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ABSTRACT
Studies investigating the stressor–strain relation using daily diary
designs have been interested in within-person deviations that
predict well-being outcomes on the same day. These models
typically have not accounted for the possibility of short-term
accumulation (i.e. previous stressor experiences having a lasting
effect and affecting strain on subsequent occasions) and

¶
sensitisation (i.e. previous stressor experiences amplifying
subsequent reactions to stressors) effects of stressors such as
workload across days. In this study, we test the immediate,
accumulation, and

¶
sensitisation effects of workload on fatigue

within and across days using four diary studies (mean
observations = 1,406; mean N = 166). In all four studies, we
observed that workload had positive concurrent effects on
fatigue. In addition, we found that workload had positive effects
on fatigue within one day. However, there was insufficient
support for short-term accumulation or

¶
sensitisation effects,

implying that higher levels of workload on previous days did not
directly affect or amplify the effect of workload on fatigue within
one day. We discuss implications for recovery theories and
potential future avenues to refine the theoretical propositions
that describe intra-individual stress and recovery processes across
days.
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Employee well-being is an important antecedent of work performance and has significant
implications for individual,

¶
organisational, and societal functioning (Wright & Cropan-

zano, 2000). An increasing number of studies have used diary designs to investigate the
temporal dynamics of stress processes and employee well-being (Podsakoff et al., 2019).
Typically, such studies have been interested in how within-person fluctuations of stres-
sors predict strain outcomes on the same day, offering explanations as to when and why
well-being deviates from its usual level. An underlying assumption of this approach is
that repeated experience of these deviations may alter well-being over time; conse-
quently, daily diary studies can provide information on the mechanisms that potentially
lead to long-term changes in well-being. Therefore, testing for the possibility of events
having a lingering effect and affecting employee well-being across days may provide
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insights that could be crucial to understanding how daily fluctuations manifest into well-
being impairments over time.

There are two theoretical perspectives on how the stressor–strain relation may evolve
over short time periods. Some theories such as the initial impact model (Frese & Zapf,
1988) assume that employees immediately react to stressors with heightened levels of
strain. As soon as the stressor is removed, strain levels and activation return to their
base level (McEwen, 1998). These models imply that there are concurrent positive
relationships between job stressors and strain, but not necessarily lagged relationships
(e.g. from previous day’s job stressors to current strain). Other theoretical positions
assume that exposure to stressors may accumulate over time. For example, Meijman
and Mulder (1998) assumed that exposure to high workload leads to insufficient time
to recover which may increase the intensity of subsequent load reactions. This implies
that we may observe lagged relationships between job stressors and strain (accumu-
lation), but more importantly, that the exposure to job stressors on previous days may
amplify the reaction to job stressors (

¶
sensitisation). In this paper, we compare these

different temporal models of how the stressor–strain relation may evolve within and
across days. To test the relevance of the different theoretical propositions, we use four
daily diary studies to assess a prototypical stressor (workload) and strain outcome
(fatigue; see Figure 1).

Our research makes both theoretical and methodological contributions to the stress
and recovery literature. By comparing different perspectives on how job stressors
affect employees’ well-being within and across days, we respond to the call to pay
more attention to temporal issues in order to extend our knowledge of the temporal
dynamic of the stressor–strain relation (Sonnentag, 2012; Sonnentag et al., 2017). Pre-
vious stress research using diary study designs has mainly focused on immediate
effects or effects within one day, offering valuable insights into the linkages between
daily work experiences and well-being fluctuations (Ilies, Aw, et al., 2015). In this
study, we test two alternative models – namely, accumulation and

¶
sensitisation models

(Frese & Zapf, 1988; Meijman & Mulder, 1998) – that have been developed to explain
intra-individual processes within and across days. These models serve to temporally
expand the investigation of the dynamic interplay between work experiences and well-

Figure 1. Theoretical model on the proposed relations between workload and fatigue within and
across days.
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being across days in the hopes of offering explanations as to why daily stressors not only
affect employees’ health in the short run, but may also trigger a loss spiral leading to
health impairments in the long run. To increase the generalizability, reliability, and
hence confidence in our conclusions, we have cross-validated our findings using four
samples.

Workload and fatigue

Prominent frameworks, such as the effort-recovery model (Meijman & Mulder, 1998),
the job demands-resources model (Demerouti et al., 2001), and the conservation of
resources theory (Hobfoll, 1989), postulate that stressors such as workload require phys-
ical and psychological resources because employees need to invest energy and effort to
deal with the stressors. These investments leave employees feeling drained and lacking
energy. Research has shown support for this assumption across various studies for mul-
tiple stressors (for meta-analytic results of between

¶
– and within-person effects; see

Pindek et al., 2019).
One of the stressors employees report being exposed to most frequently is workload

(Bowling et al., 2015), which is described as “having high amounts of work, having to
work fast, and working under time pressure” (Ilies, Huth, et al., 2015, p. 2). Previous
daily diary studies have demonstrated that workload varies substantially across
working days and that high workload is negatively related to employee affective (e.g. dis-
tress), cognitive (e.g. detachment), and physiological (e.g. blood pressure) reactions
(Baethge et al., 2018; Ilies et al., 2010; Teuchmann et al., 1999; Zohar et al., 2003). Theor-
etically and empirically, fatigue is a relevant outcome of workload. Work fatigue refers to
the drainage of resources, which leads to tiredness, reduced functional capacity, and the
feeling of a need to recover at the end of the workday (Frone & Tidwell, 2015; Ilies, Huth,
et al., 2015; Sonnentag & Zijlstra, 2006). It is a central component in models of employee
well-being and health (e.g. Demerouti et al., 2001) and has shown considerable variation
within and across workdays (Cranford et al., 2006; Hülsheger, 2016; Ilies, Huth, et al.,
2015). As such, fatigue offers a mechanism between job stressors and well-being.

However, there is a lack of understanding of the temporal pattern of the relationship
between workload and fatigue. It has been argued that employees are confronted not only
with present stressors, but also with residual stress from past stressors. Hence, the effects
of workload may differ depending on frequency and exposure time (McGrath & Beehr,
1990). Considering the temporal pattern of workload, in the following sections, we

¶
the-

orise on immediate, accumulation, and
¶
sensitisation effects.

Temporal pattern of workload – fatigue within one day

A key assumption is that daily stressors have an immediate effect on employees’ function-
ing on the day they occur. For example, the initial impact model (Frese & Zapf, 1988;
Garst et al., 2000) proposes that stressors have an immediate effect on strain. According
to this model, strain increases with increasing stressors because one must also invest
resources to cope with the stressors. This model is especially relevant to diary research
in which stressors and strains are measured on the same day. For example, daily diary
studies report effects from workload experienced during the workday on strain outcomes
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such as distress, fatigue, and blood pressure the same day (e.g. Baethge & Rigotti, 2013;
Ilies et al., 2010; Smit & Barber, 2016). We, therefore, propose the following hypothesis:

Hypothesis 1. In line with the initial impact model, workload has a positive effect on fatigue
within the same day.

Temporal pattern of workload – fatigue across days

To understand long-term adaptation, the lack thereof, and the consequences for well-
being, researchers have investigated daily stressors and strains, hoping to find mechan-
isms that explain how daily stressors and strain reactions accumulate and turn into
chronic stressors and strain reactions (Almeida, 2005; Lazarus & Folkman, 1984). One
assumption is that stressors not only have an effect on the day they were experienced,
but also carry forward and have an effect across days. Hence, fatigue on one day may
be affected not only by experiences on that day, but also by previous experiences and
exposures to workload. This theoretical position is captured in accumulation and

¶
sensit-

isation models (Frese & Zapf, 1988; Gump & Matthews, 1999; Wickham & Knee, 2013).
These models propose that previous experiences of stressors may have a direct (accumu-
lation) or moderating (

¶
sensitisation) effect on strain.

The effect of exposure to workload on previous days may linger and accumulate across
days, capturing the idea that experiences can have immediate effects but that those effects
can also carry forward. Accumulation across multiple days may occur due to the lack of
recovery after exposure to the stressor; in effect, the resources depleted due to job stres-
sors were not fully restored (Sonnentag & Fritz, 2015). Reduced opportunities to recover
may occur because employees facing high workload work harder and longer, which in
turn impairs their ability to recover outside of work (Baethge et al., 2019). Hence, not
only single occurrences of stressors may have an impact on employees, their temporal
spacing may also play a role if components of the stress process start to overlap
(exposure, reaction, recovery; Schilling et al., 2022). As a consequence, the impact of a
job stressor increases over time, and even after the stressor is reduced or no longer
present, strain remains heightened (Dormann & van de Ven, 2014); hence the stressor,
and reactions to it, start to accumulate and pile up.

Previous research has demonstrated accumulation effects at the between-person level
or over long time periods such as five or ten years (e.g. Garst et al., 2000; Igic et al., 2017).
Some daily diary studies have explored the effects of exposure to various life stressors and
found accumulation effects over one week and within one day (Schilling & Diehl, 2014;
Schilling et al., 2022). Unfortunately, these studies cannot shed light on whether the
accumulation is driven by accumulation across different life domains (i.e. work and
private stressors) or the temporal spacing of stressors. Within the work domain, we
are not aware of any study investigating such effects; however, some studies found
that job stressors can reach across days. For example, Nicholson and Griffin (2015)
showed negative effects of incivility on end-of-day well-being and next-day recovery
levels, and Park and Kim (2019) reported negative effects of customer mistreatment
on next-morning recovery.

According to accumulation models, effects of previous experiences of workload may
persist across days even if workload on that day is lower (Dormann & van de Ven, 2014;
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Frese & Zapf, 1988). To test these effects, we create a pile-up index variable of workload,
capturing workload experiences prior in the work week, to predict fatigue over and above
workload experienced on the same day.

Hypothesis 2. In line with accumulation models, pile-up of workload has a positive effect on
fatigue over and above workload on that day.

Besides the lingering direct effect of workload, continued exposure may make employees
more vulnerable to future workload – a process called

¶
sensitisation.

¶
Sensitisation refers to

the extent to which previous experiences change individuals’ reactions to subsequent
experiences, specifically increasing their sensitivity to stressors (e.g. Harkness et al.,
2015; Wickham & Knee, 2013). The term

¶
sensitisation was coined by research on psycho-

pathology, which showed that, for example, increasingly mild stressors can maintain an
affective disorder compared to the initial trigger that was required for the first episode
(Harkness et al., 2015; Monroe & Harkness, 2005).

¶
Sensitisation refers to the phenomena

of heightened sensitivity or reactivity to stressors (Mroczek & Almeida, 2004). Theoreti-
cal arguments relating to

¶
sensitisation effects can also be found in other areas. For

example, in the effort-recovery model, Meijman and Mulder (1998) positioned workload
as a job stressor that requires effort to deal with. Notably, they also

¶
theorised that, when

faced with insufficient opportunities for recovery, employees who are already in a sub-
optimal state need to invest additional effort to deal with sustained workload. This will
intensify the negative reaction to workload (i.e.

¶
sensitisation), making it even more

difficult to recover (Meijman & Mulder, 1998). Similarly, the conservation of resources
theory (COR; Hobfoll, 1989) notes that individuals need to invest additional effort to
recover from resource loss. Particularly relevant for the

¶
sensitisation effect, the theory

also proposes that an initial loss of resources, reflected in a state of fatigue, may lead
to future resource losses that make employees increasingly vulnerable.

To the best of our knowledge, research on the
¶
sensitisation effects of job stressors has

been scarce. In a study with accountants, Teuchmann et al. (1999) compared the effect of
a two-week period of high workload against regular workweeks. The authors compared
the amount of explained variance in affect and exhaustion across two path models and
concluded that job characteristics explained employee well-being better during the
period with sustained high workload. This finding lends indirect support for the prop-
osition that employees may become

¶
sensitised during a period of sustained high

workload.
Parallel to accumulation effects, we will test

¶
sensitisation effects using the workload

pile-up index.

Hypothesis 3. In line with sensitization models, workload pile-up moderates the positive
relationship between workload and fatigue within one day such that the relationship is
stronger at higher levels of workload pile-up.

Method

We investigated the hypotheses using four diary samples that followed the same pro-
cedure. We first administered a baseline questionnaire, which was followed by daily
assessments for two weeks (10 workdays). All four samples included participants with
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various occupational backgrounds (e.g. variety of industries, professions, and hierarchy
levels). For Sample 2, ethical approval was obtained from the local institution (code and
institution masked for peer-review) prior to data collection. For Sample 1, 3, and 4 no
institutional ethics committee was available at the time, however, the studies were con-
ducted in accordance with ethical guidelines and the Declaration of Helsinki.

Participants

Sample 1. Participants were recruited by students as a part of their Master’s thesis
research project (for a critical discussion on advantages and disadvantages of this pro-
cedure see Demerouti & Rispens, 2014). To be eligible for the study, participants were
required to work at least 21

¶
h per week (50% of full-time employment). The baseline

questionnaire was completed by 127 participants, who all also completed daily question-
naires. Participants were asked to fill in questionnaires three times a day: one in the
morning (not used for this study), one in the afternoon approximately 1.5

¶
h before the

end of work, and one at the end of the workday. On average, the participants completed
8.80 (SD = 1.64) afternoon questionnaires, and 9.67 (SD = 0.83) end-of-workday ques-
tionnaires. Participants were 35.6 years old (SD = 11.46), 45% were female, and
worked 38.6

¶
h per week (SD = 5.84).

Sample 2. Participants were recruited using a research panel company. To be eligible
for the study, participants were required to be fully employed. The baseline questionnaire
was completed by 312 participants, 272 of whom also completed daily questionnaires.
Participants were asked to fill in questionnaires twice a day: one in the early afternoon
and one at the end of the workday. On average, the participants completed 6.2 (SD =
3.65) afternoon questionnaires and 7.6 (SD = 3.05) end-of-workday questionnaires. Par-
ticipants were 46.5 years old (SD = 10.53), 47% were female, and worked 39.7

¶
h per week

(SD = 4.21).
Sample 3. As in Sample 1, students recruited participants working at least 21

¶
h per

week (50% of full-time employment). The baseline questionnaire was completed by
131 participants, who all completed daily questionnaires. Participants were asked to fill
in questionnaires three times a day: one in the morning (not used in this study), at the
end of the workday, and at bedtime (not used in this study). On average, the participants
completed 7.5 (SD = 2.28) end-of-workday questionnaires. Participants were 33.4 years
old (SD = 12.6), 64% were female, and worked 36.1

¶
h per week (SD = 7.05).

Sample 4. Participants were recruited through online newsletters and social media. In
addition, members of a study participant pool were contacted, and students recruited eli-
gible participants from their personal networks. To be eligible for the study, participants
were required to work at least 33

¶
h per week (80% of full-time employment). The baseline

questionnaire was completed by 150 participants, 146 of whom also completed daily
questionnaires. Participants were asked to fill in one questionnaire in the morning
(not used in this study), at the end of the workday, and at bedtime (not used in this
study). Participants were asked to continue taking the daily survey until they completed
the study (defined as having 10 days of data with at least two surveys filled in). On
average, the participants completed 9.3 (SD = 1.53) end-of-workday questionnaires. Par-
ticipants were 34 years old (SD = 9.7), 53% were female, and worked 40.4

¶
h per week (SD

= 5.3).
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Measures

Table 1 gives an overview of the measures used across the four studies, including
reliability estimates. As recommended, we report omegas for the daily measures
(Geldhof et al., 2014).

Daily workload. The studies used items originally developed by Semmer et al. (1995),
but adapted to the daily context. An example item is: “Today, a fast pace of work was
required.”

Daily fatigue. The four studies used three different measures to assess daily fatigue. A
sample item is: “This evening, to what extent do you feel mentally exhausted?” adjusted
from Frone and Tidwell (2015).

Analytical
¶
procedure

To test the within-person effects, we applied hierarchical linear modelling using Mplus 8
to account for the nested data structure (Muthén &Muthén, 1998–2017). Daily workload
was modelled as a predictor of fatigue at Level 1. To test the accumulation and

¶
sensitis-

ation effects of previous workload experiences, we created a workload pile-up index vari-
able. First, we person-mean cent

¶
red workload to remove between-person effects from the

index variable. Next, we created a weighted pile-up variable per workday (Schilling et al.,
2022). For that, we added up an employee’s workload from previous days until the
current day and weighted the previous workload measures according to their temporal
distance that has passed. The pile-up variable was calculated for week 1 and 2 separately
to account for the prolonged recovery time over the weekend. Hence, the workload that
was experienced earlier in the week contributes less to the pileup index than workload
experienced later in the week. Overall, the workload pile-up variable represents the indi-
vidual workload pile-up from what an employee is used to experience across the two

Table 1. Measures for the four studies.
Sample 1 Sample 2 Sample 3 Sample 4

Day-specific
workload
Source Semmer et al. (1995) Semmer et al. (1995) Semmer et al. (1995) Semmer et al. (1995)
Number of
items

3 3 3 3

Scaling 1 (not at all) to 5 (to a
very great extent)

1 (not at all) to 5 (to a
very great extent)

1 (not at all) to 5 (to a
very great extent)

1 (not at all) to 5 (to a
very great extent)

Measurement
occasion

Afternoon Afternoon End of work End of work

Reliability
(Omega)

.82 .86 .84 .85

Day-specific fatigue
Source Van Hooff et al. (2007) Frone and Tidwell

(2015)
Cranford et al. (2006) Cranford et al. (2006)

Number of
items

1 3 3 3

Scaling 1 (not at all fatigued) to
5 (extremely fatigued)

1 (not at all) to 5 (very
strongly)

1 (not at all) to 5 (very
much)

1 (not at all) to 5 (very
much)

Measurement
occasions

End of work End of work End of work End of work

Reliability
(Omega)

– .80 .86 .86
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work weeks we observed in our studies. Table 2 illustrates the calculation of the pile-up
variable for a fictitious example of an individual participant.

Daily workload was person-mean cent
¶
red. We ran a series of models to test for

within
¶
– and across-day effects of workload, modelling random slopes for the effects

of workload on fatigue. First, we estimated the effect of workload on fatigue within
one day (model 1). Second, we added the workload pile-up variable (model 2) to test
for the accumulation effect. Then, we added the interaction term between workload
and workload pile-up (model 3) to test for the

¶
sensitisation effect. We also ran a series

of alternative models (e.g. latent growth curve models). None of these alternatives led
to different conclusions regarding accumulation and

¶
sensitisation effects. The results

of these analyses are available from the authors upon request.
It is recommended to control for cyclical patterns in diary studies to avoid reporting

spurious relationships or failing to detect relationships (Beal & Ghandour, 2011; Gabriel
et al., 2019; Liu & West, 2016). To control for a variety of weekly cycles, we included
study day, sine, and cosine in all our models, modelled as fixed slopes (Liu &West, 2016).

Results

Table 3 shows the means and standard deviations of the study variables across the four
studies. We first estimated the amount of within-person variance for the Level 1 variables
by calculating ICC1s. Across all four studies, we found considerable within-person var-
iance for workload (ranging from .40 to .66, see Table 3) and fatigue (ranging from .34
to .68, see Table 3) at the day level, thus justifying the use ofmultilevel modelling (Rauden-
bush&Bryk, 2002). Across the four studies, there was no consistent weekly cycle identified
(see Table 3), implying that the weekly cycles in diary studies vary greatly between studies.

Table 4 provides the effects of workload on fatigue for the four studies. In all
four studies, workload was positively related to fatigue concurrently (S3 and 4) and
later in the day (S1 and 2). These results support the initial impact model as stated in
Hypothesis 1.

Considering the effects across days, we found no significant effect in any of the four
studies (model 2 in Table 3 for Samples 1

¶
–4). These findings do not support the accumu-

lation hypothesis over the workweek.
Finally, we tested

¶
sensitisation effects by adding the interaction term of workload pile-

up and current workload. Across the four studies, none of the interaction terms were sig-
nificant (model 3 in Table 4).

Table 2. Fictitious example of workload pile-up index across study observation period (2 weeks).
ID Day Week Workload Workload cent

¶
red Calculation pile-up index Workload pile-up index

1 Mon 1 4
¶
−0.5 n/a n/a

1 Tue 1 4
¶
−0.5 =(

¶
−.50*1)

¶
− 0.5

1 Wed 1 4
¶
−0.5 =(

¶
−.50*1) + (

¶
−.50*2)

¶
− 1.5

1 Thu 1 4.5 0 =(
¶
−.50*1) + (

¶
−.50*2) + (

¶
−.50*3)

¶
− 1.5

1 Fri 1 4.5 0 =(
¶
−.50*1) + (

¶
−.50*2) + (

¶
−.50*3) + (0*4)

¶
− 1.5

1 Mon 2 4.5 0 n/a n/a
1 Tue 2 4.5 0 =(0*1) 0
1 Wed 2 5 0.5 =(0*1) + (.50*2) 1
1 Thu 2 5 0.5 =(0*1) + (.50*2) + (.50*3) 2 .5
1 Fri 2 5 0.5 =(0*1) + (.50*2) + (.50*3) + (.50*4) 4 .5
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Discussion

With this study, we compared effects of workload within one day and across days to
understand how daily work experiences may have lasting effects on employees’ well-
being. Our results supported the initial impact model (Frese & Zapf, 1988), as we con-
sistently found concurrent positive relationships between workload and fatigue. Conver-
sely, the four samples did not support the assumption that workload has an effect across
days, at least not over the time periods we were able to test. In terms of accumulation, we
found no evidence that workload experienced on previous days had a direct effect on
fatigue. Similarly, we found no support for

¶
sensitisation effects, as workload pile-up

did not moderate the relationship between workload and fatigue within one day.
These results showcase that employees are able to recover overnight and are resilient

to short-term accumulation and
¶
sensitisation effects. Accordingly, sleep may play an even

more important role in the stressor–strain relation than assumed thus far, as the lagged
effect of workload on strain seems to vanish overnight. That being said, it is possible that
employees can withstand short-term accumulation and

¶
sensitisation effects related to

workload, but they may suffer from these effects if other factors are present as well.
For example, workload experienced on one day may alter the reaction to subsequent
workload if autonomy and social support are low. Although most studies have investi-
gated the effects of single job characteristics on employee well-being, considering the
concert of different stressors and resources may be particularly useful for investigating
how short-term fluctuations relate to well-being impairments over time.

We also controlled for weekly cycles in all four studies by using sine and cosine func-
tions, an approach that is considered useful for detecting and modelling a variety of
different weekly cycles (Gabriel et al., 2019; Liu & West, 2016). It is notable that across
the four studies, we found no consistent weekly pattern for daily measurement of
fatigue. This lack of consistency may imply that fatigue over the workweek fluctuates

Table 3. Means, standard deviations, and correlations for study variables.
M SDw SDb ICC 1 2 3

Sample 1
1. Workload 2.42 0.80 0.78 .49 – .17* .41*
2. Workload pile-up index 0.21 2.51 0.12 <.01

¶
−.09 – .11

3. Fatigue 2.63 0.80 0.58 .34 .19*
¶
−.02 –

Sample 2
1. Workload 2.27 0.66 0.92 .66 – .01 .55*
2. Workload pile-up index 0.06 2.05 0.09 <.01 .04 – <.01
3. Fatigue 2.43 0.62 0.91 .68 .09*

¶
−.01 –

Sample 3
1. Workload 2.24 0.84 0.80 .48 –

¶
−.09 .28*

2. Workload pile-up index 0.06 2.40 0.14 <.01
¶
−.08 –

¶
−.06

3. Fatigue 2.17 0.71 0.68 .48 .19*
¶
−.03 –

Sample 4
1. Workload 2.39 0.86 0.71 .40 – .07 .57*
2. Workload pile-up index

¶
−0.02 2.48 0.16 <.01 .04 – .02

3. Fatigue 2.42 0.77 0.74 .48 .28* .15* –

Notes: Correlations below the diagonal reflect the within-person associations of the constructs. Correlations above the
diagonal reflect the between-person associations of the aggregated measures. SDw = within-person standard deviation;
SDb = between-person standard deviation; ICC = intraclass correlation (proportion of the between-person variance
compared with the total variance).

*p < .05 (two-tailed testing). For clarity, no further differentiation between p-values below .05 is shown in this and sub-
sequent tables.
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Table 4.
¶
Unstandardised regression coefficients and standard errors predicting daily fatigue (samples 1

¶
–4).

Model 1: within day 2: accumulation across week 3:
¶
sensitisation across week

Est. SE Est. SE Est. SE

Day .01/.01/
¶
−.01/

¶
−.01 .04/.01/.07/.01 .01/.01/

¶
−.01/

¶
−.01 .01/.01/.01/.01 .01/.01/

¶
−.01/

¶
−.06 .01/.01/.01/.01

Sine .04/.06*/.03/
¶
−.01 .04/.03/.03/.03 .03/.06/.05/.01 .04/.03/.04/.04 .03/.05/

¶
−.05/.01 .04/.04/.05/.04

Cosine
¶
−.09*/.01/

¶
−.02/.06 .05/.03/.04/.03

¶
−.16*/

¶
−.03/

¶
−02/

¶
−.03 .08/.06/.07/.07

¶
−.16*/

¶
−.03/

¶
−.02/.

¶
−.03 .08/.06/.07/.07

Workload (WL) .18*/.08*/.15*/.24* .04/.03/.04/.03 .23*/.09*/.18*/.24* .05/.04/.05/.05 .23*/.09*/.18*/.24* .05/.04/.05/.05
WL pile-up .01/

¶
−.01/

¶
−.01/.04 .01/.01/.02/.01 .01/

¶
−.01/

¶
−.01/.04* .01/.01/.02/.01

Interactiona <.01/<.01/.02/.01 .04/.03/.02/.06
Residual variance L1 .34*/.34*/.46*/.48* .05/.03/.04/.04 .37*/.35*/.49*/.41* .06/.04/.06/.04 .37*/.34*/.49*/.41* .06/.04/.06/.04
Residual variance L2 .59*/.84*/.48*/.56* .04/.07/.07/.07 .54*/.82*/.48*/.59* .05/.09/.10/.08 .53*/.83*/.48*/.59* .06/.09/.10/.08
AIC 2787.9/3214.9/2203.9/3285.3 1908.0/2087.3/1507.5/1992.0 1913.7/2090.9/1511.4/1993.0
BIC 2832.9/3262.5/2247.4/3332.2 1963.3/2145.0/1560.3/2048.3 1982.8/2163.0/1577.4/2063.4

Note: Est. =
¶
unstandardised regression coefficient, SE = standard error, AIC = Akaike information criterion, BIC = Bayesian information criterion. a Interaction of current workload and workload

pile-up.
* p < .05 (two-tailed testing).
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considerably, possibly depending on other factors such as season or characteristics of the
sample.

Theoretical and
¶
methodological

¶
implications

While the lack of support for short-term accumulation and
¶
sensitisation effects is good

news for employees, speaking to their resilience, the findings also have implications
for

¶
theorising and study designs aimed at understanding the linkage between daily fluctu-

ations and long-term effects on well-being.
The findings of this study generally support the core assumptions of recovery models

and highlight once more the relevance of recovery processes in the stressor–strain
relation (Meijman & Mulder, 1998; Sonnentag et al., 2017). Although some research
has examined recovery activities and experiences, our findings may serve as a starting
point to inform the less considered question of the temporal dynamics of stressors
and recovery (Sonnentag et al., 2017), specifically in terms of the duration of the
strain effects of workload. Our findings consistently showed that workload has within-
day effects. Moving forward, it will be insightful to learn whether and how recovery pro-
cesses can make a difference in the onset, speed, and duration of these effects. Some
researchers have proposed that exposure to repeated stressors such as high workload
could also have positive effects on employees, for example, through learning, mastery
experiences, and development of self-efficacy (Gump & Matthews, 1999; Ilies, Aw,
et al., 2015; Meurs & Perrewé, 2011). Perhaps, employees who have established successful
recovery activities and routines may experience such positive learning and habituation
effects. Such a habituation effect would be indicated through an interaction term opposite
to the

¶
sensitisation effect (i.e. the experience of previous workload attenuates the relation-

ship between workload and fatigue within one day), which we did not observe across the
four studies.

For this study, we used an observation period of two work weeks, which allowed us to
consider pile-up up to four previous days for the within-person effects. However, this
timeframe may not have been sufficient to uncover previous experiences of workload car-
rying forward to the present day. Previous research has reported the effects of stressors on
next-day strain (e.g. Zhang et al., 2016), whereas others have failed to find such effects
(e.g. Demerouti & Cropanzano, 2017). These studies typically used previous-day or
next-morning assessments to test for lingering effects; however, effects on next morning’s
strain are still short-term and are only of limited use to explain the build-up of strain that
can eventually lead to well-being impairment. In conclusion, our findings imply that the
daily diary designs that many researchers have adopted are optimally suited to investigate
research questions focusing on short-term processes within one day. However, to under-
stand how these short-term experiences and mechanisms build up and develop over time,
researchers need to adopt more extensive research designs that go beyond the usual one
or two work weeks.

We believe that accumulation and
¶
sensitisation mechanisms should be further inves-

tigated, expanding the knowledge to other stressors and well-being. The lack of empirical
support for these mechanisms also necessitates the refinement and alternative expla-
nations of how intra

¶
– and inter-individual processes may be linked. Greater clarity on

these linkages would be important for understanding positive human development
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and would enable researchers to investigate predictors of fluctuations relevant to such
positive development (versus short-term fluctuations that do not hold any meaning
or relevance for long-term well-being). One potential avenue for refinement may
relate to the interplay between previous experiences and the anticipation of upcoming
experiences. Some researchers have argued that current strain experiences are affected
not only by past experiences, but also by the anticipation of future stressors (Kecklund
& Akerstedt, 2004; Rook & Zijlstra, 2006; van Eck et al., 1998). For example, Hülsheger
et al. (2014) investigated mean-level changes in recovery-related variables over the
work week, showing improvements in detachment and sleep over the course of the
week. These results indicated that employees may worry about job stressors at the
beginning of the week but become more relaxed as the week goes on. Neubauer
et al. (2018) proposed a more nuanced pattern by considering the interplay of stressor
presence, anticipation, and emotional reactions. In their study, stressor experience and
anticipation of a stressor had a negative effect on emotions; however, the anticipation
effect was stronger if participants had experienced a previous stressor. Similarly,
Casper and Sonnentag (2020) showed that anticipation of workload during time
outside of work was related to next-morning vigour and exhaustion over and above
experienced workload. These findings imply that the stressor–strain relationship may
be more complex, influenced by both past and future-oriented cognition and
processes.

Limitations and
¶
future

¶
research

¶
directions

This study used four samples using daily diary methodology to offer a systematic inves-
tigation of the relation between workload and fatigue within and across days. All four
studies exceeded the currently recommended number of observations needed to be
able to detect effects (Gabriel et al., 2019). However, the study also has some
shortcomings.

The four datasets were limited to the stressor–strain relation between workload and
fatigue. We chose workload as an indicator of a typical stressor many employees are
exposed to, but other stressors may be more likely to trigger accumulation and

¶
sensit-

isation processes over these short periods of time. The few previous studies investi-
gating accumulation effects across days reported the effects of social stressors on
fatigue and recovery-related indicators the next day (Nicholson & Griffin, 2015; Park
& Kim, 2019; Zhang et al., 2016). Although social stressors tend to occur less often,
they have strong effects on employees’ well-being (Bowling & Beehr, 2006). Further-
more, social stressors are particularly likely to trigger ruminative thoughts that
hinder the recovery process and can have lingering effects on mood across days
(Wang et al., 2013). It is possible that stressors that elicit more intense strain reactions
could lead to accumulation and

¶
sensitisation effects. We therefore encourage future

research to investigate whether these short-term developments depend on the type
and intensity of the stressor.

Related, we focused our investigation of the effects of workload pile-up, however,
future research may also focus on strain reactions. Theoretically, accumulation and

¶
sen-

sitisation effects may occur when components of the stress process start to overlap.
Hence, the accumulation of strain (e.g. fatigue) might amplify future reactions to stressor
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exposure (i.e.
¶
sensitise). In addition, systematic research is needed to investigate the

potential moderating effects of chronic stressors. In additional analyses (available upon
request), we did not find a

¶
sensitisation effect of chronic workload (measured in the base-

line survey), previous research has found support for this assumption. For example, in a
recent diary study, employees with high chronic

¶
organisational constraints – but not

workload – reacted more strongly to daily fluctuations in incivility than employees
with low chronic constraints (Zhou et al., 2015).

All four studies ran for ten working days only, and it is possible that the accumulation
and

¶
sensitisation effects of workload require more time. We therefore recommend that

researchers design studies to cover an extended time span (e.g. two months), which
would allow them to test for these effects over longer time periods. More recently, scho-
lars have started to collect daily data over a three-week period (e.g. Lennard et al., 2019).
However, due to the high burden for participants, we believe that daily measures over an
even longer time period are not very feasible. Therefore, to examine longer time periods,
scholars could opt for repeated weekly (instead of daily) measures of stressors and strain
(e.g. Totterdell et al., 2006). In addition, so-called measurement burst designs could be
promising for future studies on the accumulation and

¶
sensitisation effects of work

stress. These study designs have been employed in the area of developmental psychology,
but to the best of our knowledge, have yet to be implemented in applied research (Nes-
selroade, 1991; Sliwinski, 2008; Stawski et al., 2016). A measurement burst study consists
of repeated bursts of intensive assessments over a longer time period (e.g. two-week
period of daily assessments three times, separated by a time lag of six months), which
enables researchers to study both short-term fluctuations and long-term changes.
More specifically, such a study design would allow researchers to examine both work-
stress-related changes in well-being (accumulation effects) and changes in reactivity to
daily stressors (

¶
sensitisation) across bursts.

Conclusion

Using four diary studies, we tested the theoretical assumptions of immediate impact,
accumulation, and

¶
sensitisation effects to investigate the temporal dynamics of workload

and fatigue. This study is the first to rigorously test if and how stressors reach across days.
We found support for the initial impact model, but not for the accumulation and

¶
sensit-

isation processes. Therefore, our results imply that employees manage to recover from
demanding work overnight. The study calls for a methodological extension of daily
diary designs to allow researchers to test longer time frames for potential accumulation
and

¶
sensitisation effects.
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