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Recent studies have highlighted the relevance of sleep for procrastination at work.

Procrastination at work is defined as the irrational delay of the initiation or completion of

work-related activities. In line with recent studies, we offer a self-regulation perspective on

procrastination. We argue that procrastination is an outcome of depleted self-regulatory

resources and that the restoration of self-regulatory resources during high-quality sleep

at night would prevent procrastination.

Aims: In an attempt to further develop this line of research, the current study aimed

to achieve a broader understanding of the relevance of sleep and circadian rhythm for

procrastination. Therefore, we explored the effect of sleep quality on procrastination

for different chronotypes. We also considered the shift to daylight saving time as a

phenomenon that aggravates circadian misalignment and thereby later chronotypes’

dependence on high-quality sleep. Specifically, we hypothesized that compared to

employees with an earlier chronotype (morning types), employees with a later chronotype

(evening types) are more dependent on good sleep at night to prevent procrastination the

next day. This effect would be especially pronounced after the shift to daylight saving time.

Methods: For this repeated-measures study, participants were 101 full-time employees.

They completed a general questionnaire and day-specific questionnaires on the Monday

before and the Monday following the shift to daylight saving time.

Results: The multilevel analyses showed that employees procrastinated less on

days following nights during which they slept better and that later chronotypes

experienced more procrastination than earlier chronotypes. Our findings also supported

the hypothesis that the relationship between sleep quality and procrastination is stronger

for later chronotypes compared to earlier chronotypes on the Monday following the shift

to daylight saving time. In other words, the lower the sleep quality of later chronotypes

during the previous night, the more they procrastinated on the Monday following the shift

to daylight saving time.

Discussion: Our findings further corroborate the existing findings on the relevance of

sleep and chronotype for well-being and performance at work.
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INTRODUCTION

“Never put off till tomorrow what you can do the day
after tomorrow.” This quote by Mark Twain addresses the
phenomenon of procrastination. Procrastination is defined as the
tendency to delay the initiation or the completion of activities
(Lay, 1986; Howell et al., 2006; Steel, 2007). According to
Steel (2007), procrastination reflects an intention–behavior gap.
Specifically, people “intend. . . to do something, but put. . . it
off despite expecting that it will yield negative consequences”
(Kühnel et al., 2018b). Procrastination carries the risk of
detrimental consequences at work, including strain and poor
performance (Steel, 2007; Kim and Seo, 2015), failure to meet
deadlines (van Eerde, 2003), risking the success of projects
(Gersick, 1989), problems in social relationships (Küchler et al.,
2019), and lost productivity (Stead et al., 2010; Beutel et al., 2016).

From the theoretical perspective of self-regulation,
procrastination is considered an indicator of failed self-
regulation (Ferrari, 2001; Kühnel et al., 2016; van Eerde, 2016).
Self-regulation covers the autonomous regulation of goal-
directed behavior, which includes adapting thoughts, feelings,
desires and actions to personally relevant goals (Ridder and
Wit, 2006; Vohs and Baumeister, 2011; Kühnel et al., 2016).
Self-regulatory resources are necessary for individuals to regulate
and initiate action at work. When an individual has low self-
regulatory resources, focus on work tasks is difficult to maintain,
and the individual will be more likely to choose pleasurable
alternatives. In other words, when self-regulatory resources
are low, the individual’s action initiation is impeded and
procrastination occurs (Tice and Baumeister, 1997). Therefore,
restoring self-regulatory resources during non-work periods is a
prerequisite for an individual’s ability to initiate action at work
(Kazén et al., 2008; Kühnel and Sonnentag, 2011).

An important non-work period during which self-regulatory
resources can be restored is sleep. Recent studies have shed
light on the relevance of day-specific sleep quality and people’s
preferred sleep–wake rhythm (chronotype) for procrastination
at work. In line with Baumeister et al.’s (2000) work, Kühnel
et al. (2016) showed that high-quality sleep at night restores
self-regulatory resources, thereby preventing procrastination the
next day. The research into procrastination at work, as well
as its relationship with sleep at night, has recently begun to
gain attention. To gain further insights into this relationship
and contribute to this stream of research, this study aimed to
achieve a broad understanding of the relevance of sleep and
circadian rhythm for procrastination. This led to three specific
aims. First, we sought to replicate the negative relationship
between sleep quality and procrastination. Second, we aimed to
clarify the role of individually-preferred sleep–wake rhythms in
the relationship between sleep and procrastination, and thereby
answer the question of whether some people are more dependent
on good-quality sleep than others. Third, we focused on the
shift to daylight saving time (DST) as a potential promoter
of procrastination. The shift to DST is a phenomenon that
should aggravate circadian misalignment, and thereby, later
chronotypes’ dependence on high–quality sleep (Marcus and
Schuler, 2004). Figure 1 demonstrates the conceptual model for

this study and summarizes the hypotheses we derived from the
theoretical perspective of self-regulation.

Sleep Quality and Procrastination
All activities that require self-regulation draw on a resource that is
not infinite (Baumeister et al., 1998). When one’s self-regulatory
resources are depleted (Marcus and Schuler, 2004), it becomes
more difficult to resist dysfunctional or impulsive actions,
and procrastination may occur. Recovery, meanwhile, which
is characterized by replenishment of the resources necessary
for self-regulation (Binnewies et al., 2009), should counteract
the occurrence of procrastination. Sleep is a recovery process
that ensures restoration of resources that are necessary for self-
regulatory functioning the next day (e.g., Baumeister et al., 2000;
Barber et al., 2010). Barnes et al.’s (2011) research emphasized
the role of sleep quality, stating that it provides an important
foundation for an individual’s self-regulation ability. According
to Barnes et al. (2011) poor sleep minimizes and high-quality
sleep maximizes self-regulatory resources. This is in line with
previous studies showing that high-quality sleep at night restores
self-regulatory resources and thus prevents procrastination the
next day (Kühnel et al., 2016). Therefore, we assume that people
will procrastinate less after nights characterized by better sleep
quality compared to nights characterized by lower sleep quality.
Consequently, the first hypothesis of this study is that day-specific
sleep quality negatively predicts procrastination the next day.

Chronotype and Procrastination
Our study aimed to address the question of whether some
people are more dependent on good-quality sleep to prevent
procrastination than others. Studies have highlighted that
interindividual differences in biologically preferred sleep–
wake rhythm (chronotype) are associated with self-regulation
and therefore play a role in procrastination (Díaz-Morales
et al., 2008; Digdon and Howell, 2008; Hagger, 2010). The
individual characteristic chronotype is normally distributed in
the population (Roenneberg et al., 2003). Earlier chronotypes
(morning types, or “larks”)—who prefer to go to sleep earlier in
the evening and wake up earlier in the morning—sit at one end of
the continuum. Meanwhile, later chronotypes (evening types, or
“owls”)—who prefer to go to sleep later in the evening and wake
up later in the morning—sit at the other end of the continuum.
The majority are located in the middle of the continuum
(intermediate chronotypes). Interindividual differences in sleep–
wake rhythm arise from the interplay of genetic influences
and environmental factors (Hur and Lykken, 1998; Vink et al.,
2001). The most important environmental factor is sunlight,
which is used by an individual’s endogenous circadian clock
to entrain to the individual’s environment and control the
daily physiological (sleep–wake) rhythm across 24 h (Roenneberg
et al., 2003; Kantermann et al., 2007; Wagner et al., 2012). Studies
have demonstrated that melatonin levels occurring in the blood
and activity levels peak at different times of the day, depending
on whether participants are earlier chronotypes (earlier peaks) or
later chronotypes (later peaks) (Mongrain et al., 2004; Vitale et al.,
2015). Due to early work and school start times, later chronotypes
particularly have to adapt their sleep–wake times to meet social

Frontiers in Psychology | www.frontiersin.org 2 February 2022 | Volume 12 | Article 785154

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Maier et al. Sleep and Procrastination

FIGURE 1 | Conceptual model of the current study. Within-person variance (Level-1 variance) captures the variation in variables from day to day within persons and

between-person variance (Level-2 variance) captures the variation in variables between persons.

obligations. Specifically, later chronotypes are required to wake
up on schedule, even though they still need to sleep (Kühnel et al.,
2016). As a result, later chronotypes’ actual sleep–wake times and
their biologically preferred sleep–wake times diverge, causing a
circadian misalignment (Wittmann et al., 2006). Consequently,
later chronotypes need more self-regulatory resources to manage
everyday life activities, as they are more likely to be compelled
to live against their biological rhythm, which requires greater
self-regulatory efforts daily (Kühnel et al., 2018b).

We argue that circadian misalignment would make later

chronotypes especially dependent on high-quality sleep. Indeed,

Schmidt et al. (2007) and Guarana et al. (2021) summarized and
integrated the findings on sleep’s role in “inhibit[ing] impulses

and overcoming temptations”—an important aspect of self-
regulation. They concluded that in this context, individuals’

chronotypes should be considered an important variable of
interindividual difference. Kühnel et al.’s (2016) findings are in
line with this idea; they reported that people who experience
a greater circadian misalignment (compared to people who
experience less circadian misalignment) procrastinate more the
next day when their sleep quality during the night is low.
These findings suggest that some people need more resources
for self-regulation in everyday life; therefore, they tend to be
more dependent on good-quality sleep (Kühnel et al., 2016).
Taken together, we propose that later chronotypes, compared

to earlier chronotypes, are more dependent on good-quality
sleep at night to prevent procrastination at work. Therefore, the
second hypothesis of this study is that the chronotype moderates
the negative relationship between day-specific sleep quality
and procrastination the next day. This negative relationship
is stronger for later chronotypes (evening types) compared to
earlier chronotypes (morning types).

Shift to DST, Sleep–Wake Rhythm, and
Procrastination
Later chronotypes’ greater dependence on good-quality
sleep would be even more pronounced under challenging
environmental circumstances that aggravate their circadian
misalignment. Once a year, many countries around the world
switch from standard to summer time (DST) on the last Sunday
in March, when the local clock time is set to 1 hour later. The
shift to DSTmeans local clock time will be, for example, 3:00 a.m.
(DST) instead of 2:00 a.m. (standard time). Kantermann
et al. (2007) showed that the entrainment of an individual’s
endogenous circadian clock to the individual’s environment
is disrupted by the shift to DST, as the circadian clock is
synchronized with the “sun clock” (day/light–night/dark–cycle),
which does not change. Given that an individual’s circadian
clock does not adjust to the new local clock time, but social
obligations such as work and school start times follow the
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new local clock time, the shift to DST potentially induces
and/or aggravates a mismatch (circadian misalignment) between
individuals’ preferred sleep–wake rhythms (chronotype) and
their actual sleep–wake times. This should especially be the
case for later chronotypes compared to earlier chronotypes, as
local clock time is advanced and thus in contrast to what later
chronotypes would prefer (Kantermann et al., 2007; Lahti et al.,
2008; Allebrandt et al., 2014). We argue that the shift to DST
aggravates circadian misalignment, which increases the need
for self-regulatory resources, especially for later chronotypes
(Kantermann et al., 2007; Kühnel et al., 2018b). The increased
need for self-regulatory resources results in later chronotypes
depending even more on sleep quality and its replenishing
effect (Wagner et al., 2012; Kühnel et al., 2018b), to prevent
procrastination the next day (Kühnel et al., 2016). In other
words, the shift to DST would increase later chronotypes’
dependence on good-quality sleep to prevent procrastination
the next day. Accordingly, we propose the third hypothesis
for this study: the shift to DST increases later chronotypes’
dependence on good-quality sleep, to prevent procrastination
the next day. Following the shift to DST (compared to before
the shift to DST), later chronotypes are even more dependent
on good-quality sleep to prevent procrastination the next day.
In technical terms, the chronotype and shift to DST jointly
moderate the relationship between day-specific sleep quality and
procrastination the next day.

METHODS

Sample and Procedure
One hundred and one full-time employees from companies
in diverse industries across different regions in Germany
participated in this repeated-measures study. Data were collected
by one of the co-authors as part of her master’s thesis. Sixty-seven
individuals from the convenience sample were women, and the
participants’ age ranged from 20 to 66 years (Mean age = 48
years; SD = 9). Participants had about ∼10 years of professional
experience in their current organization, and they worked 40.24 h
on average per week. Blue-collar jobs (withmainly physical work)
were represented at 28.7%, while 64.2% of the participants mainly
did office work (so-called white-collar jobs).

Only non-shift workers and employees who worked at least
30 h per week were requested to participate. To motivate
employees to participate in the study, we offered participants
individual evaluations of their chronotypes, as well as feedback
based on the results of the study. All employees who
provided informed consent to participate received a paper-and-
pencil questionnaire booklet by mail. First, they completed a
general questionnaire (t0) before the working week starting
with Monday, 23rd of March about their sociodemographic
characteristics and chronotype. Then, they were asked to answer
identical questionnaires on the Monday, 23rd of March before
(t1) and the Monday, 30th of March following (t2) the shift
to DST (shift from Saturday, 28th of March to Sunday, 29th of
March). At each survey point, the participants were advised to
answer the questions immediately after their workday; they were
also reminded by e-mail or via SMS to answer the questionnaires

at the given time. Following the completion of the entire
questionnaire booklet, the participants were requested to return
the booklets by mail (free of charge).

Of the 157 questionnaires that were mailed to the participants,
130 were returned (82%). Due to incomplete responses (e.g.,
answering only one of the day-specific questionnaires or failing
to complete the general questionnaire) and participants not
completing the questionnaires at the instructed time (e.g.,
belatedly completing the questionnaire booklet all at once),
data from 22 participants were excluded. In addition, seven
participants were excluded due to externally determined sleep
hours on days off, which is one of the exclusion criteria of
the Munich Chronotype Questionnaire (MCTQ, see Measures
Section). The final sample comprised 101 employees (completion
rate: 64%).

Measures
General Questionnaire (t0)

Chronotype
We used the MCTQ (Roenneberg et al., 2003) to assess the
participants’ chronotypes. The MCTQ assesses the responder’s
typical sleep times on workdays and work-free days based
on their sleep onset and sleep offset (separately for workdays
and work-free days). The MCTQ chronotype is determined
by calculating the midpoint between sleep onset and offset
on free days (including a correction to balance an increased
need for sleep due to the accumulated sleep deficit during the
workweek) (Roenneberg et al., 2012). Higher values indicate a
later chronotype—that is, a later midpoint of sleep on work-free
days. For example, if a person’s sleep onset on work-free days
is at 1:00 a.m. and sleep offset is at 11:00 a.m., the midpoint of
sleep on work-free days is at 6:00 a.m.; therefore, the person’s
chronotype value would be six. For individuals who do not report
unrestricted sleep times on work-free days, biologically preferred
sleep–wake rhythm (chronotype) cannot be calculated with the
MCTQ. Exclusion criteria are when respondents use an alarm to
wake up on work-free days, or when their naturally occurring
sleep on work-free days is prematurely terminated (externally)
because of small children or pets requiring attention.

Day-Specific Questionnaires on the Monday Before

(t1) and the Monday After (t2) the Shift to DST

Sleep Quality
We used a single item derived from the Pittsburgh Sleep Quality
Index (Buysse et al., 1989) to assess day-specific sleep quality
(i.e., “How do you evaluate this night’s sleep?”). This item has
been used successfully in studies assessing day-specific sleep in
the morning (Sonnentag et al., 2008; Hülsheger et al., 2015).
Participants rate their overall sleep quality on a 5-point Likert-
type scale (ranging from 1= very poor to 5= excellent).

Procrastination
Day-specific procrastination was assessed using six items from
the Tuckman Procrastination Scale (Tuckman, 1991) that were
slightly modified to assess day-specific procrastination (Kühnel
et al., 2016). Example items are “Today, I needlessly delayed
finishing jobs, even when they were important.” and “Today, I
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promised myself I will do something and then dragged my feet.”
The participants’ responses were recorded on a 5-point Likert-
type scale (ranging from 1 = strongly disagree to 5 = strongly
agree). Cronbach’s alpha was 0.83 and 0.81 on Monday before
the shift to DST (t1) and on Monday after the shift to DST
(t2), respectively.

Statistical Analysis
We usedMplus 8.4 to conduct multilevel analyses, which account
for the nested data structure. The nested data structure arises by
measuring the variables sleep quality and procrastination more
than once, and thus, they exhibit within-person variation (Level
1: within-person level) and between-person variation (Level 2:
between-person level). To test our hypotheses, we examined
sleep quality as a predictor of procrastination (Hypothesis 1),
the joint effect of sleep quality and chronotype as a predictor
of procrastination (Hypothesis 2), and chronotype and the effect
of “time” (before vs. after the shift to DST) as joint moderators
of the relationship between sleep quality and procrastination
(Hypothesis 3). The predictor variable “time” is a within-person
variable that refers to the two time points that were coded
0 = Monday before the shift to DST [t1] and 1 = Monday
after the shift to DST [t2]. Thus, the predictor variable time
depicts intraindividual differences between the Monday before
and the Monday after the shift to DST in the dependent variable.
Following best practice recommendations by Aguinis et al. (2013)
to test cross-level interaction effects, the within-person level
variable sleep quality was person-mean centered for all analyses,
while the person-level predictor variable chronotype was grand-
mean centered.

To predict day-specific procrastination, we specified and
compared several nested hierarchical models. In Model 1,
we entered the within-person level predictor variable “sleep
quality” (Hypothesis 1). In Model 2 we included the person-
level predictor variable “chronotype” and a random slope of sleep
quality predicting procrastination. The random slope models
allow the relationship between sleep quality and procrastination
to vary between persons. Model 3, which tested Hypothesis 2,
included the interaction term between chronotype and sleep
quality as a predictor of procrastination. In technical terms,
chronotype was modeled as a predictor of the random slope of

sleep quality predicting procrastination; thus, chronotype is a
cross-level moderator. In other words, Model 3 tests whether
chronotype explains variance in the strength of the relationship
between sleep quality and procrastination. Model 4 contained all
of the two-way interactions between the predictor variables time,
sleep quality, and chronotype predicting procrastination. Model
5 included the three-way interaction between sleep quality, time,
and chronotype (Hypothesis 3). In technical terms, chronotype
was modeled as a predictor of the random slope of sleep quality
× time predicting procrastination.

RESULTS

Descriptive Statistics
Table 1 depicts the means, standard deviations, intercorrelations
between variables, and intraclass correlation coefficients based on
our analyses. We calculated the variance proportions using null
models for each day-specific variable. Fifty-nine percent and 91%
of the variance of the specific variables procrastination and sleep
quality resided on the within-person level, respectively.

The within-person correlation between the day-specific
variables procrastination and sleep quality (above the diagonal in
Table 1) was significant and negative (r = −0.25, p < 0.001). To
calculate the within-person correlation, the day-specific variables
were person-mean centered. The between-person correlations
(below the diagonal in Table 1) indicate that procrastination was
positively related to chronotype (r = 0.33, p < 0.01), negatively
related to age (r = −0.28, p < 0.01), and not significantly related
to gender (r= 0.00, p= 0.99). Chronotype was negatively related
to age (r=−0.46, p< 0.001).Table 2 presents the nestedmodels.

Test of Hypothesis 1: The Relationship
Between Sleep Quality and Procrastination
Model 1 shows that sleep quality at night significantly and
negatively predicted procrastination the next day (estimate =

−0.103, SE= 0.039, t=−2.63, p< 0.01). Thus, Hypothesis 1 was
confirmed; employees procrastinate less on days following nights
during which they sleep better.

TABLE 1 | Means, standard deviations, and correlations of variables.

Variable M SD 1-ICCb 1 2 3 4 5

1. Day-specific procrastination 1.34 0.42 0.59 – −0.25*** 0.10

2. Day-specific sleep quality 3.26 0.73 0.91 −0.19 – −0.23**

3. Timea (before vs. after the shift to DST) 0.50 0.50 1.00 – – –

4. Chronotype 3.45 0.97 – 0.33** −0.03 – –

5. Age 41.94 13.08 – −0.28** 0.10 – −0.46*** –

6. Genderc 0.66 0.48 – 0.00 −0.06 – −0.05 −0.03

a0 = Monday before the shift to DST; 1 = Monday after the shift to DST. Correlations above the diagonal are day-level (within-person) correlations (N = 202). Correlations below the

diagonal are person-level (between-person) correlations. To obtain person-level correlations, day-level data were aggregated (N = 101). To obtain day-level correlations, procrastination

and sleep quality were centered around the respective person-mean. b Intraclass correlation (ICC) = ratio of the between-person variance to the total variance, 1-ICC = ratio of the

within-person variance to the total variance. cGender: 1 = female, 0 = male. **p < 0.01, ***p < 0.001.
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TABLE 2 | Results of multilevel analyses predicting day-specific procrastination.

Null model Model 1 Model 2

Est SE t Est SE t Est SE t

Intercept 1.344 0.042 32.20*** 1.344 0.042 32.20*** 1.344 0.039 34.45***

Sleep quality −0.103 0.039 −2.63** −0.101 0.040 −2.38*

Time (before vs. after the shift to DST)a

Sleep quality × Timea

Level 2 predictor

Chronotype 0.153 0.040 3.82***

Cross-Level interactions

Sleep quality × Chronotype

Timea × Chronotype

Sleep quality × Timea × Chronotype

−2 × log likelihood 274.506 (3) 267.840 (4) 254.334 (6)

1 −2 × log likelihood (df ) 6.667 (1)** 13.506 (2)***

Level 1 intercept variance (SE) 0.148 (0.021) 0.138 (0.019) 0.136 (0.025)

Level 2 intercept variance (SE) 0.102 (0.027) 0.107 (0.027) 0.086 (0.025)

Level 2 slope variance (SE)—timea

Level 2 slope variance (SE)—sleep quality 0.003 (0.023)

Level 2 slope variance (SE)—Sleep quality × Timea

Model 3 Model 4 Model 5

Est SE t Est SE t Est SE t

Intercept 1.344 0.039 34.46*** 1.325 0.045 29.32*** 1.323 0.044 30.11***

Sleep quality −0.099 0.044 −2.22* −0.044 0.066 −0.66 −0.051 0.063 −0.82

Time (before vs. after the shift to DST)a 0.021 0.048 0.44 0.021 0.048 0.43

Sleep quality × Timea −0.079 0.122 −0.80 −0.087 0.116 −0.75

Level 2 predictor

Chronotype 0.153 0.040 3.82*** 0.208 0.048 4.29*** 0.162 0.049 3.32**

Cross-level interactions

Sleep quality × Chronotype −0.043 0.036 −1.20 −0.069 0.044 −1.56 0.064 0.063 1.024

Timea × Chronotype −0.117 0.054 −2.16* −0.119 0.053 −2.24*

Sleep quality × Timea × Chronotype −0.282 0.112 −2.51*

−2 × log likelihood 252.756 (7) 247.650 (12) 241.662 (13)

1 −2 × log likelihood (df ) 1.578 (1) 5.086 (5) 6.008 (1)*

Level 1 intercept variance (SE) 0.135 (0.028) 0.126 (0.025) 0.128 (0.027)

Level 2 intercept variance (SE) 0.086 (0.026) 0.086 (0.023) 0.078 (0.023)

Level 2 slope variance (SE)—timea 0.003 (0.047) 0.003 (0.045)

Level 2 slope variance (SE)—sleep quality 0.002 (0.033) 0.001 (0.024) 0.001 (0.034)

Level 2 slope variance (SE)—Sleep quality × Timea 0.017 (0.051) 0.006 (0.046)

Est = Estimate; a0 = Monday before the shift to DST; 1 = Monday after the shift to DST. *p < 0.05, **p < 0.01, ***p < 0.001.

Test of Hypothesis 2: The Moderating
Effect of Chronotype on the Relationship
Between Sleep Quality and Procrastination
Model 3 tested whether employees with later chronotypes
(evening types) were more dependent on good-quality sleep at
night to prevent procrastination the next day compared to earlier
chronotypes (morning types). Model 2 shows that chronotype
significantly predicted procrastination (estimate = 0.153, SE =

0.040, t = 3.82, p < 0.001). There was no significant effect
of chronotype as a cross-level moderator on the relationship

between sleep quality and procrastination in Model 3 (estimate
=−0.043, SE= 0.036, t =−1.20, p= 0.167). Thus, Hypothesis 2
was rejected.

Test of Hypothesis 3: The Joint Effect of
Chronotype, Time (Before vs. After the
Shift to DST), and Sleep Quality Predicting
Procrastination
Finally, we used Model 5 to examine whether the shift to DST
increases later chronotypes’ dependence on good sleep quality to
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prevent procrastination the next day. The three-way interaction
between time, sleep quality, and chronotype was significant
(estimate = −0.282, SE = 0.112, t = −2.51, p < 0.05), and
Model 5 fit the data better than the previous model (1 −2
× log likelihood = 6.008, df = 1, p < 0.05). We conducted
simple slope analyses with Preacher et al.’s (2006) online-based
computational tool. We examined the relationship between sleep
quality and procrastination for later (+ 1 SD) vs. earlier (−1 SD)
chronotypes for before and after the shift to DST. The simple
slope of sleep quality predicting procrastination was significant
for later chronotypes after the shift to DST (simple slope =

−0.35, SE = 0.09, t = −3.82, p < 0.001). Simple slopes of sleep
quality predicting procrastination were not significant for later
chronotypes before the shift to DST (simple slope = 0.01, SE
= 0.08, t = 0.15, p = 0.88), for earlier chronotypes before the
shift to DST (simple slope = −0.11, SE = 0.10, t = −1.15, p =

0.25), or for earlier chronotypes after the shift to DST (simple
slope = 0.07, SE = 0.12, t = 0.62, p = 0.53). In other words,
the relationship between sleep quality and procrastination was
negative for later chronotypes only on the Monday following
the shift to DST. Figure 2 demonstrates this relationship. Put
another way, only later chronotypes were dependent on good-
quality sleep to prevent procrastination on theMonday following
the shift to DST. Hence, our findings partially supported
Hypothesis 3.

DISCUSSION

The current study examined the effects of sleep and chronotype
on procrastination at work. Moreover, this study considered
the effect of the shift to DST as a phenomenon manipulating
employees’ required sleep–wake times in their everyday
work life. We found that day-specific sleep quality predicted
procrastination the next day. That is, a lower sleep quality
during the night resulted in more procrastination the next
day. Further, later chronotypes (evening types) experienced
more procrastination than did earlier chronotypes (morning
types). Our study’s results did not confirm our hypothesis that
for later chronotypes compared to earlier chronotypes, sleep
quality is more important for procrastination the next day. Our
analyses showed that the expected pattern occurred only after
the shift to DST. More precisely, after the shift to DST, later
chronotypes reported more procrastination during the day when
they experienced low-quality sleep the previous night.

Taken together, the results of this study extend the findings
on procrastination by providing more insight into the conditions
under which procrastination is more likely to occur. We
gained a better understanding of the relationship between
sleep and procrastination by clarifying the role of chronotype.
Furthermore, we identified the shift to DST as a condition that
influences different chronotypes’ likelihood of procrastination.
This study is the first to shed light on the effect of the
interplay of sleep quality, chronotype, and the shift to DST
on procrastination.

Sleep Quality and Procrastination
The findings of this study are in line with previous findings that
highlight the relevance of sleep for self-regulatory resources to

initiate action at work (Baumeister et al., 1998; Kühnel et al.,
2016). In particular, we could replicate previous studies’ results,
showing that on days following nights during which employees
had slept better, they procrastinated less (Kühnel et al., 2016).
During sleep, the replenishment of the self-regulatory resources
is ensured (Baumeister et al., 2000; Barber et al., 2010), but if
their replenishment is hampered because of low-quality sleep,
people have more difficulties resisting dysfunctional or impulsive
actions, and procrastination can occur. Our results underscore
the usefulness of the theoretical perspective of self-regulation
to understand and predict procrastination. Particularly, sleep
quality is a prerequisite to ensure employees’ ability to initiate
action at work.

Chronotype and Procrastination
We clarified the role of individually-preferred sleep–wake
rhythm (chronotypes) in the relationship between sleep and
procrastination. In line with other studies (Díaz-Morales et al.,
2008; Digdon and Howell, 2008), our findings showed that
later chronotypes procrastinated more than earlier chronotypes.
This finding supports our theoretical assumption that later
chronotypes may require more resources for self-regulation
in everyday life, and consequently, they may be more prone
to procrastination in general. Adapting sleep–wake times
to their work schedules and coping with one’s circadian
misalignment (Wittmann et al., 2006) could be possible
reasons for later chronotypes needing more self-regulatory
resources. Guarana et al. (2021) emphasized the relevance
of chronotype and circadian effects in sleep research, as
individually-preferred sleep–wake rhythms have been shown
to influence impulse inhibition or overcoming temptation. To
understand this effect in greater detail, future studies may
investigate mechanisms underlying the relationship between
chronotype and procrastination.

However, the results did not reveal any differences between
chronotypes regarding the importance of sleep quality for
procrastination. In our study, there was no difference between
chronotypes in their degree of dependence on good-quality
sleep. One might speculate that the later chronotypes in our
sample might have successfully developed strategies to cope with
the increased demands for self-regulation in their daily life.
One might also question our assumption that later chronotypes
experienced more circadian misalignment in their daily life. It is
possible that the later chronotypes in our sample had later and/or
flexible work start times and no other social obligations because
of which they were less affected by circadian misalignment
and thus not more dependent on good-quality sleep compared
to earlier chronotypes. Another explanation for our findings
is that the distribution of chronotypes in our sample was
restricted compared to the distribution of chronotypes in the
population. Specifically, earlier chronotypes were considerably
overrepresented in our sample, which may have mirrored the
reality of earlier and intermediate chronotypes rather than the
reality of later chronotypes.

DST, Chronotype, and Procrastination
Finally, we found that the shift to DST aggravates later
chronotypes’ dependence on high-quality sleep to prevent

Frontiers in Psychology | www.frontiersin.org 7 February 2022 | Volume 12 | Article 785154

https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org
https://www.frontiersin.org/journals/psychology#articles


Maier et al. Sleep and Procrastination

FIGURE 2 | Relationship between day-specific sleep quality and procrastination for earlier (−1 SD) vs. later (+1 SD) chronotypes before vs. after the shift to daylight

saving time.

procrastination the next day (Culić and Kantermann, 2021).
Our findings thus reveal the consequences of the shift to
DST, especially for later chronotypes. In particular, our results
are thus in line with previous studies, showing the greater
dependence of later chronotypes on sleep quality and its
replenishing effect (Kühnel et al., 2016; Przepiórka et al.,
2019). Regarding procrastination, earlier chronotypes were
unaffected by the shift to DST. Our findings support the
idea, that a circadian misalignment leads to increased demands
for self-regulation in daily life (Kühnel et al., 2018b), and
therefore, a greater need for replenishing the resources needed
for self-regulation.

Limitations and Suggestions for Future
Research
Later chronotypes were underrepresented in this study’s
sample, which may have resulted in an underestimation of
the true effect of chronotype on the relationship between
sleep quality and procrastination at work. Future studies may
want to employ a different recruiting strategy to achieve
an unrestricted distribution of chronotypes. This may be
challenging, however, as especially late chronotypes may refrain
from filling in questionnaires immediately after the shift
to DST.

The relationship between sleep quality and procrastination
might be overestimated due to concurrent measurement of
both variables. Yet, studies which assessed sleep quality
and procrastination separated in time (sleep quality in the
morning and procrastination at the end of the work day;
sleep quality before the shift and procrastination at the end
of the shift) found within-person correlations between sleep
quality and procrastination that were of similar size as the
within-person correlation we found [r = −0.19 in Kühnel
et al. (2018a); r = −0.22 in Kühnel et al. (2016); r =

−0.25 in the current study], mitigating concerns that the

relationship found is solely due or strongly inflated due to
concurrent measurement.

Measuring self-regulatory resources would allow to
explicitly test our theoretical assumption that greater circadian
misalignment increases the need for self-regulatory resources,
especially for later chronotypes, to prevent self-regulatory failure.
Assessing self-regulatory resources would allow researchers to
investigate whether dealing with the shift to DST—and thus
dealing with circadian misalignment—depletes self-regulatory
resources. Future research should examine self-regulatory
resources using questionnaires and/or other approaches that
assess the availability of self-regulatory resources such as the
Stroop test (Kuhl and Kazén, 1999).

A comparison between countries that shift to DST would also
be an interesting topic for future research. A question arises
whether the current findings are generalizable to other countries
that shift from the standard time to DST, or whether this effect is
mitigated in countries with a napping culture (i.e., Spanish siesta),
such as Spain.

Further, the effect of the shift from DST to standard time
in autumn may also be an interesting research direction.
Researchers could investigate whether later chronotypes,
who experience negative effects of the shift to DST, have
greater benefits when shifting to standard time. Such studies
would provide valuable insights into the consequences of a
reduction of misalignment, as well as its potential benefits for
different chronotypes.

At last, a study with a follow-up design would further extend
our findings. In particular, it would be useful to investigate
whether the effects of the shift to DST reduce soon after the shift
to DST or whether they last longer, maybe even throughout the
DST period. A previous study has shown that chronotypes differ
in terms of how soon they adapt to DST (Kantermann et al.,
2007)—later chronotypes may take longer to adapt to the new
local clock time.
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Practical Implications
The results of our study offer ways to reduce procrastination,
specifically concerning sleep quality and the shift to DST. Various
researchers, including Guarana et al. (2021), Kühnel et al.
(2021), Ohayon et al. (2017), and Schmidt et al. (2007) have
offered relevant recommendations for improving sleep quality.
They propose educational and behavioral approaches, as well
as employing influential behaviors by authority figures and role
models (Kühnel et al., 2021). Moreover, organizations should
also become role models in this regard. One useful approach
for organizations is to offer individually-adjustable working
hours for different chronotypes to foster good sleep. A trend
toward concepts like flex time has already emerged in recent
years. Additionally, leaders can foster their employees’ sleep by
communicating its importance; they can also demonstrate it by
taking care of their own sleep.

It is important to consider that later chronotypes in particular
not only experience the negative effects of typical work time
schedules but also are more affected by the shift to DST. A
chronotype-specific training to promote healthy sleep practices
and sleep hygiene should be offered at least once a year—ideally,
immediately before the shift to DST.

Finally, our findings contribute to the debate around whether
DST should be abolished. Existing evidence indicates that
the shift to DST does not offer energy-saving benefits (e.g.,

Aries and Newsham, 2008; Roenneberg et al., 2019), and our
results suggest that doing away with the shift to DST could
eliminate adverse consequences for later chronotypes.
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