, 2018), rather than focus on the complexity of those functionalities. In all

these cases, IS users will be more prone to experiencing satisfaction with IS because they experience positive work

cognitions from IS use (i.e., work mastery, work autonomy, connectedness to colleagues and work enrichment). They

may also experience diminished IT strain, but their cognitive awareness will be more attuned to user satisfaction

because their use of IS challenges them in a positive way and keeps them motivated at their work.

IS users experiencing techno-overload will be cognitively more oriented toward having to work more and faster

due to IS, while those subject to techno-complexity will be more oriented toward the difficulty of learning new IS

(Ragu-Nathan et al., 2008), rather than toward learning new IS features to use in their work. Even if they do learn,

they will do so only to deal with the struggle. IS users experiencing techno-insecurity and techno-uncertainty will be

more oriented toward the threat of their own IS-related obsolescence in the face of new IS (Ragu-Nathan

et al., 2008) than toward the possibility of their work enrichment from new IS. Those experiencing techno-invasion

will be more focused on the possible loss of vacation time and work-life balance due to IS use (Bélanger &

Crossler, 2011), rather than on IS-enabled work flexibility. In all these cases, IS users will be more prone to experienc-

ing IT strain because they experience intimidating and threatening work-related cognitions due to IS use. They may

also experience diminished user satisfaction, but the increase in IT strain will be more salient for them.

F IGURE 2 Comparative nomological relationships.

10 TARAFDAR ET AL.
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Overall, when IS users experience techno-eustress creators, they are driven by quest and discovery and feel con-

fident of tackling the difficulties with IS use, and thus are focused more on the positive aspects of IS, in this case,

user satisfaction. When they experience techno-distress creators, they feel a sense of struggle in tackling the difficul-

ties associated with IS use, and thus focus more on the negative aspects of IS, in this case, IT strain. In each case, the

corresponding opposite outcome is less salient. Therefore, we state:

Hypothesis 3a. The positive effect of techno-eustress creators on user satisfaction will be greater

than the negative effect of techno-eustress creators on IT strain.

Hypothesis 3b. The positive effect of techno-distress creators on IT strain will be greater than the

negative effect of techno-distress creators on user satisfaction.

Research on psychological stress has often found positive outcomes to be primarily affected by conditions asso-

ciated with positive stress and negative outcomes by conditions associated with negative stress (Edwards &

Cooper, 1988; French et al., 1982; Webster et al., 2010). One reason for this is that the psychological power of the

presence of an attribute is more than that of its absence (Leyens et al., 1997; Peeters et al., 1995). For IS users

experiencing techno-eustress creators, positive attributes are high, such as the discovery and growth possibilities

emanating from IS use, while for those experiencing techno-distress creators, these aspects are relatively weak. For

IS users experiencing techno-distress creators, negative attributes are strong, such as struggle and drain emanating

from IS use, while for those experiencing techno-eustress creators, these aspects are absent or relatively weak. IS

research suggests that IS users who experience positive (negative) attributes experience positive (negative) IS related

outcomes. Kim and Son (2009) showed that IS users who are more dedicated to online services are more likely to

have higher usage intention than those experiencing constraints. IS users facing demands that challenge them

(e.g., Maier et al., 2021) are more likely to engage in innovative IS use, than those facing hindering demands. Relating

such findings to our context, techno-eustress creators will have a stronger effect on user satisfaction than techno-

distress creators because the power of the positive attributes will hold sway. Similarly, techno-distress creators will

have a stronger effect on IT strain than techno-eustress creators because the power of the negative attributes

will dominate. Thus, the positive outcome of user satisfaction is more salient for those experiencing techno-eustress

creators as compared to those experiencing techno-distress creators, and the negative outcome of IT strain is more

salient for those experiencing techno-distress creators as compared to those experiencing techno-eustress creators.

Therefore, we state:

Hypothesis 4a. The positive effect of techno-eustress creators on user satisfaction will be greater

than the negative effect of techno-distress creators on user satisfaction.

Hypothesis 4b. The positive effect of techno-distress creators on IT strain will be greater than the

negative effect of techno-eustress creators on IT strain.

4 | METHODS AND RESULTS

We used multiple techniques to establish different validities for the techno-eustress creators construct. Our research

design is based on guidance provided in the literature (MacKenzie et al., 2011) and followed in IS studies (Zhang

et al., 2022). We executed the study in four steps (see Table 2). In the first step (Section 4.1), we developed the items

for the four dimensions of techno-eustress creators as theorised in the previous section. In the second step

(Section 4.2), we established their convergent validity, discriminant validity, reliability, and dimensional structure,

establishing a second-order construct for techno-eustress creators. In the third step (Section 4.3), we established the
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construct's measurement invariance over time. In the fourth step (Section 4.4), we tested the nomological relation-

ships. The use of multiple and diverse samples is recommended for cross-validation (MacKenzie et al., 2011). Accord-

ingly, our data consists of interviews, Q-sort and four different surveys from European countries, involving over a

thousand participants. All were full-time employees who used IT applications and devices for work. Specifically,

interviews were conducted with 7 full-time employees from an organisation in Europe; Q-sort was conducted with

38 executives enrolled as IT/business graduate students in an executive masters' program in a university in Europe;

samples 1, 2 and 3 were collected from a large European organisation in the public administration sector (n = 341,

n = 175 and n = 121 � 2, respectively); and sample 4 was collected through an online survey on Prolific from two

countries in Europe (n = 400).

4.1 | Item development and content validity

We developed our initial conceptualizations of techno-mastery, techno-autonomy, techno-relatedness, and techno-

enrichment based on our literature review, as detailed in Section 3. We first generated a potential list of items based

on the literature. We then conducted content validation interviews with seven employees and a Q-sort exercise with

28 working executives enrolled in an IT/business executive master's program in a university.

4.1.1 | Interviews with practitioners

We conducted semi-structured telephone interviews with seven full-time employees from an organisation in Europe

(see Table A1 for demographics and Table A2 for the interview guide). The interviews lasted 34 min on average. All

employees had white-collar consulting jobs in the human resource sector. They used IS extensively to conduct their

work. We asked them to describe situations where the IT applications and devices they used for work challenged

them positively or motivated them. The purpose of these interviews was to (1) understand how our construct

manifested in practice and find real-world illustrative and operational examples, and (2) validate/augment findings

from the literature review (MacKenzie et al., 2011; Patton, 2002). The interview guide (Table A2) was based on the

theorised dimensions. We analysed the interviews using a priori themes corresponding to techno-mastery, techno-

autonomy, techno-relatedness, and techno-enrichment. We found that techno-eustress creators indeed manifested

TABLE 2 Study design.

Section Analysis Description Sample

4.1 Item development and

content validity

Produce an initial set of items and establish that

they represent different facets of techno-

eustress creators.

Interviews, n = 7

Q-sort, n = 28

4.2 Convergent and

discriminant

validities

Establish that the dimensions of techno-eustress

creators are distinct from one another.

Sample 1, n = 341

Sample 2, n = 175

Construct reliability Establish that, for each dimension, the dimension

items are consistent with one another.

Sample 2, n = 175

Dimensional structure Establish that techno-eustress creators is a second-

order construct with four first-order factors.

Sample 2, n = 175

4.3 Measurement

invariance

Establish that the measurement of techno-eustress

creators is invariant over time.

Sample 3, n = 121 � 2,

two-wave longitudinal

survey separated by

8 months

4.4 Hypotheses testing Validate nomological relationships. Sample 4, n = 400

12 TARAFDAR ET AL.
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itself in practice, consistent with the aspects we envisioned, and aligning with the objective of the interviews. For

example, one IS user (William, 40) said, “IT challenges me to be efficient, and I derive satisfaction from it because I work

faster and I can better structure my thinking.” He felt challenged to use IT to improve his work methods, thereby

experiencing what we conceptualised as techno-mastery. Another individual (Charlotte, 55) thought IS provided her

with “more autonomy” (techno-autonomy) as she was able to harness IS to work how she wanted and prioritise

her work as she saw fit: “I feel more confident in the organization of my work […] I have access to the information I need

so I can really organize and plan my activity accordingly.” Individuals also felt motivated by the relationships they nur-

tured through IS (techno-relatedness), such as when they were motivated to use collaborative tools to “show each

other the work and discuss it, leading to increased exchanges.” (Jane, 26) or to get feedback on their work from col-

leagues in other offices of the company. There were also many instances where IT applications and devices chal-

lenged individuals to do work that was more interesting or value-added (techno-enrichment), “renewing or broadening
our jobs, or the way we do them. […] It is the idea that technology enhances the purpose and does not replace it.”
(Charles, 55). We thus established that the four aspects had practical relevance and expression through our analysis

of the interviews.

We generated our pool of items by combining the insights from the literature review and interviews (MacKenzie

et al., 2011) (see Table 3). For each dimension, we examined the associated quotes and integrated the understanding

derived from them with that from the literature reviewed in Section 3.1. The items for techno-mastery captured the

cognition of IS challenging individuals to improve their work methods or make them more efficient (Bala &

Venkatesh, 2013) and effective (Aral et al., 2012). Regarding the items for techno-autonomy, individuals were chal-

lenged by IS to work how they wanted (Li et al., 2011) and to prioritise their work (Russell et al., 2017). Items for

techno-relatedness captured the IS driven challenge of staying connected and interacting with numerous colleagues

(Waytz & Gray, 2018), and receiving or giving social support (Strauss & Parker, 2014). For techno-enrichment, items

embodied the challenge from IS to do work that was more problem-solving oriented (Nambisan et al., 1999), interest-

ing, and intellectually stimulating (Ryan & Deci, 2000).

4.1.2 | Q-sort

Our pool of items was refined using Q-sort exercises (Nahm et al., 2002), where items are sorted into different con-

structs. Agreement ratios are calculated, and those items are deleted for which the agreement ratios do not reach a

satisfactory level of agreement. Prior research suggests that all items assigned correctly by less than 61% of the

respondents should be deleted (Nahm et al., 2002). We conducted Q-sort with 28 (part-time or full-time) executives

who were enrolled as IT/business graduate students in a European university. They regularly used IT as part of their

work and were therefore familiar with the scenarios presented in the items. We explained the notion of techno-

eustress creators to the respondents. We then presented the four dimensions and the corresponding definitions. We

instructed them on how to do the Q-sorting exercise through two examples. We asked them to assign each of the

21 initial items to one of the four constructs proposed. Based on the respondents' assignment, we calculated ratios

of correct assignments of the items of (see Table 4). No item had to be removed, indicating that all items had high

semantic coherence.

The Q-sort results provided credible validation that these items represented the four aspects of techno-eustress

creators, thereby establishing content validity.

4.2 | Convergent validity, discriminant validity, reliability, and dimensional structure

We conducted surveys to measure the constructs. Using different samples during the scale development process is

recommended for cross-validation (MacKenzie et al., 2011). We conducted two surveys separated by an eight-month
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interval in a large European organisation in the public administration sector (we refer to them as Sample 1 and Sam-

ple 2, respectively). All survey participants were full-time employees who used IT applications and devices for work.

We collected 341 responses in the first survey (42% response rate), and 175 in the second (22% response rate).

Demographics are detailed in Table A3. all items were assessed using 5-point Likert scales ranging from

“1 = Strongly Disagree” to “5 = Strongly Agree”. Participants also had a “not applicable” option available. Missing

values (1% of the data points across all items) were replaced with the sample mean of the item.

We conducted several tests to establish the convergent and discriminant validity of the four constructs. First,

we conducted an exploratory factor analysis on Sample 1 (n = 341), using the set of 21 items (Table 5), with maxi-

mum likelihood extraction, and Varimax rotation. It yielded a four-factor structure. All 21 items were retained

because (1) each mapped on its correct factor with a loading above 0.40, and (2) none loaded on a different factor

with a loading above 0.40 (Ragu-Nathan et al., 2008; Salisbury et al., 2002).

Next, we conducted a confirmatory factor analysis on Sample 2 (n = 175).6 Five items (items 1, 6, 8, 13 and 20)

were deleted because of the high correlations between their error terms that indicated redundancy and weakened

the identification of the model (Kline, 2015). We analysed the measurement model, which included the four con-

structs. For a well-fitting model, comparative fit index (CFI) should exceed 0.900 (Bentler, 1990), root mean square

error of approximation (RMSEA) and its 90% confidence interval should not exceed 0.100, standardised root mean

TABLE 4 Q-sorting exercise results (N = 28) (percentages of agreements).

Techno-eustress
creators Item

Techno-
mastery

Techno-
autonomy

Techno-
relatedness

Techno-
enrichment

Techno-mastery 1 76.9 7.7 0 15.4

2 75.0 8.3 0 16.7

3 75.0 8.3 0 16.7

4 76.9 0 0 23.1

5 83.3 0 0 16.7

Techno-autonomy 6 0 100 0 0

7 30.8 69.2 0 0

8 7.7 76.9 7.7 7.7

9 15.4 61.5 7.7 15.4

10 15.4 76.9 0 7.7

11 25.0 61.5 0 13.5

Techno-relatedness 12 0 7.7 92.3 0

13 0 7.7 92.3 0

14 7.7 0 92.3 0

15 0 0 92.3 7.7

16 7.7 0 92.3 0

Techno-enrichment 17 0 0 0 100

18 7.7 7.7 0 84.6

19 16.7 16.7 0 66.7

20 9.1 0 18.2 72.7

21 0 23.1 0 76.9

Note: Values in bold represent items assigned correctly by 61% or more of the respondents.

6The analyses were conducted using R version 3.6.1 with the Lavaan package version 0.65.
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residual (SRMR) should not exceed 0.100 (Kline, 2015) and χ2 divided by the degrees of freedom should be between

1 and 5 (Salisbury et al., 2002). The measurement model demonstrated good fit on all recommended cut-off values

(see Table 6) indicating good discriminant and convergent validity among the four constructs. The final list of items

validated through CFA is shown in Table 7 and the correlation matrix in Table 8.7

Table 8 shows that for each construct, the square root of its average variance extracted (AVE) exceeds its maxi-

mum correlation with the other constructs. We further analysed the heterotrait-monotrait (HTMT) ratio of correla-

tions (Henseler et al., 2015) of each construct, and established than none of them exceeded the cut-off value of

0.850 (Kline, 2015). Next, we evaluated construct reliability. Construct reliability was high because Composite Reli-

ability (CR) is higher than 0.700, the AVE is higher than 0.500 (Fornell & Larcker, 1981), and Cronbach's Alpha is

higher than 0.700 (Nunnally, 1978).

Finally, we examined the dimensional structure of the four constructs to empirically investigate the second-order

reflective latent construct formulation for techno-eustress creators with four first-order dimensions.8 We tested and

TABLE 5 Exploratory factor analysis: rotated matrix of item loadings (Sample 1, n = 341).

Item Techno-mastery Techno-autonomy Techno-relatedness Techno-enrichment

1 0.782 0.209 0.180 0.140

2 0.592 0.203 0.153 0.297

3 0.799 0.194 0.152 0.169

4 0.689 0.308 0.197 0.213

5 0.548 0.287 0.196 0.305

6 0.298 0.488 0.162 0.234

7 0.278 0.700 0.111 0.083

8 0.266 0.557 0.148 0.272

9 0.189 0.770 0.147 0.200

10 0.118 0.752 0.176 0.172

11 0.174 0.776 0.167 0.229

12 0.227 0.243 0.720 0.058

13 0.217 0.121 0.801 0.153

14 0.114 0.123 0.696 0.363

15 0.106 0.184 0.709 0.283

16 0.145 0.137 0.773 0.229

17 0.290 0.232 0.253 0.701

18 0.235 0.359 0.214 0.636

19 0.258 0.319 0.224 0.452

20 0.219 0.236 0.276 0.624

21 0.180 0.146 0.233 0.727

Note: Values in bold represent items with factor loadings above 0.40.

7The measurement model was tested on all samples (1 to 4) and demonstrated good fit on all recommended cut-off values for each of the samples.
8We theorised techno-eustress creators as a reflective second-order latent construct (Diamantopoulos, 2011). This implies that techno-eustress creators

can manifest itself in any of the four dimensions (Diamantopoulos, 2011; Edwards, 2011; Polites et al., 2012). Each of the four dimensions is thus a

reflection of techno-eustress creators, and the direction of causality goes from the second-order latent construct to its first-order factors (Jarvis

et al., 2003). A change in techno-eustress creators can result in a change in one or more of the dimensions. We based our formulation on the formulation

of techno-distress creators, which is similarly established as a reflective construct second-order construct (Ragu-Nathan et al., 2008). Our representation is

consistent with literature on stress that models stress creators as reflective (Law et al., 1998). It is also consistent with studies that model constructs of a

cognitive nature (e.g., Agarwal & Karahanna, 2000) or related to psychological states (Edwards, 2011) as reflective.

TARAFDAR ET AL. 17

 13652575, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/isj.12515 by C

ochrane France, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



compared two measurement models: (1) a model with the four constructs freely correlated, and (2) a second-order

model. Although both models demonstrated good fit (see Table 9), their χ2 values were significantly different (χ2

difference = 8.766, p = 0.012). Further, the target coefficient (i.e., the ratio of the χ2 value of the freely correlated

model and that second-order model) (Marsh & Hocevar, 1985) was 96%, exceeding the recommended value of 80%.

We thus formulate techno-eustress as a second-order reflective latent construct with four first-order factors of

techno-master, techno-autonomy, techno-enrichment, and techno-relatedness.

TABLE 6 Fit indices for measurement model (Sample 2, n = 175).

Fit indices
Recommended values
(Bentler, 1990; Kline, 2015; Salisbury et al., 2002) Measurement model

Sig. (p value) 0.000

χ2/d.f. [1; 5] 2.256

CFI ≥0.900 0.934

RMSEA < 0.100 0.085

RMSEA 90% conf. interval [0; 0.100[ [0.070;0.0996]

SRMR <0.100 0.060

TABLE 7 Items for techno-eustress creators.

Techno-eustress creators items

• The following questions are about your experiences related to the use of information technology.

• The term ‘information technology’ refers to the day-to-day computer-based applications and devices you use, such

as email, work applications, communication applications, laptops, mobile devices and so forth.

• The following statements describe typical situations where the use of information technology challenges you in a

positive way and motivates you.

• Please read each statement carefully and select the option that corresponds best to how you feel, using the scale

“strongly agree”, “agree”, “neutral”, “disagree” and “strongly disagree”, or selecting the “not applicable” option if the

statement does not apply to you.

• The IT applications and devices I use for work challenge me in a positive way and motivate me to…

Techno-mastery 1. Make my work methods more innovative.

2. Make my work methods more effective.

3. Improve my work methods.

4. Improve work-related information processing.

Techno-autonomy 1. Prioritise my work (e.g., with the help of to-do list applications).

2. Focus on work that is important.

3. Change the prioritisation of my work if necessary.

4. Spend more time on important tasks (e.g., with the help of to-do list applications).

Techno-relatedness 1. Stay connected with many colleagues through IT.

2. Get feedback on my work from many colleagues.

3. Give social support to many colleagues.

4. Exchange with many colleagues on work matters.

Techno-enrichment 1. Do work that is more interesting (e.g., by having access to new information).

2. Do work that is more value-added (e.g., work that involves less routine tasks).

3. Do work that is more problem-solving oriented (e.g., through Excel spreadsheets, analytical

tools and research tools).

4. Do work that is more intellectually stimulating (e.g., by having access to different kinds of

information from many sources).
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4.3 | Measurement invariance of techno-eustress creators

We established the measurement invariance of techno-eustress creators over time (Vandenberg & Lance, 2000),

using Sample 3, a longitudinal sample composed of the 121 employees who responded both to the first and second

surveys, and thereby comprising 242 data points.

We first established that techno-eustress creators possessed the same factor structure across the two time points

(i.e., configural invariance). We assessed a baseline multilevel measurement model in which (1) levels corresponded to

time points, (2) the same factor structure was imposed on techno-eustress creators at the two time points, and (3) factor

loadings were freely estimated. This model demonstrated a good fit (Table 10). Second, we established that techno-

eustress creators held the same factor loadings across the two time points (i.e., metric or weak factorial invariance)

(Vandenberg & Lance, 2000). We assessed the same multilevel measurement model as for configural invariance, except

that the factor loadings were here constrained to be equal across the two time points. The model also demonstrated a

good fit. A χ2 difference test further revealed that this metric invariance model was not significantly different from the

configural invariance model (Table 10). Third, we tested whether techno-eustress creators possessed the same factor

loadings and intercepts across the two time points (i.e., scalar or strong factorial invariance). We assessed the same multi-

level measurement model as for metric invariance, except that, in addition to the previous constraints, intercepts were

also constrained to be equal across the two time points. Again, the model demonstrated a good fit, with a χ2 difference

test revealing that the scalar invariance model was not significantly different from the metric invariance model (Table 10).

4.4 | Nomological validity

Our final step was to test for nomological validity. We used Sample 4, which was collected using 400 respondents

from two countries in Europe, recruited through a Prolific panel. To join the survey, users had to (1) be full-time

TABLE 8 Correlation matrix of measurement model (Sample 2, n = 175).

TM TA TR TE

TM. Techno-mastery (CR = 0.897/α = 0.889 / HTMT = 0.613) 0.824

TA. Techno-autonomy (CR = 0.921/α = 0.920/HTMT = 0.603) 0.651 0.862

TR. Techno-relatedness (CR = 0.872/α = 0.868/HTMT = 0.519) 0.526 0.512 0.794

TE. Techno-enrichment (CR = 0.870/α = 0.859/HTMT = 0.611) 0.661 0.645 0.521 0.788

Note: The diagonal shows the square root of the average variance extracted.

TABLE 9 Comparison of fit indices between measurement models (Sample 2, n = 175).

Fit indices

Recommended values
(Bentler, 1990; Kline, 2015;
Salisbury et al., 2002)

First-order freely
correlated model

Second-order
model

Sig. (p value) 0.000 0.000

χ2/d.f. [1; 5] 2.212 2.256

CFI ≥0.900 0.938 0.934

RMSEA <0.100 0.083 0.085

RMSEA 90% conf. interval [0; 0.100] [0.068;0.098] [0.070;0.099]

SRMR <0.100 0.056 0.060

χ2 difference 8.766 (p = 0.012)
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employees, and (2) use IT applications and devices for work at least two or three times a week.9 Panels are a way of

securing the participation of individuals from multiple organisations, resulting in high levels of respondent diversity

(Hauser & Schwarz, 2016; Lowry et al., 2016; Steelman et al., 2014). Three attention checks were placed in the sur-

vey. Failure to answer these attention checks correctly, automatically led to rejection. The first attention check

(“please click on agree”) was placed toward the beginning of the survey and the second (“please click on neutral”)
toward the end. Thirty-one surveys failed the attention checks and were deleted. In total, 400 valid surveys were

collected. Sample demographics are detailed in Table A3.

IT strain (Ayyagari et al., 2011) and user satisfaction (Turel, 2015) were assessed using previously validated instru-

ments. Techno-distress creators was measured as a second-order construct based on the technostress creators instru-

ment (Ragu-Nathan et al., 2008). As control variables, we used IT self-efficacy (Compeau & Higgins, 1995; Tarafdar

et al., 2015) and personal innovativeness with IT (Agarwal & Prasad, 1998). We expected them to be positively (nega-

tively) related to techno-eustress creators (techno-distress creators). We used existing scales for them. Table 11 shows

the construct items, Table 12 the item loadings and Table A4 the correlation matrix, reliability and AVE values.

4.4.1 | Nomological validity for H1 and H2

We tested the hypotheses using a covariance-based structural model (CBSEM) with maximum likelihood estimation. The

fit of the structural model conformed to the suggested parameter values (see Table 13). Techno-eustress creators were

positively related to user satisfaction (β = 0.600, p < 0.001) and negatively related to IT strain (β = �0.287, p < 0.001),

and techno-distress creators were negatively related to user satisfaction (β = �0.205, p < 0.001) and positively related to

IT strain (β = 0.600, p < 0.001) (see Table 14 and Figure 3). Therefore, hypotheses 1a, 1b, 2a and 2b were supported.

With regard to the control variables, personal innovativeness with IT was significantly positively related with techno-

eustress creators, and IT self-efficacy was significantly negatively related to techno-distress creators.

4.4.2 | Nomological validity for H3 and H4

Hypothesis 3a (and 3b) stated that the positive effect of techno-eustress creators (and techno-distress creators)

on user satisfaction (and IT strain) will be greater than the negative effect of techno-eustress creators

TABLE 10 Fit indices and model comparison for measurement invariance models (Sample 3, n = 242).

Fit indices
Model 1: Configural
invariance

Model 2: Metric
invariance

Model 3: Scalar
invariance

Sig. (p value) 0.000 0.000 0.000

χ2/d.f. 2.097 2.061 1.995

CFI 0.956 0.954 0.955

RMSEA 0.065 0.064 0.062

RMSEA 90% conf. interval [0.056;0.074] [0.056; 0.073] [0.054; 0.070]

SRMR 0.048 0.058 0.058

Model comparison 1 versus 2 2 versus 3

χ2 difference n.s. n.s.

9They were asked the following question. Please think about a specific technology (e.g., software) that you are required to use at work. How often do you

use it? The options were: Not at all; Less than once a week; About once a week (participant excluded); 2 or 3 times a week; 4 or 6 times a week; About

once a day; More than once a day (participant included).
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TABLE 11 Construct items.

The following questions are about your experiences related to the use of information technology.

The term ‘information technology’ refers to the day-to-day computer-based applications and devices you use, such as

email, work applications, communication applications, laptops, mobile devices and so forth.

Please read each statement carefully and select the option that corresponds best to how you feel using the scale

“strongly agree”, “agree”, “neutral”, “disagree” and “strongly disagree”, or selecting the “not applicable” option if the

statement does not apply to you.

Constructs Items

Techno-distress creators (adapted from Ragu-

Nathan et al., 2008)

Techno-overload 1. I am forced by information technology to work much faster.

2. I am forced by information technology to do more work than I

can handle.

3. I am forced by information technology to work with very tight

time schedules.

4. I am forced to change my work habits to adapt to new

information technology.

5. I have a higher workload because of increased information

technology complexity.

Techno-invasion 1. I spend less time with my family due to information technology.

2. I have to be in touch with my work even during my vacation due

to information technology.

3. I have to sacrifice my vacation and weekend time to keep current

on new information technology.

4. I feel my personal life is being invaded by information

technology.

Techno-complexity 1. I do not know enough about information technology to handle

my job satisfactorily.

2. I need a long time to understand and use new information

technology.

3. I do not find enough time to study and upgrade my information

technology skills.

4. I find new recruits to this organisation know more about

information technology than I do.

5. I often find it too complex for me to understand and use new

information.

Techno-insecurity 1. I feel constant threat to my job security due to new information

technology.

2. I have to constantly update my skills to avoid being replaced.

3. I am threatened by coworkers with newer information

technology skills.

4. I do not share my knowledge with my coworkers for fear of being

replaced.

5. I feel there is less sharing of knowledge among coworkers for

fear of being replaced.

Techno-uncertainty 1. There are always new developments in the information

technology we use in our organisation.

2. There are constant changes in computer software in our

organisation.

3. There are constant changes in computer hardware in our

organisation.

4. There are frequent upgrades in computer networks in our

organisation.

(Continues)
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(and techno-distress creators) on IT strain (and user satisfaction). To test these hypotheses, we compared the previ-

ous structural model to a similar nested model (Kline, 2015) in which we constrained the corresponding paths to be

equal in size but opposite in direction as follows. The path from techno-eustress creators to user satisfaction was set

to minus the path techno-eustress creators to IT strain. Similarly, the path techno-distress creators to IT strain was

set to minus the path techno-distress creators to user satisfaction. The fit of the constrained model was good (see

Table 15), and the paths remained significant. However, the original unconstrained model had a significantly better

χ2 fit than the constrained model (χ2 difference = 48.818, p < 0.001). Therefore, we established that the effects of

TABLE 11 (Continued)

IT strain (adapted from Ayyagari et al., 2011) 1. I feel tired from activities that require me to use IT applications

and devices.

2. Working all day with IT applications and devices is a strain for

me.

3. I feel burned out from activities that require me to use IT

applications and devices.

User satisfaction

(adapted from Turel, 2015)

How do you feel about your overall experience of using IT

applications and devices for work?

1. Dissatisfied (1) … Satisfied (7)

2. Displeased (1) … Pleased (7)

3. Frustrated (1) … Contented (7)

4. Terrible (1) … Delighted (7)

Personal innovativeness with IT (adapted from

Agarwal & Prasad, 1998)

1. If I heard about a new information technology, I would look for

ways to experiment with it.

2. Among my peers, I am usually the first to try out new information

technologies.

3. I like to experiment with new information technologies.

IT self-efficacy

(adapted from Compeau & Higgins, 1995;

Tarafdar et al., 2015)

I could use my work IT to do my work if:

1. I had seen someone else using it before trying it myself.

2. I could call someone for help if I got stuck.

3. Someone else had helped me get started.

TABLE 12 Standardised item loadings (Sample 4, n = 400).

Item 1 Item 2 Item 3 Item 4 Item 5

Techno-mastery 0.715 0.866 0.874 0.759

Techno-autonomy 0.765 0.678 0.762 0.813

Techno-relatedness 0.777 0.782 0.793 0.821

Techno-enrichment 0.737 0.796 0.696 0.737

Techno-overload 0.743 0.804 0.824 0.628 0.793

Techno-invasion 0.623 0.815 0.814 0.726

Techno-complexity 0.689 0.796 0.727 0.642 0.783

Techno-insecurity 0.766 0.679 0.766 0.776 0.829

Techno-uncertainty 0.742 0.859 0.776 0.748

IT strain 0.874 0.889 0.937

User satisfaction 0.858 0.910 0.873 0.840

Personal innovativeness with IT 0.792 0.788 0.857

IT self-efficacy 0.754 0.819 0.899
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techno-eustress creators and techno-distress creators on user satisfaction and IT strain were not of the same magni-

tude. Specifically, for techno-eustress creators, the positive effect on user satisfaction was greater than the negative

effect on IT strain. For techno-distress creators the positive effect on IT strain was larger than the negative effect on

user satisfaction (Table 14). Thus, Hypotheses 3a and 3b are supported.

We tested hypotheses 4a and 4b using a similar analytical strategy of constraining the corresponding paths to

be equal in size but opposite in direction as follows. The path from techno-distress creators to IT strain was set

to minus the path from techno-eustress creators to IT strain. The path from techno-eustress creators to user satis-

faction was set to minus the path from techno-distress creators to user satisfaction. Again, the fit of the constrained

model was good (Table 16) and the paths remained significant. Again, the unconstrained model had a significantly

better χ2 fit than the constrained model (χ2 difference = 47.886, p < 0.001). Thus, the positive effect of techno-

distress creators on IT strain is greater than the negative effect of techno-eustress creators on IT strain. The positive

effect of techno-eustress creators on user satisfaction is less than the negative effect of techno-distress creators on

user satisfaction. Hypotheses 4a and 4b are thus supported.10

TABLE 13 Fit indices for nomological validity (Sample 4, n = 400).

Fit indices
Recommended values
(Bentler, 1990; Kline, 2015; Salisbury et al., 2002) Structural model

Sig. (p value) 0.000

χ2/d.f. [1; 5] 1.810

CFI ≥0.900 0.916

RMSEA <0.100 0.045

RMSEA 90% conf. interval [0; 0.100[ [0.042;0.048]

SRMR <0.100 0.080

TABLE 14 Path coefficients for nomological validity (Sample 4, n = 400).

Paths Standardised path coefficients Hypotheses

Hypotheses

Techno-eustress creators ! IT strain �0.287*** H1a: Supported

Techno-eustress creators ! User satisfaction 0.600*** H2a: Supported

Techno-distress creators ! IT strain 0.600*** H1b: Supported

Techno-distress creators ! User satisfaction �0.205*** H2b: Supported

Control Variables

IT self-efficacy ! Techno-eustress creators n.s.

Personal innovativeness with IT ! Techno-eustress creators 0.474***

IT self-efficacy ! Techno-distress creators �0.166*

Personal innovativeness with IT ! Techno-distress creators n.s.

Note: n.s. > 0.05.

*p < 0.05; **p < 0.01; ***p < 0.001.

10For further verification, we used t-tests to compare path coefficients as follows- (1) techno-eustress creators to user satisfaction and IT strain; (2) techno-

distress creators to user satisfaction and IT strain; (3) techno-eustress creators and techno-distress creators to user satisfaction; and (4) techno-eustress

creators and techno-distress creators to IT strain. The t-tests for all were significant, showing that the difference in path coefficients is statistically

significant.

TARAFDAR ET AL. 23

 13652575, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/isj.12515 by C

ochrane France, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



5 | DISCUSSION

This study investigates techno-eustress creators theoretically and empirically. We conceptualised techno-eustress crea-

tors as a second-order construct with four first-order dimensions, and validated it through item generation, and analysis

of reliability, convergent and discriminant validity, dimensionality, measurement invariance across time, and nomological

validity. Our results are based on multi-wave data collected from Europe at different points in time, from working profes-

sionals who used IT for their work. Our study contributes the following novel insights to the techno-stress literature.

Firstly, we theorise how and that the use of IS is a source of cognitions of challenge and motivation that enhance

work. The technostress literature has focused primarily on creators of techno-distress. We take this literature for-

ward by conceptualising techno-eustress creators as constituting four cognitions experienced by IS users, that IS

positively challenge and motivate them to enhance their work. Drawing from studies on psychological eustress, we

take a deep dive and holistic approach to theorise the multi-dimensional concept of techno-eustress creators.

Techno-mastery, techno-autonomy, techno-relatedness and techno-enrichment respectively embody how IS can

F IGURE 3 Nomological Model (Sample 4, n = 400). p values are *: <0.05; **: <0.01; ***: <0.001; n.s. > 0.05.

TABLE 15 Model comparison for hypotheses 3a and 3b (Sample 4, n = 400).

Fit indices
Recommended values (Bentler, 1990;
Kline, 2015; Salisbury et al., 2002)

Unconstrained
structural model

Constrained
structural model

Sig. (p value) 0.000 0.000

χ2/d.f. [1; 5] 1.810 1.846

CFI ≥0.900 0.916 0.912

RMSEA < 0.100 0.045 0.046

RMSEA 90% conf. interval [0; 0.100] [0.042; 0.048] [0.043; 0.049]

SRMR <0.100 0.080 0.086

χ2 difference 48.818 (p < 0.001)
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propel users to experience work-related mastery and autonomy, enhance their social connectedness and make their

work more enriching. Our investigation focuses on use of IS in the general work context, and to that extent, has

broad applicability. Techno-eustress creators signify a new way to view IS, namely, that use of IS can be a creating

force for cognitions of challenge and motivation for individuals. Our study bolsters and theoretically broadens initial

empirical studies that examine IS demands that can positively challenge IS users. Such demands have been examined

and measured in more specific and narrow contexts such as role of IS in work-home spill-overs (Benlian, 2020); rou-

tine/innovative use of IS (Maier et al., 2021); and the work of Uber drivers (Cram et al., 2022).

Second, we holistically examine technostress through simultaneous effects of techno-eustress creators and

techno-distress creators. The literature shows that techno-distress creators leads to negative outcomes such as burn-

out and exhaustion (Ayyagari et al., 2011; Maier et al., 2015; Srivastava et al., 2015). We examined the simultaneous

effects of techno-eustress creators and techno-distress creators on both negative (IT strain) and positive (user satisfac-

tion) outcomes. Our investigation of corresponding and comparative relationships involving these two constructs in a

shared nomological network enables us to establish their concurrent, yet contrasting effects. It demonstrates that

techno-distress creators (techno-eustress creators) are comparatively more salient for tackling negative (positive) out-

comes respectively. This is a theoretically novel step at developing a holistic understanding of the comparative effects

of both types of technostress on positive and negative outcomes associated with the organisational use of IS.

Third, we unpack how the bright side of technostress comes about. Research on techno-distress creators pro-

vides extensive evidence of the dark side of technostress, and links it to other negative psychological phenomena

such as technology addiction (Tarafdar et al., 2020) and exhaustion and strain (Ayyagari et al., 2011; Maier

et al., 2015). Through the conceptualization and validation of techno-eustress creators, we unpack how the bright

side of technostress comes about. In so doing, we link technostress to concepts of positive psychology (Seligman &

Csikszentmihalyi, 2000) such as self-determination and proactive work orientation, suggesting that use of IS creates

difficult demands that can yet be the seed from which spring positive facets of work-life, in the form of work related

autonomy, mastery, social connectedness and enrichment. Techno-eustress creators illustrate how IS can challenge

and motivate employees to elevate their psychological experiences at work to achieve better work-related out-

comes, representing a contrarian view to what IS scholars have come to term as the ‘dark side’ of IT use. We believe

that this is a novel step forward in the continuing understanding of technostress.

6 | CONCLUSION: IMPLICATIONS AND LIMITATIONS

6.1 | Implications for scholarly research

Our study opens up several implications for research. Firstly, IS scholars could further theorise on the concept of

techno-eustress creators, by examining it in different contexts such as hybrid work and voluntary use of IS, and for

specific types of applications such as the rapidly emerging applications based on large language models, virtual reality

TABLE 16 Model comparison for hypotheses 4a and 4b (Sample 4, n = 400).

Fit indices
Recommended values (Bentler, 1990;
Kline, 2015; Salisbury et al., 2002)

Unconstrained
structural model

Constrained
structural model

Sig. (p value) 0.000 0.000

χ2/d.f. [1; 5] 1.810 1.845

CFI ≥0.900 0.916 0.912

RMSEA <0.100 0.045 0.046

RMSEA 90% conf. interval [0; 0.100] [0.042; 0.048] [0.043; 0.049]

SRMR <0.100 0.080 0.086

χ2 difference 47.886 (p < 0.001)
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applications and robotic applications. Secondly, it is worthwhile and important to consider individual and

organisational factors predicting techno-eustress creators. These could include traits such as IT mindfulness, IT liter-

acy and engagement toward one's work, and organisational factors such as user involvement in IS and job rewards/

incentives. Such factors can be situated as stimuli to techno-eustress creators, in the framing of the

stimulus-organism-response model. Thirdly, studies could look at outcomes of techno-eustress creators, such as job

satisfaction, job performance, job crafting, and innovative IS use. This will help to develop understanding of its con-

sequences. Fourthly, it is important to consider empirical treatment of different parts of the transaction model of

techno-eustress. Fifth, future research could develop links between techno-eustress creators and concepts such as

motivation (Deci & Ryan, 1985), flow (Csikszentmihalyi, 1990), and self-determination (Gagné & Deci, 2005). Finally,

future research could also examine techno-eustress creators with greater granularity, such as by investigating the

nomological nets of its first-order dimensions.

6.2 | Implications for managerial practice

There is little practical guidance on identifying conditions that can enhance employees' experience of techno-

eustress. Organisations can use the four dimensions of techno-eustress creators to audit if and to what extent

employees experience these, which can then help them develop programs that enhance these aspects. Such pro-

grams should challenge and motivate employees to identify ways in which they can use work IS (e.g., email and video

conferencing applications, enterprise social media, analytics applications and search engines and chatbots) to be

more in control of their work, get better at it, make it intellectually more challenging, and work better with col-

leagues. This can be done through a two-pronged set of actions.

The first includes those that encourage employees to better understand the features and functions of their work

IS. Workplace IS applications have many features and continually evolve. For example, a commonly used application,

Slack, has instant messaging, forums, bots, web-hooks, reminders and RSS feeds. Rather than employees understand-

ing in one shot how they can be used, it is more a matter of them continually discovering new features, through the

process of use. While designed activities such as technology training workshops are important and should be

organised, it is equally, if not more important, to create a culture that encourages and empowers employees to pro-

actively explore, experiment and learn how to use their work IS on an ongoing basis. This could, for example, be done

through regular informal brown bag type meetings to discuss different applications, through technology-related

podcasts created by employees themselves and shared enterprise-wide, or by institutionalising proactive exploration

with events such as innovation hackathons. Doing so creates more chances for employees to feel motivated to use

IS for work expertise or autonomy or social support, pervasively and in the trenches so to speak, at their own pace

and in their own time.

The second set of actions should encourage employees to understand and reflect on their own needs and

goals vis-à-vis work expertise or autonomy or social support or doing cognitively more enriched work, as the case

may be. This can be done through skill development programs that provide opportunities and recognition for

employees to master new work skills. Or by incentivising employees to re-imagine their work, for instance, auto-

mating the mundane activities and focusing their efforts on the cognitively enhanced ones (Tarafdar &

Beath, 2018). Or, by creating opportunities for collaboration and teamwork, to foster social connections, and for

hybrid work and flexible work hours, to engender a sense of control. Doing so, would motivate employees to use

IS to fulfil their own particular needs and goals. For example, an employee seeking to improve their mastery over

a difficult task such as predicting demand for a product in an uncertain market, when chancing upon relevant ana-

lytics and visualisation features of a forecasting application, would challenge themselves to learn how to use the

features to make better forecasts, thus experiencing techno-mastery. Through such programs, companies can cre-

ate an organisational focus that emphasises technostress as something to be harnessed and leveraged

(i.e., techno-eustress) to give meaning to work, and not just as something to be dreaded or be apprehensive about

(i.e., techno-distress).
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Further, our findings can spur organisations to leverage the positive effects of techno-eustress creators to coun-

ter the negative effects of techno-distress creators. For positive outcomes, the effects of techno-distress creators do

not overshadow the effects of techno-eustress creators, whereas for negative outcomes it is the opposite. Organisa-

tions interested in enhancing positive outcomes, such as user satisfaction, should develop an environment in which

users experience techno-eustress creators. Those interested in diminishing negative outcomes, such as IT strain,

should focus on assessing and decreasing techno-distress creators. By highlighting these relative effects, we help

managers understand conditions under which they should strengthen techno-eustress creators or weaken techno-

distress creators, and direct resources accordingly.

6.3 | Limitations and concluding remarks

The paper's contributions should be looked at in the light of certain limitations. Firstly, the data was collected in

countries from western Europe; generalizability to other contexts should be further assessed. Secondly, given partici-

pants chose to enrol in our surveys (either by clicking the link received on their business email or by entering in it

through Prolific), self-selection bias may have occurred. Thirdly, the survey items were self-reported; despite our

efforts to minimise common methods bias (measuring different constructs at different points in time and using both

negative and positive outcomes), it cannot be ruled out. Finally, our focus was to conceptualise techno-eustress crea-

tors and empirically understand their relationships with specific variables of nomological interest as a first step. In

doing so, we examine the front-end of the transaction model of techno-eustress (Tarafdar, Cooper, & Stich, 2019)

and provide early evidence of a link between techno-eustress creators and positive outcomes. We do not claim to

test the entire model of techno-eustress.

In conclusion, technostress is an inevitable part of work life. The point, perhaps, is not to abolish it, but to master

it. Our study takes a step toward the latter, by identifying factors that create techno-eustress, the good aspect of

technostress. We hope that our results will spur scholars to further examine the phenomenon of techno-eustress

and enable practitioners to be challenged and motivated by IS—an urgent need in the current times.
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APPENDIX A

TABLE A1 Demographics for interviews.

Participant Age (year) Gender Manager

1 26 Female No

2 40 Female No

3 55 Female No

4 40 Male No

5 32 Male No

6 44 Male No

7 55 Male Yes

TABLE A2 Interview Guide.

Could you describe your use of work IT?

Could you describe the situations and circumstances in which the use of work IT motivates you?

Could you describe the situations and circumstances in which the use of work IT stimulates you?

Could you describe the situations and circumstances in which the use of work IT helps you to develop your skills?

Could you describe the situations and circumstances in which the use of work IT enriches your work, or makes it more

interesting and fulfilling?

Could you describe the situations and circumstances in which the use of work IT gives you autonomy and control?

Could you describe the situations in which you appreciate the use of work IT?
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