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Abstract

Purpose Accidents are more likely to occur during the morning hours of Mondays (Monday effect). This might be due to a
higher level of cognitive failure on Monday morning at work.

Methods In a pilot actigraphy study across one working week, we explored this Monday effect and regressed daily self-
reported workplace cognitive failure on weekdays (Monday versus other days), background social stressors at work, delayed
sleep onset and sleep duration. Diary data were gathered from 40 full-time employees.

Results Confirming our assumptions, results revealed work-related cognitive failure and sleep-onset latency on the previ-
ous night to be higher on Mondays compared to other workdays. Work-related cognitive failure correlated positively with
delayed sleep-onset latency and background social stressors. In multilevel regression analysis, Monday significantly explained
variations in workplace cognitive failure. The addition of background social stressors at work and sleep-onset latency to the
regression model showed unique contributions to the prediction of workplace cognitive failure. No significant two-way or
three-way interactions between working days, sleep-onset latency or sleep duration, and background social stressors were
found.

Conclusion Peak levels of cognitive failure on Monday morning and the association of cognitive failure with social stressors
at work contribute to understanding the mechanisms involved in the increased prevalence of occupational accidents on Mon-
day morning. Occupational safety interventions should address both social stressors at work and individual sleep hygiene.

Keywords Work stress - Sleep - Diary - Cognitive failure - Safety at work

1 Introduction

Safety at work varies across weekdays, and Mondays often
show peaks in work accident rates. Wigglesworth [1] ana-
lysed data from 750,000 compensation claims on occupa-
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Second, the effect appears to be stable over decades, despite
many changes in work tasks, working hours and the organi-
zational context, as shown, for example, by a comparison
of Swiss accident statistics for 1977 and 2017 [5, 7]. Third,
this effect seems to be independent of the overall risk of
occupational accidents, which has largely decreased over the
last 40 years due to efforts to prevent accidents and techno-
logical change. Finally, the Monday effect does not appear
to be specifically limited to working time, but also seems
to relate to non-work accidents [5]. Therefore, it is unlikely
that higher work demands on Monday morning (e.g. extra
procedures to start production after the weekend) cause the
Monday effect.

We suppose that the Monday effect also manifests itself in
cognitive performance. Compared to other days of the week,
Mondays, for example, have a higher risk of cell abnormali-
ties being overlooked by diagnostic raters [8] or of railway
controllers making mistakes [9]. Many errors at work occur
during routine task fulfillment and point to attentional slips
or loss of working memory contents [10]. Such workplace
cognitive failure has been consistently shown to be an ante-
cedent of near accidents during the commute to work and
back home [11, 12] and to predict minor injuries at work
[13], during sports after work [14] and domestic falls [15].
Hence, we hypothesised more frequent workplace cogni-
tive failure on Monday morning compared to the subsequent
working weekdays (Monday Effect; hypothesis 1 (H1)).
However, it has not yet been fully understood what might
trigger this cognitive failure on Monday. We contribute to
previous research on the Monday effect by looking in detail
at the association between objectively measured sleep and
self-reported social background at work on cognitive failure
within this diary study.

1.1 Monday Morning Blues and Sleep

We assume that poor night’s sleep and social work stressors
precede the Monday effect. Interestingly, one might consider
Monday morning to be a time when people are fresh and in
good mood after they have recovered from work demands
over the weekend. However, mood on Monday seems to
be lower than on other workdays (Blue Monday), and this
difference seems to be rather universal [16]. Lower mood
seems to go along with higher fatigue. Rook and Zijlstra [17]
reported that mean levels of fatigue were highest on Mon-
day and Tuesday and decreased towards the end of week.
Looking at Monday morning, fatigue levels often are highest
because individuals have slept in later on the weekend and
that “appears to have a subsequent cost of delaying circadian
rhythm, delaying sleep on Sunday night and increased day-
time sleepiness and fatigue, the so-called Monday Morning
Blues” [18].

@ Springer

Thus, sleep duration (i.e. sleep quantity) and qualitative
aspects, such as sleep-onset latency might differ on Sunday
night. Even when individuals go to bed at their usual weekly
time, the shift in circadian rhythm caused by later sleep-in
time on Friday and Saturday may cause a delayed sleep onset
that results in even a shorter sleep duration during Sunday
night and higher fatigue on Monday morning. We hypoth-
esised sleep-onset latency to be longer for the night from
Sunday to Monday compared to the following four nights
of the working week (H2). Sleep duration is expected to be
shorter for the night from Sunday to Monday compared to
the following four nights of the working week (H3).

1.2 Delayed Sleep Onset and Shorter Sleep
Duration Under the Magnifying Glass

Impaired sleep in the current night is a major risk factor for
high levels of workplace cognitive failure during the next
day. Recently, Crain and colleagues [19] theoretically under-
lined that sleep quality and quantity have an influence on
the attitudes, behaviour and state of a person at work and in
private life through depletion of energy and time resources.
Good sleep provides physical energy that is needed for wak-
ing physical and cognitive activities. Brossoit and colleagues
[13] could confirm the model by showing that sleep quan-
tity and quality affect cognitive failure that in turn affects
safety-related behaviour. According to Martin [20], work-
place cognitive failure can best be defined as a “cognitively
based error that occurs during the performance of a task
that the person is normally successful in executing” (p. 97).
This definition suggests that workplace cognitive failure is
not due to reduced ability but rather to lapses in motor func-
tion (i.e. the performance of unintended actions, or action
slip; [10, 21]). Examples of employee workplace cognitive
failure include switching off the car lights unintentionally
after having lit them [10]. At best, such errors detract from
effective job performance, but at the worst, they can result
in disastrous accidents [13, 22]. We hypothesised delayed
sleep onset (H4a) and shorter sleep duration (H4b) to pre-
dict higher workplace cognitive failure on the following
morning.

1.3 Social Work Stressors, Sleep, and the Monday
Effect

The Blue Monday effect was reported to be associated
with work-related stressors [23]. In particular, adverse
social working conditions have the potential to cause stress
through a threat to self [24] and, thus, might shift atten-
tion away from the goals of task fulfilment towards goals of
self-(worth)-protection hindering cognitive functioning [25].
We hypothesised higher background social stressors at work
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to predict more frequent workplace cognitive failure on the
next morning (HS).

Sleep is a process that can allow a person to replenish
resources that were used during the day and, thus, to be
ready for the new working day [19, 26]. Thereby, several
studies show that social stressors at work cause lower mood
and impair sleep even on Sunday, which is presumably
caused by anticipation of work problems on the coming
Monday [27, 28]. Background social stressors at work and
the Monday effect may interact in that the night from Sunday
to Monday is potentially more affected by social stressors at
work than other nights of the working week. Anticipation of
upcoming work problems may play a role here. Hence, we
expect a significant interaction effect between Monday and
background social stressors on workplace cognitive failure
(H6).

In addition, one might also expect a higher-order interac-
tion between the Monday effect, background social stressors
at work and sleep duration or sleep-onset latency. A second-
order interaction may indicate a personal factor. Just those
participants who experience high background social stress-
ors and have vulnerable sleep show the Monday effect. We
test this higher-order interaction in two separate models—
one including sleep-onset latency as part of the higher-order
interaction (H7a), and the second including a second-order
interaction with sleep duration (H7b).

2 Methods
2.1 Sample and Procedure

Data collection was done in 2012. Participants had to work
on Monday mornings and had to work at least 60% of a
full-time equivalent of a 42 h/week (at least 25 h/week).
Participants were recruited from a software development
and counselling organisation. Among the 192 employees
approached, 47 employees agreed to participate (24.5%).
The data of seven participants had to be excluded from the
analysis due to technical malfunctions (three participants),
lack of wearing comfort (two participants) of the SenseWear
bracelet, missing information in the daily questionnaire or
due to pregnancy.

Thus, the final sample consisted of 40 participants (22
women) and data from 198 observation days and nights.
Mean age was 34 years (SD=11.3) and 32 participants
(80%) worked full-time (42 h/week). Of the remaining indi-
viduals, two worked at 90%, five at 80% and one participant
at 60% full-time equivalent. No participants reported having
sleep problems, taking sleep medication or suffering from
a major physical or mental health problem. To compensate
participants for their time and to encourage participation, we

offered them individual feedback about their work situation
and well-being at the end of the study.

First, research assistants instructed participants face
to face on how to use the ambulatory assessment device
(SenseWear Armband) and asked them to put them on when
they intended going to sleep. In the next step (on Tuesday),
the participants filled out an online general questionnaire,
which included information on demographics and back-
ground social stressors. The next day, participants began
completing daily online surveys and the collection of actig-
raphy data during nights. The daily questionnaire was filled
out at noon and asked about workplace cognitive failure
during the morning. The questionnaires were merged using
a personal code, which the individual had to create him-/
herself. Participants used the continuous ambulatory assess-
ment for one consecutive working week (including the week-
end) until Wednesday of the next week.

2.2 Measures

Background social stressors at work. Social stressors were
measured with eight items assessing social conflicts with
supervisors and colleagues [29]. The scale measures inter-
personal tensions (e.g. “I had a conflict with the supervi-
sor”), using a 4-point Likert scale that ranged from 1 (not at
all) to 4 (very much). Cronbach’s alpha was 0.89.

Daily work-related cognitive failure. Cognitive failure
during morning work was assessed at noon with the work-
place cognitive failure scale [10]. The scale is regarded as
a proxy for the accident risk [10—12] and consists of fifteen
items addressing memory (e.g. “Cannot remember whether
you have or have not turned off work equipment”), attention
(e.g., “Do not fully listen to instructions”) and action (e.g.
“Throw away something you meant to keep (e.g., memos,
tools)”). The response format was 1 (never) to 5 (very often).
Cronbach’s alpha was 0.85.

Sleep actigraphy. The term actigraphy refers to methods
using miniaturised computerised wristwatch-like devices to
monitor movements.! In the current study, the actigraph used

! Sleep evaluation in humans has usually been performed with PSG,
which has been considered the gold standard for detecting sleep
impairments in humans [30]. However, in recent decades, actigraphy
has become an accepted tool in sleep research and sleep medicine
[31]. Actigraphy can be seen as an effective way to provide low-cost,
non-invasive, objective and continuous data for the diagnosis of sleep
disorders in ambulatory settings [32]. The comparison of actigraphy
with PSG has yielded agreement rates between 78 and 95% [32].
According to a study conducted by Morgenthaler and colleagues
[33], actigraphy is a valid way to determine sleep patterns in normal,
healthy populations as well as in patients suspected of certain sleep
disorders. These findings are corroborated by the results obtained by
Germain, Buysse and Kupfer [34], who found that the algorithm cor-
rectly identified 93% of all sleep episodes and 83% of all wakefulness
episodes when compared to EEG measurements in the sleep labora-
tory.
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Table 1 Description of study variables

#Items Response format Range M SD Cronbach’s alpha
Workplace cognitive failure 15 Likert 1-5 1-3.07 1.388 0.398 0.847
Background social stressors at work 8 Likert 1-4 1-3.13 1.637 0.434 0.753
Sleep onset latency n.a Minutes 1-96 14.641 14.164 n.a
Sleep duration n.a Minutes 230-840 416.662 73.071 n.a
N=40 participants assessed during n=198 nights
Table 2 Correlation between study variables
Workplace cogni- Age Sex Monday Social stressors Sleep onset Sleep duration
tive failure latency
Workplace cognitive failure
Age -0.112
Sex 0.157* —0.223**
Monday 0.311%* 0.003 0.005
Social stressors 0.294%%* —0.339%* 0.218%%* 0.001
Sleep onset latency 0.120%* —0.157* 0.081 0.158%* 0.034
Sleep duration 0.010 - 0.009 0.067 -0.017 -0.077 0.106

N=40 participants assessed during, n=198 nights
*p<0.05, ¥*p <0.01, **¥p <0.001, p-values are one-tailed

was BodyMedia’s SenseWear Armband, which is a multi-
accelerometer device similar to a regular actigraph. Every
minute, 2-axis oscillometric sensors assessed body move-
ments. Data were analysed with BodyMedia software. Sleep
onset latency was coded as the time participants needed to
fall asleep after going to bed. Sleep duration represented the
time in minutes of sleep until waking up.

We controlled our data for inaccurate measurements (e.g.
malfunction of the actigraphs) by evaluating visual graphs
produced by the software and by evaluating the exported raw
data; such inaccurate measurements were coded as missing
data. Note that naps during the day were not included in the
analyses.

2.3 Statistical Analysis

We used the MLwiN software package [35]. In the mul-
tilevel analyses, Level 2 predictor variables were centered
on the grand mean, and Level 1 predictor variables were
person mean-centered. To test potential interaction effects,
we included two-way and three-way interaction terms to
the model. With respect to the skewed distribution of work-
place cognitive failure, we used a nonparametric bootstrap-
ping procedure to estimate the parameters in multilevel
regression analyses and report Spearman’s rank correla-
tions between variables. A post hoc moderated mediation
test included weekday as a moderator of the indirect path
from background social stressors via sleep-onset latency
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to workplace cognitive failure. We used the software tool
developed by Rockwood [36] that is based on SPSS-mixed
models syntax. Thereby, all L1-paths of the 2—1-1- moder-
ated mediation model were tested as fixed effects. Note that
non-standardised coefficients are reported. Because of the
directional hypothesis, the alpha level was set to p <0.05,
one-tailed [37]. Demographical information on sex and age
was considered as potential control variables.

3 Results
3.1 Descriptive Results

Mean sleep duration was nearly 7 h, and mean sleep-onset
time was lower than 15 min (Table 1). Background social
stressors were, on average, 1.6 on a scale ranging from 1
to 4 while mean levels of workplace cognitive failure were
low with 1.4 on a scale from 1 to 5. Table 2 shows that
the Spearman’s rank correlation between workplace cogni-
tive failure and social stressors was significantly positive
(r(198)=0.29, p <0.01). Moreover, more frequent work-
place cognitive failure corresponded to longer sleep-onset
delay in the preceding night (r(198)=0.12, p <0.05) as
well as to Monday (coded 1 versus other working weekdays
coded 0; r(198)=0.31, p<0.01). Delay in sleep onset was
greater at night to Monday than on other working weekday
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Fig. 1 Mean level of work- 5.0
related cognitive failure during

first half of morning work as

reported at noon (+2 SEM) 18

Cognitive Failure Forenoon

1.6
1.4
1.2
1.0
Mon

p <.001
Tue Wed Thu Fri
Weekday

Table 3 Test of the Monday
effect: multilevel regression of

Workplace cognitive failure

Sleep onset latency Sleep duration

workplace cognitive failure, B SE B SE t B SE t
sleep-onset latency, and sleep
duration on day of work Constant 1.2800 0.0750 17.07  13.4200 1.8360  7.31 416.0000 11.4800 36.24
(Monday versus other working- Age —0.0011 0.0041 —027 -0.1134 0.0976 -—1.16 0.0602  0.6199  0.10
week days) Sex 0.1063 0.1014  1.05 0.4954 24150  0.21 6.2730 153300  0.41
Monday 0.2548 0.0422  6.04%*% 42560 23220  1.83* —12.0400 10.8200 - 1.11
(0=no,
1=yes)
Level 2 0.0865 0.0220  3.94  21.1000 13.0200  1.62 1493.0000 508.3000  2.94
Level 1 0.0567 0.0064  8.89 172.5000 19.2900  8.94 3746.0000 418.8000  8.94

N=40 participants (Level 2) assessed during, n=198 nights (Level 1)

*p <0.05, **p<0.01, #*p <0.001, p-values are one-tailed

nights (r(198)=0.16, p < 0.05), but it was unrelated to back-
ground social stressors (r(198) =0.03, ns).

3.2 Test of Hypotheses

Figure 1 shows mean levels of workplace cognitive fail-
ure across working weekdays, with the highest levels on
Mondays. Supporting our first hypothesis (H1), the multi-
level analyses showed a higher cognitive failure at work on
Monday than on other work days (B=0.255, SE=0.042,
p<0.001, Table 3).

In line with the second hypothesis (H2), Fig. 2 points
to the longest mean sleep latencies on Sunday evening and
Thursday evening. Table 3 shows Sunday night to Monday
to predict a 4-min longer sleep-onset delay compared to
other workday nights (B=4.256, SE=2.322, p<0.05). It
is noteworthy that Fig. 2 shows mean levels of sleep dura-
tion at night from Sunday to Monday to also be among the
lowest of the working week, but in multilevel regression

analysis, no difference in sleep duration between the night
from Sunday to Monday and other nights could be found
(B=- 12.04, SE=10.82, ns). Accordingly, the third
hypothesis (H3) is not supported.

In accordance with hypothesis 4a, in the second regres-
sion model of Table 4, sleep-onset latency was a signifi-
cant predictor of workplace cognitive failure during the
next morning (B=0.002, SE=0.001, p <0.05), while in
contrast to hypothesis 4b, sleep duration was no significant
predictor of workplace cognitive failure during the follow-
ing morning (B=0.0001, SE=0.0003, ns).

Supporting the fifth hypothesis (HS), higher back-
ground social stressors predict more frequent workplace
cognitive failure during the following morning (Table 4;
B=0.208, SE=0.035, p<0.001). However, the assumed
interaction of social stressors and Monday (H6) in the pre-
diction of workplace cognitive failure could not be con-
firmed (Table 4; B=— 0.023, SE=0.069, ns).
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Fig.2 Mean sleep-onset latency (grey bars) and sleep duration (42
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Finally, the three-way interaction of background social
stressors, Monday and sleep-onset latency, was also not
significant (H7a: B=— 0.0014, SE=0.008, ns). The fourth
regression model of Table 4 shows that no significant three-
way interaction of background social stressors, Monday and
sleep duration was found (H7b: B=0.0004, SE=0.0019, ns).

4 Discussion

The current pilot field study sought to shed light on ante-
cedents of the Monday effect, i.e. a higher accident risk on
Monday mornings compared to other working days. Work-
place cognitive failure as a meaningful proximal accident-
related factor was confirmed to be higher on Monday morn-
ing than mornings of the following workdays. Based on the
Crain’s model, objectively assessed sleep-onset latency and
background social stressors should limit self-regulatory
resources, including working memory function and atten-
tional control that result in workplace cognitive failure that
increases accident risk [13, 19]. In line with that model,
objectively assessed longer sleep-onset latency preceded
higher workplace cognitive failure, and background social
stressors were positively associated with workplace cogni-
tive failure. Hence, this pilot field study, for the first time,
showed workplace cognitive failure to be a close representa-
tion of the Monday effect. At the same time, sleep quantity
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and background social stressors did not explain the process
behind the Monday effect because Monday, sleep quantity,
and background social stressors were unique contributing
factors, and the expected interaction effects were not con-
firmed. With respect to a process model that involves the
weekday, background social stressors, sleep, and workplace
cognitive failure, one might consider—as an alternative to
interaction effects—a moderated mediation model (Fig. 3).
The moderated mediation includes weekday as a modera-
tor of the indirect path from background social stressors
via sleep-onset latency to workplace cognitive failure. A
post hoc test of that multilevel moderated 2—1—1-mediation
model including both L1-variables as fixed effects with the
software tool developed by Rockwood [36] did not confirm
the indirect path (Fig. 3). The “a” path from background
social stressors to sleep-onset latency did not show up.
Nevertheless, many studies reported the link between back-
ground social stressors and lower sleep quality [38]. In the
future, larger studies should test interaction and moderated
mediation with more statistical power. The small sample
size is a limitation of the current pilot study, and another
limitation is the lack of daily social stressor assessment to
rule out the Monday effect being due to exceptional work
demands on Monday mornings. Another limitation is the
lack of lifestyle assessment over the weekend. Increased
alcohol consumption throughout the weekend is a poten-
tial factor involved in the Monday effect [39] and should be
monitored in future studies. Greater alcohol consumption on
Saturday and Sunday may interfere with sleep-onset latency
on Sunday [39]. Future studies should also include risky
decision-making as a cognitive function that relates to the
Monday effect. Cognitive failure has been shown to relate
risk-bearing behavior in sports [14], and recently, a within-
person study across seven consecutive nights with restricted
sleep showed an increase in financial risk-taking [40].

4.1 Strengths and Limitations

In the current field study, the sample size is too small to ana-
lyse accidents or near accidents. Hence, self-reported work-
place cognitive failure as an antecedent of accidents was
assessed. Future studies should include at least two weeks
of observation because individual sleep patterns during the
weekend, especially the so-called sleeping-in pattern with
longer sleep in the night time from Friday to Saturday that
changes the circadian sleep rhythm, are known to predict
higher sleepiness on Mondays [18]. Moreover, another limi-
tation is the lack of private social stressor assessment over
the weekend and during workdays. Sleep deprivation result-
ing from shorter sleep duration and longer sleep-onset laten-
cies may change the control over emotion regulation [41].
Hence, reversed causation, i.e. sleep deprivation that fos-
ters social stressors at work, should be estimated in further
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Fig. 3 Post hoc test of a moder- -
ated mediation model of the Night from
Monday effect Sunday to
Monday vs.
other night
B =6.58,
p=.112 Sleep onset B =0.003,
latency p =.045
B =-8.06,
= .868
Background P .
social ¢:B=0.26 SE =0.13, p=.025 Cognitive
stressors at | failure during
work ¢: B=0.23 SE = 0.09, p = .002 forenoon

Indirect path: B = 0.06, SE = 0.10, p =.509, 90%LL =-0.05 90%UL =0.25

studies. Finally, future studies should include assessment of
work-related thinking throughout the weekend [42—44]. A
recent meta-analysis showed work-related thinking during
leisure time to be moderately associated with sleep quantity
and sleep quality [45]. Thereby, the current study also has
some strengths in applying an objective sleep assessment
across a working week. Objective sleep assessment ruled
out the mono-method bias that is a problem in many diary
studies that rely completely on self-report questionnaire
assessments [46].

4.2 Theoretical and Practical Implications

The current pilot study underlines the need to address the
Monday effect by occupational health prevention. Thereby,
both social work stressors and nightly sleep should be
addressed. Reducing reactivity to social conflicts could
also help to maintain or improve sleep [46, 47]. The per-
son-oriented approach to sleep includes sleep extension on
weekends [48] as well as online, after-work sleep training
interventions (including mindfulness training) to increase
sleep quality [49, 50]. However, also education-based occu-
pational sleep interventions have been shown to improve
actigraphy-based sleep indicators [51].

4.3 Concluding Remarks
Short sleeping times threaten next-day performance and
safety in the workplace but the processes behind need clari-

fication [52, 53]. We found work-related cognitive failure
and sleep-onset latency in the previous night to be higher
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on Mondays compared to other workdays. Moreover, work-
related cognitive failure was predicted by delayed sleep-
onset latency and background social stressors. Reduction
of social stressors at work has the potential to reduce the
Monday effect.
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