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Abstract

Mobile connectivity can negatively affect smartphone users by eliciting stress. Past research
focused on stress-inducing potentials of smartphone use behaviors and, recently, on the cogni-
tive-motivational engagement with online interactions. However, theoretical perspectives as the
mobile connectivity paradox and the IM*UNE model further suggest that digital stress effects
may be conditional. A preregistered experience sampling study (n= 123; 1,427 use episodes)
investigated relationships of cognitive-motivational (online vigilance) and behavioral (communi-
cation load, media multitasking) smartphone use patterns with perceived stress and introduced
two situational boundary conditions (goal conflict, autonomy need dissatisfaction). Results dem-
onstrate that online vigilance can induce stress directly and via increasing communication load.
Goal conflict and autonomy need dissatisfaction moderated the influence of online vigilance and
media multitasking on stress. Findings are discussed in the context of effect directionality and the
need to further investigate boundary conditions in digital well-being research.
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Mobile digital devices such as smartphones facilitate permanent connectedness by
removing temporal and spatial constraints from mediated communication and
media consumption (Vorderer & Kohring, 2013). Their deep integration into daily
routines and social life can have a variety of positive outcomes, yet may also have
detrimental effects on psychological well-being (Meier & Reinecke, 2021;
Schneider et al., 2022).

One prominent example for negative effects of mobile connectivity is stress experi-
ences elicited by smartphone use, often referred to as digital stress (Hall et al., 2021;
Hefner & Vorderer, 2016). Digital stress has been previously defined as an individual’s
reaction to situational demands originating from the use of information and communica-
tion technology that are subjectively perceived as challenging or exceeding available
coping resources, such as cognitive capacity (Lazarus & Folkman, 1984; Reinecke
et al., 2017).

Past research has shown that smartphone use can indeed elicit stress (Vahedi &
Saiphoo, 2018). For example, earlier research found that specific smartphone use beha-
viors, such as communication load (i.e., the number of sent and received messages) and
media multitasking (i.e., the simultaneous engagement in two or more media activities)
were linked to stress experiences (LaRose et al., 2014; Mai et al., 2015; Reinecke
et al., 2017). More recently, research has begun to also consider the cognitive and motiv-
ational drivers of digital stress. For example, previous research found links between
online vigilance and stress (Freytag et al., 2021; Hall et al., 2021). Online vigilance is
an increased cognitive and motivational engagement with online interactions (Klimmt
et al., 2018; Reinecke et al., 2018). It has been linked directly and indirectly to digital
stress, the latter via fostering smartphone use patterns, such as communication load
and media multitasking, that can, in turn, drive stress (Freytag et al., 2021; Hall et al.,
2021; Hefner & Vorderer, 2016; Reinecke et al., 2018).

While previous research indeed suggests that online vigilance is directly and indirectly
linked to digital stress, past studies face two central limitations. First, past findings are
inconsistent: while communication load and media multitasking were identified as sig-
nificant predictors of stress in some investigations (Hall et al., 2021; Mark et al., 2014;
Reinecke et al., 2017), other studies did not fully replicate those relationships (Freytag
et al., 2021). This lack of consistency may be at least partly due to a theoretical limitation
of previous research: the failure to consider the situational boundary conditions in the
relationships of online vigilance, smartphone use, and stress. Two recent theoretical
models addressing the relationship between mobile digital communication and well-
being, the mobile connectivity paradox (Vanden Abeele, 2021) as well as the
Integrative Model of Mobile Media Use and Need Experiences (IM3UNE; Schneider
et al., 2022), emphasize the conditional nature of this relationship: depending on situ-
ational appraisals, mobile media demands such as incoming connection cues can be
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either perceived as rewarding and conducive to basic needs or as need-frustrating,
resource-taxing, and stressful. It is therefore essential to identify the situational modera-
tors that intensify or ameliorate the effects of smartphone use on stress (Schneider et al.,
2022). The current study thus aims at two central theoretical pursuits: by integrating the
digital stress literature with the theoretical propositions of the mobile connectivity
paradox (Vanden Abeele, 2021) and the IM3UNE model (Schneider et al., 2022), we
introduce goal conflict and autonomy need dissatisfaction as two central situational
boundary conditions for the emergence of digital stress. Our study will hence (a) contrib-
ute to theory synthesis and (b) help to elucidate the contingency of digital stress.

A second shortcoming of existing research is that, empirically, previous research
is limited by its focus on the between-person relationships of cognitive-motivational
and behavioral predictors of digital stress. An investigation of the within-person
associations between online vigilance, smartphone use, and stress over an extended
period of time with real-world, situational data is largely missing. It is thus unclear
whether online vigilance does indeed lead to demanding smartphone behaviors in
specific situations, and whether this in turn increases stress. Moreover, such a situ-
ational approach is crucial to understanding situational boundary conditions as
they occur in daily life (Vanden Abeele, 2021). We therefore aim to extend previous
studies addressing the between-person predictors of digital stress with an in-situ
research design to further investigate situational, within-person dynamics of
digital stress.

In the following sections, we will delineate our theoretical model by reviewing previ-
ous empirical findings on stress related to smartphone use. We will extend this view by
discussing the situational contingencies of digital stress based on central tenets of the
mobile connectivity paradox and the IM3UNE model (Schneider et al., 2022; Vanden
Abeele, 2021).

Stress appraisal in the context of smartphone use

Online vigilance as a predictor of digital stress

The integration of smartphones into daily routines may lead users to internalize a constant
cognitive and motivational orientation towards online interactions (Bayer et al., 2016;
Carolus et al., 2019). This mindset termed online vigilance is characterized by: (a) the
cognitive salience of online connectedness, integrating online-related stimuli into
users’ thinking and feeling even when not using the smartphone; (b) reactibility—that
is, a chronic attentional sensitivity to online-related cues combined with the motivation
and readiness to act upon them; and (c) the motivation for frequently monitoring
updates and ongoing events in the online sphere, often manifesting behaviorally as
unprompted smartphone checking (Klimmt et al., 2018; Oulasvirta et al., 2012;
Reinecke et al., 2018).

The constant cognitive preoccupation and alertness characterizing online vigilance
require cognitive resources and reduce the availability of coping resources, which may
result in subjective stress experience (Warm et al., 2008). Indeed, online vigilance has
repeatedly been associated with stress in previous research (Carolus et al., 2019;
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Freytag et al., 2021; Hall et al., 2021). Past findings indicate that especially the salience
dimension of online vigilance positively predicts stress and negatively predicts affective
well-being (Freytag et al., 2021; Johannes et al., 2020; Johannes et al., 2018). While
reactibility and monitoring seem to reflect temporal increases in cognitive demands
that can induce stress, salience may more constantly occupy cognitive resources and,
thus, more strongly predict stress (Freytag et al., 2021). Based on past findings linking
online vigilance to stress, yet suggesting the benefits of distinguishing between its dimen-
sions, we propose that:

H1: Online vigilance in the form of (a) salience, (b) reactibility, and (c) monitoring is posi-
tively related to perceived stress.

The mediating role of communication load and media multitasking

While online vigilance might directly predict stress, it may also drive specific smartphone
use behaviors which are stress-inducing. Smartphones are most commonly used for
online communication in the form of text messaging and social networking
(Mihailidis, 2014). The amount of online communication in the form of overall
amounts of online messages sent and received that users engage with is termed commu-
nication load (Reinecke et al., 2017). Online vigilance can be expected to increase com-
munication load by fostering the salience of online communication in the smartphone
user’s mind and, thus, motivating the initiation of new online conversations. Fast react-
ibility to online stimuli and the monitoring of online interactions, moreover, add to com-
munication load (Freytag et al., 2021; Klimmt et al., 2018).

The engagement with larger amounts of online communication as a result of high
online vigilance might, in turn, increase stress. Communication load requires smartphone
users to invest time and cognitive resources to process online communication. When the
situational demands associated with communication load exceed available coping
resources—for example, because users do not have sufficient time to read and reply to
online messages next to other tasks—users might experience stress (Lazarus &
Folkman, 1984). A significant relationship between communication load and perceived
stress was reported in the majority of previous research (Hall, 2017; LaRose et al.,
2014; Reinecke et al., 2017; Thomée et al., 2011), while a series of three studies with dif-
ferent survey designs did not find a significant link (Freytag et al., 2021). Evidence for the
stress-predicting role of communication load is, however, further provided by interven-
tion studies which demonstrate the stress-reducing potential of decreasing communica-
tion load by batching smartphone notifications. These findings support the idea that
communication load relates to stress through straining cognitive coping resources,
such as attention (Fitz et al., 2019; Kushlev & Dunn, 2015). We thus propose that:

H2: Communication load is positively related to perceived stress.

H3: Online vigilance in the form of (a) salience, (b) reactibility, and (c) monitoring indirectly
increases perceived stress via communication load.
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Online vigilance may foster smartphone use behavior not only by increasing overall
amounts of online communication, but also by altering how users engage in smartphone
behaviors. Smartphone users are likely to cope with the high salience of and approach
motivation towards mobile connectivity by engaging with online communication and
content more often, irrespective of secondary activities (Hefner & Vorderer, 2016;
Klimmt et al., 2018). When simultaneously engaging in two or more media activities,
this behavior is referred to as media multitasking (Ophir et al., 2009). Multitasking can
be caused by both external or self-imposed interruptions from a main activity (Mark
et al., 2014). Particularly users high in reactibility are sensitive towards external interrup-
tions in form of incoming smartphone notifications. Self-interruptions might be fostered
through the salience (e.g., task-irrelevant thoughts) and monitoring of online interactions
(e.g., checking one’s smartphone for updates). Therefore, online vigilance is likely to
increase multitasking behavior.

Multitasking, in turn, can be expected to foster stress by straining cognitive capacities
and coping resources. Multitasking requires the switching between multiple tasks, chal-
lenging working memory capacities and negatively affecting cognitive performance
(Baumgartner et al., 2014; Ophir et al., 2009). Regarding computer use, logging and
physiological data demonstrate that multitasking is associated with decreases in heart
rate variability and increases in arousal, suggesting that multitasking is related to
increased physiological stress (Mark et al., 2014; Wetherell & Carter, 2014; Yeykelis
et al., 2014). Self-report data, too, suggest media multitasking to be positively related
to stress (Freytag et al., 2021; Reinecke et al., 2017). We therefore expect for multitasking
with smartphones:

H4: Media multitasking is positively related to perceived stress.

HS: Online vigilance in the form of (a) salience, (b) reactibility, and (c) monitoring indirectly
increases perceived stress via media multitasking.

The moderating role of goal conflict and autonomy need dissatisfaction

Recent theoretical developments suggest that the assumption of unconditional effects of
online vigilance and smartphone use on stress provide an incomplete picture of the
ambivalent relationship between mobile digital communication and well-being
(Schneider et al., 2022; Vanden Abeele, 2021). Rather than expecting mobile media
demands and usage patterns to be inherently good versus bad, Schneider et al. (2022)
suggest that the effects of mobile digital communication on well-being are contingent
on situational appraisals. The same mobile media demands (e.g., the urge to monitor
social media activities or the number of incoming messages) that are perceived as positive
and beneficial in one situation may be perceived as threatening and detrimental in another
situation and by the same user, “strongly depend[ing] on appraisal processes and personal
coping resources” (Schneider et al., 2022, p. 4). We propose that such contingencies in the
relationship between mobile digital communication and well-being extend to the context
of digital stress. Bayer et al. (2016) highlight that stress reactions only occur when mobile
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media demands are perceived to exceed one’s coping resources. Situational contexts are
therefore relevant to consider in their influence on the occurrence of stress.

To identify situational factors that may moderate the relationship of smartphone use
with stress, we turn to the theoretical propositions of the mobile connectivity paradox
(Vanden Abeele, 2021) and the IM3UNE model (Schneider et al., 2022), both of
which make predictions concerning central boundary conditions of potential effects of
mobile digital communication on well-being. First, the IM3UNE model identifies self-
control, the ability to override or interrupt actions that conflict with current goals, as
an influential moderator. In the situational context, self-control is triggered by the
appraisal of goal conflict (Hofmann & Kotabe, 2012).

Conflicts between smartphone use and other goals arise because media use represents
a frequent desire in everyday life that is hard to resist (Hofmann et al., 2012). Individuals
tend to turn to media for gratifications such as intrinsic need satisfaction (Oh et al., 2014),
as a distraction, or to procrastinate less enjoyable tasks (Aalbers et al., 2021). In fact,
giving in to media use despite other, conflicting goals—most often related to productivity
and professional achievement—is a frequent form of self-control failure (Du et al., 2019;
Reinecke & Hofmann, 2016). Accordingly, the IM3UNE model (Schneider et al., 2022)
identifies trait self-control as a central moderator of the relationship between mobile
digital communication and well-being. Self-control is activated on the situation level
by the perception of goal conflict (Hofmann & Kotabe, 2012), which makes goal conflict
an important situational boundary condition for digital stress. While online vigilance,
communication load, and media multitasking may not necessarily lead to stress at all
times, smartphone use episodes that elicit goal conflict can be particularly likely to
induce stress. Goal conflicts interfere with expectations about one’s own coping resources
and self-control capacities, resulting in threat appraisal that is perceived as stressful
(Lazarus & Folkman, 1984). Indeed, past research has found that online vigilance was
perceived as particularly bothersome in situations when the cognitive preoccupation
with online interactions conflicted with current goals (Mihailidis, 2014).

When it comes to communication load and media multitasking, similar interactions with
goal conflict may occur. This is, for example, the case if a smartphone user receives a lot of
online messages from a friend while at work. Availability norms and expectations to reply
fast may impose a goal conflict between socially desired behavior and professional achieve-
ment (Halfmann & Rieger, 2019). Similarly, if media multitasking is, for instance, initiated
by smartphone notifications that interrupt other tasks, it may evoke goal conflict (Mehrotra
et al., 2016). An example could be a situation in which the primary task of searching for
information online is interrupted by incoming notifications from a social media app. For
this type of situation, when engagement in smartphone use concomitates with goal conflict,
the IM3UNE model implies online vigilance, communication load, and media multitasking
to induce stress, whereas the same smartphone use patterns may be appraised as less threa-
tening and elicit weaker stress experiences in other situations where they do not co-occur
with goal conflict (Schneider et al., 2022). Therefore, it is hypothesized that:

H6: Goal conflict moderates the relationship between (a) online vigilance, (b) communica-
tion load, (c) media multitasking and perceived stress, such that higher goal conflict increases
the effects on stress compared to lower goal conflict.
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A second situational boundary condition of digital stress addressed in the stress lit-
erature as well as in the mobile connectivity paradox and the IM3UNE model is the
dissatisfaction of the need for autonomy (Schneider et al., 2022; Vanden Abeele,
2021), which represents one of the three innate, basic needs underlying human motiv-
ation, functioning, and well-being (Ryan & Deci, 2000). Individuals are satisfied in
their need for autonomy when they can freely engage in an activity that is in line
with their values and current needs. The dissatisfaction of the need for autonomy,
in contrast, occurs when individuals perceive their behavior to be externally regulated
and controlled—for instance, through external or internalized pressures (Ryan &
Deci, 2000).

The relationship between mobile digital communication and autonomy need (dis)sat-
isfaction follows a paradoxical pattern, suggesting that “while ubiquitous connectivity
can support autonomy, it can also challenge that very experience” (Vanden Abeele,
2021, p. 934). Accordingly, mobile digital communication has undeniable benefits for
users’ autonomy—for example, by connecting users to important others or providing
instantaneous access to various gratifications (Schneider et al., 2022; Vanden Abeele,
2021). Conversely and importantly in the context of digital stress, smartphone use has
the potential to frustrate the need for autonomy—for instance, when social pressures to
be permanently available become salient (Halfmann & Rieger, 2019; Meier, 2018).
Availability pressures represent an external behavior regulation that limits the indivi-
dual’s flexibility and autonomy in terms of when and how to react to messages (Bayer
et al., 2016; Mai et al., 2015). Alternative terms including “entrapment” (Hall, 2017;
Hall & Baym, 2012) and “tethering” (Mihailidis, 2014) illustrate that smartphone use
can be perceived as frustrating one’s autonomy. Due to this paradoxical relationship
between mobile digital communication and autonomy, creating an ‘‘equilibrium
between the individual benefits and drawbacks” (Vanden Abeele, 2021, p. 938) repre-
sents a central challenge for users. Similarly, the IM3UNE model identifies the satisfac-
tion versus dissatisfaction of the need for autonomy as a relevant mechanism underlying
mobile media effects on well-being (Schneider et al., 2022).

We thus suggest that similar to goal conflict, autonomy need dissatisfaction should mod-
erate the effect of smartphone use on stress, by altering the underlying appraisal process.
Perceived situational controllability and autonomy represent central coping resources that
can ameliorate the stress response (Lazarus & Folkman, 1984). In situations of smartphone
use in which individuals feel frustrated in their need for autonomy, on the other hand, stress
reactions may increase (Lazarus & Folkman, 1984). Indeed, qualitative findings suggest that
reduced autonomy moderates stress appraisals in reaction to online communication (Reinke
et al., 2016). Longitudinal quantitative evidence further demonstrates a link between auton-
omy need dissatisfaction in online communication as well as in multitasking with perceived
stress and negative affect (Bachmann et al., 2019; Meier, 2018). Thus, online vigilance,
communication load, and media multitasking might be perceived as particularly stressful
in situations in which they co-occur with autonomy need dissatisfaction:

H7: Autonomy need dissatisfaction moderates the relationship between (a) online vigilance, (b)
communication load, (c) media multitasking and perceived stress, such that higher autonomy
dissatisfaction increases the effects on stress compared to lower autonomy dissatisfaction.
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The conceptual model is visualized in Figure 1. In accordance with the theoretical and
empirical goals of the present study, all hypotheses are aiming at and were tested with
regard to situational, within-person effects. However, as our statistical analyses also
provide estimates of the betrween-person effects, those were exploratively inspected as
well.

Method

The hypotheses were tested based on data from a 7-day experience sampling (ESM) study
that was preregistered in the Open Science Framework (OSF)at https://osf.io/y2wsg. The
study was approved by the Ethics Review Board of the University of Amsterdam.

Participants and procedure

Following guidelines for ESM designs recommending sample sizes of at least n=100
with t=30 (Silvia et al., 2014), 130 participants were recruited between April and
May 2020 through the behavioral science lab facilities of the University of Amsterdam
and through personal networks.' Participants had to be at least 16 years old and smart-
phone users. Individuals could choose to be compensated with research credits, €10 in
cash, or no reward. Participation entailed completion of three study parts:

1. On day 1, participants completed an intake survey which assessed trait variables.

2. On the five following days, signal-contingent experience sampling was conducted
using the app ExpiWell.

3. On day 7, an exit survey assessed control variables.

Goal conflict

Communication H2

load + + He6
+
v /+
H3
Online vigilance il +
Salience Perceived stress
Reactibility
Monitoring
H5
+ + +
Medi oy H7
ledia H4
multitasking
Autonomy need

dissatisfaction

Figure |. Conceptual model. Note: Bold lines represent (partially) confirmed hypotheses.
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In the ESM phase, participants received six ESM surveys a day between 09:00 and
21:00 that were sent out semi-randomly across three parts of the day (i.e., two surveys
per morning, midday, and evening, respectively). Each survey expired after 60 min. If
participants had not completed a survey 30 min after the initial notification, they received
a reminder. The surveys assessed situational variables with 12 questions and took a
median of 56.88 s to complete. If participants reported that they did not use their smart-
phone during the last 60 min, the surveys assessed only perceived stress and the salience
dimension of online vigilance. On average, participants responded to 59% of surveys
(M=17.72,SD =17.97), resulting in a total of 2,179 data points. Smartphone use episodes
were reported in 65% of those cases—that is, for 1,427 data points. A software bug in the
ExpiWell app influenced the response rate by allowing some participants to answer only
one out of the two ESM surveys scheduled for a part of the day and led to a—most likely
unsystematic—loss of data points (for more information on the missing data, see the
OSF).

The 130 participants who completed the intake survey were predominantly young
(M =23.27,SD=5.77), female (78%), and university students (76%). A total of 128 par-
ticipants proceeded with the ESM surveys. As preregistered, we excluded three cases of
full ESM surveys that were completed in under 20 s and two cases of ESM surveys that
demonstrated a variance of zero on all continuous measures. One ESM outlier survey was
excluded that contained impossibly high values for smartphone use duration and commu-
nication load. Four participants had to be excluded as their data at intake could not be
linked to the ESM data. The final sample size for the multilevel analysis was n=123.
The exit survey was completed by 106 participants.

Measures

All constructs included in the hypotheses were measured at state level in the ESM
surveys, referring to the last 60 min, respectively.” A full description of all measures is
available in the OSF at https://osf.io/hm2q7/.

Online vigilance. Three items on a scale from 1 (does not apply at all) to 7 (fully applies)
were adapted from Reinecke et al. (2018) to assess the three dimensions of online vigi-
lance (e.g., “During the last 60 minutes, [ was often thinking about what was happening
online, even when I was not using my smartphone”; salience: M =2.30, SD = 1.36; react-
ibility: M =3.58, SD =2.14; monitoring: M =2.73, SD=1.59).

Communication load. Participants estimated how many online messages they had sent and
received during the last 60 min, respectively (adapted from Reinecke et al., 2017; r=.70,
p=.000; collapsed index: M =10.21, SD=22.26). As the index captured absolute
numbers of sent and received messages, it demonstrated a much higher variance and
skew than the other measures. It was thus transformed by its square root before further
analysis.

Media multitasking. A single item based on Baumgartner et al. (2017) was used to
measure media multitasking on a scale from 1 (none of the time) to 5 (all of the time):
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“While using your smartphone during the last 60 minutes, how much of the time did you
simultaneously engage in another media activity on a digital media device other than your
smartphone (e.g., listening to music, watching video content, sending messages, using
social network sites on your computer or tablet)?” (M =2.22, SD =1.41).

Goal conflict. A single item measuring goal conflict on a scale from 1 (does not apply at
all) to 7 (fully applies) was adapted from Halfmann et al. (2021): “During the last 60
minutes, I have experienced a conflict between my use of the smartphone and another
activity (e.g., working, studying, social interaction, working out)” (M =2.49, SD =1.80).

Autonomy need dissatisfaction. A single item based on Meier (2018) as well as on Sheldon
and Hilpert (2012) was used to assess autonomy need dissatisfaction on a scale from 1
(does not apply at all) to 7 (fully applies): “While using my smartphone during the
last 60 minutes, I felt pressured to use my smartphone, e.g., to be available, to check
updates, or to keep scrolling” (M =2.42, SD=1.57).

Perceived stress. A single item was used to measure stress on a scale from 1 (not at all) to 7
(completely): “During the last 60 minutes, how stressed did you feel?” (M =2.55,SD = 1.52).

Additional control measures included age, gender, and the average daily smartphone
screen time of the last week.

Data analysis

The data, analysis script, and descriptive analyses including means, standard deviations,
and zero-order correlations of all variables can be found in the OSF at https://osf.io/
hm2q7/. To account for the data structure of observations (level 1) nested within
persons (level 2), we conducted multilevel modelling in R (version 4.0.4) using the
Ime4 package (version 1.1-27.1). We centered all continuous predictors for easier inter-
pretability of intercepts and to create unbiased estimates of the respective influence of
level 1 and level 2 variance on the dependent variables in within-between models
(Bell et al., 2019). Level 2 predictors were grand-mean centered around their sample
means. Level 1 predictors were group-mean centered around their respective person
means. The person means were then reintroduced to the multilevel regressions as
grand-mean-centered level 2 variables to accurately estimate indirect effects and to
compare within-person and between-person effects (Hox, 2010).

P-values for multilevel models were obtained through bootstrapped likelihood ratio
tests. Following Snijders and Bosker (2012), we calculated Pseudo R? values separately
for level 1 and level 2. The mediation package (version 4.5.0) and Quasi-Bayesian con-
fidence intervals from 2,000 Monte Carlo simulations were used to test indirect effects
(1-1-1 mediation) and to determine p-values of indirect effects (Zhang et al., 2009).
We included the control variables age, gender, and average daily smartphone screen
time in all analyses. The categorical variable gender was effect coded with “male” as
the reference category.
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For the preregistered confirmatory analysis, we inspected those observations that
reported smartphone use during the last hour (n=1,427 of n=123 participants).
The intraclass correlation indicates that 30% of the variance in situational stress can
be explained through interindividual differences, indicating that more variance may
be explainable on the situational level and that multilevel modelling is appropriate. All
models were specified to include a random intercept and fixed slopes.

Results

In a first model we tested if within-person differences in the three dimensions of online
vigilance as well as communication load and media multitasking are direct predictors of
perceived stress (H1, H2, H4). Detailed results are presented in Table 1. Confirming Hla,
within-person differences in salience predicted stress (b =0.14, p=.001). Interestingly,
the differences in salience between persons also had a considerable effect on stress
(b =0.60, p=.001). On the other hand, neither within-person differences in reactibility
nor monitoring were significantly related to stress, which leads us to reject Hlb and
Hlc. While within-person variations of communication load positively predicted stress
(b=0.05, p=.021), confirming H2, no significant relationship was found for media mul-
titasking and stress on the within-person level, rejecting H4. The predictive power of the
model was low at the situational level with 4% of explained variance in situational stress.
At the person level, the model explained 35% of variance in situational stress.

Multiple 1-1-1 mediation models were specified to test if the within-person relation-
ships between the online vigilance dimensions and stress are mediated by communication
load (H3) and media multitasking (H5) (see Table 2). Within-person variation in commu-
nication load mediated the relationship between salience and stress (average causal
mediation effect [ACME] = .01, p =.018), while the average direct effect (ADE =.14,
p < .001) and total effect (TE=.15, p < .001) remained significant. The relationship
between reactibility and stress was mediated by within-person differences in communi-
cation load (ACME =.00, p =.034), with insignificant direct and total effects. The medi-
ation effect, however, is notably small. Finally, within-person differences in
communication load mediated the relationship between monitoring and stress (ACME
=.01, p=.023). While the direct effect rendered insignificant, the total effect was signifi-
cant (TE=.06, p=.029). In sum, H3 is confirmed. No indirect effects were found for
within-person variation of the mediator media multitasking, rejecting H5 (also see
Figure 1).

Next, an interaction model tested if the relationships proposed in H1, H2, and H4 are
moderated by goal conflict (H6) and autonomy need dissatisfaction (H7) (see Model 2 in
Table 1). The analysis revealed no within-person interaction, but a between-person inter-
action between goal conflict and salience (b =0.40, p =.016). Between goal conflict and
reactibility a within-person interaction emerged in predicting stress (b =0.06, p=.001),
but no within-person interaction effect was identified between goal conflict and monitor-
ing. Therefore, H6a is partially confirmed. No within-person interactions were found
between goal conflict and communication load nor media multitasking, rejecting Hob
and H6c. Confirming H7c, results demonstrated a significant moderating effect of within-
person differences in autonomy need dissatisfaction on the relationship between media



Mobile Media & Communication | 1(3)

446

(panunuo))

[s00 ‘100-]1 +IT €00 TOO 200 UIYIAA
[izo‘11ro-1 619 00 800 S00 usamiag
any x Auqnoeay
[900 ¥00-1 €6 100 €00 100 UIYIAA
600 ‘150-]1 LTT TI'0— SI'0 0TO— usamiag
any x adudlfes
[bz'o ‘¥1'0] 1000 810 €00 610 UIYIAA
[9¢0 ‘5001 ser 0 010 910 usamiag
1J|juod [e0H)
[¥1°0 ‘co'0] 800° 00 €00 800 UIYIAA
[ozo‘L1r0l w00 LTO €10 #¥0 usamiag
uonoeyspessip pasu Awouoiny
[+00 ‘2001 885 100— €00 200— [80°0°‘c00-] #¥6T T00 €00 €00 UIYIAA
[Iro‘szo-1 +u 00— 010 600— [9Z0°SI'0-] 148 €00 110 900 usamIag
Supjseaninw eipsy
[zo0 zo0-]1 +1e oo €00 zoo [oro‘r00l 1200 SO0 €00 SO0 UIYUAA
[zo0 zzo-1 951" 800— 900 600— [I10°TI0-] 69 000— 900 000~ usaMISg
peo| uonesjunwwo)
[c00 ‘6001 €s€° €00— €00 €00— [110°100-] #60° 00 €00 SO0 UIYUAA
[sro‘6zo-]1 1e5 00— 110 £00— [610°220-1 ¥8L TO0— TI'O €00— usaMISg
Sulionuoly
[900 ‘zo00-1 69T €00 o0 200 [z00°‘100-]1 #TI° 00 TOO €00 UIYIAA
[zo0‘810-]1 /8y +00— 900 $00— [81'0°800-] 66+ +00 900 SO0 usaMISg
Agnoesy
[s10o‘10'0] zvo© 900 +00 800 [oz0o°‘co0l 1000 010 €00 IO UIYIAA
[pso‘s00-1 8z 110 910 10 [06'0°z€0]l 1000 00 SI'0 090 usaMISg
wucw__mm
Lirre‘ee1]l 100> - 910 ¢sz [ooeb91] 100> - 810 +v7 [s9T‘osed 100> - 800 £ST 3dedusy|
$3JJ3)° poxi4

1D %S6 d il EN q 1D %56 d el EN q 1D %56 d g s 9

T IPPOW | [PPOW 0 I2POW

'ssa.1s paAl@daad Bunoipaud suoissaudau [pAS|NINLY *| d|qeL



447

Gilbert et al.

(panunuop)

[£zo‘s€0-1 1¥9 100— £I'0 800— [84°0°,T0-] .89 €00 0TO 800 (orewsay) apuasy
[€00 ‘co0-]1 8¥6 000 100 000— [200‘b00-] €0¥ +00— 100 100~ (ows) a8y
S9|qelJeA [0.nu0D)

[000 ‘£00-]1 €90 S00— 00 ¥00— UIYIAA
[£zo‘9z0-1 S16 000 €10 TO0 usaMISg
DD X 8upjsean|nu eIpajy

[zo0 ‘so0-1 09 T00— 00 100— UIIAA
[80°0 ‘9T0-1 89¢ £00— 600 60°0— usaMISg
D9 X PeO| uonesunwwoD)

[000‘£00-]1 080" S00— TO0 €00— UIYIAA
[100-'9¢0-1 +20° TI'0— 600 81'0— usamiag
29 X 8ulioyuoly

[800 ‘co'0] 100° 010 100 900 UIYIAA
[erro‘11ro-1 g6 100 900 100 usamiag
D9 X Aljignoeay

[zoo‘100-1 981" 00 200 €00 UIYIAA
[89'0 ‘z1'0l 9100 TC0 +I'0 OFO usamiag
DD X 3dudl[es

[60°0 ‘10'0] 6£0° SO0 200 SO0 UIYIAA
[ov0‘cl0-1 ¥ze 800 SI0 910 usaMISg
any X Supjseanjnw eipaly

[¥00 ‘c00-]1 078 100 700 000 UIIAA
[zo‘100-1 cTI© €10 £L00 €10 usaMISg
dNV X peo| uoniesjunwwo)

[€00 ‘900-1 005 T00— 200 100— UIIAA
[€10‘0€0-]1 8 S00- 110 800~ usamiag
any X urioyuol
1D %56 d g 3 q 1D %56 d g 3 q 1D %56 d g s g
T IPPOW | 1PPOW 0 1PPOW

(penunuod) | ajqeL



Mobile Media & Communication | 1(3)

448

"(2107) 4avjs0g pue ssapliug 03 Sulp.1odde pajewnsa auam (.Y opnasd)

saduelieA paure|dx] ‘paddeuisiooq Jou aue sanfeA-d padjJel, (WD) 7 [9A9] 38 padnpo.auia. ueaw dnoud yam {(9md) paasiuad uesw-dnous sue siooipaud | [pAs) ‘(ows) padsiusd
ueaw-pues3 a.e s1012ipaud 7 [9A9T "POOYI[D3]I| WINWIXEW AQ PIIBWINSD 9J9M SIUDIDIJO0D JBaUl| PaXI{ JUSID190D UONE[RJI0D SSB|IB.NUI = D)D) (UOLISIID UONBWLIOUI IeY
=D)|V {[BAIS1UI 2DUSPYUOD = | DWII US.IDS duoydisewss = | §§ 214U [e08 = H5) ‘UONIEYSIIESSIP PIaU AWOUOCINE = (JY "SUONBAISSGO /74| = U ‘ssuedidnued £7| =u "sajoN

45 yO° (17) ¥ opnasq
9 e (27 o opnasd
100> 100> d
8¢ 1 Ja
910 (440 0€0 o]
£19°6£€T— SSI61¥T— 656'895T— pooyje>yi|-3o|
STT6L9Y 60£°8€8Y 816'LE6Y sdueIARQg
STT19LY 60€°TL8Y 816°€h6¥ oV
31}-JO-SS2Upo0DH)
970 S¥0 690 002
Wl ¥S'l 9l 4
$329)j3 wiopuey
[z1r0z00-1 961" 900 Ss00 £00 [TI0°‘110-]1 9v6 000 900 000 (w8) 15
oLV S90 0£0 159 6L0 9£0 (43y20) Jopus
1D %56 d d s q 1D %56 d d EN q 1D %56 g I 9
T IPPOW | IPPOW 0 PO

(penunuod) | aiqeL



449

Gilbert et al.

"SUOIIB|NWIS OJeD) SIUO|| 000 WO} S|BAISIUI 9DUSPIUOD UBISOARG-ISEND) YIIM
POUIWLISIBP SaN[eA-d UBISN|D UIYIIM PUSIUSD SISM SJOIBIPSW PUE SIOIDIPA.y 3994 €303 = J| 10943 193.1p 95e9AE = J(JV 39943 UOHEIPaW [esned SFeUdAe = J DY “SAI0N

[z1°0 ‘10°0] S20° 90" (1170 ‘000] ovo’ 90" [100 ‘000-] ¥91° 10 Suriouopy

[80°0 ‘00°0-] £90° ) [£00°000-] 680° €0’ [100 ‘000-] 061 00 Ajiqnoeay

[zz°0 ‘s0°0] 100°> SI° [izoo ‘ool 100> Sl [100 ‘000-] 061 10 ERIIETIN
M:.Emcu.E:E DIpa|y P

[z1°0 ‘10°0] 620° 90" 110 ‘000-] 090’ SO [z00 ‘00°0] £20° 10 Suriouoly

[80°0 ‘0070-] 610° ) [80°0 ‘00°0-] 901" €0’ [100 ‘0070l veo: 00 Apgnoesy

[zz'0 ‘60°0] 100°> SI’ [izo ‘2oo] 100°> vl [z00 ‘00°0] 810’ 10 CRITEYI 1N
pDO| uonbiiunwwo?) “pajA/

1D %S6 d 1D %56 d 1D %56 d
Il aav AWDV

'ssa.aas paAlRd.ad Sunoipaud sisA[eue uonelpaw [9A3|INLY T dlqeL



450 Mobile Media & Communication | 1(3)

multitasking and stress (b =0.05, p=.039), notably while there was no main effect of
media multitasking on stress found in Model 1. As no within-person interaction effects
were found between autonomy need dissatisfaction and neither the online vigilance
dimensions nor communication load, H7a and H7b are rejected (visualizations of the
interaction effects are available in the OSF). The interaction model explained 12% of
variance in situational stress on the situation level and 62% of variance in situational
stress on the person level.

Discussion

The central aims of the present study were (a) to replicate findings of previous studies that
focused on between-person predictors of digital stress with an in-situ research design
addressing the within-person dynamics of digital stress and (b) to provide a theoretical
and empirical extension of previous research by accounting for the conditional nature
of digital stress effects through the introduction of two central situational boundary con-
ditions (i.e., goal conflict and autonomy need dissatisfaction) identified in the mobile
connectivity paradox (Vanden Abeele, 2021) and the IM3UNE model (Schneider
etal., 2022).

We first turn to our goal of replicating between-person effects found in previous
digital stress research on the within-person level. Our results demonstrate a small within-
person link between the salience dimension of online vigilance and stress, both directly
and indirectly via communication load. Besides the influence of within-person variation
in salience on stress, we also observed a moderate-size relationship of between-person
differences in salience and situational stress. These findings indicate that individuals
with higher levels of salience experience more stress, but also that in situations in
which smartphone users experience more salience, their stress levels increase.
Within-person variations in the other two dimensions of online vigilance, reactibility
and monitoring, did not directly predict stress, but did so indirectly via communication
load. This pattern of within-person results is in line with previous research identifying
both salience (Freytag et al., 2021) as well as communication load (Reinecke et al.,
2017; Thomée et al., 2011; Weinstein & Selman, 2016) as predictors of stress on the
between-person level. It stands in contrast, however, with recent evidence that found
no support for communication load as a predictor of stress (Freytag et al., 2021).

An additional discrepancy to past findings emerged with regard to media multitasking,
which past research identified as a predictor of stress (Mark et al., 2014; Reinecke et al.,
2017; Wetherell & Carter, 2014). We, however, found neither direct nor indirect effects
of/via media multitasking on stress. Only in interaction with autonomy need dissatisfac-
tion, it had a small within-person influence on stress. An explanation for the comparably
weak role of media multitasking may lie in its narrow operationalization in the present
study as the simultaneous engagement with smartphone use and another media activity.
This differs from past operationalizations that include non-media secondary activities
such as work or study that often conflict with media use (Reinecke & Hofmann,
2016). With a more inclusive operationalization of media multitasking, effects on
stress and interactions with goal conflict and autonomy need dissatisfaction might have
been more pronounced. Alternatively, emotional gratifications obtained from media
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multitasking could have alleviated smartphone-induced stress (Baumgartner &
Wiradhany, 2021; Wang & Tchernev, 2012).

Overall, though, our findings replicate central patterns identified in previous digital
stress research on the within-person level. Our study thus contributes to digital stress
research by demonstrating that both within-person fluctuation in cognitive and motiv-
ational engagement with mobile digital communication (i.e., online vigilance) as well
as more overt smartphone use behavior (e.g., communication load) are associated with
increased situational stress. However, important questions concerning the processes
underlying digital stress remain unanswered: the direct and especially the indirect
effects found in the present study were small and their practical relevance for stress
experience in daily life needs further exploration. Furthermore, the fact that only the sali-
ence dimension of online vigilance was directly related to stress is in line with previous
research (Freytag et al., 2021; Johannes et al., 2020; Johannes et al., 2018), yet raises
important questions pertaining to how salience and the other online vigilance dimensions
relate to each other on both trait and state levels. Based on the available evidence, a hier-
archy among the dimensions could be conceivable, in which salience might form the core
of the online vigilance mindset, while reactibility and monitoring might represent motiv-
ational sub-manifestations of the cognitive preoccupation with online interactions. The
situational interplay of the three dimensions of online vigilance thus remains an open
question for future research.

Regarding our second central goal, our findings provide important theoretical and
empirical extensions to the digital stress literature by demonstrating the importance of
situational boundary conditions for the emergence of digital stress. By theoretically inte-
grating the mobile connectivity paradox (Vanden Abeele, 2021) and the IM3UNE model
(Schneider et al., 2022)—two recent models emphasizing the conditional nature of the
effects of mobile digital communication on psychological well-being—we introduced
goal conflict and autonomy need dissatisfaction as situational moderators of the effects
of online vigilance and smartphone use behavior on stress. Both variables emerged as sig-
nificant within-person moderators in our analyses. Autonomy need dissatisfaction
showed a small interaction with media multitasking in predicting stress. Additionally,
the appraisal of a conflict between smartphone use and other goals made the cognitive
preoccupation with online interactions (salience) on the between-person level as well
as the attentiveness towards them (reactibility) on the within-person level more stressful
to users.

We believe that the introduction of goal conflict and autonomy need dissatisfaction as
situational boundary conditions of digital stress makes a number of contributions. First, it
provides us with a larger understanding of the situational dynamics involved in the emer-
gence of digital stress and extends the amount of explained variance in stress experience.
While the main effects model explained 4% of level-1 variance in situational stress, mir-
roring past findings (Freytag et al., 2021), the interaction model was able to explain 12%
of level-1 variance in situational stress. On level 2, the addition of the moderating factors
increased explanatory power from 35% to 62% of explained variance in situational stress.

Besides this contribution, our findings have important theoretical implications. First,
they manifest the conditional nature of digital stress effects and underline the need to
further explore boundary conditions of digital stress. We believe that a conditional
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approach will considerably extend our understanding of why mobile digital communica-
tion is associated with stress in some situations and populations, but not in others, and
may help to integrate and resolve the partly ambivalent findings of previous research.

With regard to the more global relationship between mobile digital communication
and psychological well-being beyond digital stress, our findings lend support to the
basic assumptions of the mobile connectivity paradox (Vanden Abeele, 2021) and the
IM3UNE model (Schneider et al., 2022). Both perspectives underline the temporal vari-
ability of the connection between mobile digital communication and well-being and the
central importance of accounting for boundary conditions of potential effects.

Finally, our results have practical implications for digital stress reduction. Given that
online vigilance and communication load foster stress, a conscious management of flows
of online communication seems important; for example, by reducing smartphone notifi-
cations or e-mail checking—strategies which can decrease stress both in work and private
contexts (Fitz et al., 2019; Kushlev & Dunn, 2015). Furthermore, conflicts between
digital media use and other goals as well as situations that frustrate users’ need for auton-
omy should be prevented, as those contribute to stress. In the work context this could be
implemented, for instance, in the form of designated smartphone breaks, reducing the
interference of smartphone use with other tasks and providing autonomy over one’s
media use.

Nevertheless, relevant questions pertaining to the contingencies of smartphone
use and stress deserve further investigation. In the present study, the two proposed
moderators only showed small interaction effects with two predictors of stress on the
within-person level. Furthermore, both proposed moderators showed significant direct
relationships with stress (see Table 1) that were not accounted for in our hypothesized
model. It could thus be argued that instead of or in addition to acting as moderators,
goal conflict and autonomy need satisfaction may mediate the effects of online vigilance
and smartphone use behavior on stress. Such mediation effects appear plausible as online
vigilance, communication load, and media multitasking can be associated with decreased
levels of autonomy and an increased risk for goal conflict (Reinecke, 2018; Schneider
et al., 2022). Exploratory analyses revealed that goal conflict and autonomy need dissat-
isfaction mediate most relationships between the postulated predictors and stress (see
OSF for detailed results). We believe that rather than calling the theoretical rationale
for our moderation hypotheses into question, our findings underline the need for a
better understanding of the key factors contributing to the within-person dynamics of
digital well-being in various situations. To assess whether and how goal conflict and
autonomy need dissatisfaction affect digital stress, studies with an even more granular
temporal level, or experimental studies are needed that are able to clearly delineate the
various roles these concepts play in eliciting digital stress.

Despite these insights, the present study faces some limitations. First, the constructs
were measured with single items which can potentially decrease measurement validity
and reliability. However, it represents an inherent necessity of experience sampling meth-
odology to reduce response burden on participants. This can be partly compensated by
statistical power stemming from high numbers of observations (see OSF for additional
validity and reliability checks). More generally, self-report measures of media use
quantity show considerable discrepancies to log-based measures (Parry et al., 2021).
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While recall biases are likely to be reduced by the experience sampling methodology
(Lucas et al., 2021), future studies in the context of digital stress might nevertheless
benefit from the use of logging technology. Second, while the overall number of obser-
vations of smartphone use was high (n=1,427), some participants provided only few
observations (M =17.72, SD=7.97, range =1-28 out of 30 surveys). Part of these
missing values were related to software problems encountered with the ESM app (see
Methods section). It is also possible, though, that some observations are missing system-
atically. For example, in situations in which participants felt stressed by their smartphone,
they might have left survey prompts unanswered. This reduces the number of data points
and potentially introduces bias to the observation of stress. A last limitation refers to caus-
ality and directionality of effects. While we conceptualized online vigilance, communi-
cation load, and media multitasking as predictors of stress, the opposite direction of
effects with changed levels of smartphone use and online vigilance representing out-
comes of situational attempts to cope with stress appears similarly plausible (Wolfers
et al., 2020). To further explore causality, we inspected the lagged effects of our predictor
variables on stress at the following prompt (hypothesized direction) and vice versa (non-
hypothesized direction). Results demonstrate no significant lagged effects (see OSF for
detailed results). However, our study design was not ideally suited for lagged analyses
as lags between prompts varied in length, and digital stress effects may be too fleeting
to be detected by the time lags applied in the present study. Testing the direction of
effects and the presence of reciprocal effects between online vigilance, smartphone
use, and stress thus remains an important task for future research.

Conclusion

Extending the previous focus on between-person associations, the present study applied a
situational approach to demonstrate that within-person fluctuations in cognitive and
motivational engagement with mobile digital communication (i.e., online vigilance) as
well as more overt smartphone usage behavior (e.g., communication load and media mul-
titasking) are associated with increases in perceived stress. We further elucidated the con-
ditional nature of digital stress by introducing goal conflict and autonomy need
dissatisfaction as two central situational boundary conditions to digital stress research.
Our findings lend support to the basic assumptions of the mobile connectivity paradox
(Vanden Abeele, 2021) and the IM3UNE model (Schneider et al., 2022), gathering rele-
vant insights into stress as a negative outcome of mobile digital communication in every-
day life.
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Notes

1. As the field phase fell into the period of the COVID-19 pandemic, we assessed several
COVID-19-related control variables including perceived COVID-19-induced stress. An analysis
of these variables does not provide evidence for any significant bias introduced by the pandemic
on the central findings of our study. See all related measures and analyses in the OSF.

2. As the focus of the present paper is on the situational predictors and boundary conditions of
digital stress, only state level variables are reported below and included for analyses.
However, all constructs were also assessed at the trait level in the intake survey. Trait-level mea-
sures, data, and analyses are available in the OSF.
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