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THERE IS A TIME TO BE CREATIVE: THE ALIGNMENT

BETWEEN CHRONOTYPE AND TIME OF DAY

JANA KUHNEL
University of Vienna

RONALD BLEDOW
Singapore Management University

MARKUS KIEFER
Ulm University

We examine the influence of chronobiological processes on creativity, specifically the
influence of a person’s chronotype. Chronotype refers to the setting of a person’s biologi-
cal clock that gives rise to a distinctive pattern of sleep habits and preferred diurnal
activity. We propose a synchrony effect and predict that people are creative when the
external clock is aligned with their internal, biological clock. According to our model,
positive mood and creative self-efficacy act as affective and cognitive mechanisms of this
synchrony effect. We present three studies that test our theorizing: a quasi-experimental
field study with 260 employees, a day-reconstruction study with 238 employees, and a
one-day experience sampling study with 319 employees. Across the studies, we find that
chronotype moderates the effect of time of day on creativity. Overall, late chronotypes
were more creative in the late afternoon and early chronotypes tended to be more crea-
tive in the morning. The alignment between chronotype and time of day also gave rise to
positive mood and creative self-efficacy; however, the studies provide only partial sup-
port for the hypothesis that positive mood acts as a mediating mechanism. We discuss
the implications of these findings against the background of an embodied cognition per-

spective on creativity.

In 2017, Jeffrey C. Hall, Michael Rosbash, and
Michael W. Young received the Nobel Prize in Physi-
ology or Medicine for their discoveries of molecular
mechanisms controlling the circadian rhythm
(Nobel Media Outreach, 2017). These molecular
mechanisms help to explain how the rhythm of a
biological organism 1is synchronized with and
adapted to different phases of the day. Biological
clocks help to regulate sleep patterns, hormone
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release, blood pressure, and body temperature, and
cause peaks and troughs in the functioning of an
organism during the day (Borbély, 1982; Carrier &
Monk, 2000; Czeisler & Gooley, 2007). These discov-
eries raise the question of whether the influence of
biological clocks is limited to physiological pro-
cesses or extends to complex cognitive phenomena
such as the creativity people display in their every-
day work lives.

Creativity—the development of novel and useful
ideas or problem solutions (Amabile, 1996)—is rec-
ognized as “an important ingredient for effectiveness
in all kinds of work” (George, 2007: 441). It enables
individuals and groups to adapt to changing circum-
stances, to proactively deal with their environment,
and to survive and prosper through social, techno-
logical, and medical innovations (Anderson,
Potocnik, & Zhou, 2014; Bledow, Frese, Anderson,
Erez, & Farr, 2009; Oldham & Cummings, 1996; West
& Farr, 1990). As one of the most complex human
capabilities that requires the integration of a variety
of cognitive processes, creativity may be particularly
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sensitive to the peaks and troughs people display as
aresult of how their biological clock is set. However,
despite a large body of research on creativity in
organizations, research has rarely considered the
state of the human body as the carrier of cognitive
and affective processes. Specifically, we do not
know to what extent a person’s biological clock
causes within-person variability in creativity over
the course of a workday.

An examination of whether creativity in organiza-
tions is grounded in the current state of the body
does not necessarily require the isolation of specific
physiological parameters—it can also be performed
at the behavioral level. Individuals show naturally
occurring variations in circadian parameters, known
as their chronotype, that can be used to examine
how creativity is influenced by a person’s biological
state. The particular chronotype of an individual
results in pronounced differences in favorite periods
of diurnal activity and sleep habits (Horne & Ostberg,
1976; Roenneberg, Wirz-Justice, & Merrow, 2003):
Some people (early chronotypes, or “morning peo-
ple”) tend to experience activity peaks in the morn-
ing, whereas others (late chronotypes, or “evening
people”) tend to experience peaks later during the
day (Kerkhof, 1985; Schmidt, Collette, Cajochen, &
Peigneux, 2007; Van Dongen & Dinges, 2000). While
a few studies have compared the performance of
early and late chronotypes in laboratory settings at
different times of the day, research has not yet scruti-
nized the theoretical relevance of chronotype for
real-world work settings and examined its explana-
tory potential for creativity.

Equally important to knowing whether biological
clocks influence the time frames during which peo-
ple can best access their creative potential is to
explain the psychological processes through which
this influence unfolds. An explanatory model needs
to cross disciplinary boundaries by specifying the
cognitive and affective processes that link biological
mechanisms to work performance. We base our
explanatory model on Borbély’s two-process model
of sleep-regulation that outlines the biological mech-
anisms underlying changes in human functioning
over the course of a day (Borbély, 1982; Borbély,
Daan, Wirz-Justice, & Deboer, 2016).

A critical component of the link between biologi-
cal mechanism and creativity may be positive mood,
which is a frequently studied affective antecedent of
creativity that varies over the course of a day (e.g.,
Amabile, Barsade, Mueller, & Staw, 2005; To, Fisher,
Ashkanasy, & Rowe, 2012). Previous research has
located the source of positive mood primarily in the

external environment and focused on the affective
events people experience at work (Weiss & Cropan-
zano, 1996). We adopt an embodied cognition per-
spective and call attention to the internal, biological
roots of positive mood and its influence on work per-
formance (see also Rothbard & Wilk, 2011). Specifi-
cally, our model proposes that positive mood
transmits the influence of a person’s chronobiologi-
cal clock on creativity.

A cognitive antecedent of creativity that has
received considerable research attention and may
transmit the influence of chronobiological processes
is creative self-efficacy. Defined as the belief that one
can produce creative outcomes (Tierney & Farmer,
2002), it has been found to mediate the influence of
personal and contextual factors on creativity
(Farmer & Tierney, 2017; Tierney & Farmer, 2011).
However, the assumed causal role of this belief
remains debatable as the available studies cannot
rule out the alternative explanation that creative
self-efficacy is a reflection of past creativity rather
than a causal antecedent of creativity on its own
(Richard, Diefendorff, & Martin, 2006; Sitzmann &
Yeo, 2013). By studying creative self-efficacy as an
embodied cognitive process that is linked to a per-
son’s chronobiological clock and varies over the
course of a day, we offer a novel explanation of why
creative self-efficacy arises and whether it operates
as a causal factor underlying creativity.

In this article, we develop the outlined ideas and
examine whether within-day fluctuations in creativ-
ity can be traced back to the alignment between chro-
notype and time of day—an effect we denote as the
synchrony effect. Our research thereby contributes
to the literature in the following ways. First, we
inform the literature on creativity in organizations
by demonstrating that within-person variation in
creativity as well as its cognitive and affective ante-
cedents are grounded in the current state of the body
(Amabile et al., 2005; Nijstad, De Dreu, Rietzschel, &
Baas, 2010; Shalley, Zhou, & Oldham, 2004). Our
results suggest that theories of creativity need to
account for the influence of the human body and pay
more attention to the mind—body interface as sug-
gested by an embodied cognition framework (Kiefer
& Barsalou, 2013; Varela, Thompson, & Rosch,
1991). Second, we contribute to the growing body of
research on how sleep and chronotype shape work
behavior (see, e.g., Barnes, Lucianetti, Bhave, &
Christian, 2015; Kihnel, Bledow, & Feuerhahn,
2016; Yam, Fehr, & Barnes, 2014). Specifically, we
extend past research on the alignment between chro-
notype and time of day to the domain of creativity
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and offer an integrative explanation of the synchrony
effect and its cognitive and affective mechanisms.
We thereby contribute to the two-process model of
sleep regulation (Borbély, 1982) and specify psycho-
logical processes that link biological mechanisms to
work performance. Third, we add to research
accounting for the dynamic nature of work perfor-
mance by considering temporal factors (Dalal,
Bhave, & Fiset, 2014). We show that employees’ abil-
ity to be creative systematically varies not only
across days, as previous studies have shown (e.g.,
Bledow, Rosing, & Frese, 2013), but also over the
course of one day, and explain this variation through
chronobiological processes. Moreover, our results
are of practical relevance and inform employees on
how to schedule work tasks to best make use of their
creative potential and support leaders in establish-
ing a creativity supportive context.

In the following, we first outline the theoretical
foundation of our hypotheses, the two-process
model of sleep regulation (Borbély, 1982). We then
derive from this model that employees’ creativity
depends on the interplay between chronotype and
the time of day. Finally, we introduce positive mood
and creative self-efficacy as explanatory mecha-
nisms through which the alignment between chro-
notype and time of day influences creativity. Our
conceptual model is depicted in Figure 1.

THEORY AND HYPOTHESES DEVELOPMENT

Peaks and Troughs in Cognitive Functioning
during the Workday

According to the two-process model of sleep regu-
lation, cognitive functioning changes over the course
of the day because of complex interactions between
two processes—the homeostatic “process S” and the
circadian “process C” (Borbély, 1982; Borbély et al.,
2016). The homeostatic, sleep-promoting process

FIGURE 1
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S continuously accumulates during time awake,
concomitant with an increase in sleepiness and a
decrease in cognitive performance and alertness. By
contrast, process C represents a wake-promoting
drive that balances the accumulating homeostatic
drive for sleep during wakefulness (Dijk, Duffy, &
Czeisler, 1992). Process C is generated by an endoge-
nous circadian clock and oscillates with a period of
about 24 hours, independent of whether the person
is asleep or awake. Complex interactions between
process S and process C result in an increase in alert-
ness and cognitive functioning at the beginning
of the waking day, consolidated cognitive function-
ing during the waking day, and a decrease in alert-
ness and cognitive functioning at the end of the
waking day.

Differences between people in the timing of pro-
cess C result in individual differences when peaks
and troughs in cognitive functioning occur during
the day (Dijk & Lockley, 2002; Van Dongen & Dinges,
2000). Whether employees’ peak period of cognitive
functioning occurs earlier or later in the day is
reflected in each individual’s chronotype. In the
population, the continuum of different chronotypes
ranges from early chronotypes (“morning people”),
who prefer to go to bed earlier at night and get up ear-
lier in the morning, to late chronotypes (“evening
people”), who prefer to go to bed later at night and
get up later in the morning (Roenneberg et al., 2003).
People in the middle of this continuum do not have
clear preferences toward morning or evening and are
called intermediate chronotypes. In their work on

‘references for sleep—wake timing, Horne and
Ostberg (1976) referred to this continuum of differ-
ent chronotypes as morningness—eveningness.
Along with a person’s standing on this continuum,
the peak period of cognitive functioning occurs ear-
lier or later in the day (Kerkhof, 1985; Kerkhof & Van
Dongen, 1996; Schmidt et al., 2007).

The Alignment between Chronotype and Time
of Day

We derive from the outlined two-process model of
sleep regulation that creativity depends on the align-
ment between chronotype and time of day. When
the time of day matches a person’s chronotype, the
person is in a cognitive-affective state that enables
the person to display creativity. As this synchrony
effect influences the whole organism, we expect it to
broadly impact cognitive functioning at a high level
rather than to promote low-level cognitive processes
or specific behavioral responses. Specifically, we
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propose that the synchrony effect enhances execu-
tive functions (Gilbert & Burgess, 2008). Executive
functions refer to high-level control processes that
coordinate and integrate the activity of the variety of
cognitive and affective subsystems and enable non-
habitual responses such as creativity and other com-
plex behaviors (e.g., Cervone, Shadel, Smith, & Fiori,
2006; Miyake, Friedman, Emerson, Witzki,
Howerter, & Wager, 2000).

The available evidence on time-of-day effects for
different chronotypes supports our argument that
the alignment between chronotype and time of day
promotes executive functions. For example, in two
experiments, Gunia, Barnes, and Sah (2014) found
that people displayed more ethical behavior when
chronotype and time of day were aligned. Early chro-
notypes displayed more ethical behavior in the
morning, while late chronotypes displayed more
ethical behavior in the evening. This finding was
replicated for early chronotypes by Ingram et al.
(2016), who identified individuals’ chronotype
based on their ribonucleic acid. Ethical behavior
critically depends on executive functions that pro-
mote behaviors that are consistent with personal val-
ues and beliefs and dampen the influence of
tempting alternatives (Gino, Schweitzer, Mead, &
Ariely, 2011). By contrast, when there is a misalign-
ment between chronotype and time of day,
people have difficulties in ignoring distractions, in
suppressing irrelevant information, in judging
responses with regard to their appropriateness, and
in restraining or preventing dominant responses that
are inappropriate or unwanted (Hasher, Zacks, &
May, 1999; Schmidt et al., 2007). People then tend to
rely on stereotypes instead of engaging in effortful,
systematic thought (Bodenhausen, 1990; Kruglanski
& Pierro, 2008). In other words, when chronotype
and time of day are misaligned, “strong responses
[i.e. dominant, easily accessible, or automated
responses] in both thought and action are more
likely to be observed” (Hasher, Goldstein, & May,
2005: 213).

A closer look at studies on the alignment between
chronotype and time of day for task performance
provides further support for the argument that the
synchrony effect promotes executive functions
because it has been observed for tasks that depend
on such functions but not for other tasks. The syn-
chrony effect has been found for performance on a
demanding driving simulator that required continu-
ous attentional tracking and corrective action (Cor-
rea, Molina, & Sanabria, 2014) and for pianists’
performance on a maximally challenging,

nonroutine piano task (Van Vugt, Treutler,
Altenmiiller, & Jabusch, 2013). Moreover, the syn-
chrony effect influences performance on tests of
fluid intelligence that measure high-level cognitive
functioning (Goldstein, Hahn, Hasher, Wiprzycka, &
Zelazo, 2007). By contrast, the alignment between
chronotype and time of day appears to matter less
for routine tasks that require primarily low-level cog-
nitive processes and routinized behavioral
responses rather than executive functions (Hasher
et al., 2005; Monk & Leng, 1986). Studies have not
found a synchrony effect for standardized mathe-
matical tests (Randler, Bechtold, & Vogel, 2016), for
handwriting fluency (Jasper, HauBler, Marquardt, &
Hermsdoerfer, 2009), for the efficiency of the orient-
ing system that selects specific information from an
array of potentially relevant stimuli (Matchock &
Mordkoff, 2009), and for automatic retrieval pro-
cesses (Goldstein et al., 2007; Puttaert, Adam, &
Peigneux, 2019; Yang, Hasher, & Wilson, 2007).
Taken together, research suggests that tasks that
require executive functions and nonhabitual
responses are most influenced by the synchrony
effect. Performance on such tasks suffers when chro-
notype and time of day are misaligned.

The Synchrony Effect and Creativity

We assume that the alignment of chronotype and
time of day enables creativity because executive
functions are then best accessible. Creativity
requires that a person can access executive functions
that dampen dominant and habitual responses in
favor of generating new and original responses. Dur-
ing the creative process, executive functions need to
be available that coordinate and integrate a variety of
cognitive processes (Beaty et al., 2018). A person
needs to retrieve relevant goals, activate the knowl-
edge repertoires that provide the raw material for
ideas, and maintain representations of the context to
determine what is useful (Baumann & Kuhl, 2002).
Most importantly, however, the person needs to
form remote associations and integrate different
sources of information so that new and useful ideas
can emerge (Tadmor, Galinsky, & Maddux, 2012).
Schmidt et al. (2007) found that the executive func-
tions that achieve such an integration are best acces-
sible when chronotype and time of day are aligned
(see also Blatter & Cajochen, 2007). Presumably, peo-
ple can then switch between different categories or
perspectives, integrate remotely associated informa-
tion, and recombine elements in novel ways (De
Dreu, Nijstad, & Baas, 2011; George, 2007).
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Besides enabling the integration of the cognitive
processes required for creativity, the synchrony
effect also induces a motivational orientation toward
exploration (Murray, Allen, & Trinder, 2002; Mur-
ray, Nicholas, Kleiman, Dwyer, Carrington, Allen, &
Trinder, 2009). An orientation toward exploration
lets people make use of their creative potential
because they actively seek novel alternatives (Crowe
& Higgins, 1997; Higgins, 1997). More specifically,
people show a stronger inclination to generate many
different alternatives instead of being repetitive
(Crowe & Higgins, 1997). By contrast, during the
time of day that misaligns with a person’s chrono-
type, the person will more readily rely on habitual
thought and easily accessible ideas and is less moti-
vated to restrain dominant responses and recombine
elements in novel ways (Hasher et al., 2005; Hasher
etal., 1999; Schmidt et al., 2007). Taken together, we
thus hypothesize that the ability to be creative
depends on the alignment between chronotype and
the time of day. People will be more creative when
the time of day matches their chronotype.

Hypothesis 1. Chronotype moderates the effect of
time of day on creativity such that (a) earlier chrono-
types are more creative in the morning compared to
in the late afternoon, and (b) later chronotypes are
more creative in the late afternoon compared to in the
morning.

Positive Mood as an Affective Mechanism

We next argue that a person’s affective state—spe-
cifically, the level of positive mood the person
displays—operates as a mediating link between
chronobiological processes and creativity. That is,
the alignment between chronotype and time of day
will be accompanied by elevated positive mood and
thereby promote creativity. According to the two-
process model of sleep regulation (Borbély et al.,
2016), the circadian process C primes the organism
toward activity and engagement during daytime
(Watson, Wiese, Vaidya, & Tellegen, 1999). The
experience of positive mood is part of the reward-
oriented motivational system that is activated by
humans’ circadian thythm (Murray et al., 2009). As a
consequence, positive mood shows endogenous var-
iation during the day that is coupled with humans’
circadian rhythm (Clark, Watson, & Leeka, 1989;
Thayer, Takahashi, & Pauli, 1988). More specifically,
positive mood exhibits 24-hour temporal variations
with a sinusoidal component of the same shape as
the circadian temperature rthythm (see Murray et al.,
2002). We therefore posit that people experience

elevated positive mood when chronotype and time
of day are aligned.

Hypothesis 2. Chronotype moderates the effect of
time of day on positive mood such that (a) earlier
chronotypes experience higher positive mood in the
morning compared to in the late afternoon, and (b)
later chronotypes experience higher positive mood in
the late afternoon compared to in the morning.

We expect a state of elevated positive mood to be
one mediating link through which the synchrony
effect influences creativity because positive mood
facilitates creativity-relevant cognitive processes
(Ashby, Isen, & Turken, 1999; Kiefer, Schuch,
Schenck, & Fiedler, 2006). For instance, Fredrick-
son’s (2013) broaden-and-build theory holds that
positive emotions stimulate global and holistic proc-
essing so that people see the “forest and not just the
trees.” A series of experiments by De Dreu, Baas, and
Nijstad (2008) found that positive mood inductions
led to enhanced cognitive flexibility, allowing peo-
ple to develop many ideas that address a problem
from multiple perspectives. Given our theorizing
and the available evidence on the positive
mood—creativity link (Amabile et al., 2005; Baas, De
Dreu, & Nijstad, 2008), positive mood may therefore
help to explain why employees’ creativity is ampli-
fied when chronotype and time of day are aligned.
Positive mood may thus be a mediator of the syn-
chrony effect—that is, of the relationship between
time of day and creativity that is moderated by
chronotype.

Hypothesis 3. The relationship between time of day
and creativity that is moderated by chronotype is
mediated by positive mood. (a) Earlier chronotypes
are more creative in the morning compared to in the
late afternoon, because they experience higher posi-
tive mood in the morning. (b) Later chronotypes are
more creative in the late afternoon compared to in the
morning, because they experience higher positive
mood in the late afternoon.

Creative Self-Efficacy as a Cognitive Mechanism

The alignment between chronotype and time of
day may facilitate creativity not only by elevating
positive mood but also by giving rise to the belief
that one can access and use one’s creative potential.
Creative self-efficacy, in turn, will motivate people
to apply their creative potential when performing
work tasks (Tierney & Farmer, 2002). Research in
organizational behavior has identified creative self-
efficacy as a proximal predictor of creativity that
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mediates the effect of multiple personal and contex-
tual factors (Farmer & Tierney, 2017). For instance,
Gong, Huang, and Farh (2009) found that creative
self-efficacy mediates the effect of transformational
leadership and employees’ learning orientation on
creativity (see also Wang, Tsai, & Tsai, 2014). The
relationship between creative self-efficacy and crea-
tivity is particularly strong in teams with high infor-
mational diversity and a shared understanding of
who knows what in a team (Richter, Hirst, van Knip-
penberg, & Baer, 2012). Personal and contextual
antecedents of creativity thus strengthen people’s
self-view that they have the ability to produce crea-
tive outcomes, which motivates them to be creative.

Our line of argument suggests that a person’s bio-
logical clock may be a factor that gives rise to crea-
tive self-efficacy. When a person’s biological clock
and the time of day are aligned, creative self-efficacy
may be amplified because the executive functions
that enable creativity are currently accessible.
According to this view, creative self-efficacy refers
to people’s awareness that they can access personal
knowledge repertoires and generate new and useful
ideas. In other words, people believe in their creative
abilities because they are aware of the availability of
the requisite executive functions. We thus assume
that the alignment between chronotype and time of
day lets people realize that they can be creative and
that this realization will motivate them to enact their
creative potential. In line with our argument that cre-
ative self-efficacy varies over time and may lead to
fluctuations in creativity, previous studies have
established a link between within-person variability
in task-specific self-efficacy and task performance
(Beck & Schmidt, 2012; Gielnik, Bledow, & Stark,
2020).

Hypothesis 4. Chronotype moderates the effect of
time of day on creative self-efficacy such that (a) ear-
lier chronotypes display higher creative self-efficacy
in the morning, compared to in the late afternoon,
and (b) later chronotypes experience higher creative
self-efficacy in the late afternoon, compared to in the
morning.

Hypothesis 5. The relationship between time of day
and creativity that is moderated by chronotype is
mediated by creative self-efficacy. (a) Earlier chrono-
types are more creative in the morning, compared
to in the late afternoon, because they display
higher creative self-efficacy in the morning. (b)
Later chronotypes are more creative in the late after-
noon, compared to in the morning, because they
display higher creative self-efficacy in the late
afternoon.

Overview of the Three Studies

The goal of the first study was to establish internal
validity of the proposed synchrony effect. The study
used a quasi-experimental, repeated-measures
design and compared creativity of employees in the
morning and in the late afternoon. The second study
used the day-reconstruction method to provide a
continuous assessment of creativity over the course
of a workday in a sample of employees doing crea-
tive work. The third study addressed methodologi-
cal limitations of the previous studies and tested the
entire conceptual model (see Figure 1). The study
used a one-day experience sampling design with
multiple occasions of measurement.

STUDY 1

Study 1 assessed performance on an objective cre-
ativity test. The alternative uses test (Guilford, 1967)
examines participants overall ability to be creative at
a specific point in time as a function of their ability
to develop many new ideas (i.e., creative fluency),
generate ideas that are original and uncommon (i.e.,
originality), and switch between domains and per-
spectives (i.e., cognitive flexibility) (Baas et al.,
2008). We expect higher creative fluency, originality,
cognitive flexibility, and overall creativity on the
alternative uses test when chronotype and time of
day are aligned because this alignment promotes
executive functioning and thereby broadly enhances
the ability to be creative.

Method

Sample and procedure. Study 1 was a repeated
measures field study that was conducted in two
parts with two groups of employees (combined sam-
ple size: N = 260; response rate: 57%). Data from the
first group of employees (N = 80) were gathered at
participants’ respective workplaces; data from the
second group (N = 180) were gathered via online
questionnaires. Participants of both groups were
nonshift workers from companies operating in
diverse industries and were recruited by a group of
students who approached their personal network
and companies in the region as part of their theses.
The first group of employees worked in mechanical
engineering (47%), health care (19%), education
(13%), electrical engineering (11%), social affairs
(6%), and printing (4%). The second group of
employees worked in public administration, defense
and social insurance (9%), science and technology
(8%), retail (6%), education (5%), finance and



224 Academy of Management Journal February

insurance (4%), health care (3%), and other
industries (5%). Fifty-one percent of the participants
were women, and average age was 35 years (SD =
13.0). Participants indicated to work, on average,
40 hours per week (SD = 9.1). Participants had, on
average, seven years of professional experience in
their current organization (SD = 9.9). Forty-four per-
cent of the sample held a college or university
degree, 25% had an intermediate or general second-
ary school leaving certificate, and 23% had a lower
secondary school leaving certificate. To motivate
companies and employees to voluntarily take part in
the study, we offered feedback on the results of
the study.

For the first group of employees (N = 80), partici-
pation consisted of attending two sessions on con-
secutive workdays at their workplace: one in the
morning, between 8 a.m. and 10 a.m., and the other
in the late afternoon, between 3:30 p.m. and
5:30 p.m. These two time points were chosen on the
basis of previous research on the synchrony effect
(e.g., Schmidt et al., 2007; Wieth & Zacks, 2011) and
because testing needed to take place during work
time. We randomly assigned participants to one of
two conditions: attending the morning session first
or attending the late-afternoon session first. Of the
83 participants who gave their consent to take part
in the study, 81 attended both sessions. Of these, one
participant had to be excluded because data on
chronotype was missing. At the beginning of each
session, participants’ positive mood was measured.
At the end of the first session, employees’ chrono-
type and sociodemographic characteristics were
assessed. In both sessions, previous night’s sleep
quality and sleep duration were assessed as control
variables.

For the second group of employees, participation
in the study consisted of answering two online ques-
tionnaires during work time; one of them had to be
filled in between 9 a.m. and 10 a.m., and the other
one had to be filled in between 5 p.m. and 6 p.m., on
consecutive days. We randomly assigned partici-
pants to one of two conditions: filling in the morning
session first or filling in the late-afternoon session
first. Of the 372 participants who expressed their
interest to take part in the study, 283 answered both
questionnaires during the specified time frames. Of
these, 14 participants were excluded because they
provided incomplete data, 31 participants were
excluded because their chronotype could not be cal-
culated with the Munich chronotype questionnaire
(MCTQ; see Measures), and 58 participants were
excluded because they indicated that they were not

working on the day of assessment. For both groups
of employees, the same procedure and measures
were used.

Measures: Chronotype. Chronotype was mea-
sured with the MCTQ (Roenneberg et al., 2003),
which derives a person’s chronotype from the per-
son’s sleep habits. The questionnaire asks a set of
questions about typical sleep timing on workdays
and work-free days. Based on these data, the mid-
point between sleep onset and offset is calculated.
Chronotype is defined as the midpoint of sleep on
work-free days, corrected for ‘oversleep’ on work-
free days (Roenneberg et al., 2003).! Lower values
indicate an earlier midpoint of sleep and an earlier
chronotype, while higher values indicate a later mid-
point of sleep and a later chronotype. For example, a
person whose sleep onset and sleep offset on work-
free days are at 11:30 p.m. and at 8:30 a.m. has a mid-
point of sleep at 4:00 a.m. and a chronotype of 4.0.
Midpoint of sleep on work-free days shows high
test—retest reliability (r = .88; Kithnle, 2006) and cor-
relates strongly with wrist actimetry and sleep logs
(r =.92; Kuhnle, 2006) and melatonin levels (r = .89
with dim-light melatonin onset; Martin & Eastman,
2002). In the population, differences in chronotype
can be as much as 12 hours (range from —1 to 11;
Roenneberg, Pilz, Zerbini, & Winnebeck, 2019). Peo-
ple with values between 3 and 5 are labeled
“intermediate chronotypes,” people with values
smaller than 3 are labeled “early chronotypes,” and
people with values greater than 5 are labeled “late
chronotypes.” In our sample, 19% were early chro-
notypes, 66% were intermediate chronotypes, and
15% were late chronotypes. Cut-offs and labels are
provided to support the interpretation of different
values; however, chronotype assessed with the
MCTQ is a continuous, approximately normally dis-
tributed variable.

Measures: Positive mood. Participants’ positive
mood was assessed with the following six items of

! Most people’s sleep is cut short on workdays, so they
accumulate a sleep debt over the workweek. To compen-
sate for this sleep debt, people sleep longer on work-free
days (Roenneberg et al., 2003). The MCTQ corrects for
sleeping longer on work-free days. For individuals who do
not report unrestricted sleep times on work-free days, bio-
logically preferred sleep—wake times (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 because of small children or pets
requiring attention.
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the Positive and Negative Affect Schedule scales
(PANAS; Watson, Clark, & Tellegen, 1988) used by
Sonnentag, Binnewies, and Mojza (2008): active,
interested, excited, strong, inspired, and alert. The
scale referred to how the person felt at the moment.
Items had to be answered on a 5-point scale ranging
from 1 (strongly disagree) to 5 (strongly agree). We
excluded one item (“inspired”) to improve Cron-
bach’s alpha in Group 1. Cronbach’s alphas were .72
(morning session) and .74 (late-afternoon session) in
Group 1 and .83 (morning session) and .81 (late-
afternoon session) in Group 2.

Measures: Creativity. Participants completed the
extensively validated and widely used alternative
uses test (Guilford, 1967) in both the morning and
the late-afternoon sessions. Because we imple-
mented a repeated-measures design, we assessed
creativity with two versions of the alternative uses
test and counterbalanced the two versions across
sessions. The alternative uses test asks participants
to come up with as many unusual uses for an every-
day object (a brick, a newspaper) as possible within a
time frame of five minutes. An advantage of this cre-
ativity test is that it provides not only an overall crea-
tivity score but also information about three
interrelated facets of creativity that can be used as
separate dependent variables (Baas et al., 2008): cre-
ative fluency, cognitive flexibility, and originality.
Creative fluency refers to the number of unique ideas
people generate. Cognitive flexibility refers to the
breadth of generated ideas and indicates whether
people can switch between different domains or
consider different perspectives. Originality refers to
the novelty and uncommonness of ideas and indi-
cates whether people generate ideas that depart from
routine and habitual thought.

Two independent raters, who were blind to condi-
tion, participants’ chronotype, and the study
hypotheses, rated participants’ responses on the
alternative uses test. For creative fluency, the raters
counted the number of unique ideas a participant
had generated. A higher number of unique ideas
reflects greater creative fluency. For cognitive flexi-
bility, each generated idea was assigned to one of
seven a priori defined content categories (e.g., tool,
weapon, decoration, sport; Nijstad et al., 2010). A
higher number of content categories used by a partic-
ipant reflects greater cognitive flexibility. For origi-
nality, the two raters assessed the originality of each
participant’s ideas on a scale from 1 (not original at
all) to 7 (very original). A higher mean score on this
scale reflects greater originality. Interrater reliability
ICC(;,) was above .80 for all measures. We

aggregated the scores across the two raters for the
object brick and for the object newspaper and z-stan-
dardized the scores to remove potential differences
in the level of difficulty related to the specific object.
For the composite measure of creativity, we aver-
aged the three scores of creative fluency, cognitive
flexibility, and originality.

Measures: Control variables. For sleep duration,
participants reported the number of hours and
minutes they had slept the previous night. We
assessed previous night’s sleep quality with the sin-
gle item “How do you evaluate this night’s sleep?”,
derived from the Pittsburgh Sleep Quality Index
(Buysse, Reynolds, Monk, Berman, & Kupfer, 1989;
Kiihnel, Sonnentag, & Bledow, 2012). Participants
rated their overall sleep quality on a 5-point Likert-
type scale ranging from 1 (very poor) to 5 (excellent).

Results

Descriptive statistics. Table 1 shows the means,
standard deviations, intercorrelations between vari-
ables, and intraclass correlations.

Analytic strategy. We used Mplus (version 8.2) to
conduct multilevel analyses (Muthén & Muthén,
1998-2017). Multilevel analyses are suitable for any
data set that has a hierarchical structure. This
includes longitudinal analysis, in which an individ-
uals’ repeated measurements (morning and late-
afternoon session; Level 1) are nested within the
individuals being studied (Level 2). Mplus can fit
models that explain variation in an outcome variable
with predictors at Level 1 and Level 2. In the models
in Table 2, we predicted creativity and positive
mood with the explanatory variables time of day
(0 = morning vs. 1 = late afternoon; Level 1), chro-
notype (Level 2), and the interaction between these
variables (Time of day X Chronotype). In technical
terms, chronotype is modeled as a predictor of the
within-person effect of time of day on creativity and
positive mood. To arrive at unbiased estimates, we
followed the recommendations of Aguinis, Gottfred-
son, and Culpepper (2013) and grand-mean centered
the cross-level moderator chronotype. We used a
conditional indirect effect model to examine the pro-
posed mediating effect of positive mood and tested
the within-person indirect effect of time of day on
creativity via positive mood for conditional values
of the moderator chronotype (+ and —1 SD). To
arrive at unbiased estimates for the indirect relation-
ships, we followed the recommendations of
Preacher and colleagues (Preacher, Zhang, &
Zyphur, 2011; Preacher, Zyphur, & Zhang, 2010)
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TABLE 1
Means, Standard Deviations, and Correlations between Variables of Study 1
Variable M SD ICC* 1 2 3 4 5 6 7 8 9 10

1 Creativity: Composite measure 0.04 0.81 .52 B1FHE 8e*HRE 70** 03 .04  —.02 .04

of the AUT®
2 Creativity: Creative ﬂuency 0.04 1.01 .56 86FFF B2F¥E 3Rkk 03 —.03 —.03 .02
3 Creativity: Cognitive flexibility 0.03 1.00 .39  .91%**  79%** .38%Fk  10%* .06 —.03 .05
4 Creativity: Originality 0.06 0.96 .51 JToRHE L goFkR ggrak —.08 .06 .00 .04
5 Positive mood 2.92 0.76 .39 .02 .08 —.01 —.03 .30%FF 08 L2QFFK
6 Sleep quality 3.65 0.89 .46 —.03 —.03 —.05 .01 34HHF .35%FF — 09*
7 Sleep duration (in hours) 6.65 1.12 .48 .04 —-.01 .04 .06 —.08 27FFF .09*
8 Time of day (morning vs. 0.50 0.50 .00 — — — — — — —

late afternoon)®
9 Chronotype 3.91 1.10 — 11 .05 11 11 —.12 —.16* .08 —
10 Age 34.7613.03 — —.04 —.02 —.05 —.03 A7FE 06 —.24%FF g
11 Gender? 0.51 0.50 — 13* .09 .09 13% —.18%* .05 13* — —.05 —.06

Note: NLevelZ =
diagonal.

260 (persons) for between-person correlations below diagonal; Nieven = 520 for within-person correlations above the

# 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.
Y AUT = alternative uses test.
¢ Time of day: 0 = morning, 1 = late afternoon.
4 Gender: 1 = female, 0 = male.

*p<.05

¥ p<.01l

K <001

TABLE 2
Results of Multilevel Analyses of Study 1 Predicting Creativity and Positive Mood
Creativity: Composite measure® Creative fluency Cognitive flexibility
Est. SE t Est. SE t Est. SE t

Intercept 0.026 0.050 0.52 0.027 0.062 0.44 0.007 0.060 0.11
Level-1 predictor

Time (morning vs. late afternoon)® 0.035 0.049 0.72 0.018 0.058 0.31 0.050 0.068 0.73
Level-2 predictor

Chronotype 0.006 0.045 0.14 —0.027 0.056 —0.49 0.013 0.054 0.25
Cross-level interaction on time

Chronotype 0.123 0.044 2.79%* 0.129 0.053 2.45% 0.140 0.062 2.28%
—2 X Log likelihood (df) 1164.962 (7) 1382.534 (7) 1425.44 (7)
Level-1 Intercept variance (SE) 0.300 (0.043) 0.415 (0.063) 0.535 (0.073)
Level-2 Intercept variance (SE) 0.341 (0.045) 0.577 (0.072) 0.386 (0.066)
Level-2 Slope variance (SE) 0.013 (0.068) 0.048 (0.104) 0.136 (0.113)
Pseudo-R* Level 1 077 .080 .087
Pseudo-R* Level 2 .002 .002 .002
Pseudo-R* Slope of time .106 .074 .055

Note: Est. = estimate.

# Composite measure of the three facets of the alternative uses test.
" Time of day: 0 = morning, 1 = late afternoon.

Tp<.10

*p<.05

**p <.01

w0k p <001
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TABLE 2 (CONTINUED)
Results of Multilevel Analyses of Study 1 Predicting Creativity and Positive Mood
Originality Positive mood
Est. SE t Est. SE t
Intercept 0.044 0.059 0.75 3.046 0.046 66.63%***
Level-1 predictor
Time (morning vs. late afternoon)® 0.037 0.058 0.63 —0.254 0.051 —4,98***
Level-2 predictor
Chronotype 0.033 0.053 0.63 —0.124 0.042 —2.98**
Cross-level interaction on time
Chronotype 0.099 0.053 1.88" 0.112 0.046 2.42%
—2 X Log likelihood (df) 1343.032 (7) 1126.58 (7)
Level-1 Intercept variance (SE) 0.431 (0.058) 0.321 (0.043)
Level-2 Intercept variance (SE) 0.463 (0.063) 0.221 (0.037)
Level-2 Slope variance (SE) 0.019 (0.098) 0.035 (0.064)
Pseudo-R? Level 1 .049 .103
Pseudo-R? Level 2 .002 .044
Pseudo-R* Slope of time .066 .089

Note: Est. = estimate.

# Composite measure of the three facets of the alternative uses test.
b Time of day: 0 = morning, 1 = late afternoon.

* p<.10

*p<.05

**p <.01

#E p <001

and modeled paths at the within-person level (Level
1) and at the between-person level (Level 2). We
report conditional effects for + and —1 SD of the
moderator chronotype. In addition, we report
regions of significance for conditional effects that
indicate at which values simple slopes become sig-
nificant because —1 SD and +1 SD are sample spe-
cific (Hayes, 2018) and differ from the cut-off values
for early and late chronotypes.

Test of Hypothesis 1. Table 2 and Figure 2 show
that chronotype moderated the effect of time of day
on the composite measure of creativity (estimate =
0.12, SE = 0.04, t = 2.79, p < .01, 95% CI [0.04,
0.21]). Figure 3a depicts the creativity of earlier
(=1 SD) and later (+1 SD) chronotypes in the morn-
ing compared to the late-afternoon session. Analysis
of conditional effects showed that later chronotypes
(+1 SD, corresponding to a value of 5.0) displayed
higher creativity in the late afternoon compared to in
the morning (estimate = 0.17, SE = 0.07,t = 2.48, p
< .05, 95% CI [0.04, 0.31]), supporting Hypothesis
1b. Earlier (—1 SD, corresponding to a value of 2.8)
chronotypes’ creativity did not significantly differ
between morning and late afternoon (estimate =
—0.10, SE = 0.07, t = —1.47, p = .142, 95% CI
[—0.24, 0.03]), failing to support Hypothesis 1a.
However, region of significance for the conditional
effect showed that chronotypes earlier than 1.58 SD

below the mean (corresponding to a value of 2.16)
showed higher creativity in the morning compared
to in the late afternoon (estimate = —0.18, SE = 0.09,
t=—1.98, p<.05,95% CI[—0.36, —0.002]).

We next examined the three facets of creativity as
separate outcome variables (Table 2). For creative
fluency, chronotype moderated the effect of time of
day (estimate = 0.13, SE = 0.05, t = 2.45, p < .05,
95% CI [0.03, 0.23]). Conditional effects for + and
—1 SD were not significant. Region of significance
for the conditional effect showed that chronotypes
later than +1.02 SD showed higher creative fluency
in the late afternoon compared to in the morning
(estimate = 0.16, SE = 0.08, t = 1.97, p < .05, 95%
CI [0.001, 0.33]), and that chronotypes earlier than
—1.80 SD showed higher creative fluency in the
morning compared to in the late afternoon (estimate
—0.23, SE = 0.12, t = —1.96, p < .05, 95% CI
[—0.45, —0.00]). For cognitive flexibility, chrono-
type moderated the effect of time of day (estimate =
0.14, SE = 0.06, t = 2.28, p < .05, 95% CI [0.02,
0.26]). Conditional effects showed that later chrono-
types (+1 SD) showed higher cognitive flexibility in
the late afternoon compared to in the morning (esti-
mate = 0.21, SE = 0.10, t = 2.13, p < .05, 95% CI
[0.02, 0.39]), and that earlier (—1 SD) chronotypes’
cognitive flexibility did not differ between morning
and late afternoon (estimate —0.11, SE = 0.10,



228 Academy of Management Journal

February

FIGURE 2
Overview over Results across the Three Studies: Conditional Effects of Time of Day on Creativity for Earlier
(—1 SD) and Later (+1 SD) Chronotypes
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t=—1.10, p = .273,95% CI [-0.30, 0.08]). For origi-
nality, chronotype moderated the effect of time of
day only at a significance level with 10% error prob-
ability (estimate = 0.10, SE = 0.05, t = 1.88, p =
.060, 95% CI [—0.004, 0.20]). Conditional effects for
earlier (—1 SD) and later (+1 SD) chronotypes were
not significant. Region of significance for the

Y
G—) positive within-person relationship

G) negative within-person relationship

conditional effect found that chronotypes later than
+2 SD showed higher originality in the late after-
noon compared to in the morning (estimate = 0.26,
SE=0.13,t=1.97, p <.05,95% CI[0.00, 0.52]).
Test of Hypothesis 2. Table 2 shows that chrono-
type moderated the effect of time of day on positive
mood (estimate = 0.11, SE = 0.05, t = 2.42, p < .05,
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FIGURE 3
Study 1: The Moderating Effect of Chronotype on
the Relationship between Time of Day and (a)
Creativity: Alternative Uses Test Composite Score
and (b) Positive Mood
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95% CI [0.02, 0.20]). Figure 3b depicts this modera-
tion. Conditional effects revealed that later chrono-
types’ (+1 SD) positive mood did not significantly
differ between morning and late afternoon
(estimate = —0.13, SE = 0.07, t = —1.80, p = .071,
95% CI[—0.27, 0.01]), and that earlier (—1 SD) chro-
notypes experienced higher positive mood in the
morning compared to in the late afternoon (estimate
= —0.38, SE = 0.07, t = —5.21, p < .001, 95% CI
[—0.52, —0.24]). Thus, Hypothesis 2a was sup-
ported, but Hypothesis 2b was not supported.

Test of Hypothesis 3. We tested the within-person
indirect effect of time of day on creativity via posi-
tive mood for conditional values of the moderator
chronotype (+ and —1 SD). Results for conditional
indirect effects (@ X b) are depicted in Table 5
(below) and in Figure 2. Positive mood was not a sig-
nificant predictor of creativity on the within-person
level of analysis (b path; estimate = 0.02, SE = 0.06,
t = 0.27, p = .787, 95% CI [-0.10, 0.13]). Conse-
quently, conditional indirect effects (a X b) were not
significant and Hypothesis 3 was not supported.

Robustness tests and supplementary analyses.
The pattern of results did not change when we
included the control variables day-specific sleep
quality and sleep duration. Neither sleep quality nor
sleep duration were significant predictors of the
composite score of creativity (Level 1: estimate =
0.05, SE = 0.06, t = 0.90, p = .367, Level 2:
estimate = —0.06, SE = 0.10, t = —0.62, p = .538;
and Level 1: estimate = —0.02, SE = 0.05, t = —0.44,
p = .663, Level 2: estimate = 0.05, SE = 0.08, t =
0.63, p = .527, for sleep quality and sleep duration,
respectively). Thus, we can rule out the alternative
explanation that late chronotypes performed better
in the late-afternoon session because they could
sleep longer and better on this day compared to the
day on which they had to attend the morning session
of our study.

We tested whether results differed across the two
groups of employees that were combined for Study 1
by taking into account the dummy-coded control
variable group (1 = Group 1, 0 = Group 2). Group
was neither a significant predictor of creativity
nor of positive mood. We also tested whether the
within-person relationships of interest were the
same across the two groups. These tests revealed
that group was a significant cross-level moderator
of the within-person relationship between positive
mood and creativity (b path). However, simple
slope tests for Group 1 and Group 2 showed that
positive mood was no significant within-person pre-
dictor of creativity in Group 1 and in Group 2
(estimate = —0.10, SD = 0.10, p = .274, 95% CI
[—0.31, 0.08], and estimate = 0.14, SD = 0.08, p =
110, 95% CI [—0.03, 0.26], respectively). Results
for conditional indirect effects for Group 1 and
Group 2 did not differ from results for the combined
sample.

In the second group of employees, who partici-
pated in the online surveys, we measured work-
related creativity as an additional outcome variable
(see Appendix A for details). In support of Hypothe-
sis 1, chronotype moderated the effect of time of day
on work-related creativity (Appendix A, Figure A1).
Results of the conditional indirect effects model
showed, as predicted by Hypothesis 3a, a negative
indirect effect (a X b) of time of day on creativity via
positive mood for earlier chronotypes (=1 SD). The
indirect effect (a X b) was not significant for later
chronotypes (+1 SD), failing to support Hypothesis
3b. Results also showed a positive direct effect (c’)
of time of day on creativity for all chronotypes
when the indirect effect via positive mood was con-
trolled for.
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Discussion

Study 1 found support for the idea that creativity
exhibits circadian variation. The effect of time of day
on creativity significantly varied as a function of
chronotype. The earlier someone’s chronotype, the
less positive was the effect of time of day and the
later someone’s chronotype, the more positive was
the effect of time of day. A closer look at the three
facets of creativity showed that the effect of the align-
ment between chronotype and time of day was stron-
gest for creative fluency and cognitive flexibility.
Positive mood also exhibited circadian variation for
early chronotypes but did not increase from morning
to late afternoon for later chronotypes; they may,
however, have displayed an increase in positive
mood during off-job time after our second measure-
ment occasion.

While positive mood exhibited circadian varia-
tion, we found only weak support for the hypothesis
that positive mood functioned as a mediating
mechanism. Specifically, positive mood partially
mediated the relationship between time of day and
work-related creativity but not the relationship
between time of day and performance on the alterna-
tive uses test. The alternative uses test may capture
cognitive components of creativity that are less
influenced by the affective-motivational processes
related to positive mood that let participants initiate
creativity in a work setting. Indeed, previous studies
also found only a small effect of positive mood on
performance on the alternative uses test (Baas et al.,
2008) even though experimental mood inductions
were used that likely have a stronger effect than nat-
urally occurring fluctuations in positive mood. In
contrast to what is implied by our model, Study 1
showed that the pattern of change in positive mood
did not occur in parallel to the pattern of change in
work-related creativity. Specifically, for later chro-
notypes, there was an increase in creativity during
the day without a concurrent increase in positive
mood. This suggests that positive mood is only a par-
tial mediator, and that other mediating processes are
also at play.

STUDY 2

After having established internal validity of the
synchrony effect, we next examined whether the
alignment between chronotype and time of day
influences creativity in jobs for which creativity is
particularly important and extended the time frame
that was studied.

Method

Sample and procedure. Participants of this day-
reconstruction study were 238 full-time employees
doing creative work (e.g., architects, designers,
artists, creative directors) in various companies. Par-
ticipants were recruited by three students as part of
their theses. To motivate employees to voluntarily
take part in the study, we offered feedback on the
study results. Fifty-five percent of the participants
were women, average age was 44 years (SD = 14.6).
On average, participants worked 42 hours per week
(SD = 11.5) and had worked for six years for their
organization (SD = 9.3). Sixty-one percent held a
college or university degree, 14% had an intermedi-
ate or general secondary school leaving certificate,
and 22% had a lower secondary school leaving
certificate.

Participation in the study consisted of answering
several online questionnaires. First, employees’
chronotype and sociodemographic characteristics
were assessed. Then, over the course of one work
week, participants received an individually sched-
uled e-mail with the link to an online questionnaire
at the end of each workday. We employed the day-
reconstruction method and asked participants to
reconstruct the activities and experiences of their
workday (Kahneman, Krueger, Schkade, Schwarz, &
Stone, 2004). At the beginning of each daily ques-
tionnaire, participants had to select all performance
episodes of the workday during which they had
worked (available performance episodes were
6 am-9 am., 9 am.—noon, noon-3 p.m.,
3 p.m.—6 p.m., and 6 p.m.—9 p.m.). They next wrote
down what they did during each performance epi-
sode and indicated their level of positive mood and
creativity during the respective performance epi-
sode. Of the 345 participants who gave their consent
to take part in the study, 238 provided sufficient data
to be included in the study (response rate of 69%),
resulting in 849 days and 2,716 performance epi-
sodes (M = 3.2 performance episodes per day).

Measures: Chronotype. As in Study 1, partici-
pants’ chronotype was assessed as a continuous vari-
able with the MCTQ (Roenneberg et al., 2003). In
this sample, 24% were early chronotypes, 65% were
intermediate chronotypes, and 11% were late
chronotypes.

Measures: Positive mood. Participants’ positive
mood was assessed with the same items as in Study
1. The items referred to how the person felt during a
specific performance episode. Cronbach’s alphas
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ranged between .83 and .90 across perfor-
mance episodes.

Measures: Creativity. We measured work-related
creativity with the five-item version (Bledow et al.,
2013) of the scale of Tierney, Farmer, and Graen
(1999). Items had to be answered on a 7-point scale
ranging from 1 (strongly disagree) to 7 (strongly
agree). Example items were “Between xx a.m./p.m.
and xx a.m./p.m. [time frame of the respective per-
formance episode], I generated novel but operable
work-related ideas” and “Between xx a.m./p.m. and
xx am./p.m. [time frame of the respective perfor-
mance episode], I served as a good role model for cre-
ativity.” Cronbach’s alphas ranged between .86 and
.90 across performance episodes.

Measures: Control variables. As in Study 1, we
assessed previous night’s sleep duration and sleep
quality in each daily questionnaire. In addition, we
assessed day-specific time pressure and day-specific
job control with items developed by Semmer, Zapf,
and Dunckel (1999). Items had to be answered on a
5-point Likert-type scale ranging from 1 (never or
very rarely) to 5 (frequently) and from 1 (very little) to
5 (very much), respectively. Time pressure was
assessed with three items (e.g., “How often were you
pressed for time today?”). Cronbach’s alphas ranged
between .83 and .92 over the days. Job control was
assessed with three items (e.g., “Today, to what
extent could you influence the way in which you
accomplished your tasks?”). Cronbach’s alphas
ranged between .80 and .88 over the days.

Results

Descriptive statistics. Table 3 shows the means,
standard deviations, intercorrelations between vari-
ables, and intraclass correlations.

Analytic strategy. We used the same multilevel
analysis in Mplus 8.2 as in Study 1 and predicted
creativity during a performance episode with the
explanatory variables time of day and chronotype.
The variable time of day refers to the performance
episodes that were coded 0 (6 a.m.-9 a.m.), 1
(9 a.m.—noon), 2 (noon-3 p.m.), 3 (3 p.m.-6 p.m.),
and 4 (6 p.m.-9 p.m.).

Test of Hypothesis 1. Table 4 shows that chrono-
type moderated the effect of time of day on creativity
(estimate = 0.07, SE = 0.03, t = 2.70, p < .01, 95%
CI[0.02, 0.12]). Figure 4a illustrates this moderation.
In support of Hypothesis 1b, conditional effects
revealed an increase in creativity over the course of
the workday for later chronotypes (+1 SD, corre-
sponding to a value of 4.8; estimate = 0.12, SE =

0.04, t = 3.13, p < .01, 95% CI [0.05, 0.20]). Earlier
chronotypes’ (=1 SD, corresponding to a value of
2.8) creativity remained stable across the workday
(estimate = —0.02, SE = 0.04, t = —0.64, p = .525,
95% CI [—0.09, 0.05]). Region-of-significance tests
for the conditional effect showed that creativity
would significantly decrease for chronotypes with
values earlier than 0.9. However, the earliest chrono-
types in our sample had a value of 1.8. Conse-
quently, Hypothesis 1a was not supported.

Test of Hypothesis 2. Table 4 shows that chrono-
type moderated the effect of time of day on positive
mood (estimate = 0.05, SE = 0.01, t = 3.28, p < .01,
95% CI[0.02, 0.08]). Figure 4b illustrates this moder-
ation. In support of Hypothesis 2a, conditional
effects revealed a decrease in positive mood for ear-
lier chronotypes (—1 SD; estimate = —0.08, SE =
0.02, t = —3.79, p < .001, 95% CI [—0.12, —0.04]).
Positive mood remained stable over the course of the
workday for later chronotypes (+1 SD; estimate =
0.02, SE = 0.02, t = 0.96, p = .336, 95% CI [-0.02,
0.06]). Note that the value tested for later chrono-
types (+1 SD) corresponds to a value of 4.8 and thus
lies within the range of values for infermediate chro-
notypes (3-5). Region-of-significance tests for the
conditional effect showed that chronotypes later
than +1.87 SD (corresponding to a value of 5.7)
showed an increase in positive mood over the course
of the day. Consequently, Hypothesis 2b received
partial support.

Test of Hypothesis 3. We tested the within-person
indirect effect of time of day on creativity via posi-
tive mood for conditional values of the moderator
chronotype. Results for conditional indirect effects
are summarized in Table 5 and depicted in Figure 2.
Positive mood predicted creativity on the within-
person level (b path; estimate = 1.11, SE = 0.03, t =
33.92, p < .001, 95% CI [1.05, 1.18]). The direct
effect (¢’) of time of day on creativity was positive for
all chronotypes when the indirect effect via positive
mood was controlled for (estimate = 0.08, SE = 0.02,
t=4.03, p <.001, 95% CI [0.04, 0.12]). In support of
Hypothesis 3a, analysis of conditional indirect
effects (a X b) found a negative, indirect effect of
time of day on creativity via positive mood for earlier
chronotypes (—1 SD). However, the conditional
indirect effect (a X b) was not significant for later
chronotypes (+1 SD) because the relationship
between time of day and positive mood (a path) was
not significant for later chronotypes. Note that the
value tested for later chronotypes (+1 SD) corre-
sponds to a value of 4.8 and thus lies within the
range of values for infermediate chronotypes (3-5).
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TABLE 3
Means, Standard Deviations, and Correlations between Variables of Study 2
Variable M SD 1ICC* 1 2 3 4 5 6 7 8 9
1 Creativity 3.97 1.48 .41 56%** .05%* .0g¥** .03 18%¥* ST
2 Positive mood 3.23 0.77 .44 L4 QHE —.05%* B L NN 1 [ i 28R gk
3 Time of day (performance  1.77 1.15 .06 .04 —-.05 —-.01 .01 .01 -.00
episode)®
4 Day-specific sleep quality 3.50 1.01 .52 .10 .22%%  —.09 8% 14 — 03
5 Day-specific sleep duration 6.96 1.34 .49 —.00 —-.09 .20%* .08 .08***  —.00
6 Day-specific time pressure  2.58 1.11 .67 267K 278 04 .10 .07 —.08***
7  Day-specific job control 4.05 0.83 .55 .10 -.01 —-.10 —-.02 —.13%  —.28%**
8 Chronotype 3.78 104 — .05 —.17* 3R — 7k 14* 13*%  —.07
9 Age 44.30 1459 — .02 A7FE 8% 05 —.07 07 —16%  —.23%k
10 Gender® 0.56 050 — —.08 —.08 .07 —.04 12 —.00 —.05 .06 —.02

Note: Nievelz = 238 (persons) for between-person correlations below diagonal; Npeveln = 2,716 (performance episodes) for within-person
correlations above the diagonal.

 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.

b Time of day (performance episode): 0 = 6 a.m.—9 a.m., 1 = 9 a.m.—noon, 2 = noon-3 p.m., 3 = 3 p.m.—6 p.m., 4 = 6 p.m.—9 p.m.

¢ Gender: 1 = female, 0 = male.

*p<.05

**p <.01

#% p <001
Region of significance for the conditional indirect Robustness tests. The pattern of results did not
effect (a X b) showed a significant, positive indirect change when we controlled for previous night’s
effect of time of day on creativity via positive mood sleep quality and sleep duration, day-specific time
for chronotypes later than +1.89 SD (corresponding pressure, and day-specific job control. Neither sleep
to a value of 5.7). Consequently, Hypothesis 3b quality nor sleep duration were significant predic-
received partial support. tors of creativity (Level 1: estimate = —0.04, SE =

TABLE 4
Results of Multilevel Analyses of Study 2 Predicting Creativity and Positive Mood
Creativity Positive mood
Est. SE t Est. SE t

Intercept 3.564 0.764 4.66%%* 2.977 0.404 7.37%5%
Level-1 predictor

Time (performance episode)?® 0.049 0.026 1.85 —0.028 0.015 -1.91
Level-2 predictors

Time (performance episode)?® 0.175 0.430 0.41 0.158 0.227 0.70

Chronotype —0.106 0.092 -1.15 —0.188 0.050 —3.74%%%
Cross-level interaction on time

Chronotype 0.069 0.026 2.70%* 0.047 0.014 3.28%*
-2 X Log likelihood (df) 17280.872 (9) 13575.532 (9)
Level-1 Intercept variance (SE) 1.216 (0.036) 0.303 (0.009)
Level-2 Intercept variance (SE) 0.950 (0.130) 0.306 (0.039)
Level-2 Slope variance (SE) 0.060 (0.015) 0.024 (0.005)
Pseudo-R* Level 1 .066 .092
Pseudo-R* Level 2 .013 .026
Pseudo-R?* Slope of time .034 .043

Note: Est. = estimate.

& Time of day (performance episode): 0 = 6 am.—9 a.m., 1 = 9 a.m.—noon, 2 = noon-3 p.m., 3 = 3 p.m.—6 p.m., 4 = 6 p.m.—9 p.m.
** p<.01

w0k p <001
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FIGURE 4
Study 2: The Moderating Effect of Chronotype on
the Relationship between Time of Day and (a)
Creativity and (b) Positive Mood
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0.03,t= —1.36, p = .173, Level 2: estimate = —0.01,
SE=0.08,t= —0.11, p = .912; and Level 1: estimate
= —0.01, SE = 0.02, t = —0.55, p = .579, Level 2:
estimate = 0.03, SE = 0.08, t = 0.35, p = .726, for
sleep quality and sleep duration, respectively). Job
control and time pressure were significant positive
predictors of creativity on both the within- and
between-level of analysis (Level 1: estimate = 0.25,
SE = 0.03, t = 7.40, p < .001, Level 2: estimate =
0.28, SE = 0.10, t = 2.71, p < .01; and Level 1: esti-
mate = 0.13, SE = 0.03, t = 4.32, p < .001, Level 2:
estimate = 0.20, SE = 0.07, t = 2.95, p < .01, for job
control and time pressure, respectively).

Discussion

Study 2 replicated the moderating effect of chro-
notype and showed that creativity exhibited circa-
dian variation in a sample of employees with
creative jobs. Contrary to our expectations, the
expected decrease in creativity during the day for
earlier chronotypes was not significant. This was
presumably due to the fact that creativity showed an
overall positive trend over the course of the day and
the underrepresentation of extreme chronotypes in
our sample (the standard deviation of chronotype
was 1.04 hours in our sample of working adults in

contrast to 2 hours in the general population;
Fischer, Lombardi, Marucci-Wellman, & Roenne-
berg, 2017; Roenneberg, Pilz, Zerbini, & Winnebeck,
2019). Results of Study 2 further support the idea
that positive mood exhibits circadian variation and
that this variation influences creativity. Notably, and
in line with Study 1 and previous findings (Clark
et al., 1989), we observed overall higher positive
mood for earlier chronotypes. They started the day
with a higher level of positive mood than later chro-
notypes. Over the course of the day, the levels of pos-
itive mood of earlier and later chronotypes
converged. Due to these differences in positive
mood, the pattern of the observed synchrony effect
deviates from a symmetric crossover pattern (see Fig-
ure 4b). Moreover, as in Study 1, fluctuations in pos-
itive mood were not entirely parallel to fluctuations
in creativity and did not fully explain the effect of
time of day on creativity. For later chronotypes, an
increase in creativity occurred without an equally
strong concurrent increase in positive mood such
that positive mood cannot have acted as the mediat-
ing mechanism. Thus, for later chronotypes, the
executive functions that enable creativity were avail-
able in the late afternoon, but their availability was
not accompanied by positive mood. This again indi-
cates that other, presumably cognitive mechanisms
also contribute to the joint effect of time of day and
chronotype on creativity. A general limitation of
Study 2 is that it may have been subject to a recollec-
tion bias. Earlier and later chronotypes may differ-
ently recollect their creativity and positive mood at
the end of the day. To address this limitation, Study
3 uses multiple measurement occasions and meas-
ures creativity with a time lag of one hour after the
mediators.

STUDY 3

Study 3 provides a test of the complete conceptual
model and examines positive mood and creative
self-efficacy as parallel mediators of the proposed
synchrony effect.

Method

Sample and procedure. Participants of this one-
day experience sampling study were 319 full-time
employees recruited via Amazon’s Mechanical
Turk. Forty-nine percent were women, and average
age was 40 years (SD = 10.3). On average, partici-
pants worked 42 hours per week (SD = 4.2) and had
worked for eight years in their current organization
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(SD = 6.6). Twenty-one percent held a graduate or
professional degree, 54% had a college degree, and
25% had a high school diploma or GED diploma.

Participation in the study consisted of answering
five online questionnaires. First, employees’ chro-
notype and sociodemographic characteristics were
assessed. Over the course of the next workday, par-
ticipants received invitations to answer four online
questionnaires; the first at 8 a.m. (T1a), the second
at 9 a.m. (T1b), the third at 4 p.m. (T2a), and the last
at 5 p.m. (T2b). For improved causal inferences, we
separated the measurement of the mediators from
the measurement of the dependent variable. We
assessed positive mood and creative self-efficacy in
the first (T1a) and the third (T2a) questionnaire,
and creativity in the second (T1b) and the fourth
(T2b) questionnaire, and explicitly referred to crea-
tivity in the last hour. Of the 562 participants who
answered the general questionnaire and were
invited to fill in the four questionnaires on the next
day, 339 participants provided data on all measure-
ment occasions (completion rate of 60%). Partici-
pants received 1.25 USD for completing the entry
questionnaire, 0.30 USD for completing each of
the four short questionnaires, and a bonus of 3 USD
for full completion. At the beginning of each
of the five questionnaires, we used reCAPTCHA
(version 2) to screen for valid users. After a manual
quality screening of the data, we excluded 20 partic-
ipants with very short survey answering times (the
lowest 2.5%), resulting in a final sample of 319
participants.

Measures: Chronotype. In addition to the MCTQ
that was used in Study 1 and Study 2 to measure
chronotype, we assessed chronotype with the short
scale (rMEQ; Adan & Almirall, 1991) of the
morningness—eveningness questionnaire (MEQ;
Horne & Ostberg, 1976), a widely used self-
assessment questionnaire to determine circadian
preference. Compared to the MCTQ, the tMEQ has
the advantage that no exclusion criteria exist and
that we did not need to exclude 49 participants
(15% of the sample) whose chronotype could not be
calculated with the MCTQ because they reported
restricted sleep times on work-free days. We there-
fore used participants’ scores on the tMEQ for the
analyses.” The TMEQ consists of five questions; for

2 The correlation between the scores of the MCTQ and
the tMEQ was high, r = .711, p < .001. The pattern of
results for the conditional indirect effects model was the
same when using the scores of the MCTQ.

example, “Approximately what time would you get
up if you were entirely free to plan your day?”, with
response options being 1 (5:00-6:30 a.m.), 2
(6:30-7:45 a.m.), 3 (7:45-9:45 a.m.), 4 (9:45-
11:00 a.m.), and 5 (11:00-noon); and “One hears
about ‘morning types’ and ‘evening types’ of people.
Which one of these types do you consider yourself to
be?”’, with response options being 0 (definitely a
morning type), 2 (rather more a morning type than
an evening type), 4 (rather more an evening type
than a morning type), and 6 (definitely an evening
type). Response options were coded in such a way
that a higher sum score indicates a later chronotype.
Cronbach’s alpha was .75. The TMEQ measures a
continuous dimension with values ranging from 4
to 25. According to the cut-off scores defined by
Adan and Almirall (1991), 33% of participants
were early (values < 12), 50% were intermediate
(12-17), and 17% were late chronotypes (values
>17).

Measures: Positive mood. We assessed partici-
pants’ positive mood with the same items as in
Study 1 and Study 2 (Watson et al., 1988). Respond-
ents indicated how they felt “right now.” Cronbach’s
alphas were .91 and .89 for the T1a and T2a ques-
tionnaires, respectively.

Measures: Creative self-efficacy. We assessed
creative self-efficacy with the three items of Tierney
and Farmer (2002) that were adapted to capture
within-person variation. An example item is “Right
now, I have confidence in my ability to solve prob-
lems creatively.” Respondents indicated their agree-
ment on a 5-point scale ranging from 1 (strongly
disagree) to 5 (strongly agree). Cronbach’s alphas
were .91 and .92 for the T1a and T2a questionnaires,
respectively.

Measures: Creativity. The same measure as in
Study 1 and Study 2 was used to measure work-
related creativity. Items referred to the last hour and
were answered on a 5-point scale ranging from 1
(strongly disagree) to 5 (strongly agree). Cronbach’s
alpha was .91 on both occasions.

Measures: Control variables. As in Study 1 and
2, we assessed previous night’s sleep duration and
sleep quality. In addition, we assessed workload in
the T1b and the T2b questionnaire with the item
“During the last hour, I had too much work to do
in too little time,” taken from Amabile, Conti,
Coon, Lazenby, and Herron (1996). Respondents
indicated their agreement on a 5-point scale
ranging from 1 (strongly disagree) to 5 (strongly
agree).
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FIGURE 5
Study 3: The Moderating Effect of Chronotype on
the Relationship between Time of Day and (a) Cre-
ativity, (b) Positive Mood, and (c) Creative Self-
Efficacy
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Descriptive statistics. Table 6 shows the means,
standard deviations, intercorrelations between vari-
ables, and intraclass correlations.

Analytic strategy. We used Mplus 8.2 to conduct
multilevel analyses and examined chronotype as a
moderator of the effect of time of day on creativity,
positive mood, and creative self-efficacy. The vari-
able time of day refers to the four measurement occa-
sions that were coded 0 (morning; mediators
measured at Tla and creativity measured at T1b)
and 1 (late afternoon; mediators measured at T2a
and creativity measured at T2b). We followed the
same analytical procedures as in Study 1 and 2

(Preacher et al., 2011; Preacher et al., 2010) to exam-
ine the mediating role of positive mood and creative
self-efficacy.

Test of Hypothesis 1. Table 7 shows that chrono-
type moderated the effect of time of day on creativity
(estimate = 0.03, SE = 0.01, t = 2.53, p < .05, 95%
CI[0.01, 0.06]). Figure 5a depicts this moderation. In
support of Hypothesis 1a, conditional -effects
showed that earlier (—1 SD, corresponding to a value
of 9.8) chronotypes’ creativity was higher in the
morning compared to in the afternoon (estimate =
—0.18, SE=0.07,t = —2.65, p <.01,95% CI[—0.32,
—0.05]). Later chronotypes’ (+1 SD, corresponding
to a value of 17.5) creativity did not significantly dif-
fer between morning and late afternoon (estimate =
0.07, SE = 0.07, t = 0.93, p = .350, 95% CI [-0.07,
0.20]). According to region-of-significance tests for
the conditional effect, chronotypes with values
greater than 24 would show higher creativity in the
late afternoon compared to in the morning. How-
ever, the latest chronotypes in the sample had a
value of 23. Hypothesis 1b was thus not supported.

Test of Hypothesis 2. As presented in Table 7,
chronotype moderated the effect of time of day on
positive mood (estimate = 0.08, SE = 0.01, t = 6.84,
p < .001, 95% CI [0.06, 0.10]). Figure 5b illustrates
this moderation. In support of Hypothesis 2b, for
later chronotypes’ (+1 SD) positive mood was higher
in the late afternoon compared to in the morning
(estimate = 0.36, SE = 0.06, t = 5.79, p < .001, 95%
CI [0.24, 0.48]). In support of Hypothesis 2a, earlier
chronotypes (=1 SD) showed higher positive mood
in the morning compared to in the late afternoon
(estimate = —0.24, SE = 0.06, t = —3.90, p < .001,
95% CI[—0.36, —0.12].

Test of Hypothesis 4. As shown in Table 7, chro-
notype moderated the effect of time of day on crea-
tive self-efficacy (estimate = 0.05, SE = 0.02, t =
3.39, p <.01,95% CI[0.02, 0.08]). Figure 5¢ displays
this moderation. Earlier chronotypes (=1 SD)
showed higher creative self-efficacy in the morning
compared to in the late afternoon (estimate = —0.40,
SE = 0.08, t = —4.89, p < .001, 95% CI [-0.55,
—0.24]). Later chronotypes’ (+1 SD) creative self-
efficacy did not differ between morning and late
afternoon (estimate = —0.01, SE = 0.08, t = —0.09,
p = .932,95% CI [-0.17, 0.15]). Hypothesis 4a was
thus supported, whereas Hypothesis 4b was
not supported.

Test of Hypotheses 3 and 5. We used a condi-
tional indirect effects model to simultaneously test if
positive mood and creative self-efficacy operated as
mediators. More specifically, we tested the within-
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TABLE 5
Conditional Indirect Effects (a X b) and Conditional Direct Effects (c') for Study 1, Study 2, and Study 3
Conditional indirect effects (a x b) Conditional direct effects (c')
Estimate SE t p 95% CI[LL, UL]* Estimate SE
Study 1
Time of day” on creativity (AUT)® via positive mood
For later chronotypes (+1 SD) —0.002 0.008 —0.267 .789 —0.018, 0.013 0.173* 0.069
For earlier chronotypes (=1 SD) —0.006 0.023 —0.270 .788 —0.050, 0.038 —0.095 0.072
Study 2
Time of day” on creativity via positive mood
For later chronotypes (+1 SD) 0.023  0.024 0.957 .338 —0.024, 0.069 0.100** 0.029
For earlier chronotypes (=1 SD) —0.085%** 0.023 —3.767 .000 —0.130, —0.041 0.062* 0.028
Study 3
Time of day” on creativity via positive mood
For later chronotypes (+1 SD) 0.064* 0.026 2.423 .015 0.012, 0.116 —0.038 0.049
For earlier chronotypes (=1 SD) —0.043* 0.020 —2.201 .028 —0.082, —0.005 —0.038 0.049
Time of day” on creativity via creative self-efficacy
For later chronotypes (+1 SD) —0.001 0.013 —0.085 .932 —0.026, 0.024 —0.038 0.049
For earlier chronotypes (—1 SD) —0.063* 0.025 —2.517 .012 —0.111, —0.014 —0.038 0.049

#95% confidence interval [lower limit, upper limit].

b Time of day: 0 = morning, 1 = late afternoon.

¢ AUT = alternative uses test.

4 Time of day (performance episode): 0 = 6 a.m.—9 a.m., 1 = 9 a.m.—noon, 2 = noon-3 p.m., 3 = 3 p.m.—6 p.m., 4 = 6 p.m.—9 p.m.
*p<.05

*p<.01

¥ p <001

person indirect effects of time of day on creativity
via positive mood and of time of day on creativity
via creative self-efficacy for conditional values of the
moderator chronotype. Results for conditional

indirect effects are summarized in Table 5 and
depicted in Figure 2. Positive mood predicted crea-
tivity on the within-person level of analysis (byeod
path; estimate = 0.18, SE = 0.07, t = 2.67, p < .01,

TABLE 6
Means, Standard Deviations, and Correlations between Variables of Study 3
Variable M SD ICCc? 1 2 3 4 5 6 7 8 9
1 Creativity 2.25 1.01 .62 L26%FK 287K 9% — 07
2 Positive mood 2.80 0.97 .63 53HHH 5206 .07
3 Creative self-efficacy 3.50 1.05 .50 S4HRE patoRE —-.00 — . 19¥F*
4 Workload 2.38  1.28 .42 19%% —.03 —.04 5%
5 Time of day” 0.50 0.50 .00 — — — —
6 Day-specific sleep quality 3.72 105 — 17K 37 37 — 08 —
7  Day-specific sleep duration 6.64 1.13 — .05 13* 20%*F — 15%* — 54
8 Chronotype (MEQ score) 13.64 3.86 — —.13% @ —.23%k 23k 1% — —.18%*  —.16%**
9 Age 39.60 10.32 — .06 L29%FK J16%F .00 — 15%F  —.00 —.18%*
10 Gender® 0.51 0.50 — .07 .09 2% .01 — —.08 .02 .01 —.15%*

Note: Nievelz = 319 (persons) for between-person correlations below diagonal; Nieven = 638 matched measurement occasions (t1a with
t1b, and t2a with ¢2b) for within-person correlations above the diagonal.

# 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.

b Time of day: 0 = morning, 1 = late afternoon.

¢ Gender: 1 = male, 0 = female.

*p<.05

¥ p<.01l

% p <001
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TABLE 7
Results of Multilevel Analyses of Study 3 Predicting Creativity, Positive Mood, and Creative Self-Efficacy
Creativity Positive mood Creative self-efficacy
Est. SE t Est. SE t Est. SE t
Intercept 2.276 0.056 40.73%** 2.772 0.052 53.55%** 3.597 0.056 63.74%**
Level-1 predictor
Time (morning vs. late afternoon)® —0.060 0.049 —-1.21 0.059 0.044 1.34 —0.201 0.057 —3.52%%*
Level-2 predictor
Chronotype —0.047 0.015 —3.27%* —0.092 0.013 —6.85%** —0.078 0.015 —5.,34%**
Cross-level interaction on time
Chronotype 0.032 0.013 2.53% 0.078 0.011 6.84*** 0.050 0.015 3.39%*
—2 X Log likelihood (df) 1622.498 (7) 1549.156 (7) 1740.472 (7)
Level-1 Intercept variance (SE) 0.372 (0.051) 0.286 (0.043) 0.503 (0.064)
Level-2 Intercept variance (SE) 0.625 (0.067) 0.569 (0.059) 0.513 (0.065)
Level-2 Slope variance (SE) 0.027 (0.090) 0.041 (0.075) 0.033 (0.100)
Pseudo-R* Level 1 .052 112 .089
Pseudo-R? Level 2 .024 .096 .077
Pseudo-R* Slope of time .084 422 121

Note: Est. = estimate.

¢ Time of day: 0 = morning, 1 = late afternoon.
* p <.05

¥ p <.01

K p <001

95% CI [0.05, 0.31]). Results of conditional indirect
effects (@mood X Dmood) showed a positive indirect
effect of time of day on creativity via positive mood
for later chronotypes (+1 SD), and a negative indi-
rect effect of time of day on creativity via positive
mood for earlier chronotypes (—1 SD), supporting
Hypotheses 3a and 3b. Creative self-efficacy pre-
dicted creativity on the within-person level of analy-
sis (Dseltefficacy Path; estimate = 0.16, SE = 0.05, t =
2.94, p < .01, 95% CI [0.05, 0.27]). Results of condi-
tional indirect effects (dgelfefficacy X Dself-efficacy)
showed a negative indirect effect of time of day on
creativity via creative self-efficacy for -earlier
(—1 SD) but not for later chronotypes (+1 SD). Thus,
Hypothesis 5a was supported. Hypothesis 5b could
not be supported because the relationship between
time of day and creative self-efficacy (aselfefticacy
path) was nonsignificant for later chronotypes. The
direct effect (c¢’) of time of day on creativity was non-
significant after taking into account the indirect
effects via positive mood and creative self-efficacy.
The overall effect of the alignment between chrono-
type and time of day is a function of the direct effect
(¢”) and both indirect effects (dmood X Pmoodq and dgelt.
officacy X Dself-officacy)- Earlier chronotypes’ creativity
was higher in the morning compared to in the after-
noon because their positive mood and their creative
self-efficacy were also higher. Contrary to expecta-
tions, later chronotypes’ creativity was not

significantly higher in the afternoon compared to in
the morning although their positive mood was
higher in the afternoon.

Robustness tests. The pattern of results did not
change when the control variables previous night’s
sleep quality and sleep duration as well as workload
during the last hour were taken into account.
Because Study 3 was a one-day experience sampling
study, previous night’s sleep quality and sleep dura-
tion are person-level (Level 2) variables. To rule out
the alternative explanation that previous night’s
sleep is a third variable that drives the relationships
between chronotype and within-day changes in pos-
itive mood and creative self-efficacy, we ran a model
that included sleep quality and sleep duration as
cross-level moderators of the effects of time of day
on positive mood and creative self-efficacy. Results
showed that chronotype remained a significant
cross-level moderator of the effects of time of day on
positive mood and creative self-efficacy. Sleep qual-
ity explained differences in positive mood and crea-
tive self-efficacy in the morning compared to in the
late afternoon over and above chronotype. The pat-
tern of results suggested that people who slept worse
started the day with low levels of positive mood and
self-efficacy and showed small increases in positive
mood until the late afternoon. People who slept bet-
ter started the day with high levels of positive mood
and self-efficacy and displayed a slight decline until
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the late afternoon. Day-specific sleep duration did
not explain differences in positive mood and crea-
tive self-efficacy in the morning compared to in the
late afternoon. There was a significant positive rela-
tionship between workload and creativity (Level 1:
estimate = 0.12, SE'= 0.03, t = 3.60, p < .001, Level
2: estimate = 0.22, SE = 0.07, t = 3.20, p < .01).

Discussion

Study 3 replicated and extended our previous
studies and showed that creativity, positive mood,
and creative self-efficacy exhibit circadian variation.
The earlier someone’s chronotype, the less positive,
and the later someone’s chronotype, the more posi-
tive was the effect of time of day on these variables.
In partial support of our mediation hypotheses, crea-
tive self-efficacy and positive mood decreased during
the day among earlier chronotypes, which resulted
in a decrease in creativity. Consistent with the previ-
ous studies, Study 3 found that intraday changes in
creativity are coupled less to concurrent positive
mood for later than for earlier chronotypes. For later
chronotypes, simple slope tests found only an
increase in positive mood but no significant increase
in creative self-efficacy and creativity. In Study 3, a
significant increase in creativity for later chronotypes
presumably occurred after the afternoon time frame
we studied. Work-related creativity was assessed in
the afternoon at 4 to 5 p.m. in Study 3, as compared
to 5 to 6 p.m. in Study 1 (Study 2 examined work-
related creativity until 9 p.m.). From the perspective
of the biological clock, measurements in Study 3 cap-
tured even earlier time frames, because Study 3 took
place during daylight saving time. During daylight
saving time, social clocks (clock time) are advanced
by one hour. Biological clocks, however, are not
advanced as they are coupled to the sun clock (Roen-
neberg, Kumar, & Merrow, 2007; Roenneberg, Win-
nebeck, & Klerman, 2019). Thus, in biological clock
time, work-related creativity was assessed in the
afternoon at 3 to 4 p.m. in Study 3, as compared to 5
to 6 p.m. in Study 1. Capturing an effect for late chro-
notypes was also hindered by the underrepresenta-
tion of late relative to early chronotypes in Study 3
compared to Study 1, which both took two
“snapshots” of creativity during a day.

GENERAL DISCUSSION

Across three studies, we found that chronotype
moderated the effect of time of day on creativity.
What mattered for creativity was the alignment
between chronotype and the time of day—a

phenomenon we term the synchrony effect. This
synchrony effect appeared most consistently for late
chronotypes. Across the three studies, the syn-
chrony effect also gave rise to positive mood, but
positive mood mediated the effect of the alignment
between chronotype and time of day on creativity
only in Studies 2 and 3. In support of the assumption
that a state of synchrony promotes the executive
functions that enable creativity, Study 3 found that
the alignment between chronotype and time of day
also gave rise to creative self-efficacy and thereby
influenced creativity. Our studies suggest, however,
that the interplay between variables is more complex
than implied by our mediation model—in particular
for late chronotypes.

As extreme chronotypes were underrepresented
in our samples, our studies provide a conservative
test of the impact of chronobiological processes.
Unlike most research on the synchrony effect that
has preselected extreme chronotypes and compared
their performance in laboratory settings (e.g., Gold-
stein et al., 2007; Gunia et al., 2014; Ingram et al.,
2016), we took the full spectrum of chronotypes into
account and scrutinized its real-world relevance.
Underrepresentation of extreme chronotypes was
due to the start-of-work and end-of-work times we
needed to set as participation requirements. Presum-
ably, many early and late chronotypes did not meet
these requirements when their jobs allowed for ear-
lier end times or later start times, respectively. How-
ever, the working hours of our study samples
correspond to typical office hours and are thus rele-
vant for the majority of employees (Bui, 2014).

Although we consistently found that within-day
changes in creativity, positive mood, and creative
self-efficacy are coupled to humans’ endogenous bio-
logical clock, the pattern of the synchrony effect did
not always correspond to a symmetric crossover pat-
tern and varied across the three variables. Specifi-
cally, the daily oscillations in positive mood, creative
self-efficacy, and creativity were not entirely parallel
and appeared to reach their peak amplitude at
slightly different points during the day. This pattern
of findings is not surprising and can be explained by
a phenomenon termed masking. In field settings, the
endogenous circadian component of any variable is
masked to some extent by exogenous influences (Ker-
khof, 1985). Masking occurs because field settings do
not allow the control of the environment in the same
way as constant routine protocols that aim to capture
the endogenous circadian component of physiologi-
cal and behavioral variables (Dijk et al., 1992). In
constant routine protocols, some or all of the
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exogenous influences, such as light exposure, ambi-
ent temperature, humidity, posture, physical activity,
mealtimes, and caloric intake, are held constant,
while participants are kept awake and sedentary
(Murray et al., 2002). Because masking differently
affects variables that are influenced by the synchrony
effect, fully parallel and symmetric crossover pat-
terns are rarely observed under normal day-night
conditions. Our results illustrate the challenge to
observe synchrony effects across diverse and “noisy”
field settings, and that a focus on typical office hours
captures only a part of the sinusoidal fluctuation that
occurs over the 24-hour day-and-night cycle (see also
Carrier & Monk, 2000).

Notably, within-day changes in creativity and pos-
itive mood were more closely coupled for earlier
than for later chronotypes. Specifically, the creativ-
ity of later chronotypes depended less on positive
mood so that our conceptual model specifies primar-
ily the affective-motivational processes underlying
the creativity of early chronotypes. The implicit
assumption of the model that the same processes
drive the creativity of early and late chronotypes
thus needs revision. Research has found that late
chronotypes engage in different thinking and
decision-making styles compared to early chrono-
types that may enable creativity independent of the
experience of positive mood (Tonetti, Fabbri, Boreg-
giani, Guastella, Martoni, Ruiz Herrera, & Natale,
2016). Late chronotypes adopt a more spontaneous
decision-making style and tend to process informa-
tion in a more intuitive, Gestalt-type, and visual-
motor way that has been associated with the right
cerebral hemisphere (Fabbri, Antonietti, Giorgetti,
Tonetti, & Natale, 2007). An increase in the accessi-
bility of these executive functions over the course of
the day may facilitate creativity among later chrono-
types irrespective of their positive mood. Consider-
ing that the regulation of unpleasant emotions has
also been associated with the right cerebral hemi-
sphere (Kuhl, 2000; Tomarken & Keener, 1998), it is
even possible that the creativity of later chronotypes
depends less on positive mood because it serves the
function to cope with negative emotions and to
restore positive mood. Future research is needed to
test this hypothesis and to examine differences in
the interplay between executive functions and affec-
tive processes among early and late chronotypes.

Theoretical Implications

We think that an embodied cognition perspective
and the findings we report advance theories of

creativity and offer avenues for future research. We
contribute to research on the mood—creativity link
(e.g., Baas et al., 2008; Forgas & George, 2001; George
& Zhou, 2002) by showing that positive mood is sub-
ject to diurnal variation and thereby contributes to
intraday variation in creativity. Positive mood is
thus not only the result of the affective events a per-
son encounters (Weiss & Cropanzano, 1996) but is
also influenced by a person’s biological clock. Natu-
rally occurring variations in positive mood are part
of the reward-oriented motivational system that is
coupled with humans’ circadian rhythm (Murray
et al., 2009). Affective events at a given time of day
meet a person’s endogenously activated reward sys-
tem and may have different consequences depend-
ing on how activated this system already is. An
important question for further research is to examine
whether affective events encountered at work as
well as experimental mood inductions are differen-
tially related to creativity depending on whether
they boost or counteract endogenous peaks and
troughs (see Cavanaugh, Cutright, Luce, & Bettman,
2011).

Our theoretical model holds that the alignment
between chronotype and time of day promotes exec-
utive functions and thereby enhances positive mood
and creativity. The findings of our three studies sug-
gest that—at least for late chronotypes—the accessi-
bility of the executive functions that enable
creativity does not necessarily give rise to positive
mood. Potential dissociations between executive
functions and positive mood can help to explain
findings that are inconsistent with the positive
mood—creativity link. Low creativity can be expected
when positive mood is high but the requisite execu-
tive functions are not accessible. This may happen,
for example, if positive mood is accompanied by
very high activation so that executive functions are
negatively affected and dominant responses elicited
(Baer & Oldham, 2006; Gable & Harmon-Jones, 2008).
To the extent that people can access executive func-
tions, they may even be able to show high creativity
when negative mood is experienced (Bledow et al.,
2013). A critical task for future research following
this theorizing is to disentangle and directly measure
the relevant executive functions.

Our study contributes to the literature on creative
self-efficacy (Farmer & Tierney, 2017; Tierney &
Farmer, 2011) by showing that the belief that one
can produce creative outcomes is grounded in chro-
nobiological processes. The metaphor of an iceberg
can help to illustrate our view that creative self-
efficacy indicates a person’s awareness of their



240 Academy of Management Journal February

actual creative abilities (Bledow, 2013). We propose
that the cognitive representation of one’s creative
ability is the visible tip of the iceberg that is based on
creativity enhancing executive functions that reside
below the surface. Research is needed to specify and
disentangle the creativity-relevant processes that are
summarized when a person indicates their creative
self-efficacy (Farmer & Tierney, 2017). Thereby the
criticism could be addressed that self-efficacy beliefs
are descriptive but do not provide a precise theoreti-
cal explanation of how their positive consequences
unfold and that misleading practical implications
can be inferred from correlational studies on self-
efficacy (Vancouver, More, & Yoder, 2008). More-
over, there may be boundary conditions for whether
it is effective for leaders to directly strengthen crea-
tive self-efficacy, for instance through verbal persua-
sion (e.g., Latham & Budworth, 2006). Increasing
creative self-efficacy may remove the barriers that
prevent the person from being creative when a per-
son can be creative but does not trust their creative
abilities. However, when low creative self-efficacy
indicates that a person actually lacks creative abili-
ties, boosting creative self-efficacy may have no ben-
efits and even lead to frustration.

Besides contributing to the creativity literature,
our study informs research on the two-process
model of sleep regulation. Borbély et al.’s (2016)
model was originally developed to predict the onset
and intensity of sleep, and has been used to explain
performance on cognitive tasks at different times of
day (Schmidt et al., 2007). We expand the scope of
application of this model by linking it to creativity in
a high-stakes context and by specifying affective and
cognitive mechanisms. Notably, the influence of
chronotype on creativity was distinct from the influ-
ence of sleep quality and sleep duration. We thus
inform research on sleep that chronobiological driv-
ers explain within-day fluctuations in work perfor-
mance over and above day-specific sleep
characteristics. The two-process model of sleep regu-
lation offers the potential to theoretically integrate
and investigate the joint impact of the synchrony
effect and sleep. Growing evidence on the two-
process model suggests that process S and process C
interact. The circadian amplitude (process C) tends
to be lower when the need for sleep (process S) is
high (see Borbély et al., 2016). Employees who skip
one night of sleep due to excessive workload may
thus not benefit from the synchrony effect the fol-
lowing day, which opens interesting avenues for
future research on boundary conditions of the syn-
chrony effect.

Limitations

We demonstrated the synchrony effect across two
different operationalizations of creativity: employ-
ees’ performance on the alternative uses test (Guil-
ford, 1967; Plucker & Makel, 2010) and employees’
self-rated creativity. While the alternative uses test is
an objective measure, the self-report measure may
have limitations for the inferences that can be drawn
from our studies: the usefulness of self-reports of cre-
ativity rests on the assumptions that people are
aware of what is being asked and that they are will-
ing to provide accurate reports (Kaufman, 2019;
Reiter-Palmon, Robinson-Morral, Kaufman, & Santo,
2012). Moreover, some people may report overall
higher creativity because they see their creativity in
a more positive light and respond more socially
desirably than others. They may also report higher
positive mood and higher creative self-efficacy, and,
thus, social desirability may create spurious rela-
tionships between the variables of interest on the
between-person level. However, such response ten-
dencies should consistently influence self-reported
creativity throughout the day and can therefore not
explain the intraday changes in creativity that were
the focus of our studies (see Gabriel, Podsakoff, Beal,
Scott, Sonnentag, Trougakos, & Butts, 2019).

We assumed peaks and troughs in executive func-
tions across the workday but did not continuously
monitor the temporal dynamics of creativity in
Study 1 and Study 3. Instead, we took a snapshot
approach and investigated creativity in the morning
and in the late afternoon. To address this limitation,
Study 2 employed the day reconstruction method to
capture employees’ creativity across the entire work-
day. To go one step further, we encourage future
studies to capture the temporal dynamics of creativ-
ity across the entire workday without relying on the
recollection of employees. There are, however, lim-
its in how often employees’ creativity can be
assessed with creativity tests during work time, and
obtaining indicators of work-related creativity such
as contributions to an organization’s employee sug-
gestion program or supervisor ratings of creativity
(see, e.g., Oldham & Cummings, 1996) multiple
times a day may often not be feasible. Whether intra-
day variability in creativity is also observable for
others such as colleagues and supervisors remains
an open question and a challenge for future research
(see, e.g., Moneta, Amabile, Schatzel, & Kramer,
2010).

Our focus on creativity as an embodied cognitive
process came at the cost of neglecting the complex
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social environment in which employees are creative
(Perry-Smith, 2006; Perry-Smith & Shalley, 2003).
People are embedded in social networks that influ-
ence their creativity, and they may rely on their
social network to be creative when they experience a
misalignment of time of day and their chronotype.
Interpersonal interactions may foster creativity-
relevant cognitive processes and provide relevant
knowledge and may thereby contribute to an indi-
vidual’s creativity. Thus, future studies may want to
explore how creativity at a certain time of day is not
only a function of a person’s bodily state, but how
embodied processes interact with the social context
(see also Volk, Pearsall, Christian, & Becker, 2017).

The times of measurement in Study 1 and Study 3
were chosen on the basis of previous research (e.g.,
Schmidt et al., 2007; Wieth & Zacks, 2011) and
because testing needed to take place during work
time to assess work-related creativity. A study by
Puttaert et al. (2019) showed that people self-select
the time of day to show maximum performance
between 8 a.m. and 6 p.m. (median 3 p.m.). Thus,
working very early in the morning or very late at
night may be only beneficial for people who are
extremely early or late chronotypes. However, given
the increased flexibility of work hours, an examina-
tion of how chronotype influences creativity at ear-
lier and later times is a critical endeavor for future
research. Extending measurement occasions to later
points during the day could reveal an advantage of
later chronotypes in the late evening that counterbal-
ances the advantage earlier chronotypes have in the
morning (see Caminada & De Bruijn, 1992; Gunia
etal., 2014).

Practical Implications

The most important implication from our findings
is that employees’ chronotype should be considered
when organizations aspire to stimulate employee
creativity. Managers should be aware that employ-
ees’ ability to be creative is not a time-invariant trait
but changes over the course of the day and that there
are individual differences in whether someone is
more creative in the morning or later in the day.
Studies estimate that about 50% of the variability in
chronotype in adults is due to genetic factors (e.g.,
Koskenvuo, Hublin, Partinen, Heikkild, & Kaprio,
2007). Diurnal preferences are thus a biological con-
straint that cannot be easily controlled, changed, or
overridden by acts of self-control (Kiithnel, Syrek, &
Dreher, 2018).

We therefore recommend providing employees
with the freedom to schedule tasks according to their
chronotypes so that they can work on tasks that
require creative ideas and problem solutions when
they are in a state of synchrony. This can entail, for
example, dedicating this time of day to important
tasks only, and shielding this time from less impor-
tant commitments and meeting requests. Routine
tasks that require less flexible thinking and highly
automated responses can be scheduled for other
times because they suffer less from troughs in cogni-
tive functioning. Besides having the autonomy to
schedule work tasks, employees need to be aware of
their chronobiological preferences to make “wise”
scheduling decisions. Scheduling tasks according to
one’s chronotype may be particularly useful for peo-
ple who are unambiguously early or late chrono-
types. For intermediate chronotypes, scheduling
tasks that require creativity to certain times of day
may not be necessary. However, as managers and
team members, they may benefit from understanding
that others’ creativity is more strongly subject to
diurnal variation than their own, which can prevent
them from having unrealistic expectations and mis-
attributing others’ lack of creativity.
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APPENDIX A

ADDITIONAL ANALYSES OF STUDY 1

In the second group of employees, who partici-
pated in the online surveys, we additionally mea-
sured self-rated creativity with the five-item version
(Bledow et al., 2013) of the scale of Tierney et al.
(1999) that refers to a specific time frame. Example
items were “Within the last two hours at work, I gen-
erated novel but operable work-related ideas” and
“Within the last two hours at work, I served as a
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employees are perceived as better employees:
Employees’ start times influence supervisor perfor-
mance ratings. Journal of Applied Psychology, 99:
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good role model for creativity.” Items had to be
answered on a 7-point scale ranging from 1 (strongly
disagree) to 7 (strongly agree). Cronbach’s alphas
were .88 and .86 at the morning and at the late-
afternoon sessions, respectively.
Test of Hypothesis 1

Chronotype moderated the effect of time of day on
work-related creativity (estimate = 0.34, SE = 0.13,
t =262, p < .01, 95% CI [0.09, 0.60]; pseudo-B2
slope of time = .29). The pattern of this two-way
interaction is depicted in Figure A1, showing earlier
(=1 SD) and later (+1 SD) chronotypes’ work-
related creativity in the morning compared to the
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FIGURE A1
Study 1: The Moderating Effect of Chronotype on
the Relationship between Time of Day and Work-
Related Creativity
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late-afternoon session. Conditional effects showed
that later chronotypes (+1 SD) showed higher crea-
tivity in the late afternoon compared to in the morn-
ing (estimate = 0.83, SE = 0.20, t = 4.21, p < .001,
95% CI [0.44, 1.21]), and that earlier (—1 SD) chro-
notypes’ creativity did not differ between morning
and late afternoon (estimate = 0.06, SE = 0.19, t =
0.32, p = .745, 95% CI [—0.32, 0.45]). Thus, Hypoth-
esis 1a was not supported, but Hypothesis 1b was
supported.

Test of Hypothesis 3

We tested the within-person indirect effect of time of
day on creativity via positive mood for conditional
values of the moderator chronotype (+ and —1SD).
Positive mood was a significant predictor of work-
related creativity on the within-person level of analy-
sis (b path; estimate = 0.80, SE = 0.16,t = 5.11, p <
.001, 95% CI [0.50, 1.11]). The direct effect (¢') of
time of day on creativity was positive for all chrono-
types when the indirect effect via positive mood was
controlled for (estimate = 0.41, SE = 0.20, t = 2.08,
p < .05, 95% CI [0.02, 0.80], and estimate = 1.01, SE
= 0.18, t = 5.51, p < .001, 95% CI [0.65, 1.38], for
earlier [—1 SD] and later [+1 SD] chronotypes,
respectively). In support of Hypothesis 3a, for earlier
chronotypes (—1 SD), results of conditional indirect
effects showed a negative indirect effect of time of
day on creativity via positive mood (a X b; estimate
= —0.30, SE = 0.08, t = —3.65, p < .001, 95% CI
[—0.47, —0.14]). For later chronotypes (+1 SD), the
conditional indirect effect was not significant (a X b;
estimate = —0.10, SE = 0.06, t = —1.70, p = .089,
95% CI [-0.22, 0.02]) because the relationship
between time of day and positive mood (a path) was
not significant for later chronotypes. Consequently,
Hypothesis 3b was not supported.
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