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This daily diary study contributes to current research uncovering the role of sleep for

employees’ effective self-regulation at work. We focus on shift workers’ effective self-

regulation in terms of their general and day-specific inclination to procrastinate, that is,

their tendency to delay the initiation or completion of work activities. We hypothesized

that transitory sleep characteristics (day-specific sleep quality and sleep duration) and

chronic sleep characteristics in terms of circadian misalignment are relevant for

procrastination. Sixty-six shift workers completed two daily questionnaires over the

course of one work week, resulting in 332 days of analysis. Results of multilevel

regression analyses showed that on days when shift workers slept better and longer—
compared to days when they slept worse and shorter—they had more energy and

willpower available after sleep and subsequently were less prone to procrastination.

Moreover, the more work times (permanent shift) were misaligned with employees’

sleep–wake preferences (chronotype) the more pronounced was shift workers’

inclination to procrastinate at work. The present findings provide important implications

for shift workers’ effective functioning at work.

Practitioner Points

� To promote shift workers’ effective functioning at work, when scheduling shift work, circadian

principles should be taken into account, and work times should be aligned with workers’ chronotypes.

� Day-specific sleep quality and duration co-vary with procrastination at work. Thus, on days on which

procrastination would be especially harmful, sleep of good quality and of sufficient duration should be

obtained.

Willpower and the availability of energy are important for effective functioning at work.

Willpower ensures that employees can allocate cognitive and energetic resources towork

tasks at hand and successfully enact intentions to pursue work goals (Beal, Weiss, Barros,

& MacDermid, 2005; Lord, Diefendorff, Schmidt, & Hall, 2010). However, willpower and

energy become depleted, which creates the necessity of periods during which willpower

and energy can be restored. Sleep is a particularly important period that offers the
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opportunity to restore willpower and energy and thereby provides the foundation for

employees to be able to successfully address issues of the upcoming work day (Barnes,

2012; Baumeister,Muraven,&Tice, 2000). Unfortunately, recent polls have indicated that

sleep and its potential to restore willpower and energy are at risk. According to the
National Sleep Foundation (2014), 58 per cent of surveyed Americans rate their sleep

quality as ‘poor’ or ‘only fair’. Furthermore, data from the United States, Canada, Mexico,

United Kingdom, Germany, and Japan revealed that between 40 and 66 per cent of

respondents indicated that they get less sleep than needed on work days (National Sleep

Foundation, 2013). Particularly affected are shift workers who suffer from sleep loss and

potential misalignment between their biological rhythms and imposed sleep–wake

behaviour (�Akerstedt, 2003; �Akerstedt & Wright, 2009; Vetter, Fischer, Matera, &

Roenneberg, 2015).
This study investigates the role sleep plays for effective functioning of shift workers.We

focus on shift workers’ effective functioning in terms of their general and day-specific

inclination toprocrastinate atwork. Procrastination is the tendency todelay the initiationor

the completion of activities (Howell,Watson, Powell, & Buro, 2006; Lay, 1986). From a self-

regulation perspective, procrastination indicates that a specific volitional function—the

ability of an individual to move from intention to action—is impaired (Beswick & Mann,

1994;Kuhl&Beckmann, 1994). Procrastination is a prevalent formof self-regulatory failure

(Harriott & Ferrari, 1996; Steel, 2007) that can result in adverse consequences and thus is
relevant for employees and employers alike. For employees, procrastination is frustrating

because it implies a discrepancy between intentions and actions, and thus, it impedes the

positive experience of making progress on work tasks and of getting things done (Amabile

& Kramer, 2011; Deci & Ryan, 2000). Unfinished work tasks may remain in employees’

minds andhamper the enjoyment of leisure timeafterwork,which is known tobe related to

burnout, healthcomplaints, and lower life satisfaction (Sonnentag&Fritz, 2015).Moreover,

procrastination may result in work of inferior quality (Ariely & Wertenbroch, 2002; Steel,

Brothen, &Wambach, 2001). Procrastination poses further risks when certain actions that
are relevant for safety—for example, repair and maintenance work—are delayed or

postponed (Reynolds & Schiffbauer, 2004).

The aim of our studywas to identify factors explainingwhy shift workers procrastinate

more on some days than on others, and who is especially prone to procrastination. To do

so, we investigate both transitory, day-specific sleep characteristics (sleep quality and

sleep duration) and chronic sleep characteristics (circadian misalignment) as precursors

of procrastination atwork. Our study thereby contributes to the literature in several ways.

First, we investigate procrastination as a construct that shows meaningful variation both
between persons and across days, that is, within persons. Thus, our study adds to research

on procrastination as a relatively stable behavioural tendency and the aim to identifymore

stable predictors of procrastination (e.g., Steel, 2007; Van Eerde, 2003) as well as to

research on procrastination as varyingwithin individuals over time and the aim to identify

co-varying states (e.g., Claessens, Van Eerde, Rutte, & Roe, 2010; K€uhnel, Bledow, &

Feuerhahn, 2016). Second, we contribute to research elucidating the benefits of sleep for

a wide array of phenomena related to the ability to self-regulate (for example, unethical

behaviour, incivility, cyberloafing; e.g., Barber & Budnick, 2016; Wagner, Barnes, Lim, &
Ferris, 2012) by drawing researchers’ attention to procrastination at work as another

significant outcome of poor and misaligned sleep. Third, we focus on permanent shift

workers, an understudied group of employeeswho are of particular risk when it comes to

the restoration of resources (Folkard, 2008; Pilcher, Lambert, & Huffcutt, 2000).

Moreover, this sample allowed us to employ the chronotype paradigm (see Schmidt,
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Collette, Cajochen, & Peigneux, 2007) to investigate how the chronic misalignment

between individuals’ biological sleep–wake preferences (chronotype) and time of day

(shift) impacts work behaviour in the field. So far, studies investigating the misalignment

between chronotype and time of day were mainly conducted in the laboratory (Schmidt
et al., 2007), and/or laboratory tasks were employed in the field (e.g., vigilance tests,

Vetter, Juda, & Roenneberg, 2012).

In the next sections, we first argue that daily sleep quality and duration matter for

procrastination at work. We then turn to characteristics of the individual and the job as

joint antecedents of individual differences in procrastination. More specifically, we argue

that circadian misalignment—that is, a mismatch between individuals’ biological

preferences for sleep–wake times and work times—determines who is at risk of

procrastination. Our research model is depicted in Figure 1.

Day-specific sleep andavailability of energyandwillpower after sleepas antecedents of

procrastination at work

Sleep is an importantmechanism for replenishingdepleted resources (�Akerstedt,Nilsson,&
Kecklund, 2009; Baumeister et al., 2000).With ‘resources’, we refer to employees’ level of

energy and willpower they have at their disposal. Referring to work on categorization

schemes of various resources (ten Brummelhuis & Bakker, 2012; Halbesleben, Neveu,
Paustian-Underdahl, & Westman, 2014), employees’ level of energy and willpower are

personal, transient resources, belonging to the category ‘energies’. Having energy and

willpower available should enable employees to initiate and complete actions at work and

should prevent procrastination (Gr€opel & Steel, 2008). We argue that sleep ensures that

employees have energy andwillpower available on the following day (Barnes, 2012; Engle-

Friedman, 2014). We characterize sleep by the subjective quality of sleep, and by duration,

that is, by the number of hours an employee spent sleeping. High quality of sleep entails the

experienceof restorative sleep, noor just a few awakenings during thenight, andnoor little
difficulties in falling asleep (�Akerstedt, Hume, Minors, & Waterhouse, 1994).

Figure 1. Research model.
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Empirically, sleepof goodquality andof sufficientdurationhas been shown tobe related

to a higher ability to self-regulate (Barnes, Lucianetti, Bhave, & Christian, 2015; Lanaj,

Johnson, & Barnes, 2014; Welsh, Ellis, Christian, & Mai, 2014) and to the availability of

energy after sleep (Clinton, Conway, & Sturges, 2016; Schmitt, Belschak, & Den Hartog,
2017; Sonnentag, Binnewies, & Mojza, 2008). Having willpower and energy available, in

turn, should be related to employees’ ability to translate intentions into actions at work.

Employees are less likely to procrastinate because they should be less vulnerable to

distractions evoked by off-task concerns that interfere with the initiation and accomplish-

ment of tasks (Beal et al., 2005; Harrison & Horne, 2000). Moreover, employees should be

able to encourage themselves toperform less attractive andhighly demanding tasks (Diestel

& Schmidt, 2012). Research has shown that the availability of energy andwillpower before

work is related to indicators of effective functioning at work, for example, being highly
engaged at work (K€uhnel, Sonnentag, & Bledow, 2012; Lanaj et al., 2014), showing higher

levels of daily task performance, personal initiative, and organizational citizenship

behaviour, and spending less compensatory effort to fulfil tasks (Binnewies, Sonnentag,

& Mojza, 2009). Taken together, we hypothesize that on days with good and sufficient

sleep, shift workers will less likely postpone important work tasks andwill less likely fail to

finish tasks because good and sufficient sleep ensures that they have willpower and energy

available that enable them to initiate and pursue actions at work.

Hypothesis 1: After having slept (a) better and (b) longer, compared to having slept worse and

shorter, employees procrastinate less.

Hypothesis 2: The relationship between sleep quality (a) and sleep duration (b) and procrasti-

nation is mediated by the availability of energy and willpower after sleep.

Circadian misalignment: sleep–wake preferences (chronotype) and work times (shift)

as joint antecedents of procrastination at work

Shift workers’ general level of procrastination should depend on the match between

individuals’ biological sleep–wake preferences and their work times. In the case of a

mismatch, shift workers should procrastinate more. Endogenous circadian clocks control

humans’ daily rhythms in fundamental aspects of physiology and behaviour, such as

sleep–wake behaviour (Czeisler & Gooley, 2007; Roenneberg, Wirz-Justice, & Merrow,

2003). Circadian clocks are entrained to the 24-hr/day–night cycle predominantly driven
by sunlight (Roenneberg, Kumar, & Merrow, 2007). The exact phase of entrainment is

specific for each individual, resulting in a continuum of different chronotypes

(Roenneberg et al., 2003). The continuum of chronotypes represents individuals’

preferences in the timing of sleep and wake. It ranges from early ‘larks’, who prefer to go

to bed earlier in the evenings and get up earlier in the mornings to late ‘owls’, who prefer

to go to bed later in the evenings and get up later in the mornings (this preference is also

referred to as morningness–eveningness; see Horne & Østberg, 1976). Differences in

phase of entrainment between extreme early and late chronotypes can be as much as
12 hr (Roenneberg et al., 2003; Roenneberg, K€uhnle, et al., 2007).

Along with these preferences in the timing of sleep and wake, the optimal time of day

for exerting willpower and for cognitive performance differs between individuals. Sleep

research has shown that performance on tasks that involve controlled, non-automatic

processes—in contrast to tasks that merely require access to or production of familiar,

well-learnedmaterial—is dependent on both chronotype and time of day (for reviews, see

Carrier & Monk, 2000; Schmidt et al., 2007). In their review about the relevance of sleep

4 Jana K€uhnel et al.



for attention, memory, and executive functions, Schmidt et al. (2007) concluded that

controlled, non-automatic processes that rely upon prefrontal cortex activity are

especially affected by chronotype and time of testing. If participants’ optimal time of

day (indicated by their chronotype) matches time of testing, participants perform best in
tasks measuring attentional capacities, memory, and executive functioning. Performance

at a non-optimal time of day, however, suffers from circadian-related deficits in attentional

capacities, memory, and executive functions, for example, from failure to suppress

irrelevant information, and difficulties in restraining or preventing dominant responses

that are undesirable or inappropriate.

We argue that deficits in executive functions—defined as ‘the ability to plan and

coordinate a wilful action in the face of alternatives, to monitor and update action as

necessary and suppress distracting material by focusing attention on the task at hand’ (p.
464, Jones & Harrison, 2001)—become apparent in procrastination. Research has shown

that chronotype and time of day jointly predict diverse outcomes relevant for the work

setting that rely on executive functions. For example, in a field study with rotating shift

workers, both an individual’s chronotype and time of day modulated shift workers’

performance on vigilance tests they took several times across their shift on pocket PCs

(Vetter, Juda, & Roenneberg, 2012). In two experiments, Gunia, Barnes, and Sah (2014)

found that ethical behaviour was predicted by the alignment between an individual’s

chronotype and time of day. Late chronotypes displayed more ethical behaviour at their
optimal time of the day, that is, the evening, whereas early chronotypes displayed more

ethical behaviour at their optimal time of the day, that is, in the morning. Ingram et al.

(2016) replicated this findingwith ribonucleic acid (RNA)-based chronotyped individuals:

Late chronotypes were more likely to behave unethically in the morning, and early

chronotypes were more likely to behave unethically in the evening. Moreover, Ingram

et al. found that early chronotypes tookmore risks at their suboptimal time of the day, that

is, in the evening. Finally, Bodenhausen (1990) observed that misalignment plays a role in

stereotyping. He found that people increasingly rely on stereotypes instead of engaging in
more effortful, systematic thought during their non-optimal times of the day.

Curtis, Burkley, and Burkley (2014) reviewed research covering a wide range of

domains, including cognitive performance, emotion regulation, interpersonal relation-

ships, and social influence. They concluded that when people’s chronotype matches the

time of day, a so-called synchrony effect occurs, and performance relying on executive

functions is at its peak. When there is a mismatch between people’s chronotype and time

of day, people are more likely to display self-regulatory failures and give in to temptations.

Based on our theoretical considerations above and supporting empirical results, we
propose that shift workers who experience higher circadian misalignment should be

especially prone to procrastination. To the best of our knowledge, our study is the first to

test the idea that circadian misalignment of shift workers plays a role in procrastination at

work. Themore employees’ work time (night shift vs. day shift) overlapswith employees’

biologically preferred sleep window (indicated by their chronotype), the greater the

circadian misalignment (Vetter et al., 2015). Accordingly, among people working night

shifts, earlier chronotypes experience greater circadian misalignment than later chrono-

types. Thus, working night shifts should be more problematic for employees with an
earlier chronotype and less problematic regarding the enactment of planned behaviour

for employees with a later chronotype. Accordingly, we hypothesize:

Hypothesis 3: Working night shifts and chronotype should jointly predict procrastination (two-

way interaction). For employees working night shifts, chronotype should be

Procrastination among shift workers 5



negatively related to procrastination, that is, later chronotypes should procras-

tinate less. For employees working day shifts, chronotype should be positively

related to procrastination, that is, later chronotypes should procrastinate more.

Sleep–wake preferences (chronotype), work times (shift), and day-specific availability

of energy and willpower as joint antecedents of procrastination

Employees working in misalignment with their circadian preference should be especially

dependent on having day-specific energy and willpower available. Put differently,

misaligned shift workers should be especially vulnerable to day-specific decrements in

their levels of energy and willpower after sleep. We argue that the reason for this

vulnerability to day-specific fluctuations in levels of energy and willpower is that

misaligned employees suffer from chronically lower levels of energy and willpower.
Misaligned employees have to work during times their circadian pacemaker prepares the

body for sleep, and they have to sleepduring times their circadian pacemaker prepares the

body for wakefulness (Dijk & Lockley, 2002). Thus, they have to operate against their

circadian rhythm, which depletes energy and willpower during wakefulness (Wittmann,

Dinich, Merrow, & Roenneberg, 2006) and threatens the restorative character of sleep

(�Akerstedt, Hume, Minors, &Waterhouse, 1997; Juda, Vetter, & Roenneberg, 2013). As a

consequence, employees working and sleeping in misalignment with their circadian

preferences should suffer from chronically lower levels of energy and willpower. Thus,
we expect them to be especially vulnerable to day-specific decrements in their levels of

energy and willpower after sleep. On days when they have less energy and willpower

available after sleep than usual, they should show especially high levels of procrastination

compared to days when they experience having more energy and willpower available

after sleep.

Hypothesis 4: Working night shifts and chronotype should jointly moderate the negative

relationship between day-specific availability of energy and willpower and

procrastination (three-way interaction). For employees experiencing more

circadian misalignment, the negative relationship between day-specific availability

of energy and willpower and procrastination should be stronger than for

employees experiencing less circadian misalignment.

Method

Sample and procedure

Participants of this study were employees working in various functions (e.g., operations,

human resources1) in a distribution centre of a large logistics company. They were

recruited by a psychology student as part of herMaster’s thesis. Data collection took place

in 2014. To motivate employees to take part in the study, we offered lottery prizes
(vouchers for an online retailer) and feedback on the results of the study. Employees who

gave their consent to participate filled in a paper-and-pencil booklet consisting of several

questionnaires. Participants first completed the part of the booklet that assessed

1 In our sample, only a few respondents might come from other divisions than operations because we mainly recruited employees
working in operations. Because issues related to confidentiality and anonymity were of great concern for the logistics company in
which we collected our data, we were not allowed to ask for job titles and accordingly, we do not have information on how jobs
compare over the shifts. To nevertheless investigate whether jobs compare over the shifts, we investigated whether employees in
day vs. night shift differed with respect to work characteristics. We found that night versus day shift workers did not differ
regarding experienced time pressure, dependency on work of co-workers, uncertainty, and job autonomy.

6 Jana K€uhnel et al.



sociodemographic variables, employees’ chronotype, andwork times. Over the course of

one work week, participants were asked to answer two questionnaires each day, the first

one before the shift and the secondone at the endof the shift.Weused twoquestionnaires

each day to separate measurement occasions of predictor variables (sleep duration, sleep
quality, and availability of energy and willpower after sleep) and the criterion variable

procrastination. Of the 150 employees we approached, 110 agreed to participate. Of the

110 booklets we distributed, 81 booklets were returned. Of the 81 participants returning

the booklets, 10 participants had to be excluded due to exclusion criteria of the

chronotype questionnaire: Chronotype cannot be calculated for individuals who do not

report their ‘unrestricted’ sleep times (Roenneberg, 2012), that is, for respondents who

use an alarm to wake up on free days or for respondents whose naturally occurring sleep

on free days is prematurely terminated because of pets or small kids requiring attention.
Another five participants had to be excluded because they did not provide enough

information about their work times and/or did not answer the scale assessing

procrastination. Thus, in total, 15 participants had to be excluded.

The final sample comprised 66 employees who, in total, provided complete data on

332 days (664 daily observations). Thus, our final completion rate is 60% for the level of

participants (66 of 110). Participants worked during permanent (that is, non-rotating)

shifts that were distributed across the 24-hr day. Accordingly, starting and end points of

shifts differed between employees. In addition, starting and end points of shifts also
slightly differedwithin employees because theymight start an hour earlier and/orwork an

hour longer on days with higher workload. Based on the information employees provided

about their work time, we calculated the mid-point of each employee’s shift across the

days and accordingly categorized employees as working morning (6 a.m. to 2 p.m.),

evening (2 p.m. to 10 p.m.), or night shift (10 p.m. to 6 a.m.). Accordingly, 42% of the

sample was working permanent morning shifts, 26% was working permanent evening

shifts, and 32%wasworking permanent night shifts. Fifty-nineper cent of the samplewere

female; average age was 43 years (SD = 11); and 36% of the participants had children.
Participants had, on average, 17 years of professional experience in their current

organization, with 9 years of professional experience in their current job (shift work).

Participants worked, on average, 27 hr/week (SD = 10) for the current organization.

Measures

Munich chronotype questionnaire (MCTQ)

Chronotype was assessed with the Munich ChronoType Questionnaire (Roenneberg

et al., 2003). The MCTQ determines chronotype based on typical sleep behaviour. The

questionnaire consists of simple questions about typical sleep timing onwork days and on

work-free days, allowing for the calculation of the mid-point between sleep onset and

offset. Chronotype is defined as the mid-point of sleep on free days, corrected for

‘oversleep’ on free days.2 Higher values represent a later mid-point of sleep and a later

chronotype. For example, a person whose sleep onset and sleep offset on free days are at
12 midnight and at 9 a.m., respectively, has a mid-point of sleep at 4:30 a.m. and a

chronotype of 4.5. Mid-point of sleep on free days shows high test-retest reliability

(r = .88, K€uhnle, 2006) and correlates strongly with sleep logs and wrist actimetry

2 TheMCTQ corrects for oversleep on free days becausemost individuals’ sleep is cut short on work days. Thus, they accumulate a
sleep debt over the work week. To compensate for this sleep debt, individuals commonly oversleep on free days (Roenneberg,
Allebrandt, Merrow, & Vetter, 2012; Roenneberg, K€uhnle, et al., 2007).

Procrastination among shift workers 7



(r = .92, K€uhnle, 2006), as well as with the biochemical marker melatonin (r = .89 with

dim lightmelatonin onset,Martin&Eastman, 2002). Thus, theMCTQ is a valid and reliable

instrument to assess non-shift workers’ and permanent shift workers’ chronotype (for

rotating shift workers, the MCTQshift, developed by Juda, Vetter, & Roenneberg, 2013,
should be applied; T. Roenneberg, personal communication).

Daily questionnaires before the shift

Sleep quality. We assessed day-specific sleep quality with a single item (‘How do you

evaluate this night’s sleep?’) derived from the Pittsburgh Sleep Quality Index (Buysse,

Reynolds,Monk, Berman,&Kupfer, 1989). Participants rated their overall sleepquality on

a 5-point scale ranging from 1 = very poor to 5 = excellent. Being the core subjective

sleep quality indicator (Krystal & Edinger, 2008), this item has been used successfully in

similar diary studies (e.g., H€ulsheger et al., 2014; K€uhnel et al., 2016). Subjective ratings
of sleep quality are closely reflected in objective measures of sleep quality obtained in
sleep laboratories (sleep continuity measured with polysomnography, �Akerstedt et al.,
1994).

Sleep duration. We used a score of the number of hours and minutes participants slept

based on their daily self-reports. Barnes (2012) concluded that subjective measures of

sleep duration overestimate sleep duration by about 6–7 per cent, but that subjective and
objective measures of sleep duration correlate very strongly.

Availability of energy and willpower after sleep. We assessed day-specific availability

of energy andwillpower after sleepwith the four itemsusedbyBinnewies et al. (2009). The

scale referred to how a person felt after getting up. The four items were as follows: ‘I was

filled with new energy’, ‘I felt well rested’, ‘I felt physically refreshed’, and ‘I felt mentally

refreshed’. Items had to be answered on a 5-point scale ranging from1 = strongly disagree

to 5 = strongly agree. Cronbach’s alpha ranged from .93 to .96 over the days.

Daily questionnaires at the end of the shift

Procrastination. Day-specific procrastination was assessed with six items from

Tuckman’s (1991) procrastination scale that was slightly adapted to capture day-specific

procrastination at work. Example items are ‘Today, I needlessly delayed finishing jobs,

even when they were important’, ‘Today, I was a time waster but I couldn’t seem to do

anything about it’, and ‘Today, I promised myself I’ll do something and then dragged my

feet’. Items had to be answered on a 5-point scale ranging from 1 = strongly disagree to

5 = strongly agree. Cronbach’s alpha ranged between .85 and .95 over the days.

Results

Descriptive statistics

Table 1 shows means, standard deviations, intercorrelations between variables, and

intraclass correlations. For all variables, we ran null models with the Hierarchical Linear
Modelling (HLM) 7.01 software package (Raudenbush, Bryk, Cheong, Congdon, & du

8 Jana K€uhnel et al.



Toit, 2011) to calculate the proportions of variance that were within-person and

between-person. All day-specific variables showed substantial day-to-day (within-person

variance) and between-person variation. For example, 43% of the variance in

procrastination resided at the within-person level and 57% of the variance was
between-person.

The within-person correlations among the day-specific variables (shown above the

diagonal in Table 1) show that procrastination was significantly related to several

variables of interest. On days employees indicated higher procrastination at the end of the

shift, they indicated shorter day-specific sleep duration (r = �.22, p < .001), lower day-

specific sleep quality (r = �.19, p < .01), and lower availability of energy and willpower

after sleep (r = �.30, p < .001). Day-specific sleep duration and sleep quality were

positively related to availability of energy andwillpower after sleep (r = .49,p < .001, and
r = .42, p < .001, respectively). The between-person correlations below the diagonal in

Table 1 show that procrastination was negatively related to availability of energy and

willpower after sleep (r = �.32, p < .01). That is, participants who, on average across

days, indicated having more energy and willpower available after sleep reported less

procrastination in general, compared toparticipantswho indicatedhaving less energy and

willpower available after sleep.

Analytic strategy

We used the HLM 7.01 software package to conduct multilevel analyses (Raudenbush

et al., 2011). For these analyses, we centred day-level predictor variables around the

respective person mean (group-mean centring) because we were interested in how an

employee’s day-specific experiences—in comparison with his or her experiences on

other days—predict procrastination. The person-level predictor variable chronotype

was z-standardized prior to analyses. We specified and compared nested hierarchical

linear models to predict day-specific procrastination (see Table 2). In Model 1, we
entered the day-level predictor variables sleep duration and sleep quality. In Model 2, we

entered the day-level predictor variable availability of energy and willpower after sleep.

We followed best practice recommendations of Aguinis, Gottfredson, and Culpepper

(2013) and built a random intercept and random slope model (Model 3) to test the

prerequisite for testing cross-level interactions. That is, we investigated whether the

slope of availability of energy and willpower after sleep predicting procrastination was

random. In Models 4 and 5, we tested the Level-2 interaction of chronotype and night

shift (two-way interaction) by entering the two variables (Model 4) and their interaction
term (Model 5). In Models 6 and 7, we tested the cross-level interaction of the interaction

term Chronotype 9 Night shift on the slope of availability of energy and willpower after

sleep (three-way interaction) by entering chronotype and shift as predictors of the slope

of availability of energy and willpower after sleep (Model 6) and the interaction term

Chronotype 9 Night shift as a predictor of the slope of availability of energy and

willpower after sleep (Model 7).

Test of hypotheses

Model 1 shows that both day-specific sleep duration and sleep quality were significantly

negatively related to procrastination (Estimate = �0.07, SE = .03, t = �2.71, p < .01 and

Estimate = �0.07, SE = .04, t = �2.01, p < .05 for sleep duration and sleep quality,

respectively). Thus, in support of Hypothesis 1, employees procrastinated less after

Procrastination among shift workers 9
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having slept better and longer compared tohaving sleptworse and shorter.Model 2 shows

that day-specific availability of energy and willpower after sleep was negatively related to

procrastination (Estimate = �0.13, SE = .04, t = �3.27, p < .01). Thus, on days when

employees had more energy and willpower available after sleep, they procrastinated less,
compared to days when they had less energy and willpower available after sleep. After

including the predictor availability of energy andwillpower after sleep, day-specific sleep

duration and sleep quality were no longer significant predictors of procrastination

(Estimate = �0.03, SE = .03, t = �1.21, p = .493 and Estimate = �0.04, SE = .04,

t = �0.94, p = .556 for sleep duration and sleep quality, respectively). Tests of indirect

within-person effects (Preacher, Zhang, & Zyphur, 2011; Preacher, Zyphur, & Zhang,

2010) with MPlus 7.11 (Muth�en & Muth�en, 1998–2007) revealed that the indirect effect

from sleep duration via availability of energy and willpower on procrastination (1-1-1
model) was significant (Estimate = �0.049, SE = .022, t = �2.23, p < .05, 95% CI

[�0.092, �0.006]). The indirect effect from sleep quality via availability of energy and

willpower on procrastination (1-1-1 model) was significant as well (Estimate = �0.064,

SE = .029, t = �2.23, p < .05, 95% CI [�0.120, �0.008]). When both indirect effects

were jointly tested in one model ([1,1]-1-1 model), the indirect effect from sleep duration

via availability of energy and willpower on procrastination was significant (Esti-

mate = �0.036, SE = .017, t = �2.12, p < .05, 95% CI [�0.069, �0.003]), and the

indirect effect from sleep quality via availability of energy and willpower on procrasti-
nation was not significant (Estimate = �0.038, SE = .021, t = �1.81, p = .070, 95% CI

[�0.079, 0.003]). Thus, Hypothesis 2—that availability of energy and willpower after

sleep explains the relationship between sleep duration and sleep quality and procras-

tination—was supported.

Model 3 revealed that the model with a random slope of availability of energy and

willpower after sleep fits the data better than Model 2 with a fixed slope (D �2 9 log

likelihood = 49.18, df = 2, p < .001). This indicates that the relationship between

availability of energy and willpower after sleep and procrastination shows meaningful
variation between persons that can be explained by person-level variables (cross-level

moderators). In Model 4, the person-level predictor variables chronotype and night shift

(coded 1 = working night shift, 0 = working day shift (morning or evening shift))

were added (main effects). To test Hypothesis 3 (circadian misalignment Hypothesis), in

Model 5, the interaction term between chronotype and night shift was entered. The

interaction term was a significant predictor of procrastination (Estimate = �0.42,

SE = .12, t = �3.54, p < .001), and Model 5 fits the data better than the previous Model

(D �2 9 log likelihood = 10.29, df = 1, p < .01). The interaction effect between
chronotype and night shift is depicted in Figure 2. We performed simple slope tests with

the computational tool by Preacher, Curran, and Bauer (2006). For employees working

night shifts, the slope between chronotype and procrastination was negative but not

significant (simple slope = �0.14, SE = .07, t = �1.79, p = .073). That is, later chrono-

types among employees working night shifts tended to procrastinate less compared to

earlier chronotypes. For employees working day shifts, the slope between chronotype

and procrastinationwas positive and significant (simple slope = 0.27, SE = .08, t = 3.16,

p = .001). That is, earlier chronotypes among employees working day shifts procrasti-
nated less compared to later chronotypes. To obtain the difference in procrastination

betweengroups (night shift vs. day shift) at conditional values of chronotype,we followed

recommendations by Preacher et al. (2006) and examined simple slopes for the

regression of procrastination on night shift (now treated as a predictor) as a function of

chronotype (now treated as amoderator). For earlier chronotypes (�1 SD), the difference

Procrastination among shift workers 13



in procrastination between night shift and day shift was significant (simple slope = 0.39,

SE = .17, t = 2.31, p < .05; value of procrastination in day shift = 1.12; value of

procrastination in night shift = 1.52). For the average chronotype (M), the difference in

procrastination between night shift and day shift was not significant (simple

slope = �0.01, SE = .12, t = �0.14, p = .881; value of procrastination in day

shift = 1.40; value of procrastination in night shift = 1.38). For later chronotypes (+1
SD), the difference in procrastination between night shift and day shift was significant

(simple slope = �0.43, SE = .17, t = �2.52, p < .05; value of procrastination in day
shift = 1.67, value of procrastination in night shift =1.23). Taken together, employees

experiencing circadian misalignment (earlier chronotypes in night shift, later chrono-

types in day shift) displayed more procrastination than employees experiencing less

circadianmisalignment (earlier chronotypes in day shift, later chronotypes in night shift).3

Thus, Hypothesis 3 was supported.

Models 6 and 7 tested whether having energy and willpower available after sleep

should be especially relevant to the prevention of procrastination for employees

experiencing circadianmisalignment (Hypothesis 4).Model 6 showed that night shift was
a significant predictor of the slope of availability of energy and willpower after sleep

predicting procrastination (Estimate = �0.29, SE = .09, t = �3.15, p < .01). Contrary to

our expectations, Model 7 showed that the interaction term between chronotype and

shift was not a significant predictor of the slope of availability of energy and willpower

after sleep predicting procrastination (Estimate = �0.14, SE = .08, t = �1.71, p = .091).

Thus, Hypothesis 4 was not supported.
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Figure 2. Person-level (Level-2) interaction of chronotypewithwork times (shift) on procrastination at

work.

3We conducted another set of analyses in which we used an alternative coding of shift (1 = working morning shift, 0 =
working evening or night shift). The interaction termChronotype 9 Morning shift was a significant predictor of procrastination
(Estimate = 0.41, SE = .11, t = 3.51, p < .001), and the model fits the data better than the previous model without the
interaction term (D�2 9 log likelihood = 10.30, df = 1, p < .01). The interaction pattern showed the reverse picture to the
interaction pattern of Chronotype 9 Night shift shown in Figure 2. For employees working morning shifts, the slope between
chronotype and procrastination was positive and significant (simple slope = 0.28, SE = .09, t = 3.03, p < .01). That is, earlier
chronotypes among employees workingmorning shifts procrastinated less compared to later chronotypes. For employees working
evening or night shifts, the slope between chronotype and procrastination was not significant (simple slope = �0.12, SE = .07,
t = �1.64, p = .106).
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Additional analyses

Weperformed simple slope tests with the computational tool by Preacher et al. (2006) to

further explore the unexpected, significant cross-level interaction of night shift on the

slope of availability of energy andwillpower after sleep predicting procrastination (Model
6). For employees working night shifts, the slope between availability of energy and

willpower after sleep and procrastination was negative and significant (simple

slope = �0.31, SE = .07, t = �4.07, p < .001). For employees working day shifts, the

slope between availability of energy and willpower after sleep and procrastination was

not significant (simple slope = �0.01, SE = .05, t = �0.31, p = .755). Thus, results

showed that the benefits of having energy and willpower available after sleep for

preventing procrastination were found for employees working night shifts but not for

employees working day shifts.

Discussion

This daily diary study contributes to current research revealing the benefits of sleep for

effective self-regulation at work and thus helps to fill the gap in the literature on sleep and

work that was identified by Litwiller, Snyder, Taylor, and Steele (2016). Our study shows
that transitory sleep characteristics (sleep quality and sleep duration) as well as chronic

sleep characteristics (circadianmisalignment) are relevant for procrastination atwork.On

days when employees slept better and longer—compared to days when they slept worse

and shorter—they had more energy and willpower available after sleep and subsequently

were less prone to procrastination at work. Moreover, results of our study extend

laboratory findings on synchrony effects (Schmidt et al., 2007) to real-life settings,

showing that whetherwork timeswere alignedwith employees’ sleep–wake preferences

mattered for employees’ general inclination to procrastinate at work. In the case of
misalignment, higher levels of procrastination were found: Earlier chronotypes tended to

procrastinate morewhenworking night shifts, whereas the opposite pattern emerged for

the day shift, that is, later chronotypes procrastinated more when working day shifts.

Notably, in this study, both sleepquality and sleep duration independently contributed

to effective functioning at work. Although shift workers reported that they had slept

better on days onwhich they had slept longer (rwithin-person = .35, p < .001), duration and

quality of sleep incrementally predicted procrastination. Thus, sleep of good quality as

well as sleep of sufficient duration seem to be specific prerequisites for employees to exert
willpower at work. Examining the relationship between sleep and procrastination in a

non-shift worker sample, K€uhnel et al. (2016) did not find a relationship between sleep

duration and procrastination. They speculated that although employees’ naturally

occurring sleep duration varied across days, even on days with shorter sleep, employees

were still able tomeet their individual sleep need (in contrast to participants taking part in

sleep restriction studies in which sleep duration is experimentally manipulated). In their

study, employees slept on average 7 hr and 9 min (SD = 1.13 hr). The present study’s

findings on naturally occurring sleep in shift workers indicate that shift workers do not
seem to be able to meet their individual sleep need on all days. On average, the present

study’s participants slept 6 hr and 24 min (SD = 1.69 hr), an amount of sleep that lies

outside the range recommended by sleep experts of 7–9 hr (Hirshkowitz et al., 2015).

However, given that individual differences exist in the sleep duration required for optimal

functioning (Van Dongen, Baynard, Maislin, & Dinges, 2004), future research might take
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into account not only sleep duration but might also assess whether individuals are able to

meet their individual sleep need with the daily sleep they obtain.

This study also showed that the alignment of biological sleep–wake preferences

(chronotype) and work times matters for procrastination. There was no significant main
effect of chronotype on procrastination (r = .02). Previous cross-sectional research on

academic procrastination (e.g., Digdon & Howell, 2008; Ferrari, Harriott, Evans, Lecik-

Michna, & Wenger, 1997) and general procrastination (D�ıaz-Morales, Ferrari, & Cohen,

2008) has linked chronotype to procrastination, showing that later chronotypes (i.e.,

people with an evening preference) reported more procrastination compared to earlier

chronotypes (i.e., people with a morning preference). We assume that the reason for this

positive correlation is that later chronotypes are more likely to be misaligned with school

and non-shift work schedules compared to earlier chronotypes (Roenneberg, K€uhnle,
et al., 2007;Wittmann et al., 2006). Thus, we conclude that being a late chronotype does

not per se make someone prone to procrastination, but that the combination of

chronotype and work/school schedule matters.

Contrary to expectations, we found no evidence that shift workers who experience

more pronounced circadian misalignment are more dependent on the availability of

energy and willpower to prevent day-specific procrastination than are shift workers who

experience less circadian misalignment. Rather, we found that all employees working

permanent night shifts (independently of their chronotypes) were especially vulnerable
to impairments in the availability of energy andwillpower resulting from impaired and/or

insufficient sleep. Thus, we conclude that although being a late chronotype yields

advantages for employees’ ability to exert willpower during the night shift, it does not

protect them entirely from the particularly high demands on self-regulation that working

night shifts places on them.

Our research contributes to and is in line with the self-regulatory depletion model

(Baumeister, Bratslavsky, Muraven, & Tice, 1998; Baumeister et al., 2000) and the dual

process model of Barber and Budnick (2016), both of which postulate that sleep is an
important predictor of effective self-regulation at work. Results of our study underpin the

assumption that sleep is a crucial phase for the restoration of resources that are needed to

avoid self-regulatory failure. Barber and Budnick (2016) suggested that future research

should determine whether chronotype, time of day, and their interaction influence how

sleep affects an individual’s self-regulation. Results of our study did not support this idea

directly but yield support for the idea that time of day (that is, night shift vs. day shift) is a

moderator that qualifies the relationshipbetween availability of energy andwillpower due

to good and sufficient sleep and self-regulatory failure.
Inzlicht and Schmeichel (2016) emphasized that outcomes associated with depleted

willpower might be due to changes in priorities and motivation (that is, preferences for

and willingness to exert willpower) rather than being the product of an exhaustible and

finite resource (for further criticism of the limited resource approach, see Carter, Kofler,

Forster, &McCullough, 2015). Although we argued in terms of depletable and renewable

energetic and self-regulatory resources necessary to initiate action at work, our results are

also in linewith the idea that initiation of action depends on employee’s current priorities

and motivation and that priorities may change and motivation may vary throughout the
day as a functionof biological rhythms.Our studywasnot designed to answer the question

of whether shift workers were either physiologically less able or psychologically less

motivated to exert willpower during specific times of the day. However, wewould like to

challenge the notion that this is a question of either/or, because physiological and
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psychological processes are closely intertwined and often parallel processes (Segerstrom,

Boggero, & Evans, 2016).

Relatedly, recent research has shown that implicit theories about willpower (an

individual’s belief about whether willpower is a limited resource, Job, Dweck, &Walton,
2010) affect whether demands on self-regulation at work result in a need to conserve and

restore self-regulatory resources (Konze, Rivkin, & Schmidt, 2017). For employees

holding the belief that willpower is a limited resource, demands at work were stronger

positively related to the need to conserve and restore self-regulatory resources than for

employees holding the belief that willpower is not a limited resource. An individual’s

belief about whether willpower is a limited resourcemay be the result of individual’s past

experiences. Thus, it would be interesting to explorewhether an individual’s belief about

whether willpower is a limited resource is related to circadian misalignment. One might
speculate that especially individuals who experience circadian misalignment might

develop the belief that their willpower is a limited resource.

Our study departed from the prevailing view of procrastination as a relatively stable

behavioural tendency by showing that procrastination shows meaningful variation both

between and within persons that can be explained by day-specific sleep characteristics

and circadian misalignment. A complementary approach explaining variation in

procrastination would be to investigate characteristics of daily tasks that make it more

or less likely that these tasks are going to be postponed or delayed (see Harris & Sutton,
1983). To capture characteristics of tasks that put demands on self-regulation, future

research might want to take into account the concept of self-control demands (Diestel &

Schmidt, 2012). Self-control demands capture whether employees have to deal with tasks

that oblige them to control their impulses, to overcome inner resistances, and to ignore

and resist distractions evoked by task-irrelevant stimuli, which would otherwise interfere

with successful task completion. Furthermore, future research on self-control demands

maywant to consider that the extent towhich an employee perceives a task as demanding

may not be only a characteristic of the task but also a consequence of the employee’s
current state.

Strengths and limitations

A limitation of our study is that study participants were recruited from one company.

Generalizability of our findings might thus be limited. However, our sampling approach

had advantages aswell, for example, it allowed us to tailor themethod of collecting data to

the specific job conditions and to personally distribute and collect the study material.
Related to our sampling approach is the fact that we obtained an interesting, but not very

large sample, what may have affected our power to detect hypothesized effects. Mathieu,

Aguinis, Culpepper, and Chen (2012) identified average sample size at both Level 1 and

Level 2, the magnitude of the direct cross-level effect, and the standard deviation of the

Level-1 slope coefficients as factors affecting statistical power to detect cross-level effects.

Thus, we aimed to maximize sample size at both levels of analysis, within the given limits

of what was both feasible and accepted by the co-operation partner who allowed us to

collect the data. Despite our efforts, the number of Level-1 (days) and Level-2 units
(employees) might have constrained the statistical power to detect the hypothesized

cross-level relationship.

We used a single item of the Pittsburgh Sleep Quality Index (Buysse et al., 1989) to

assess sleep quality. This item is considered to be a core subjective sleep quality indicator

(Krystal & Edinger, 2008) and has been successfully used in similar diary studies (e.g.,
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H€ulsheger et al., 2014; K€uhnel et al., 2016). Moreover, previous research (Hahn,

Binnewies, Sonnentag, & Mojza, 2011, p. 208) has found a high item-total correlation of

the single item with all other components of the Pittsburgh Sleep Quality Index (r = .73;

p < .001), suggesting that sleep quality can be reliably assessed with this single item.
Nevertheless, future field studies might want to use wrist actimetry to obtain objective

indicators of sleep quality, such as sleep efficiency or number of awakenings (see, for

example, Pereira & Elfering, 2014).

We also like to note that we obtained self-report data. To alleviate concerns about

single-source bias, we separated the measurement of our independent variables and the

dependent variable in time. Moreover, shift workers’ indication of sleep and wake times

and work times were not obtained with the help of rating scales. Thus, it is unlikely that

shift workers’ reports of day-specific procrastination and their report of sleep and wake
times and work times are biased in a way such that results only occurred because they

stem from the same source. Finally, Siemsen, Roth, andOliveira (2010) demonstrated that

interaction effects cannot be artefacts of commonmethod variance. Similarly, Lai, Li, and

Leung (2013) showed that it is extremely unlikely that common method variance

generates significant cross-level interactions in the absence of true effects.

A strength of our study is that we studied the influence of chronotype on effective

functioning atwork and treated the continuumof chronotypes—ranging fromearly ‘larks’

to late ‘owls’—as a continuous variable. Thus, results of this study do not suffer the
limitations of the majority of previous studies, in which chronotype was categorized and/

or groups of extreme chronotypes (extreme early vs. extreme late chronotypes) were

compared.

Practical implications

Our findings suggest several starting points to prevent procrastination at work, namely

promoting shift workers’ day-specific sleep quality and duration—especially before days
when procrastination would be especially harmful—and aligning shift work times with

employees’ chronotypes. The UCLA Sleep Disorders Center (n.d.) recommends several

strategies to improve shift workers’ sleep: Adjusting the bedroom environment (e.g., to

darken and to sound-proof the bedroom), reinforcing proper sleep hygiene (see, for

example, Mastin, Bryson, & Corwyn, 2006), and educating family and friends on the need

for uninterrupted sleep of the shift worker. Most importantly, natural bright light at the

wrong time should be avoided (which can be achieved by wearing dark sunglasses or

special goggles on the way home after a night shift), and exposure to artificial bright light
at specific times can be used to shift circadian rhythms to align with night work and day

sleep schedules (Crowley, Lee, Tseng, Fogg, & Eastman, 2003; Eastman & Martin, 1999).

However, complete circadian adaptation to night shift work and day sleep is not always

the goal because of resulting misalignment on days off, difficulties in meeting family

obligations, and restricted opportunities to participate in social life.

When scheduling shift work, circadian principles should be taken into account (see,

for example, Czeisler, Moore-Ede, & Coleman, 1982) and work times should be aligned

with workers’ chronotypes. Vetter et al. (2015) implemented an intervention study in a
real-life industrial setting that adjusted shifts to individuals’ chronotypes and found that

not only shift workers’ sleep duration and sleep quality improved but also theirwell-being

and satisfaction with leisure time. Thus, employers might want to consider abolishing the

most strenuous shifts for specific chronotypes (that is, night shifts for early chronotypes

and morning shifts for late chronotypes). Most importantly, both employers and
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employees should be educated on circadian rhythms and potential consequences of

circadian misalignment and chronic sleep restriction.

Convincing evidence from epidemiological and laboratory studies has shown that

chronic sleep restriction—by which especially night and shift workers are affected—is
related to alterations in the endocrine, immune, and inflammatory systems,with potential

negative clinical consequences (Faraut, Boudjeltia, Vanhamme, & Kerkhofs, 2012). Thus,

benefits of measures to promote sleep would not only be apparent for workers’ effective

functioning atwork but also for public health (Knutsson&Kempe, 2014;Masri, Kinouchi,

& Sassone-Corsi, 2015).
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