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Summary

This thesis is concerned with chronotype dependent changes in sleep and performance
components in students influenced by Coronavirus Induced Disease 2019 (COVID-19)
policy measures. Five interrelated studies were conducted. The first study showed positive
effects of remote working environments on sleep (increased sleep duration, decreased Social
Jetlag (SJL)). The changes were attributed to the elimination of commuting time and
more flexible working hours. The second study replicated these findings and showed a
reduction in daytime sleepiness as a further positive effect on students’ sleep. In addition
to these positive effects, a loss of sleep timing regularity was reported. This negative
effect on sleep was interpreted as a consequence of unlimited temporal flexibility regarding
lecture times. In both studies, these changes were more pronounced as evening orientation
increased. In the third study, sleep timing was reconsidered in two samples that differed in
their working environment (onsite/remote working). No differences were found, suggesting
that sleep timing is not affected by spatial flexibility. The fourth study showed that
evening oriented individuals split their work time significantly more than their morning
oriented peers in an environment of unrestricted temporal flexibility. Eveningness (EV)
related negatively to scales that in turn have been shown to be positively associated with
performance components (e.g., Organizational Citizenship Behavior (OCB), creativity
in problem-solving approaches). These relationships were interpreted as a result of the
limited interaction with peers and lecturers. The fifth study showed a relationship between
Morningness (MA) and variables conducive to learning (vitality, self-efficacy, satisfied need
for competence and conscientiousness), whereas EV was correlated with a more detrimental
variable (frustrated need for autonomy).
Taken together, the results of the first three studies suggest that the sleep health of evening
types could be improved by delaying social time constraints. To minimize negative side
effects, temporal flexibility should be limited. In contrast, spatial flexibility had no effect
on sleep timing regularity, but as a means of reducing time constraints, it offered the
opportunity to promote positive changes in participants’ sleep. Evening oriented individuals
were particularly impaired by the reduction in social contacts, as they needed peer support
to feel effective and creative.
The second, fourth and fifth studies showed that evening oriented individuals were limited
in their ability to cope with pandemic working environments, as some personality traits
associated with evening orientation have been shown to have detrimental effects. Thus,
classes that do not allow for peer interaction (such as recorded lectures), result in an
educational disadvantage for evening oriented students. Therefore, in order to better
support them in similar settings, exchange and interaction spaces need to be created and
integrated into the teaching process. At a general level, students’ Basic Psychological
Needs (BPN) should be improved.
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Zusammenfassung

Diese Dissertation befasst sich mit chronotypabhängigen Veränderungen von Schlaf- und
Leistungskomponenten bei Schülern, bedingt durch Maßnahmen zum Schutz vor der Verbre-
itung von Coronavirus Induced Disease 2019 (COVID-19). Fünf miteinander verbundene
Studien wurden durchgeführt. Die erste Studie zeigte positive Auswirkungen von Telearbeit
auf den Schlaf (längere Schlafdauer, niedrigerer Social Jetlag (SJL)). Diese Veränderungen
wurden auf den Wegfall der Pendelzeit und flexiblere Arbeitszeiten zurückgeführt. Die
zweite Studie wiederholte diese Ergebnisse und zeigte zusätzlich eine Verringerung der
Tagesmüdigkeit als weiteren positiven Effekt auf den Schlaf von Studierenden. Neben
den positiven Effekten wurde jedoch auch ein Verlust der Regelmäßigkeit der Schlafzeiten
festgestellt. Dieser negative Effekt auf den Schlaf wurde als Folge der uneingeschränkten
zeitlichen Flexibilität hinsichtlich der Unterrichtszeiten interpretiert. In beiden Studien
waren Individuen mit steigender Abendorientierung mehr von den Veränderungen betroffen.
In der dritten Studie wurde das Schlaftiming bei zwei Stichproben, die sich in ihrem Arbeit-
sumfeld unterschieden (am Arbeitsplatz/im Home-Office), erneut untersucht. Es wurden
keine signifikanten Unterschiede festgestellt, was darauf hindeutet, dass das Schlaftiming
nicht durch räumliche Flexibilität beeinflusst wird. In der vierten Studie zeigte sich, dass
abendorientierte Individuen in einem Umfeld mit uneingeschränkter zeitlicher Flexibilität
dazu neigten, ihre Arbeitszeiten deutlich stärker aufzuteilen als ihre morgenorientierten
Mitstudierenden. Darüber hinaus stand die Abendorientierung in einem negativen Zusam-
menhang mit Skalen, die wiederum positiv mit Leistungskomponenten assoziiert waren (z.B.
Organizational Citizenship Behavior (OCB), Kreativität bei Problemlösungsansätzen).
Diese Zusammenhänge wurden als Folge der eingeschränkten Interaktion mit Mitstudieren-
den und Dozierenden interpretiert. Die fünfte Studie zeigte einen Zusammenhang zwischen
Morgenorientierung und lernförderlichen Variablen (Vitalität, Selbstwirksamkeit, Bedürfnis-
befriedigung: Kompetenz und Gewissenhaftigkeit), während Abendorientierung mit einer
eher hinderlichen Variable korrelierte (Bedürfnisfrustration: Autonomie).
Zusammenfassend deuten die Ergebnisse der ersten drei Studien darauf hin, dass die Schlafge-
sundheit von Abendtypen durch späteres soziales Timing verbessert werden kann. Um
negative Nebeneffekte zu minimieren, sollte die zeitliche Flexibilität der Arbeitszeiten jedoch
begrenzt werden. Die räumliche Flexibilität hatte keinen Einfluss auf die Regelmäßigkeit
der Schlafzeiten, bot aber als Mittel zur Verringerung der zeitlichen Einschränkungen die
Möglichkeit, positive Veränderungen im Schlafverhalten der Teilnehmer zu fördern. Aben-
dorientierte Individuen waren besonders von der Reduzierung sozialer Kontakte betroffen,
da sie die Unterstützung von Mitstudierenden benötigten, um sich effektiv und kreativ zu
fühlen.
Die zweite, vierte und fünfte Studie zeigten, dass abendorientierte Individuen nur begrenzt
in der Lage waren, mit den pandemischen Arbeitsbedingungen umzugehen, da manche,
mit der Abendorientierung korrelierenden Persönlichkeitsmerkmale, in dieser Situation
eher hinderlich waren. So führten z.B. Lehrveranstaltungen, die keine Interaktion mit
Mitstudierenden und Dozierenden ermöglichten (beispielsweise aufgezeichnete Vorlesungen)
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Zusammenfassung

zu einer Bildungsbenachteiligung abendorientierter Studierender. Um sie in solchen Situa-
tionen besser zu unterstützen, müssen Räume für Austausch und Interaktion geschaffen
und in den Lehrprozess integriert werden. Grundsätzlich sollten die Basic Psychological
Needs (BPN) der Studierenden verbessert werden.
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Chapter 1

Introduction

After the novel Severe Acute Respiratory Syndrome Coronavirus Type 2 (SARS-CoV-2)
caused the first known case of Coronavirus Induced Disease 2019 (COVID-19) in the
Chinese city of Wuhan in early December 2019 (Wu & McGoogan, 2020), a Public Health
Emergency of International Concern (PHEIC) was declared (January 30th, 2020; World
Health Organization, 2020a). On March 11th, 2020, the spread of COVID-19 was then
classified as a pandemic by the World Health Organization (WHO) due to the sharp increase
in the number of cases and the global spread (in two weeks, the number of cases increased
13-fold and the number countries affected tripled; World Health Organization, 2020b). The
immense public health risks posed by the virus prompted governments to enact measures
against its transmission.
Despite the common objective, significant differences in the severity of the adopted measures
occurred. In Europe, Italy was the first country where the COVID-19 figures threatened to
overwhelm the health care system and the mortality rate spiraled out of control (Ghislandi
et al., 2020). The population was strictly socially isolated and locked down. Until May
3rd, 2020, when some measures were eased, it was forbidden to leave the house except for
essential tasks (such as purchasing food or medicine; Marelli et al., 2021).
Meanwhile, the number of cases across Europe increased rapidly. The strategies implemented
to limit virus transmission varied considerably in terms of starting point (relating to case
numbers in the country, not defined as time point) and stringency. They ranged from no
restrictions at all to stringent and early restrictions (starting from low overall case numbers
in the country). Defining success as the softest possible policy response that achieved both
low infection and mortality rates, Norway may have been the most successful European
country (Plümper & Neumayer, 2022).
Although, navigating through the pandemic without introducing a lockdown has been
colloquially referred to as the ‘Swedish way’, there were four countries in Europe (Belarus,
Iceland, Norway, Sweden) that did not introduce a lockdown or stay-at-home order.
Despite the commonality of a no-lockdown policy, implementation in these countries varied
considerably. In Belarus for example, the government under Alexander Lukashenko did
not implement a COVID-19-adapted policy at all (Radchikova & Odintsova, 2021). The
Swedish government, on the other hand, relied on recommendations rather than regulations
(Emborg et al., 2021; Tegnell, 2021). The consequences were higher infection and mortality
rates compared to peer countries, a significant proportion of which could probably have
been prevented by an adapted policy (Modig et al., 2021). Norway decided to impose
restrictions on public spaces (such as closure of educational institutions and cancellation of
cultural events), but didn’t impose a stay-at-home policy (Emborg et al., 2021).
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Chapter 1 Introduction

Some countries tried to get through the pandemic without a strict lockdown but were forced
to take a different approach. This resulted in a late response to the country’s case load. The
Republic of Ireland, for example, issued a stay-at-home order on March 27th, 2020. By that
time, the number of COVID-19 infections in Ireland had already exceeded 2100 confirmed
cases. If the Irish government had acted one week earlier, the peak infection number would
have been 75% lower, according to calculations (Plümper & Neumayer, 2022).
Beyond countries that responded late, there were also countries that responded early, but
the measures implemented were not sufficient to adequately limit transmission. As a result,
the measures stringency had to be increased. In Germany for example, the COVID-19 policy
started with a soft lockdown (e.g., recommendation to stay at home). This measure had to
be further tightened later (staying at home was mandatory with certain exceptions) because
it did not limit transmission as expected (Bundesministerium für Inneres und Heimat (BMI)
& Bundesministerium für Gesundheit (BMG), 2020; Landesregierung: Baden-Württemberg,
2020; Ministerpräsidentenkonferenz, 2020a).
Infection control in Germany was managed at both a national and federal level depending
on the number of infections. Therefore, measures varied across states. In terms of infection
rates, Germany started early with soft restrictions (<5 cumulative infections per 100,000
inhabitants) (Plümper & Neumayer, 2022). In the first two weeks after the introduction
of the measures, the number of infections increased (to >10 cumulative cases per 100,000
inhabitants), leading to a need for adjustment (Plümper & Neumayer, 2022).
The respective governments imposed curfews, contact restrictions and the closure of entire
sectors of employment (e.g., body-related services) (Bundesregierung, 2020, 2021a; Merkel
et al., 2020; Ministerpräsidentenkonferenz, 2020a, 2020b, 2020c, 2020d, 2020e). In addition,
working from home was made compulsory for all activities not necessarily related to the
workplace (e.g., office work, school, and university studies) (Bundesregierung, 2021b;
Landesregierung: Baden-Württemberg, 2020; Ministerpräsidentenkonferenz, 2020e). This
provision has been reported as ‘Obligation to Work from Home (OWFH)’. In the following,
this nomenclature will be used to describe the situation in which individuals could no
longer work onsite (e.g., students after the closure of universities), regardless of the date
the measure was introduced.
Despite differences in timing and scale, the common goal of governments worldwide was to
limit viral transmission, reduce the burden on health systems, and avoid overburdening
their infrastructure (e.g., number of ventilators or beds in intensive care units). In addition
to the desired effects, there have been far-reaching consequences for other aspects of health
(e.g., mental health, sleep health), the economy and social life. The impact of which cannot
be assessed yet.

1.1 Secondary Effects of the COVID-19 Measures

The infection control measures had far-reaching secondary effects on the populations and
public health. The OWFH, as implemented in Germany, and similar remote working
measures, have been accompanied by major changes, four of which are considered here.
First, commuting time was eliminated for a large proportion of the populations. This may
have had an immense impact on public health, for example, by reducing stress (G. Costa
et al., 1988; Gottholmseder et al., 2009) or benefiting sleep health (Pfeifer, 2018). There was
also a reduction in traffic, followed by reduced noise and emissions as well as fuel savings
(Harantová et al., 2022; Kylili et al., 2020), but private energy costs increased (Krarti &
Aldubyan, 2021). The second change was greater flexibility in working hours, which many
economic and educational sectors responded to the change with. Here, too, the potential

2



1.2 Pre-Pandemic Social Inequity Affecting Evening Types

for positive restructuring emerged, for example through a more individualized work-life
balance, but negative outcomes were also possible, for example the inability to draw clear
boundaries between work and private life due to the spatial concordance (Adisa et al.,
2022; Yüceol et al., 2021). The third major change was the decline in social interactions.
Contact with colleagues, classmates, and fellow students was now also suppressed. This
drastic restriction was accompanied by deteriorating mental health (e.g., Pancani et al.,
2021). The fourth impact considered here was the significant organizational barriers faced
by the populations. These included a huge increase in screen time (Trott et al., 2022), for
example, as physical meetings were replaced by videoconferencing. Moreover, caregivers’
work and children’s schooling had to take place at home at the same time. This created a
double burden for caregivers (Gassman-Pines et al., 2022; Novianti & Garzia, 2020; Schmeer
et al., 2023). Another difficulty was the increase in disruptions, such as family interruptions
(Leroy et al., 2021).
Other secondary effects of infection control measures faced by populations worldwide include
a decrease in physical activity and exercise (Tison et al., 2020), increased vulnerability to
depression and anxiety (Bareeqa et al., 2021), increased rates of domestic violence (Piquero
et al., 2021), and increased use of alcohol and other substances (A. Roberts et al., 2021).
In general, the willingness to seek medical care decreased drastically, for example, because
patients were afraid of contracting COVID-19 or did not want to place an additional burden
on already overburdened medical staff (van Weert, 2020). This inevitably led to an initial
decline in diagnoses of serious diseases. In Spain (Rodriguez-Leor et al., 2020) and Greece
(Tsioufis et al., 2020), a sharp decline in myocardial infarction patients was reported. In
the Netherlands, the same was reported for skin cancer diagnoses (Dinmohamed et al.,
2020). As a result, the number of unrecorded cases and the mortality rate of known cases
are likely to increase due to delayed treatment initiation.
Sleep also changed significantly during the pandemic, with about 40% of healthcare workers
and the general population experiencing sleep problems, and an even higher prevalence
among COVID-19 patients (Jahrami et al., 2021). In addition to the negative effects, some
research groups have also shown improvements in sleep health due to better synchronization
of circadian and social timing (see e.g., Cellini et al., 2020; Gao & Scullin, 2020; Leone
et al., 2020; Marelli et al., 2021).

1.2 Pre-Pandemic Social Inequity Affecting Evening Types

Circadian preference refers to the time of day when an individual is able to perform physically
and cognitively demanding tasks. It is either described in terms of distinct chronotypes
(morning, neither and evening types) or as a score on a Morningness-Eveningness (ME)
continuum. Although chronotype and ME are highly correlated with each other, they are
not the same concept (Zavada et al., 2005). Nevertheless, these nomenclatures are often
used synonymously, as in this thesis.
A daily routine that does not match this biological need leads to severe fatigue, poor
performance, and health consequences (Adan et al., 2012). However, in our society, there is
no equity in terms of the biological needs of different chronotypes. The social schedules are
rather adapted to the needs of morning types (e.g., school and university schedules), leading
to increasing impediment with delaying circadian preference (Evans et al., 2017; Kelley
et al., 2015; Wittmann et al., 2006). As a result, a discrepancy between socially prescribed
temporal norms and evening types’ biological preconditions arises. This in turn leads to
the development of a chronic sleep deprivation, called Social Jetlag (SJL) (Wittmann et al.,
2006).
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In addition to the SJL, Eveningness (EV) is associated with several other negative health
outcomes. These are discussed as being caused by the consequences of social timing. One
example is a significantly higher tendency to develop psychological problems (Kivelä et al.,
2018; Staller & Randler, 2021c). Also, correlations with higher morbidity, higher rates of
metabolic disorders and cardiovascular diseases have been shown (Merikanto et al., 2013;
Reutrakul & Knutson, 2015; Yu et al., 2015). Knutson and Von Schantz (2018) associated
a pronounced EV with an increased mortality rate in a large scale study (N ≈ 433.000).
The authors emphasized the need for more flexible working hours to mitigate the health
consequences for evening types and thus added their voice to the scientific community’s
call for society to recognize the biological differences between chronotypes.
Another common discussion based on these demands is the adjustment of school and
university schedules (see e.g., Evans et al., 2017; Kelley et al., 2015; Wahlstrom, 2016).
Regardless of chronotype, a pronounced sleep deficit generally leads to a significant loss
of cognitive functioning (McCoy & Strecker, 2011; Walker, 2008). The context of school
environment explicitly targets this ability, resulting in a disadvantage for individuals with
sleep deprivation and therefore evening types. This creates a barrier throughout their
education, which has been shown to have a significant impact on academic performance
(Arbabi et al., 2015; Kolomeichuk et al., 2016; Preckel et al., 2011; Randler & Frech, 2006;
Roeser et al., 2013; Tonetti et al., 2015). Early school start times (Goldstein et al., 2007)
and the resulting sleep deprivation (R. E. Roberts et al., 2009) were discussed as causes for
this association.
EV is particularly pronounced in adolescents (Randler, Faßl, et al., 2017; Roenneberg et al.,
2004; Roenneberg et al., 2003), who on average get less than optimal sleep per night on
school nights (Hirshkowitz et al., 2015). Thus, poor sleep health is manifested in terms
of short sleep duration in these individuals (Buysse, 2014). Sleep health consists of the
dimensions (1) duration, (2) efficiency, (3) timing, (4) regularity and (5) alertness for the
five-dimensional and (6) satisfaction/quality for the six-dimensional structure (Buysse,
2014; Ji et al., 2023; Wallace et al., 2021). Among other affected variables, impaired sleep
health negatively impacts several facets of mental health, such as an increased risk of mental
health problems and suicidality (Dewald et al., 2010; Wolfson & Carskadon, 2003). In line
with these findings, evening orientation has been correlated with personality disorders as a
facet of mental health problems (Staller & Randler, 2021c).
Good sleep health has been associated with positive effects on cognitive and emotional
processes, followed by increased motivation, improved mood, and positive affect (Kahn
et al., 2013; Yoo et al., 2007). It has also been shown to reduce stress and negative
affect, and increase social engagement, alertness, and cheerfulness (Bouwmans et al., 2017).
Objectively measurable indicators of good sleep, such as sleep duration or less activity
during nocturnal sleep, have been associated with more positive relationships with others,
more successful coping with the demands of daily life, and subjective feelings of purpose in
life (Ryff et al., 2004). Also, higher quality of life and life satisfaction have been found to
be associated with good sleep quality (Shin & Kim, 2018).
These positive effects of healthy sleep were particularly important during the pandemic
and laid the foundation for the development of the studies conducted here. The lockdown
severely restricted the population’s freedom of choice, movement and contact with others.
Daily life changed and so did the demands placed on the populations. This created a
situation in which it was important to identify and implement factors that strengthen
resilience.
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Bazzani et al. (2021) showed a positive association between Sleep Quality (SQ) and resilience,
and a negative association between SQ and post traumatic stress reactions. EV and female
sex have been shown to be predictors of lower resilience and poorer SQ (Bazzani et al.,
2021). The authors suggested that SQ is a mediator between resilience and chronotype, as
well as between resilience and post-traumatic stress reactions (controlling for age and sex;
Bazzani et al., 2021). These results indicate that SQ could be used as a successful lever
to strengthen the resilience of the populations. As evening types have been shown to be
a vulnerable subgroup (Bazzani et al., 2021), it is important to improve their SQ to help
them cope with the pandemic situation.

1.3 Chronotypes in Relation to Individual Differences in
Personality

In addition to the sleep deprivation and the resulting consequences due to social timing
that evening types experience, they also differ from their morning type peers in terms of
other characteristics. For example, their mating behavior. Evening types have been shown
to have higher mating success (Gunawardane et al., 2011; Piffer, 2010; Randler, Ebenhoeh,
et al., 2012; Staller & Randler, 2021b), whereas morning types have been shown to have
higher reproductive success (Kasaeian et al., 2019; Staller & Randler, 2021b).
Another facet chronotypes have been reported to differ in is creativity and creative thinking.
Evening types were shown to score higher in both (Caci et al., 2004; Facer-Childs et
al., 2019; Giampietro & Cavallera, 2007). This is also evident in the evaluation of how
chronotypes score on the Millon Index of Personality Styles (MIPS). Díaz-Morales (2007)
showed an association between EV and thinking styles which could be defined as ‘creative’
(imaginative/intuiting, feeling-guided, innovation-seeking). Morningness (MA) again, has
been associated with thinking styles that could be defined as ‘clearly structured and less
creative’ (realistic/sensing, thought-guided, conservation-seeking) (Díaz-Morales, 2007).
In terms of behavior, it has been shown that evening orientated individuals have an
unconventional style and morning orientated individuals have a dutiful style (Díaz-Morales,
2007).
In addition, chronotypes differ in Sensory Processing Sensitivity (SPS), one of the dimensions
of which is also concerned with creativity. Individuals who manifest this trait are more
likely to react to stressors and, as a result, have a higher response level (Jagiellowicz et al.,
2016). The SPS model of Smolewska et al. (2006) measures three scales: (1) Low Sensory
Threshold (LST), (2) Ease of Excitation (EOE), (3) and Aesthetic Sensitivity (AES). A
high value of LST is associated with a low threshold of overstimulation by external stimuli
(e.g., bright light), whereas EOE can be triggered by both external and internal stimuli
(e.g., stress from multitasking) (Smolewska et al., 2006). LST and EOE are both related to
negative emotionality. AES is associated with positive emotionality and can be stimulated,
for example, by the enjoyment of art or music (Smolewska et al., 2006).
Staller, Randler, et al. (2023) examined the relationship between SPS and chronotype. In
this study, MA has been correlated with LST, while EV has been correlated with AES
(and marginally significantly with EOE) (Staller, Randler, et al., 2023). This reinforced
the findings described above regarding the relationship between EV and creativity.
Among other possibilities, the reason for this distinction is discussed in terms of the
relationship between each chronotype and their correlating personality traits. Studies of
chronotype and personality have used a variety of personality inventories (Adan et al.,
2012; Tsaousis, 2010).
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Early studies mainly used the Eysenck Personality Inventory (EPI) (Eysenck & Eysenck,
1963). In their review, Adan et al. (2012) reported that EV was more strongly related
to extraversion and psychoticism than MA using the EPI. It was suggested that the
relationship of EV and the psychoticism dimension may indicate a correlation of EV with
psychopathology (Adan et al., 2012). The results for neuroticism were inconclusive (Adan
et al., 2012).
The ‘Big Five’ is the most widely used model for examining differences in chronotype and
personality. Inventories that assess the general personality traits addressed by the Big
Five consist of the following dimensions: extraversion, agreeableness, conscientiousness,
neuroticism, and openness (P. T. Costa & McCrae, 2008). In some studies, this model has
shown a stronger relationship between extraversion and EV than MA (Adan et al., 2012;
Lipnevich et al., 2017; Randler et al., 2014). Others have shown MA to correlate with
extraversion (see e.g., Randler, Schredl, et al., 2017; Ruffing et al., 2015; Staller & Randler,
2021c). Neuroticism (Adan et al., 2012; Gorgol et al., 2022) and openness (Adan et al.,
2012; Lipnevich et al., 2017; Randler, Schredl, et al., 2017; Staller & Randler, 2021c) have
been shown to correlate with EV. MA, in turn, has been correlated with agreeableness and
conscientiousness (Adan et al., 2012; Stevenson et al., 2022; Tsaousis, 2010). The latter has
been shown to predict MA the best (Adan et al., 2012; Lipnevich et al., 2017; Staller &
Randler, 2021c).
Using the Temperament and Character Inventory (TCI), evening types showed more
novelty seeking and less harm avoidance on the temperament dimensions (Adan et al.,
2012). Morning types have been shown to score higher on persistence (Adan et al., 2012).
No correlation with reward dependence has been reported. The character dimensions
have shown lower scores for cooperation and self-directedness and higher scores for self-
transcendence in evening types (Adan et al., 2012).
Also, morning types have been reported to show lower impulsivity scores than their evening
type peers (Adan et al., 2012; Muro et al., 2012; Russo et al., 2012). In a study using the
Affective and Emotional Composite Temperament Scale (AFECTS), evening types were
shown to have a less adaptive emotional profile (Ottoni et al., 2012). Here, the facets of
control, volition, inhibition and coping were reported to be particularly low in evening
types and high in morning types (Adan et al., 2012; Ottoni et al., 2012).
In summary, using various personality inventories, it has been shown that evening oriented
individuals are more extraverted, impulsive, novelty seeking, open-minded, and prone to
psychopathology (Adan et al., 2012). Morning oriented individuals have been reported
to be more introverted, conscientious, agreeable, persistent and emotionally stable (Adan
et al., 2012).

1.4 A Biologically-Based Approach to Explaining Differences
in Coping Behavior Among Chronotypes

Evening types have been shown to have weaker coping mechanisms for problems related
to environmental and social demands (Mecacci & Rocchetti, 1998) and higher levels of
stress (Roeser et al., 2012; You et al., 2020). One personality concept that incorporates
these variables by their nature as aversive stimuli, is the revised Reinforcement Sensitivity
Theory (RST) (Corr, 2008).
This theory is based on responses to rewarding and punishing stimuli. It conceptual-
izes three dimensions, (1) the Fight/Flight/Freeze-System (FFFS), (2) the Behavioral
Inhibition System (BIS), and (3) the Behavioral Approach System (BAS). The FFFS
mediates responses to unconditioned and conditioned aversive stimuli (Corr, 2008). The
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1.5 Self-Determination Theory in Academic Self-Regulation During the Pandemic

BIS conceptualizes negative feedback for anxiety-related conflict resolution (Corr, 2008),
and is thought to determine individual differences in SPS, highlighting the interrelatedness
of personality (Aron & Aron, 1997). The BAS mediates responses to conditioned and
unconditioned appetitive stimuli (e.g., impulsivity and reward orientation; Corr, 2008).
The revised RST is used by the BIS/BAS-Inventory (Carver & White, 1994; Randler et al.,
2014), which was used to examine the relationship between BIS/BAS and chronotype by
Randler et al. (2014). In this study, BAS Drive has been positively related to MA, whereas
BAS Fun Seeking has been positively related to EV. Using midpoint of sleep as a clock
time based chronotype measure, BIS Fear has been shown to be related to MA (Randler
et al., 2014).
Consistent with these findings, evening orientation has been related to negative affect (e.g.,
Carciofo, 2020a) and mental health problems (e.g., Ahn et al., 2008; Au & Reece, 2017;
Giglio et al., 2010; Randler, Stadler, et al., 2012; Staller & Randler, 2021c). In addition,
it has been repeatedly reported that EV is associated with behavioral and adjustment
problems, addictions such as substance and mobile phone use (see e.g., Díaz-Morales &
Sánchez-López, 2008; Goldstein et al., 2007; Hidalgo & Caumo, 2002; Lange & Randler,
2011; Negriff et al., 2011; Randler, 2008a; Staller & Randler, 2021c), dark triad traits and
risk-taking behavior (Maestripieri, 2014; Rahafar et al., 2017). Morning orientation, in
turn, has been related to positive affect, well-being (see e.g., Biss & Hasher, 2012; Carciofo,
2020b; Jankowski, 2012; Lázár et al., 2012; Randler, 2008b; Randler & Weber, 2015) and
proactivity (Randler, 2009). Morning oriented individuals have further been reported to be
less prone to indecision and procrastination (Díaz-Morales et al., 2008), traits that have
been shown to be associated with low conscientious individuals.
The relationship between evening types and negative emotionality has been argued to be
due to the low levels of MA that follow evening orientation (see e.g., Carciofo, 2020b;
Jankowski, 2016; Konttinen et al., 2014; Putilov, 2018). High levels of MA in individuals
has been correlated with low neuroticism and high conscientiousness, which is further
related to life satisfaction (Drezno et al., 2019). Low conscientiousness and high neuroticism
have been related to EV, poor SQ, depression, and anxiety (Duggan et al., 2014; Kotov
et al., 2010). In summary, these differences suggest difficulties in coping with the effects of
the pandemic and subsequent changes in living conditions for evening types.

1.5 Self-Determination Theory in Academic Self-Regulation
During the Pandemic

The pre-pandemic literature has not shown clear advantages or disadvantages of online
versus face-to-face instruction (for meta-analyses see e.g., Bernard et al., 2004; Machtmes &
Asher, 2000; Means et al., 2013; M. Schneider & Preckel, 2017; Zhao et al., 2005), but it has
been suggested that hybrid forms may have small advantages over face-to-face instruction
(Means et al., 2013; M. Schneider & Preckel, 2017). In synchronous scenarios, higher mean
achievement effect sizes were shown in face-to-face versus online teaching settings, while
online teaching settings showed higher scores in asynchronous scenarios (Bernard et al.,
2004).
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The lockdown created a situation where online education had to be implemented without a
strategic plan to address the negatives. As the pandemic unfolded, the lack of concept to
avoid the known disadvantages of online teaching scenarios led to issues of learner diversity
becoming apparent, requiring different approaches to online teaching and learning (Doucet
et al., 2020). Scott et al. (2021) summarized that the most commonly reported challenges
by students included difficulties with motivation and productivity, time management, and
declining mental and physical health.
This suggests underlying difficulties beyond the implementation of online instruction. A
causal aspect for students’ academic self-regulation and thus their learning success is
Basic Psychological Needs (BPN) satisfaction, as considered in the Self-Determination
Theory (SDT) (Deci & Ryan, 2013; Ryan & Deci, 2000). Students who have experienced
trauma (such as the COVID-19 pandemic) may not have the emotional capacity to focus
on learning because they are focused on meeting these needs. SDT considers competence,
autonomy, and relatedness to be BPN.
BPN competence describes the need to feel able to perform tasks effectively according to
one’s own standards and those of the social environment. This need can be satisfied by
positive evaluation of outcomes by others (e.g., through feedback from lecturers). BPN
relatedness refers to the need to maintain an emotional connection and interaction with the
environment and can be satisfied, for example, when lecturers and peers create a supportive
and sharing environment (Klassen et al., 2012; Zaccoletti et al., 2020). BPN autonomy
describes the need for individuals to feel that their choices shape their reality. However, this
need can be met even when an individual’s independence and individuality are restricted
(Chirkov et al., 2003), as was the case during the pandemic lockdown. To achieve this, the
individual must understand the reason for the required behavior, recognise the need for it
and perceive the severity of the action as appropriate (Chirkov et al., 2003). In a learning
context, BPN autonomy can be satisfied, for example, by understanding why certain tasks
are required, that they are necessary to achieve a defined goal, that the work is meaningful
and that it can be done in a self-determined way (Reeve, 2018).
In addition, the examination of BPN frustration goes beyond lack of satisfaction and shows
when inhibiting or suppressing effects are placed on BPN (B. Chen et al., 2015). Therefore,
high satisfaction and low frustration in BPN are important for creating an environment
where students have the resources they need to learn successfully (Vansteenkiste & Ryan,
2013). Moreover, the levels of these two variables have a decisive influence on other variables,
such as motivation (Ryan & Deci, 2017; Vansteenkiste et al., 2020), vitality (Núñez & León,
2016; Ryan et al., 2010; Ryan et al., 2006), and self-efficacy (Gist, 1987). For example, as
perception of control decreases, so does intrinsic motivation (Zuckerman et al., 1978).
Together, the variables BPN satisfaction and frustration, vitality, self-efficacy and motiva-
tional regulation account for academic self-regulation in this thesis. Individuals with low
scores on these variables, and thus low levels of academic self-regulation, may have had more
difficult learning conditions and less learning success during the pandemic. Chronotype
may be causal to such differences.
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Chapter 2

Research Objectives

While the OWFH was in place, only those sectors of economy necessary to maintain public
life and health, such as supermarkets, pharmacies, medical services, and medical technology
companies, were allowed to work onsite. These economic sectors were called system relevant.
For not-system relevant economical sectors commuting time was eliminated, working hours
became more flexible, social interactions decreased and organizational barriers arose. As a
result, a large part of the population was able to adapt their daily routine to their circadian
needs, but negative developments were also reported (e.g., effects on mental health as a
consequence of the decline in social interactions). Given the unprecedented scale of the
pandemic and the measures taken to contain it, it is not clear to what extent existing
knowledge about behavior (e.g., sleep, coping, learning) is transferable to this situation.
In order to address these research gaps, this thesis reviews differences between chronotypes
in coping with the novel situation in terms of students’ sleeping and working behavior. The
pandemic provided an opportunity for sequential studies of sleep parameters, chronotype
and personality relating to aspects of the educational process. The aim of this paper was
to assess environmental changes affecting these variables. Particular emphasis was placed
on differences attributable to chronotype. The design comprises a total of five interrelated
studies, the reported results of which build on each other. The evaluation targeted a better
understanding of students’ spatial and temporal needs.
Some of the studies presented as part of this thesis assessed samples composed of students
and employees. These are the first and fourth studies with the same sample (students:
N = 400; employees: N = 281) and the third study (students: N = 32; employees:
N = 37). The second (N = 637) and fifth (N = 228) studies focused on students only. In
all five studies a total of N = 1621 individuals were considered, of whom 78, 9% (N = 1279)
were students. The results for employees are not part of this summarizing work and are
therefore not further considered or contextualized here. When not explicitly referring to
employees in this paper, the term ‘work’, ‘working time’ and the like refers to the tasks
and work associated with students’ studies.

The first study examined whether the reduced stringency of prescribed working hours was
accompanied by a reduction in sleep deprivation and SJL.

1. Hypothesis: Sleep and sleep timing tends to approach the biological needs during the
changed circumstances, having a health-promoting effect (Staller & Randler, 2021a).

The effects of the flexibility of lecture times on sleep timing were examined in the second
study. The quality of students’ sleep before and during the pandemic was compared. A
possible relationship between flexibility of teaching and sleep/wake times was assessed.
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2. Hypothesis: A relationship between the flexibility of lecture times and sleep/wake
times exists during lockdown, leading to a convergence of social and biological times,
decreased SJL, and increased Irregularity in Sleep Timing (IST)(Staller et al., 2022).

The third study examined differences in sleep parameters between a sample working remotely
and a sample commuting to work. In addition, intrapersonal differences between the week
and at the weekend were considered. The data was obtained using actigraphy, thus adding
a reliable physiological method to the results obtained from questionnaire studies.

3. Hypothesis: At workdays the Home-Office Group (HOG) shows improved sleep
parameters in regard to circadian preference (later midpoint of sleep, longer total
sleep time, lower SJL), but deteriorated sleep efficiency due to greater flexibility of
sleep times compared to the Onsite Group (OG) (Staller, Quante, et al., 2023).

After assessing the changes in sleep time and subsequent consequences, the fourth study
investigated changes in working environment characteristics and personal engagement. Work
and break times, creativity in problem-solving approaches and Organizational Citizenship
Behavior (OCB) were considered.

4. Hypothesis: A working environment with flexible workplace and working hours as
well as reduced supervision leads to a deterioration of performance components in
evening types, while morning types show an improvement of the latter (Staller &
Randler, 2022).

In the fifth study, the students’ ability to cope with online learning was then examined.
Facets of BPN satisfaction and frustration, motivational regulation, vitality and self-efficacy
were assessed in relation to chronotype and personality.

5. Exploratory research agenda on personality and chronotype based on previous findings
from traditional classroom practice (Staller et al., 2021).

Following these studies, the results obtained were evaluated in the light of the current
literature. On this basis, needs for action that arose from the experience of online teaching
during the pandemic were proposed and research gaps identified, which are suggested as a
starting point for further research.
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Chapter 3

Research Methods

Table 1 briefly presents the methods used throughout the study project to provide an
overview of the data collection measures. The Table is ordered alphabetically and indicates
the sub-studies in which the methods were used.

Table 1: Methods used throughout the study project.

Method Description Source Study

Actigraphy Actigraphy is a measurement method
for the physiological monitoring of
sleep parameters and activity levels.
The data was evaluated according to
the manufacturer’s manual.

ActiGraph,
2013

3

Average Sleep
Duration
(SDaverage) (cal-
culated value)

The SDaverage indicates the mean value
of the sleep duration over the whole
week, whereby weekdays and weekend
days are factored in differently.

Roenneberg
et al., 2004

2

Basic Psycho-
logical Needs
Satisfaction
and Frustration
Scale (BPNSFS)

The BPNSFS assesses the satisfaction
and frustration of the dimensions of
need for autonomy/competence/social
relatedness.

Heissel et al.,
2018

5

Big Five Person-
ality Inventory
with ten ques-
tions (BFI-10)

The BFI-10 examines two items each
for the Big Five dimensions extraver-
sion, agreeableness, openness, neuroti-
cism, and conscientiousness.

Rammstedt
and John,
2007; Ramm-
stedt et al.,
2013

4, 5

Corrected Mid-
point of Sleep
(MSFsc) (calcu-
lated value)

The MSFsc indicates the corrected mid-
point of sleep including individual sleep
need, whereby weekdays and weekend
days are factored in differently.

Roenneberg
et al., 2004

1-3

Morningness
Eveningness
Question-
naire (reduced)
(rMEQ)

The rMEQ is a chronotype measure
asking a total of five questions on sleep
timing, peak performance, morning af-
fect and self-assessment of chronotype.

Adan and
Almirall, 1991

5

Continued on next page
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Table 1 – continued from previous page
Method Description Source Study
Morningness
Eveningness Sta-
bility Scale im-
proved (MESSi)

The MESSi is a chronotype measure
consisting of three subscales (morning
affect/EV/distinctness) asking a total
of five questions per subscale.

Randler et
al., 2016

1-4

OCB Instrument The OCB questionnaire has a five-
factor structure with five items repre-
senting every factor respectively (altru-
ism, conscientiousness, sportsmanship,
civic virtue, in-role behavior).

Staufenbiel
and Hartz,
2000

4

Paediatric Day-
time Sleepiness
Scale (PDSS)

The PDSS assesses daytime sleepiness
in students with a total of eight items.
Two of these are related to a school/
learning environment.

A.-M. Schnei-
der and Ran-
dler, 2009

2

Pittsburgh Sleep
Quality Index
(PSQI)

As a self-reported inventory the PSQI
measures sleep variables in retrospect
(four weeks) raised by 19 items. We
did not use the five externally assessed
items.

Buysse et al.,
1989

2

Self-Efficacy In-
strument

The self-efficacy scale includes seven
items in a seven-point Likert format.

Jerusalem
and
Schwarzer,
1986

5

Skalen zur moti-
vationalen Regu-
lation beim Ler-
nen im Studium
(SMR-LS)

The SMR-LS instrument contains the
four subscales intrinsic motivational
regulation; identified motivational reg-
ulation; introjected motivational reg-
ulation, which is further divided into
approach/avoidance type; and external
motivational regulation.

Thomas et
al., 2018

5

Sleep Timing
Questionnaire
(STQ)

The STQ raises data on individual
sleep timing (weekdays/ weekends),
sleep schedule stability and frequency/
duration of awakenings during the
night with a total of 18 items.

Monk et al.,
2003

2

SJL (calculated
value)

SJL quantifies the difference of week-
day and weekend midpoint of sleep and
thus defines the discrepancy between
the circadian preference and social tem-
poral norms.

Wittmann et
al., 2006

1-3

Subjective Vital-
ity Scale (SVS)

The SVS scale raises data with seven
items on vitality in a seven-point Likert
format as a self-assessment instrument.

Ryan and
Frederick,
1997

5
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Chapter 4

Chronotype and Sleep while Working
Remotely under COVID-19
Restrictions

The study summarized here, “Changes in sleep schedule and chronotype due to COVID-19
restrictions and home office”, was published in the journal ‘Somnologie’ by Staller and
Randler (2021a). The original version of the published article is attached as Annex A.

4.1 Contributors

The authors and their respective contributions to the research are presented in Table 2.

Table 2: Contributors of the first study.

Author Author
Position

Scientific
ideas (%)

Data
generation

(%)

Analysis &
interpreta-
tion (%)

Paper
writing (%)

Staller, N. 1 80 100 50 80
Randler, C. 2 20 0 50 20

4.2 Extended Summary

To reduce the spread of COVID-19, the German government implemented various measures
that have significantly restricted the population in many areas of public and private life.
These included the introduction of an OWFH for non-essential workers and students. The
OWFH led to more flexible working hours and the complete elimination of commuting
time for a large proportion of the population. The time previously spent commuting could
therefore be spent differently.

Research goals. The changes in the daily routine due to the OWFH could have had a
positive effect on health, as it may have resulted in a later wake-up time and therefore
longer sleep duration. The latter may have had a particular effect on evening oriented
individuals. As they could have experienced a shift away from socially expected sleep-wake
times towards their own biological sleep rhythm. This is particularly the case if, in
addition to the elimination of commuting time, working hours had become more flexible.
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Chronobiological research has repeatedly shown the disadvantages of strict social schedules
for evening oriented individuals. They not only have been shown to be affected in their
performance (Arbabi et al., 2015; Didikoglu et al., 2022; Kolomeichuk et al., 2016; Randler
& Frech, 2006), but also their health (Fabbian et al., 2016; Partonen, 2015). In this study it
was hypothesized that sleep hygiene in terms of sleep timing improved, and SJL decreased
in evening oriented participants.

Methods. Changes in several sleep parameters in relation to working hours before and
during lockdown in Germany were investigated. The study sample was restricted to
participants who worked from home. Data on demographics (age, sex, household size,
number of children in the household, profession, working hours), sleep parameters (bedtime
and wake time during the week/on days off before and during the restriction period) and
the MESSi as a measure of chronotype were collected. The raised sleep data were used to
calculate sleep duration, midpoint of sleep and changes in sleep behavior.

Results. In the data set collected during the COVID-19 restriction period, the study sample
showed health promoting changes in sleep parameters: sleep timing improved and SJL
decreased. The value of the negative correlation between EV and sleep duration during the
workweek decreased somewhat, but MA showed a negative correlation with sleep duration
during the workweek (which was previously a positive correlation). Circadian preference
and clock time based chronotype were shown to remain stable. In addition, sleep phase
delay influenced by MA/EV and children living in the same household was shown. MA was
negatively associated, whereas EV and co-residence with children were positively associated
with sleep phase delay in the pandemic dataset.

Discussion. The significant changes in sleep-wake schedules and sleep duration during
the remote working phase indicate a synchronization of the biological and social rhythms
in evening oriented participants. Morning oriented individuals showed few changes
in their sleep timing, as the default timing was more in line with their biological time.
The results also showed negative effects of early school start times on children and caregivers.

Conclusion. This study underlined again that social pressure and strict working hours are
detrimental to the health of a significant proportion of the population.
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Chapter 5

Learning Behavior and Sleep in
German Students during COVID-19
Restrictions

The study summarized here, “Impact of pandemic lockdown on learning behaviour and sleep
quality in German students: Results of an online survey before and during the pandemic”,
was published in the journal ‘Somnologie’ by Staller et al. (2022). The original version of
the published article is attached as Annex B.

5.1 Contributors

The authors and their respective contributions to the research are presented in Table 3.

Table 3: Contributors of the second study.

Author Author
Position

Scientific
ideas (%)

Data
generation

(%)

Analysis &
interpreta-
tion (%)

Paper
writing (%)

Staller, N. 1 40 0 55 80
Kalbacher, L. 2 40 100 25 10
Randler, C. 3 20 0 20 10

5.2 Thematic Introduction Linking to the Previous Study

The pandemic environment led to profound changes in the lives of the population, over
and above the changes in commuting conditions discussed in the first study. Students were
a group strongly affected by the restructuring on several levels. Following the closure of
educational institutions as a result of the OWFH, lectures had to be held digitally via
various videoconferencing systems or as recordings. This led to some lectures being offered
at fixed times, similar to ‘traditional’ teaching, and others being available on demand.
There are both positive and negative aspects to this move to online teaching. On the
negative side, there has been a sharp decline in social interaction in general and a loss
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of interaction with fellow students and lecturers in particular. Yet, with the elimination
of commuting time and more flexible lecture times, sleep parameters have consequently
improved (Study 1). As an extension to the first study, this study was explicitly concerned
with changes in students’ lives brought about by online teaching.

5.3 Extended Summary

Research goals. The focus of this study was the relationship between sleep and lecture
times. The question on flexibility of working hours (Study 1) was extended to include
an assessment of fixed time versus on-demand lectures. Also, changes in students’ sleep
parameters as a result of governmental policies were examined. A relationship between the
flexibility of lecture times and the flexibility of sleep and wake times during lockdown was
hypothesized: On-demand teaching leads to more flexible and therefore less regular sleep
schedules. Furthermore, it was expected to replicate the results in terms of bed/wake times
and SJL reported in the first study.

Methods. The survey consisted of validated questionnaires (MESSi, PSQI, STQ, PDSS
and additional questions. The latter elicited data on demographics, highest educational
attainment (type, year, and state of attainment) and the lecture time options offered
(five-point Likert scale ranging from fixed lecture times to on demand lectures). The data
were collected in two different sampling periods, the first before and the second during
the lockdown. This distinguishes the present and first datasets, as the pre-lockdown data
collected in the first study was queried retrospectively.

Results. An increase in sleep duration, and a consequent decrease in SJL and sleep deficit
were shown, confirming the findings of the first study. Also, in the sample a reduction
in the incidence of daytime sleepiness was reported. A relationship between flexibility of
lecture and sleep times was shown.

Discussion. The results presented here suggest that the asynchronous learning arrangements
during the lockdown had positive effects on sleep (e.g., approximation to the intrinsic
biological rhythm, reduction of daytime sleepiness), but were also associated with an
increased IST. Research on regular sleep schedules has shown that increased IST is
associated with an increase in serious health problems (e.g., Boivin & Boudreau, 2014;
Huang et al., 2020).

Conclusion. As a result of the changes brought about by the implementation of online
learning, students’ sleep patterns changed significantly. An irregularity in sleep and learning
times was observed, which could have affected learning performance and overall quality of
life.
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Chapter 6

Differences in Sleep Patterns
According to Workplace

The study summarized here, “Onsite versus home-office: differences in sleep patterns
according to workplace”, was published in the journal ‘Somnologie’ by Staller, Quante,
et al. (2023). The original version of the published article is attached as Annex C.

6.1 Contributors

The authors and their respective contributions to the research are presented in Table 4.

Table 4: Contributors of the third study.

Author Author
Position

Scientific
ideas (%)

Data
generation

(%)

Analysis &
interpreta-
tion (%)

Paper
writing (%)

Staller, N. 1 70 100 70 70
Quante, M. 2 10 0 10 10
Deutsch, H. 3 0 0 10 10
Randler, C. 4 20 0 10 10

6.2 Thematic Introduction Linking to the Previous Studies

As a result of the classification to system relevant and not-system relevant economical
sectors sleep habits changed: Evening types were able to synchronize their biological and
social timing (Studies 1-2), and IST increased with temporal flexibility (Study 2).

6.3 Extended Summary

Research goals. The purpose of this study was to compare two different working environ-
ments (onsite and remote) and examine how these affected participants’ sleep patterns.
The results extended those of the first and second study in two ways: first, by including
onsite workers and second, by using actigraphy, a robust physiological data collection
method as an extension to questionnaires. The sleep parameters of the two groups were
(1) examined in relation to each other, and (2) within each group comparing weekdays
and weekend days. The assumption regarding sleep timing (on-demand teaching leads to
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increased IST) made in the second study was reconsidered examining another possible
influencing factor. Here, the influence of working environment was investigated. Later
sleep timing and midpoint of sleep, as well as longer nocturnal sleep duration, less SJL,
and poorer sleep efficiency in the HOG was hypothesized.

Methods. A total of 75 participants working onsite (N = 40) or remote (N = 35) were
surveyed between December 2020 and January 2022. Participants provided data on
demographics (working environment (OG/HOG), age, sex, number of children in the
household, profession) and completed the MESSi as chronotype measure. They wore an
actigraph (GT3X+, ActiGraph, Pensacola, FL, USA) for seven consecutive days to record
sleep parameters. Data collection was supplemented by a sleep diary in which participants
reported their bedtimes and rise times, sleep phases during the day, nighttime awakenings
(frequency and duration), and the times at which the actigraph was filed. Actigraphic data
were analyzed using the accompanying software (ActiLife, Pensacola, FL, USA) according
to the manufacturer’s manual (ActiGraph, 2013). The Cole-Kripke algorithm was used to
estimate sleep and wake times (Cole et al., 1992). The Troiano algorithm (Troiano et al.,
2008) was used in conjunction with the sleep diary to determine non-wear times. From the
data obtained, the MSFsc (as a second measure of chronotype), SJL and sleep efficiency
were calculated.

Results. Overall, the HOG had later bedtimes, midpoints of sleep and rise times on
weekdays compared to the OG. No differences in terms of Sleep Timing Regularity (STR)
were shown between the groups. Differences on weekdays compared to weekends were seen
in each group. In the HOG, bedtime, midpoint of sleep, rise time, and sleep efficiency were
significantly different on weekdays compared to weekend days. The OG showed differences
in these variables, as well as in total sleep time. HOG workers had a higher sleep efficiency
on weekends compared to weekdays, while OG workers had a higher sleep efficiency on
weekends compared to weekdays.

Discussion. The two groups differed significantly in age, with the HOG being on average
4.5 years younger than the OG. An examination of the chronotype distribution and
SJL showed that the values for the OG could not be considered representative, as they
deviated significantly from the expected range. The SJL in the HOG could be considered
representative of a comparable sample in terms of age and working environment. This
leads to the conclusion that moving to remote working is associated with a reduction in
SJL. The flexibility of sleep times did not differ between the groups. The data suggest that
working environment is not a predictor of increased IST. The hypothesis in the second
study that ‘with increasing flexibility in lecture times, IST also increases’ was supported by
the exclusion of spatial flexibility as another possible factor. Furthermore, overall sleep
efficiency did not differ between the groups, but inter-individual differences were seen
comparing weekdays and weekend days. The composition of the score differed between the
groups. Although significant, this finding is not clinically meaningful.

Conclusion. Working from home had a positive effect on the synchronization of social and
biological timing. This reduced SJL, which benefited participants’ sleep and health. The
sleep efficiency between groups did not differ, although the scores are composed differently
in each group. The groups flexibility of sleep and wake times was comparable. The results
in this study suggest that the working environment is not a causal factor in the increased
IST.
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Chapter 7

Chronotype and Organizational
Citizenship Behavior during
COVID-19 Restrictions

The study summarized here, “Chronotype and organizational citizenship behavior during
the COVID-19 restriction phase in Germany”, was published in the journal ‘Biological
Rhythm Research’ by Staller and Randler (2022). The original version of the published
article is attached as Annex D.

7.1 Contributors

The authors and their respective contributions to the research are presented in Table 5.

Table 5: Contributors of the fourth study.

Author Author
Position

Scientific
ideas (%)

Data
generation

(%)

Analysis &
interpreta-
tion (%)

Paper
writing (%)

Staller, N. 1 80 100 50 80
Randler, C. 2 20 0 50 20

7.2 Thematic Introduction Linking to the Previous Studies

In the first three studies, the impact of the elimination of commuting time (Study 1), the
increased flexibility of working hours (Studies 1-2), and the working environment (Study 3)
on sleep were considered. It is likely that besides sleep, other factors have also been affected
by the OWFH. The findings in the second and third studies suggest that the increased
IST in students is related to temporal flexibility. This raised the questions: (1) of what
personality traits or transversal competences (such as effective self-management) might be
causing this phenomenon and (2) were individuals exhibiting these traits further challenged
by decreasing extrinsic control mechanisms (e.g., social interactions in everyday life).
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7.3 Extended Summary

Research goals. From a biological point of view, evening types benefit from flexible working
environments (temporal/spatial), but these may be less beneficial in terms of performance
components. The ability to work with temporal flexibility may lead to lower performance
due to the lack of extrinsic control mechanisms. This hypothesis is supported by the
association of morning types with traits that have a positive effect (e.g., proactivity;
Randler, 2009) and evening types with traits that have a negative effect on performance
(e.g., procrastination; Díaz-Morales et al., 2008). It was expected that evening types’
performance is more dependant on peer support and fixed structures than morning types’
performance. Moreover, changes in work-related transversal competences in relation to
circadian preference were hypothesized.

Methods. Participants were asked about their demographics (age, sex, household size,
number of children in the household, profession and whether they worked flexible hours).
The self-report version of the German OCB scale by Staufenbiel and Hartz (2000) was
administered. In addition, changes in two transversal competences were asked about in
open questions. First, participants’ adherence to work phase routines was assessed in terms
of the number and duration of work phases and corresponding breaks (Splitting of Working
Hours (SWH)). This was raised as a facet of self-regulation/self-management. Changes
in, for example, the duration of work phases may indicate low self-regulation in the form
of higher distractibility. Reported data was later grouped in ‘same working hours’ and
‘more and/or longer breaks’. Second, self-perceived changes in problem-solving creativity
due to changes in the working environment were examined (‘creativity in problem-solving
approaches’).

Results. A positive relationship was found between MA and the OCB facets of conscien-
tiousness, civic virtue, and in-role behavior. In addition, morning oriented individuals rated
themselves as more creative in their problem-solving approaches during the OWFH than
before. They also showed a negative relationship with the grouped variable ‘more and/or
longer breaks’. Evening oriented individuals, on the other hand, showed a negative relation-
ship with conscientiousness, in-role behavior, and creativity, but a positive relationship with
‘more and/or longer breaks’. The link between chronotype and OCB is further underlined by
the correlation of chronotype with the respective Big Five traits and these, again, with OCB.

Discussion. The data on OCB suggest that morning oriented individuals are more invested
in their work than evening oriented individuals. In addition to the asynchrony of biological
and social timing and the resulting sleep deficit (see studies 1-2), these findings may point
to another cause for the comparatively lower academic performance of evening types. As the
OCB questionnaire is based on self-report, the results could also be interpreted differently.
It is possible that even with the same level of engagement, evening types still felt that they
were not fully using their potential. The difference between morning and evening types
could then lie in their assessment of their own potential and not in OCB. Further research
with both self- and external ratings is needed to clarify this question.
The evaluation of the open questions showed that morning types rated themselves as more
creative in their problem-solving approaches during the remote working phase than before.
Evening types, in turn, rated themselves as less creative. Both results could be explained
by the lack of peer encounters. MA was negatively correlated with openness (Big Five
personality dimension) in this sample. No positive relationship between these variables
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has been reported in the literature either (see, for example, Adan et al., 2012). Therefore,
morning oriented individuals may be able to focus better on their own ideas as a result of
this change. This could have led to an increase in perceived creativity. EV, in turn, was
correlated with openness in this sample, replicating findings in the literature (see e.g., Adan
et al., 2012). Evening oriented individuals may benefit from other views and perspectives
in problem-solving. The absence of this social component may have led to a feeling of less
creativity.
As far as working hours are concerned, morning types showed a negative correlation,
while evening types showed a positive correlation with ‘more and/or longer breaks’. By
no SWH, morning types could maintain their habitual rhythm of life without feeling
negative effects. Furthermore, morning types have been shown to be more conscientious
(as in this study; Adan et al., 2012), proactive (Randler, 2009) and behave according to
OCB criteria (as in this study). This may have led to a desire to be available during
expected working hours. Evening types lived with a chronic sleep deficit before the
pandemic due to social timing. The OWFH enabled them to reduce this deficit. Another
result of this measure was temporal flexibility in working hours, which was associated
with a simultaneous increase in IST (Study 2). The SWH shown here may be another
consequence of this flexibility. The adapted setting due to the OWFH may have led to
behavioral changes caused by underlying personality traits such as low conscientious-
ness, procrastination, and low compliance with OCB criteria in evening oriented individuals.

Conclusion. The relationships of the Big Five personality dimensions and OCB scales
suggest that evening types were more reliant on personal contact with peers than morning
types. An assessment of the changes in performance components between the pre-pandemic
and pandemic phases further supported this hypothesis. Morning types did not seem to be
negatively affected by the changes in working environment, but rather benefited from it.
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Academic Self-Regulation,
Chronotype and Personality during
COVID-19 Restrictions

The study summarized here, “Academic self-regulation, chronotype and personality in
university students during the remote learning phase due to COVID-19”, was published in
the journal ‘Frontiers in Education’ by Staller et al. (2021). The original version of the
published article is attached as Annex E.

8.1 Contributors

The authors and their respective contributions to the research are presented in Table 6.

Table 6: Contributors of the fifth study.

Author Author
Position

Scientific
ideas (%)

Data
generation

(%)

Analysis &
interpreta-
tion (%)

Paper
writing (%)

Staller, N. 1 0 0 50 60
Großmann, N. 2 20 25 25 20
Eckes, A. 3 20 25 0 0
Wilde, M. 4 20 25 0 0
Müller, F. 5 20 25 0 0
Randler, C. 6 20 0 25 20

8.2 Thematic Introduction Linking to the Previous Studies

Due to the changes resulting from the lockdown measures, equity in social timing regarding
chronotypes was approached. Sleep parameters improved and SJL decreased, as described
in the first three studies. The fourth study presented evidence that evening types may have
lower intrinsic engagement with their commitments. In addition, evening types seemed to
need more peer support than the pandemic setting provided.
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8.3 Extended Summary

Research goals. A possible relationship of chronotype with learning-related variables during
lockdown induced online teaching was examined. Given this unprecedented situation, an
exploratory rather than a hypothesis-driven research approach was chosen to investigate
the influences of personality and chronotype on these learning-related variables.

Methods. Participants were asked about demographics, Big Five personality, chronotype,
BPN satisfaction and frustration, motivational regulation in learning, vitality, and self-
efficacy.

Results. Morning orientation correlated with conscientiousness, self-efficacy, satisfied
BPN competence, and vitality, while evening orientation was related to frustrated BPN
autonomy. Conscientiousness was positively related to self-efficacy, vitality, identified
motivational regulation, satisfied BPN competence, and negatively to introjected avoidance
motivational regulation, and frustrated BPN competence. Neuroticism was positively
related to introjected approach/avoidance motivational regulation, frustrated BPN compe-
tence/relatedness, and negatively to self-efficacy, vitality, and satisfied BPN competence.
Extraversion was negatively related to intrinsic motivational regulation. Openness was
positively related to self-efficacy, intrinsic/identified/introjected approach motivational
regulation, and satisfied BPN competence. Students’ age was related to introjected
approach motivational regulation, which decreased with age.

Discussion. The results of this study offered a further perspective on online teaching
during the pandemic, as these effects may have had implications for learning in this
new and challenging environment. In terms of academic self-regulation, students’ ability
to cope with the new learning arrangements depends, among other things, on a non-
modifiable biological characteristic (chronotype). Evening oriented students appeared to
be disadvantaged by the distance learning arrangements pursued during the lockdown phase.

Conclusion. The results obtained suggest that the transition to a distance learning envi-
ronment during the lockdown period affected different learning related variables depending
on students’ chronotype, Big Five personality traits and age. Morning types coped better
with the online teaching environment than evening types.
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General Results

The first study showed positive effects on sleep (increased sleep duration, decreased SJL)
directly related to reduced time constraints. In the setting in which the sample was studied,
the changes were attributable to the elimination of commuting time and more flexible
working hours. The second study reported increased IST in addition to positive effects on
sleep (increased sleep duration, decreased daytime sleepiness and SJL). Contrasting to the
second study, the first collected data retrospectively on the pre-pandemic period.
The reconsideration of IST in the third study showed no differences between samples with
different working environments (onsite/remote). This study used actigraphy as a physical
method of collecting sleep data. This method complements the previous studies, which
relied on questionnaires. Taken together, the results from the first three studies showed
improved sleep parameters due to delayed social time constraints, and increasing IST with
increasing temporal flexibility.
The fourth study showed that evening oriented individuals split their working hours
significantly more than their morning oriented peers when working with temporal flexibility.
Furthermore, evening orientation was negatively related to creativity in problem-solving
approaches and scales, which in turn were positively related to performance components
(e.g., OCB, conscientiousness). This was supported by the findings on academic self-
regulation in the fifth study. Here, morning orientation was related to variables conducive
to learning (vitality, self-efficacy, satisfied BPN competence and conscientiousness), whereas
evening orientation was correlated with a more detrimental variable (frustrated BPN
autonomy).
The second, fourth and fifth studies showed that evening oriented individuals were limited
in their ability to cope with the pandemic working environment, as the personality traits
closely associated with evening orientation tended to have adversarial effects.
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General Discussion

Sleep variables and performance components examined in this thesis are presented and
discussed below in the context of current literature.

10.1 Pandemic Influences on Sleep Parameters

This section discusses the results on sleep and related variables in relation to chronotype.

10.1.1 Sleep Duration

The first study reported an increase in sleep duration for evening types and a decrease
for morning types. The second study showed an increase in sleep duration but did not
differentiate between chronotypes. A similar Israeli sample of students showed an increase
in sleep duration and a delayed sleep onset during lockdown (Lan et al., 2022). Lan et al.
(2022) also found longer sleep duration among morning types, in contrast to the sample in
the first study. They concluded that lockdown affected sleep by delaying sleep onset and
increasing sleep duration. This is further supported by the results of a large number of
other research groups (for a review and meta-analysis see Stukalin et al., 2021). The results
of the first and second studies, together with the literature, suggest that sleep duration
increased during the pandemic lockdown. The shorter sleep duration of morning types in
the first study could be interpreted as sample specificity. These findings can be seen as a
positive effect on sleep health of evening types as a side effect of the OWFH.

10.1.2 Social Jetlag

A significant reduction in SJL compared to pre-lockdown levels was reported in the first and
second study, supported by other research groups using varying samples (Arrona-Palacios
et al., 2022; Blume et al., 2020; Borisenkov et al., 2022; Bottary et al., 2022; Facer-Childs
et al., 2021; Florea et al., 2021; Korman et al., 2020; Ong et al., 2021; Raman and Coogan,
2022; Ramírez-Contreras et al., 2022; Saxvig et al., 2022; Vollmer and Jankowski, 2022;
Wesley et al., 2022; Wright et al., 2020; for partly conflicting results see Sinha et al.,
2020).
Bottary et al. (2023) reported a significant reduction in SJL and Social Sleep Restriction
(SSR) (difference between sleep duration on working days and days off). They showed
that SJL improved most in young adults and that SSR showed the greatest reduction in
young adults and evening types. Complementary to these findings, reduced SJL was also
found in teachers (Vollmer & Jankowski, 2022) and higher education faculty members
(Arrona-Palacios et al., 2022).
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In a cross-cultural study it was shown that the reduction of SJL depends on whether an
occupation is considered system relevant (working onsite) or not (working from home)
(Florea et al., 2021). Participants with non-system relevant jobs showed less SJL (Florea
et al., 2021). These findings are supported by various samples, showing reductions in SJL in
adolescents (e.g., Saxvig et al., 2022; Wesley et al., 2022), students (e.g., Ramírez-Contreras
et al., 2022; Wright et al., 2020), teachers (Vollmer & Jankowski, 2022), university staff
(Arrona-Palacios et al., 2022), and professional athletes (Facer-Childs et al., 2021), all of
whom were classified as non-system relevant professionals. Consistent with these findings,
the third study concluded that remote working is associated with a reduction in SJL.
The results presented here combined with the current literature indicate a more flexible
social timing during lockdown led to a reduction in SJL. Thus, resulting in an improvement
in sleep timing as a facet of sleep health.

10.1.3 Circadian Rhythm Stability

The circadian preference in the student sample of Lan et al. (2022) remained stable, which
is consistent with the results of the first study. It was discussed that the MSFsc was shown
to be a stable, unbiased chronotype measure in the first study, but that contrary results
have been reported. Leone et al. (2020) showed that the MSFsc was delayed, but the ME
preference did not change. The authors described this contradiction as expected, since
diurnal preference follows sleep timing. They suggest that this change was due to a weaker
light-dark cycle following the lockdown measures (Leone et al., 2020). These alterations
in daily temporal habits and a shift towards EV have also been demonstrated by other
research groups as the lockdown progressed, contradicting the findings in the first study
(see e.g., Bertrand et al., 2022; S. Chen et al., 2022; Dai et al., 2021; Genta et al., 2021;
Oliveira et al., 2021; Rome et al., 2021; Santos & Louzada, 2022; Saxena et al., 2021;
Sexton-Radek, 2021; Smit et al., 2021).
Considering the circumstances leading to a shift in circadian timing, three key factors were
discussed in literature. First, the circadian rhythm is controlled by internal and external
zeitgebers. The main external cue is the light-dark cycle and the associated distribution of
light intensity throughout the day. The circadian rhythm may therefore be strongly affected
by reduced daylight exposure during lockdown measures (Bertrand et al., 2022; Korman
et al., 2022; Leone et al., 2020; Oliveira et al., 2021; Sexton-Radek, 2021). In Brazil, for
example, the lockdown measures left the population with little daylight exposure (Oliveira
et al., 2021). In addition, increased exposure to short-wavelength blue light, especially
in the evening hours, has been shown to affect the light-dependent zeitgeber (see e.g.,
Sexton-Radek, 2021). Increased daily exposure to electronic devices that emit this light
(e.g., due to online teaching, the use of online conferencing tools for work meetings and
socializing, or the consumption of entertainment media) likely had a significant impact on
this zeitgeber (Bertrand et al., 2022; Oliveira et al., 2021; Saxena et al., 2021; Sexton-Radek,
2021).
Second, the decline in physical activity may have had a dual effect. There are zeitgebers
that are driven by the metabolic processes that follow physical activity at a molecular level
(for example the skeletal muscle core-clock; Gabriel and Zierath, 2019, 2022). These may
have been disrupted by the reduction in activity (Oliveira et al., 2021). The time that
had previously been spent on physical activity had to be replaced by other activities. An
example of a replacement activity could be the use of digital media, which in turn could
have had a further negative impact on the light-dependent zeitgeber.
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Third, negative emotions (e.g., worry) and psychological problems caused by the pandemic
have been shown to lead to changes in circadian rhythms (S. Chen et al., 2022; Ono,
Souza, et al., 2020). Therefore, no general conclusion could be drawn regarding changes in
circadian rhythms following lockdown measures.
The decisive factors seemed to be (1) the restrictiveness of the lockdown measures (e.g.,
whether the population was allowed to leave the house for activities such as outdoor sports,
thus ensuring exposure to daylight), (2) the level and timing of the population’s exposure
to short-wavelength blue light, and (3) the emotional and psychological status of the
population.
During data collection for the first study, the COVID-19 measures in Germany were
described as moderate in a European comparison (Plümper & Neumayer, 2022). The
measures were largely decided by on a federal level (with phases of nationwide requirements
depending on the number of infections), which is why the stringency varied greatly. Bavaria
maintained the most severe restrictions in Germany, which did not allow the population
to leave their homes during the day with certain exceptions. In Baden-Württemberg,
where the sample for the first study was collected, the population was allowed to leave the
house until 8 p.m., when a curfew was imposed. This difference could be of considerable
importance for the interpretation of the results obtained. Current literature suggests that
the circadian rhythms of the first study sample did not change because the subjects were
allowed to spend time and exercise outdoors. Therefore, they may have had sufficient
exposure to daylight to have stabilized the light-dependent zeitgeber.
As the study did not ask about the psychological status and the use of electronic devices
emitting short-wavelength blue light, it was not possible to make reliable statements about
these factors. However, since lectures were held digitally during the lockdown, it is likely
that the use of these devices has increased.
The results suggest that the stringency of the lockdown measures in Baden-Württemberg
was not sufficient to destabilize the MSFsc. As the measures in neighboring Bavaria were
more stringent and the population was generally not allowed to leave home (only under
much more restrictive conditions), it is possible that a change in the MSFsc could have
been observed in Bavarian samples.

10.1.4 Daytime Sleepiness

Daytime sleepiness can be caused by a variety of factors, including poor SQ, too little
sleep, or a sleep schedule that does not match the biological timing. It can be seen as a
measurable facet of alertness (dimension of sleep health; (Buysse, 2014; Wallace et al.,
2021)). In the second study, daytime sleepiness was found to be reduced using the PDSS.
So far, no other studies were published in literature using the PDSS with young adult
samples collected during the COVID-19 pandemic for comparison.
Santos and Louzada (2022) showed a reduction in daytime sleepiness during lockdown in
an adolescent sample using this questionnaire. The subjects got enough sleep and the need
for naps decreased. Reduced wake-up pressure was discussed as the cause. The reduction
in daytime sleepiness was consistent with the results in other adolescent samples using
self-developed questions (see e.g., Gruber et al., 2020; Socarras et al., 2021). In contrast
to their adolescent sample and contradicting the findings in the second study, Socarras
et al. (2021) did not demonstrate reduced daytime sleepiness in their young adults sample.
This led to the assumption of an age-related effect and that situational and inter-individual
experiences during the pandemic played a role in this difference (Socarras et al., 2021).
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Further conflicting results were shown in a young adults sample using a sleep diary with
reported naps to measure daytime sleepiness. Smit et al. (2021) compared data from
students in the online semester with data from students who had taken the same courses
face-to-face in the previous semester. The ‘online sample’ had later sleep times, lower sleep
efficiency, more IST and less nocturnal sleep but more daytime sleep. The authors discussed
that it may not be the poor quality of sleep at night that led to more daytime sleep. Rather,
fewer constraints during the day (due to asynchronous learning arrangements) may have
led to more opportunities for daytime sleep, which in turn affected nocturnal sleep and led
to poorer SQ.
This assumption of Smit et al. (2021) was supported by the third and fourth studies. The
third study reported that STR did not depend on the work environment. This rules out the
possibility that for example more opportunities for socially acceptable daytime sleep (at
home versus onsite) results in more daytime sleep. Otherwise, a difference in the regularity
of sleep timing would be expected between the HOG and OG, based on the conclusion that
more daytime sleep leads to more IST. The fourth study showed that evening oriented
subjects working from home split their working hours more compared to morning oriented
peers. Fewer time constraints led them to take more breaks, which they may have used to
sleep during the day. Both studies support the hypothesis that external temporal regulators
are the main determinants of reported outcomes.
However, differences in data collection methods must be considered when comparing the
results. In the sample in the second study, daytime sleepiness was examined using the
PDSS, which is designed to assess sleepiness at different times of the day, focusing on the
morning and different learning-related activities. Four of the eight PDSS items ask about
the first half of the day, one asks about the second half of the day and three ask about
the whole day. Generally, the PDSS is concerned with subjective perceptions of sleepiness,
but not with the extent to which sleepiness actually leads to daytime sleep. Given the
positive changes in SJL in this sample, it is reasonable to expect a decrease in the daytime
sleepiness score based on the PDSS. The synchronization of biological and social rhythms
is likely to have improved the sleepiness of the evening oriented participants in the first
half of the day, leading to a better score on the questionnaire.
The PDSS does not ask about the frequency of daytime sleep. Therefore, although the
perception of daytime sleepiness has improved, no statement about whether the amount of
daytime sleep has remained stable or changed could be made. In contrast, as an extended
consequence of daytime sleepiness, Smit et al. (2021) collected data on actual daytime
sleep. Their data show an increased incidence of daytime sleep, which may have led to
negative effects on sleep health.
Dai et al. (2021) showed that a regular schedule of naps of appropriate duration could reduce
negative emotions caused by acute pandemic stress. The authors reported that maintaining
pre-pandemic daytime sleep schedules may improve individuals’ negative emotionality,
learning/work efficiency, and reduce the use of electronic devices. Together the results
of Dai et al. (2021) and Smit et al. (2021) suggest that a regular schedule of naps of an
appropriate length can have positive effects on health. Negative effects on health are more
likely, if naps are irregular, too frequent or too long.
Considering daytime sleepiness as a facet of alertness as dimension of sleep health, it
appears that the lockdown had a twofold effect on students. First, it allowed them to adapt
their sleep schedule to their biological needs, thereby reducing subjectively rated daytime
sleepiness. Second, according to Smit et al. (2021) it led to a loss of external regulation
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of schedules, resulting in more opportunities for daytime sleep and therefore more actual
daytime sleep. Both facets may depend on the perceived pandemic stress. With regard to
napping as a consequence of daytime sleepiness, it appears that it could have positive effects
on, for example, negative emotionality, provided it is taken appropriately and regularly.

10.1.5 Sleep Timing Regularity

Smit et al. (2021) suggested that nocturnal SQ suffered from daytime sleep during lockdown.
This may have also affected STR. The authors showed that around 50% of participants
experienced changes in STR, with 23.1% reporting more regular sleep and 24.4% reporting
less regular sleep. The authors concluded that IST was caused by more opportunities
for daytime sleep due to asynchronous learning arrangements. Similar conclusions were
reached in the second study. Here it was shown that increased flexibility in lecture times
was followed by increased flexibility in bed and rise times, and thus increased IST. As an
extension of these findings, the third study examined whether the work environment was a
predictor of IST, given that the sample in the second study was spatially flexible. No effect
was found, supporting the hypothesis that increased flexibility in lecture times results in
increased IST.
Bertrand et al. (2022) reported increased IST in 48% of their sample, using a self-rated
ten-point Likert scale to determine STR from very irregular to very regular. Ong et al.
(2021) showed reduced differences in sleep timing between weekdays and weekends, but
the standard deviations of bedtimes and wake times increased significantly from the pre-
pandemic period to the restriction period and again to the lockdown period. In both studies,
it was discussed that the lockdown measures provided more time for sleep and reduced
extrinsic factors that enforce a daily rhythm (e.g., commute time, physical activity). These
findings support the results of the second study.
In contrast, Wright et al. (2020) showed that STR improved by about 12 min in a sample of
university students during lockdown, using standard deviations of sleep timing parameters
(bedtimes, midpoints of sleep, rise times) to quantify the changes. Rezaei and Grandner
(2021) confirmed a reduction in sleep timing variability during lockdown in comparison
to normal values using fitbit data in a US sample. Ramírez-Contreras et al. (2022) used
clock times, SJL, and eating jetlag as markers to show more regularity in sleep and eating
routines. They surveyed a sample of students in a hybrid learning environment (face-to-face
and online). Bottary et al. (2023) presented data from a predominantly female US sample
at five different time points (pre-pandemic, ‘pandemic 1-4’). Their results suggest that
STR depends on the severity of social restrictions, with more severe restrictions accounting
for more regular sleep timing.
As for non-healthy samples, studies analyzing data from COVID-19 patients showed
increased IST, which may be associated with symptom severity and residual sequelae (see
Alzueta et al., 2022; Jackson et al., 2022). Alzueta et al. (2022) showed a greater decrease
in all dimensions of sleep health (including STR) with increasing severity of symptoms
after a COVID-19 infection. Their findings were supported by Jackson et al. (2022), who
showed that IST increased significantly after hospitalization for COVID-19.
With regard to (healthy) student samples, the reported results seem inconclusive. Smit
et al. (2021) showed both increased and decreased STR in almost equal numbers of subjects,
Wright et al. (2020) and Ramírez-Contreras et al. (2022) showed increased sleep timing
regularity, while the sample in the second study showed increased IST depending on the
flexibility of lecture times.
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Measurement methods may account for the differences in results between studies. In the
second study, STR was assessed by the variability of clock time dependent sleep parameters
in relation to the flexibility of lecture times. Ramírez-Contreras et al. (2022) used SJL and
eating jetlag as measures of timing regularity. The sample of Wright et al. (2020) (as well
as the one considered in the third study) was examined using standard deviations of bed
and rise times as measure of STR. The data from Smit et al. (2021) were extracted from a
participant report, but the factors to be considered were not previously specified by the
authors. Smit et al. (2021) concluded that the participants addressed the changes in their
sleep patterns that were most salient in their individual experiences. As a result, it was not
possible to make reliable statements about how many participants were actually affected by
changes in sleep timing, or whether these subjective experiences corresponded to objective
values. Generally, for most of these samples self-reported sleep log data were used. These
may have benefited from the additional collection of an objective measure, as subjective
sleep reports can generally be inaccurate (Ferreira-Souza et al., 2023). Furthermore, it has
been shown that the perception of sleep onset and wake time was significantly impaired
during lockdown by comparing subjective and objective data (measured by actigraphy; He
et al., 2021). Therefore, the use of subjective reports to calculate sleep timing variability in
these studies may have introduced bias.
Another important discriminator that may explain the differences in results appears when
the environmental conditions of the samples are compared. Wright et al. (2020) found
increased STR during the lockdown compared to pre-pandemic levels. The second study
showed that STR depended on the flexibility of lecture times. This suggests that the results
differ because the second study examined a relationship, whereas Wright et al. (2020)
presented absolute values. While this is true, another salient difference is the variation in
the implementation of restriction measures.
The students examined by Wright et al. (2020) were taught online with spatial flexibility.
Lectures were held synchronously according to the previous schedule, with no temporal
flexibility. The third study presented evidence that spatial flexibility did not predict
reduced STR. In contrast, the temporal flexibility associated with asynchronous learning
arrangements was shown to predict increased IST in the second study. Therefore, although
the results of the second study and Wright et al. (2020) differ, they are not contradictory.
Based on the results of the first three studies of this thesis, the following changes would have
been expected for the sample studied by Wright et al. (2020): later sleep times, longer sleep
duration, less SJL (accompanied by a positive effect on STR due to decreasing weekday/
weekend differences) and no IST (due to the lack of temporal flexibility in the online
teaching setting). These differences were indeed demonstrated by the authors. Therefore,
the results of Wright et al. (2020) can be considered as supporting data.
In summary, the regularity of students’ sleep schedules in lockdown may depend on whether
regular schedules are imposed by external regulatory factors. The current literature shows
that the extent of the influence of these external factors depends on which preventive
measures are taken and how they are implemented.

10.1.6 Further Pandemic Effects on Sleep Health

Three objectively assessable dimensions of sleep health (duration, timing, regularity) and
one that can be examined using subjective or objective evaluation (alertness) have already
been considered here (Buysse, 2014; Wallace et al., 2021). The dimensions not considered so
far (efficiency, satisfaction/quality) can be measured objectively and subjectively (Buysse,
2014; Wallace et al., 2021). An assessment of these were part of the second and third
studies, but only to a limited extent.
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Sleep satisfaction or subjective SQ and sleep efficiency were assessed as facets of the PSQI
used in the second study. No changes were found between pre-pandemic and pandemic
data. In comparison, the literature suggests that perceived SQ scores decreased as the
pandemic progressed (O’regan et al., 2021; Scarpelli et al., 2022; Souza et al., 2021),
with lower satisfaction with BPN being a possible reason (Tavernier et al., 2019). In
terms of objectively measured SQ, similar results have been obtained using actigraphy, as
summarized in a review by Ferreira-Souza et al. (2023).
As for sleep efficiency, Ong et al. (2021) reported that it was only minimally affected
by lockdown measures. In addition, sleep efficiency was addressed in the third study by
comparing two samples in different working environments (onsite/remote) using actigraphy
as an objective measure. No effects of working environment on sleep efficacy were found.
Intra-individual differences were reported in the respective groups when comparing weekdays
and weekends, but without clinical relevance. Pre-pandemic levels of sleep efficiency were
not assessed. Therefore, no comparison between pre-pandemic and pandemic sleep efficiency
was possible.

10.1.7 Summarizing Thoughts on the Discussion of the Pandemic
Influences on Sleep Parameters

As the pandemic progressed, the prevalence of sleep problems increased (for a systematic
review and meta-analysis see Jahrami et al., 2021). A major determinant of these develop-
ments is the impact on mental health, which has become more apparent. The increased
stress and anxiety led to poorer sleep health (see e.g., O’regan et al., 2021; Souza et al.,
2021). However, the facets of sleep that depend on the restrictiveness of social timing
(duration, timing, regularity) improved with lockdown. This highlights the different causes
of the positive and negative effects, and suggests that the positive effects on sleep health
that followed changes in social timing could be maintained after the pandemic by changing
social norms and expectations.

10.2 Pandemic Influences on Performance Components

This section discusses the results on chronotype and personality dependent performance
components.

10.2.1 Influences on Adherence to Work Phase Routines

The number of work interruptions reportedly increased during the pandemic, resulting in
more frequent deviations from the normal work routine, emotional exhaustion and lower
performance (Leroy et al., 2021). In the fourth study evening types took more and longer
breaks, resulting in more work periods of shorter duration, while morning types maintained
their routine working hours. This was seen as a result of the lack of external regulatory
factors, and may reflect reduced work performance in evening oriented participants.
Work is generally more efficient with fewer interruptions (Jett & George, 2003). Although
interruptions can have positive effects, depending on the frequency, duration, stimulation
and information/supervision that can be gained from it (Jett & George, 2003). For example,
positive effects of breaks include feelings of refreshment or increased creativity. However,
breaks interrupt the workflow, and excessive breaks lead to procrastination (Jett & George,
2003), which again has been shown to be detrimental to creativity (Lim et al., 2017).
Therefore, the shorter duration of work periods and the more frequent and longer breaks
shown by evening types may indicate increased procrastination. This would be consistent
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with research on chronotype and procrastination: Przepiórka et al. (2019) showed EV to be
a positive predictor of procrastination, along with low self-efficacy and low self-control. MA,
in turn, has been shown to correlate negatively with avoidant procrastination (Díaz-Morales
et al., 2008).
Findings from student samples in lockdown associated academic procrastination (delay-
ing academic tasks against better judgement; Svartdal et al., 2020) with low perceived
competence in self-regulated learning (Pelikan et al., 2021). Low self-regulation has been
associated with EV (Owens et al., 2016). In addition, academic procrastination has been
linked to problematic social media (Latipah et al., 2021) and internet use (Tezer et al.,
2020), which is has also been related to EV (Rigó et al., 2023). Subjective well-being has
been shown to decrease (for a review, see Arifiana et al., 2020) and negative emotionality
has been shown to increase (Wang et al., 2022) as academic procrastination increases.
EV has been related to all three of these variables (negative relationship with well-being:
Jankowski, 2012; positive relationship with negative emotionality: Carciofo, 2020a; positive
relationship with academic procrastination: Hess et al., 2000). EV has also been correlated
with impaired mental health (Staller & Randler, 2021c), which has been further linked to
academic procrastination (Eisenbeck et al., 2019).
Two factors discussed in the context of a possible biological cause of the relationship between
these variables and EV are: (1) exposure to natural light versus artificial light and (2) poor
sleep quality. Due to their sleep rhythm, evening types are exposed to less natural light
and more artificial light than their morning oriented peers (Goulet et al., 2007). This could
have direct effects on emotionality and mood through neurobiological processes (Blume
et al., 2019). With regard to sleep, poor SQ has been shown to have a significant impact
on well-being (Zhai et al., 2018). Prior to the pandemic, evening types were consistently
confronted with SJL and poor sleep health (Merikanto et al., 2012; Wittmann et al., 2006),
which may mediate this effect. However, some research groups have argued that negative
emotionality may be associated with low levels of MA rather than EV itself (see e.g.,
Carciofo, 2020b; Konttinen et al., 2014; Putilov, 2018).
A gender imbalance in the MA and EV subsamples would be another possible explanation
for the results. Lee et al. (2022) showed that traditional gender roles were reinforced during
the COVID-19 pandemic. The authors found that family interruptions during work were
rated significantly more negatively for men, and they received less support from colleagues
than women. As a result of how the environment reacted, women may have taken on more of
these family related tasks, which may have caused them more frequent interruptions. These
findings were further supported by Leroy et al., 2021, who showed that there was a gender
imbalance in the increase in interruptions, unpaid labor (e.g., childcare and household
chores), emotional labor, and work-life balance. Women reported being significantly more
burdened in comparison to their pre-pandemic work and in comparison to men. However,
it seems unlikely that this is an explanation for the results of the fourth study, since the
majority of the sample were students and only about 20% reported living with children,
making family interruptions or child care responsibilities less likely, for example.
In summary, the behavior ‘more and/or longer breaks’ shown by the evening oriented
participants in the fourth study is likely to be induced by a lack of external regulatory
factors and may be associated with a deterioration in learning and work performance. A
possible explanation could be a relationship with procrastination. EV has been related to
procrastination, as well as to low self-regulation, problematic online activities, poor mental
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health, negative emotionality, negative mood and poor SQ, which again strengthens the
link to procrastination (Arifiana et al., 2020; Carciofo, 2020a; Díaz-Morales et al., 2008;
Eisenbeck et al., 2019; Hess et al., 2000; Jankowski, 2012; Owens et al., 2016; Pelikan et al.,
2021; Przepiórka et al., 2019; Staller and Randler, 2021c; Wang et al., 2022).

10.2.2 Influences on Creativity in Problem-Solving Approaches

Evening types have been shown to be impaired in their creativity in developing problem-
solving approaches during the pandemic-induced changes (Study 4). The link between
problem-solving, intrinsic motivation and SDT may be a crucial cause for this impediment.
In the fifth study it was shown that EV did not correlate with the satisfaction of any BPN,
but rather with the frustration of BPN autonomy. Morning orientation was correlated
with satisfied BPN competence. No other correlations were found with BPN satisfaction
or frustration. The BPNSFS means of the fifth study sample are comparable to those of
the pandemic sample of Müller et al. (2021). This suggests that the values are within
the expected range. Müller et al. (2021) showed that students’ BPN satisfaction was
significantly lower during the pandemic, while their BPN frustration increased compared to
before the pandemic. The authors also showed that both intrinsic motivation and identified
regulation were reduced, while introjected and external regulation were increased during
pandemic online learning (Müller et al., 2021). Thus, in the fourth study sample, these
needs may also have been unmet, resulting in lower intrinsic motivation, which in turn is
associated with lower problem-solving success (Song & Grabowski, 2006).
The differences in BPN satisfaction between morning and evening oriented individuals
shown in the fifth study could be attributed to, for example, the threshold at which they
perceived them to be satisfied. Morning types are generally conscientious (as shown in the
fourth and fifth studies; and in the literature, see e.g., Adan et al., 2012). They may see
their past successes as the result of this conscientious approach to work, and trust that
the tasks they are given are within their ability to accomplish. Conscientiousness may
therefore raise the confidence in their own competence, which may lower the threshold for
satisfying BPN competence. Evening types are not characterized by conscientiousness (as
shown in the fourth and fifth studies; Adan et al., 2012). This same confidence in their
own competence may not be available to them, resulting in a higher threshold for satisfying
BPN competence compared to morning type peers. They may feel overwhelmed by the new
environment and possible new problems that they are being challenged to solve.
A similar situation may have arisen in relation to BPN autonomy. Given the link with time
perspective, evening oriented individuals may be more likely to experience frustration in
BPN autonomy than morning oriented peers. EV has been shown to relate to a present-
fatalistic time perspective (Díaz-Morales et al., 2008). Present fatalism describes the
belief that life is determined by chance rather than the free will of the living individual.
The relationship between evening orientation and this time perspective suggests that a
high threshold may be required to satisfy their BPN autonomy. This finding is further
supported by the association of this time perspective with procrastination, as well as EV
with procrastination (Díaz-Morales et al., 2008). Morning types, in turn, have been shown to
have a futuristic time perspective (Díaz-Morales et al., 2008), which is seen as an influencing
factor in the negative relationship between MA and procrastination (Díaz-Morales et al.,
2008). The negative correlation of morning orientation with procrastination (Díaz-Morales
et al., 2008) and the positive correlation with self-regulation (Owens et al., 2016) and
self-efficacy (Study 5) may lead to conditions in which they have more resources to protect
them from a frustrated BPN autonomy.
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Another possible explanation lies in the influence of the environment (e.g., characteristics
of problems or resources) on creativity as a problem-solving approach (Amabile, 1983;
Cromwell et al., 2018). Uncertainty is defined as fluctuations of possible problems or
resources (Cohen & Cromwell, 2021). In situations where the individual is faced with great
uncertainty about both the problem and the solution, the abundance of possibilities leads
to a lack of orientation about where to direct efforts, resulting in reduced creativity (Chua
& Iyengar, 2008; Schwartz, 2009). In terms of Big Five personality associated with an
individual’s chronotype, there may be a link with the feeling of being overwhelmed and the
reduced creativity in uncertain times.
Evening types have been reported to be associated with openness, as shown in the fourth
study and in the literature (see e.g., Adan et al., 2012; Staller & Randler, 2021c). They
may therefore be more likely to incorporate peer perspectives into the problem-solving
process. The lack of, or difficulty in, incorporating other perspectives due to the social
restrictions could have led to a sense of reduced creativity. In this context, collaboration
with peers may have been a resource for evening oriented individuals, and the limited
contact may therefore have been experienced as a fluctuation of this resource. This,
together with the new problems created by the unprecedented situation, may have resulted
in high uncertainty due to fluctuations in both problems and resources. A feeling of being
overwhelmed and reduced creativity may have followed (Chua & Iyengar, 2008; Schwartz,
2009). Morning orientation again correlated with conscientiousness and agreeableness in this
sample. Consistent with these personality traits, morning types have been shown to be more
compliant with COVID-19 measures (Li, 2022), which may have led to rapid adaptation
to the new situation. Morning orientation does not correlate with openness, as shown in
the literature (Adan et al., 2012). Moreover, in the fourth study, morning orientation was
negatively related to openness. Therefore, in contrast to the evening types who experienced
a loss of the resource ‘peer support’, morning types may have experienced a gain of the
resource ‘solitude’. The solitude of this new environment may have enhanced their creativity
in developing problem-solving approaches. This could mean that the morning types did
not experience negative fluctuations in the resource of peer support and were therefore less
at risk of being overwhelmed and having their creativity reduced (Chua & Iyengar, 2008;
Schwartz, 2009).
Krammer et al. (2020) examined students’ experiences during the lockdown in terms of
the beneficial and obstructive aspects of online teaching. Contact with teachers and fellow
students was found to be beneficial when implemented well, but a barrier when implemented
poorly. This supports the findings of Machtmes and Asher (2000) who showed that two-
way interaction between teachers and students is a positive asset to the online teaching
process. Depending on chronotype, students may have felt that the learning process was
less effective because of the loss of interaction with lecturers and peers. This may have
led to a decrease in creativity in problem-solving, if the things to be learned are seen as
problems to be solved and the exchange as a resource (fluctuations in both problems and
resources → high uncertainty). This line of reasoning supports the notion that evening
types need peer support for effective problem-solving and may explain why morning types
experience fewer losses in creativity, as discussed in the fourth study. Differences between
chronotypes in self-rated creativity in developing problem-solving approaches may have had
a multidimensional cause. These may have included high uncertainty due to fluctuations in
both problems and resources during the pandemic, and the relationship between chronotype
SDT, motivation, procrastination and time perspective.
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10.2.3 Influences of the Chronotype on Organizational Citizenship
Behavior

In the fourth study, morning orientation was positively related to the OCB scales of
conscientiousness, civic virtue, and in-role behavior, as well as the Big Five scales of
conscientiousness and agreeableness. The latter two have also been related to MA in
the literature (see e.g., Adan et al., 2012) and have been shown to promote positive
organizational behavior (Kumar et al., 2009). In addition, MA was negatively related
to neuroticism and openness (Study 4). Evening orientation did not show a positive
relationship with any of the OCB facets, but was negatively related to conscientiousness
and in-role behavior. Regarding the Big Five scales, the results for EV seem to be more
contradictory. In this sample, it was positively related to openness and negatively related
to conscientiousness. The relationship with openness is supported by the literature (see
e.g., Adan et al., 2012). Furthermore, openness has been shown to act as a positive trait
for organizational behavior (Abu Elanain, 2007). In the literature, EV has been associated
with neuroticism (Adan et al., 2012), which has been shown to act as a detrimental measure
for OCB (Kumar et al., 2009), but this relationship was not replicated here.
The findings on chronotype and OCB are consistent with those of Waleriańczyk et al.
(2020). The authors showed that EV was a predictor of low levels of OCB, controlling for
age and gender. In line with the conclusions of Waleriańczyk et al. (2020), the fourth study
also suggested that morning types may be more invested in their professional lives. This
indicates that the relationship between chronotype and OCB may have implications for
academic performance. These findings may also be supported by the results of the fifth
study. In this study, morning orientation was correlated with satisfied BPN competence.
By feeling competent, morning oriented individuals are likely to have self-confidence and
self-assurance regarding their professional tasks. Through this attitude toward themselves,
they may anticipate a positive response from those around them toward them and their
work, leading to a sense of being valued by the environment. As a result, there may
be a greater willingness to take on additional volunteer tasks, which may explain the
relationship between MA and OCB civic virtue. As for the correlation of EV and OCB
conscientiousness and in-role behavior, a similar reasoning may apply. In general, OCB
refers to work behaviors that are performed voluntarily and without expectation of reward
(Staufenbiel, 2000; Staufenbiel & Hartz, 2000). A high level of intrinsic motivation is
required to engage in these behaviors, with work autonomy being one of the facilitating
factors (Pritchard & Payne, 2002). Frustrated BPN autonomy may lead to a lack of this
motivation in evening oriented individuals. Furthermore, in the sample of the fourth study,
EV was negatively correlated with conscientiousness, a variable that is strongly positively
related to OCB: conscientiousness/in-role behavior. Thus, frustrated BPN autonomy,
together with the negative relationship with conscientiousness, may explain the negative
correlations between EV and OCB: conscientiousness/in-role behavior.
Moreover, SQ was shown to relate to OCB but only when controlling for chronotype effects
(Barnes et al., 2013). This further suggests that OCB and chronotype may also be related.
Therefore Guarana et al. (2021) investigated the effects of blue light filtering glasses on
sleep quality, quantity and chronotype, as well as work-related variables such as OCB. The
authors concluded that blue light reduction improved sleep quality and quantity, which in
turn improved work-related variables (Guarana et al., 2021). In general, they interpreted
their results as that late chronotypes benefited more from the intervention and showed
that although some results were not significant, notable differences were observed (Guarana
et al., 2021). The relationship between chronotype and OCB was not significant in their
sample contrary to the results in the fourth study.
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The existing literature on the relationship between chronotype and OCB is small and
insufficient to draw reliable conclusions. Rather, what can be inferred from these studies is
that there appears to be a relationship between chronotype, personality and behavioral
outcomes in the context of professional life. These may consequently have an impact on
performance. Combined, the results suggest that this research question should receive more
attention in the future.

10.2.4 Influences of Chronotype and Personality on Academic
Self-Regulation

There is much debate about the relevance of chronotype to education. Some research groups
proposed a direct link between academic performance and chronotype (for a meta-analysis
see Preckel et al., 2011), others concluded that it is not the chronotype per se that is
responsible for the influence on academic performance, but the consequences of the socially
imposed schedules (see e.g., Roeser et al., 2013). One of the most discussed reasons for
these associations is the lack of sleep in evening types. Apart from serious biological
consequences such as loss of cognitive function (McCoy & Strecker, 2011; Walker, 2008),
also performance-related consequences such as attention problems (see e.g., Fallone et al.,
2005) have been shown to follow sleep deprivation. The results of the fourth study suggest
that evening orientation is related to personality traits that may be followed by low levels
of OCB. This may be another aspect that leads to poor academic performance in evening
oriented students. MA is not only associated with less sleep deprivation and daytime
sleepiness, but also with higher functional performance attitude, leading to better academic
performance (Randler & Frech, 2006, 2009).
In the fifth study MA was positively related to vitality, self-efficacy, satisfied BPN com-
petence, and conscientiousness. Vitality and conscientiousness were further related to
each other, strengthening the link to MA. The results regarding MA and vitality are
supported by a small body of literature (see e.g., Gulec et al., 2013; Prieto et al., 2012).
In addition, Martinek et al. (2021) related vitality to satisfied BPN competence (which
was also related to MA in the fifth study). With regard to self-efficacy, the literature
is sparse and inconclusive. For example, Przepiórka et al. (2019) found no correlation
between chronotype and self-efficacy, while Nicholson et al. (2022) found self-efficacy to be
positively correlated with MA and negatively correlated with EV. In addition, Rivers (2021)
correlated conscientiousness and agreeableness with self-efficacy, while Audet et al. (2021)
correlated conscientiousness and openness with self-efficacy. The fifth study replicated
the relationships between MA and conscientiousness with self-efficacy. Agreeableness and
openness were not related to chronotype or self-efficacy.
EV was correlated with frustrated BPN autonomy in this sample. This relationship may be
strengthened by the aforementioned association with the present-fatalistic time perspective
(Díaz-Morales et al., 2008). Which suggests that the threshold for not being frustrated and
much less satisfied with BPN autonomy may be quite high for evening type students. They
may not have understood why certain tasks were required or why they were meaningful,
resulting in frustrated BPN autonomy. This assumption is further supported by the results
of Li (2022), who showed that individuals high in EV were less compliant with COVID-19
measures than their peers high in MA. Contrary to the results of the fourth study and
the literature (see e.g., Adan et al., 2012), no relationship was found between EV and
the Big Five variables of openness and neuroticism. Yet, openness and neuroticism did
show correlations with other variables tested. Openness was positively correlated with
self-efficacy in this sample, replicating the findings of Karwowski et al. (2013) on creative
self-efficacy and contradicting the findings of Thoms et al. (1996) who found no relationship
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between openness and self-efficacy in self-managed work groups. Neuroticism was negatively
related to self-efficacy, vitality and satisfied BPN competence and positively with frustrated
BPN competence and relatedness in this sample, consistent with the literature (see e.g.,
self-efficacy: Karwowski et al., 2013; Şimşek and Koydemir, 2013).
Students’ BPN satisfaction was generally found to be impaired during the pandemic.
Martinek et al. (2021) reported that the technological resources available in online learning
affected the satisfaction of all three BPN. Perceived task overload was also associated
with lower levels of BPN satisfaction and higher levels of BPN frustration (Martinek et al.,
2021). Students’ levels of BPN satisfaction were significantly lower during the pandemic,
while their levels of BPN frustration increased compared to before the pandemic (Müller
et al., 2021). However, Holzer et al. (2021) showed that the satisfaction of BPN competence
was the strongest predictor of students’ well-being. This may reinforce the findings on
MA and satisfied BPN competence, as well as the discussed relationship between MA and
well-being. It may further indicate a high level of well-being among the morning oriented
individuals in this sample, which would support the fourth study’s hypothesis that morning
oriented individuals thrive in an environment of solitude.
Only one other sample could be identified in which the relationship of chronotype with
BPN satisfaction was examined. Tavernier et al. (2019) bidirectionally assessed the BPN
satisfaction in relation to various subjective sleep variables and chronotype at two time
points. They found no correlation between chronotype and BPN satisfaction but showed
that BPN satisfaction and MA were correlated same directional with the tested variables.
The authors concluded that fostering BPN satisfaction is a relevant starting point for
promoting the tested sleep characteristics in students (Tavernier et al., 2019). This may
provide some support for the reported relationships of MA with BPN satisfaction in the
fifth study, suggesting beneficial properties of morning orientation on learning outcomes
in unprecedented and stressful situations. Nevertheless, it is important to note that the
sample of the study by Tavernier et al. (2019) differs significantly from the sample in
the fifth study in that it was not collected during the pandemic. The pandemic can be
described as a traumatic event of massive proportions (Horesh & Brown, 2020), suggesting
that coping with this situation was a major component of students’ everyday lives. For
the sample in the fifth study, the pandemic may have created an environment in which the
effects of chronotype on BPN satisfaction and frustration were visible that would otherwise
be masked, or these may have been trauma responses that only occur in a traumatic
environment.
Regarding the various facets of motivation examined in the fifth study, no correlations
with chronotype were found in this sample, although the literature suggests otherwise.
For example, Horzum et al. (2014) showed significantly higher academic motivation scores
in online learning scenarios for morning oriented students than for their evening oriented
peers. Roeser et al. (2013) showed that chronotypes differed in their intrinsic motivation to
learn, but not in their attitudes towards performance situations. Morning types showed a
positive orientation towards learning goals, whereas evening types showed a more negative
orientation and a refusal to work (Roeser et al., 2013). Furthermore, Arbabi et al. (2015)
showed that MA was positively related to learning objectives as a facet of motivation, while
EV was more correlated with avoidance performance objectives and work avoidance as two
other facets of motivation. In support of these findings, Escribano and Díaz-Morales (2016)
showed a relationship between morning orientation and higher learning and performance
goals compared to evening orientation. The characteristics discussed here suggest a more
difficult transition to online learning for evening types during the pandemic, which required
many students to become more self-regulated. Therefore, chronotype may be an inter-
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individual difference that is relevant for the success of online learning, complementing the
research of Zhao et al. (2005). The authors showed inter-individual differences on the part
of the lecturer (e.g., type of interaction or media involvement) and learner (e.g., content
area studied, students prior education, or level of instruction) determine success in online
teaching scenarios.
In a sample of medical students, Tuma et al. (2021) showed that 69% of participants
reported problems with their online learning success, such as increased fatigue (compare
subsection 10.1.4 and 10.1.5) and loss of interest. They also reported less knowledge
gain after online teaching compared to traditional teaching approaches. The authors
concluded that the quality of education in online teaching scenarios could be improved
through student engagement activities, good preparation and appropriate environmental
and technical conditions. The findings presented here may point to unsatisfied BPN and
implications on motivation. Student engagement activities may be a way to increase feelings
of competence, autonomy and relatedness (compare subsection 10.2.2). By incorporating
these more, students may be given an opportunity to satisfy their BPN according to SDT.
This suggests that engagement in learning activities, in addition to interaction with peers
and lecturers, may be a tool to increase online learning success.

10.2.5 Summarizing Thoughts on the Discussion of the Pandemic
Influences on Performance Components

It is important to note that the findings in this thesis relate to a situation that is not
normal life, but rather a traumatic situation that has affected many areas of life. Therefore,
the results are not readily transferable and will need to be re-examined once the pandemic
and the resulting measures and restrictions have ended. What can be said is that the
close relationship between chronotype, personality, and learning-related variables influences
educational success in stressful situations, deviating from normal life. It is not yet clear
at what threshold these differences become apparent, or whether they are universally
present, and at what point they require intervention. However, the results reported here
suggest that society should at least consider the value of equalizing the educational process
for differences in biological characteristics of individuals, such as chronotype and related
personality traits.
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Identified Needs for Action in this
Thesis

Regarding sleep variables the comparison of the current literature with the findings of this
thesis suggests that there is a need to change the stringency of socially predetermined times
around which daily life is organized. This would be particularly beneficial for individuals
high in EV. The results on sleep and regularity presented in the first four studies lead
to the recommendation that social schedules should be delayed to accommodate different
chronotypes, but that unrestricted temporal flexibility should not be implemented. Instead,
external regulators should impose rigid but later schedules. They help stabilize STR and
may further prevent evening types from SWH, which in turn may have positive effects on
performance components. Such an adjustment could improve four dimensions of sleep health
(duration, timing, alertness, regularity). Spatial flexibility is not a negative determinant of
sleep health, but may help to facilitate the implementation of a social timing delay and
to enhance performance, as it offers beneficial potential in terms of time management, for
example.
Another negative development in terms of performance for individuals high in EV that
occurred during the pandemic is the decline in social interactions. The fourth study showed
that evening types need to interact with others to feel creative in their problem-solving
approaches. This finding is supported by the fifth study, which shows that both morning
and evening types are not satisfied with BPN relatedness. The only BPN which was shown
to be satisfied is BPN competence in morning types, whereas evening oriented students had
not satisfied any BPN, but BPN autonomy was frustrated. To foster BPN, the teaching
content could be addressed in three ways. First, the students’ competences in this situation
should be taken into account, for example, by recognizing possible limitations of cognitive
resources due to traumatic experiences. Second, students’ understanding of the tasks
involved and their necessity should be increased. Third, interaction with lecturers and
peers should be integrated, for example as student engagement activities. According to the
fourth study, the latter also helps to promote creativity in problem-solving approaches in
evening orientated individuals.
An adapted teaching concept for similar situations that incorporates the findings reported
here takes into account the biological needs of different chronotypes and has a health-
promoting effect. Regarding sleep variables neither early and strict onsite teaching times,
as offered before the pandemic, nor models with unrestricted temporal flexibility achieve
this objective. In addition, by redesigning the environment to meet BPN, achievement in
educational aspects could be promoted.
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Outlook and Unresolved Research
Questions

Several unanswered questions and underexplored relationships were identified during the
research and literature review conducted for this thesis. First, a shift in sleep timing and
circadian stability has been reported in the literature, as assessed by both clock time based,
and daytime preference based chronotype measures. Reasons discussed include a shift in
social timing or reduced exposure to daylight. Changes in circadian timing during the
pandemic lockdown should be meta-analyzed to determine what caused them in some
samples and prevented them in others.
Second, a review and meta-analysis of changes in sleep health during the pandemic across
all its dimensions should be conducted to prepare for similar situations. Beneficial and
detrimental factors should be identified to provide further guidance, for example, to policy
makers and employers. This could help them to consider and protect the sleep health
and therefore resilience of the populations, which in turn would also benefit their work
performance.
Third, chronotype and related variables affect performance parameters in everyday life as
well as in stressful or traumatic situations. The resulting behavior may not be consistent in
these situations. The findings presented suggest that the setting used for online learning
during the pandemic in Germany did not sufficiently support evening oriented individuals.
Therefore, to understand where individuals with different chronotypes encounter difficulties
and how to support them, the relationship with various performance components should
be further explored in both scenarios. In addition, the study designs should be repeated
in normal life scenarios to determine whether the results obtained here are a general
phenomenon or different stress responses in traumatic situations.
Fourth, it seems useful and necessary to prepare for other possible disaster scenarios by
developing a concrete concept for the implementation of online learning, supported by
the conclusions of the pandemic research. This should take into account inter-individual
personality traits that represent learner diversity (such as chronotype) and provide an
environment that offers the necessary support to all. Suggestions were made as to which
of the factors studied might continue to be supportive in terms of chronotype and which
might be more of a hindrance to successfully navigating such a situation.
Fifth, the literature on chronotype as an influence on performance components is sparse.
Here, chronotype was shown to affect several variables related to the participants’ pro-
fessional lives. It is reasonable to assume that similar effects will be observed for other
variables. Knowledge about the relationships between chronotype, personality, and per-
formance should therefore be expanded. A possible relationship between chronotype and

43



Chapter 12 Outlook and Unresolved Research Questions

an individual’s perceived potential in work performance, as well as related constructs such
as the impostor phenomenon, should be investigated. In addition, the relationship be-
tween chronotypes and their respective engagement with their commitments in professional
contexts (e.g., as reflected by OCB) should also be explored in more detail.
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Introduction

The first known case of COVID-19
caused by the novel coronavirus SARS-
CoV-2 occurred in the Chinese city
Wuhan at the beginning of December
2019 [1]. It has since caused a global
pandemic with dramatic consequences
for public health, economy, and social
life. In order to limit viral transmission
and relieve the healthcare system, gov-
ernments imposed restrictions on their
populations. These differed considerably
among countries. In Italy for example,
a national health emergency was called
out on March 10, 2020. Hereafter, the
population was placed in social isola-
tion and the Italian territory was locked
down until May 3, 2020, when some
restrictions were eased [2]. During this
period, people were not allowed to leave
the house except to take care of the
necessities of life (e.g., buying food or
medicine) [2]. Contradictorily, the re-
strictions in Sweden were comparatively
mildandmainlyreliedonvoluntarycom-
pliance with the Public Health Agency’s
recommendations [3]. Preschools (stu-
dents under 6 years old) and compulsory
schools (students under 15–16 years old)
remained open, while other schools and
universities implemented online teach-
ing. All business remained open as long
as proper distance between people could
be ensured [3]. Outdoor activities (e.g.,
walking in parks) were unrestricted and
encouraged by authorities [3]. Consid-
ering the case numbers, the restriction
measures in Germany were imposed
early [4]. Starting in the middle of
March 2020 (hereafter: COVID-19 re-
striction phase), universities, schools,

kindergartens, and not-system-relevant
businesses (e.g., beauty salons) were
closed. Gatherings were banned, meet-
ing people was allowed in groups of
two (or two households) only, in public
areas as well as on private property, and
a mandatory isolation of people who
had been exposed to or currently had
COVID-19 was resolved [4].

The uncertain situation and the gov-
ernmental measures resulted in changes
in sleep and sleep timing around the
globe. Some research groups showed
increasing prevalence of sleep problems
(insomnia, sleep loss, poor sleep quality)
in healthcare workers and the general
population [5–9], while others showed
an improvement of sleep health. In In-
dia, China, and Italy, people slept later
and longer [2, 7, 10, 11]. In a US sample,
Gao and Scullin [9] showed improved
sleep parameters even though the per-
ceivedviewofparticipantsdifferedpartly.
Leone et al. [12] showed a decrease of
social jetlag in an Argentinian sample.

Sleep deprivation related to late
chronotypes was a major problem before
the COVID-19 restriction phase, result-
ing in a state of social jetlag for evening-
orientedpeople[13]. Aperson’scircadian
timing depends on exogenous timekeep-
ers (e.g., light cycle) and endogenous
timekeepers (e.g., suprachiasmatic nu-
cleus [SCN]; social/environmental time-
keepers) [14]. One of those influencing
timekeepers is social pressure due to
work and school timing [15, 16]. To
adapt to the given times, evening-ori-
ented types sleep less thanmorning types
during the week, which leads to a greater
morning sleepiness and need for sleep
[17]. Contrarily, they show later bed-/

rise times and longer times in bed at the
weekend [17]. The accumulated sleep
debt leads to serious illness [13]. The
discrepancy between the internal bio-
logical clock and the actual sleep timing
due to social factors defines the state of
social jetlag. With less social pressure
following flexible working hours and
home office, the circumstances might
be health beneficial in terms of living
with the circadian rhythm for evening-
oriented people. Under normal circum-
stances, people have a daily routine
which includes fixed events throughout
the day (waking up, eating, working,
social contacts, sports, etc.). With sev-
eral of those altered due to the current
circumstances, a change in sleep timing
might follow. For example, a person
wakes early in the morning. Later that
day the person watches a movie instead
of training soccer in the evening due
to social isolation/restrictions. The ex-
posure to blue light at night results in
suppression of melatonin and lack of
fatigue. Consequently, sleep onset is
later than usual. This results in either
a reduced sleep duration (waking up at
the usual time) or a delayed wake up
time. While working in home office, a
person does not need to wake up for
work at the same time as before (e.g.,
because the way to work is omitted), and
hence rises later to get the same amount
of sleep. The daily routine and, in turn,
the sleep timing shifts.

It is important topayattention to sleep
during theCOVID-19pandemic because
sleep plays a major part in sustainable
health. Good night sleep (consisting of
sleep duration/quality and timing) is es-
sential to build resilience and cope with

Somnologie 2 · 2021 131

62



the primary and secondary effects of dis-
ease [8]. We hypothesized that sleep tim-
ingandthereforeoverall sleep inevening-
oriented people during the changed cir-
cumstances is more in line with their
biological needs and thus beneficial to
health.

Methods

Setting

This studywas carried out by the Depart-
ment of Biology, Eberhard Karls Univer-
sity Tübingen, Tübingen, Germany. Data
were collected in accordance with the
Declaration of Helsinki for experiments
involving humans approved by the Eber-
hard Karls University’s ethics committee
(Faculty for Economics and Social Sci-
ences: nr. A.Z.: A2.5.4-124_kr).

Data collection

We started our anonymous online survey
on May 18, 2020, and continued until
June 17, 2020. We therefore collected
data during the most restrictive phase
in Germany. Participants were informed
about the study via an electronic mailing
list (employees and students of the Eber-
hard Karls University Tübingen; >20,000
mails) and postings on different social
media platforms (Facebook/Instagram).
The recruitment text included an online
link to the questionnaire. The survey was
hosted on an online platform (SoSciSur-
vey) to fulfil the European Union’s data
privacy rules and took an average of
12min± 5min (standard deviation, SD)
to complete. The theoretical background
and study goals but not the hypothesis
were declared. We explicitly informed
about the voluntariness of the participa-
tion, the option to stop thedata collection
at any point without consequences, and
that participationwould not be remuner-
ated. The recruitment text was available
in German only and formal consent was
inquired in advance. The total number
of evaluable cases amounted to 681.

Demographic data

Age, sex, household size, number of
children in the household, profession,
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Abstract
Background and objective. In this study,
we researched the effects of the COVID-19
restriction measures on the sleep health
of N= 681 German residents (mean age:
28.63 years, SD: 10.49 years).
Methods. The data were collected with an
anonymous online survey composed of
validated questionnaires and additional
questions to quantify changed circumstances
during the pandemic. Data were collected
from May 18 to June 17, 2020, while govern-
mental restrictions were imposed in Germany.
We exclusively analysed participantsworking
in home office during this time.
Results. Participants woke up about 1 hour
later during the COVID-19 restriction phase,
while going to bed at almost the same time
as before. During the week, participants
slept about an hour longer, while sleep

at weekends did not differ significantly.
Social jetlag decreased from 1:39± 1:00 to
0:49± 0:42min in our sample. The number of
children in the household was a significant
factor predicting sleep timing. Participants
with children living in the same household
slept longer and sleep onset was later.
Conclusion. In terms of sleep behaviour
and, consequently, sleep health, participants
benefited from the transition to home office.
They were able to adapt their waking and
working hours better to their biological
rhythm, which reduced social jetlag.

Keywords
Circadian preference · Morningness–evening-
ness stability scale improved · New ways of
working · Social jetlag · Distant learning

Änderungen der Schlafzeiten und des Chronotyps aufgrund der
COVID-19-Maßnahmen und der Umstellung auf Home-Office

Zusammenfassung
Hintergrund und Zielsetzung. In dieser
Arbeit beleuchteten die Autoren die
Auswirkungen der COVID-19-Restriktions-
maßnahmen auf die Schlafgesundheit von
n= 681 in Deutschland lebenden Personen
(mittleres Alter: 28,63 Jahre, Standardabwei-
chung, SD: 10,49 Jahre). Es wird explizit auf
die Veränderungen des Schlafverhaltens der
Probanden eingegangen und Stellung zu
gesundheitswirksamenAspekten bezogen.
Methoden. Die Daten wurden anhand
einer anonymisierten Online-Befragung
mit mehreren validierten Fragebogen und
Zusatzfragen zu den veränderten Schlaf- und
Arbeitszeiten erhoben. Die Datenerhebung
beschränkte sich auf die Zeit der Phase
der COVID-19-Restriktionsmaßnahmen
zwischen dem 18.Mai und 17. Juni. Es wurden
ausschließlich Personen befragt, die in dieser
Zeit im Home-Office arbeiteten.
Ergebnisse. Die Teilnehmer wachten
während dieser Phase etwa eine Stunde
später auf, gingen jedoch nahezu zur
selben Zeit wie vor der Umstellung zu Bett.
Unter der Woche schliefen die Teilnehmer

ungefähr eine Stunde länger, die Schlaflänge
am Wochenende unterschied sich nicht
signifikant. Der Social Jetlag verringerte
sich in dieser Stichprobe von 1:39± 1:00
auf 0:49± 0:42min. Die Anzahl der Kinder
im Haushalt war dabei ein erheblicher
Einflussfaktor auf die Schlafzeiten: Teilnehmer
mit Kindern im Haushalt schliefen länger, und
die Einschlafzeit war später.
Schlussfolgerung. In der vorliegenden
Untersuchungsstichprobe profitieren die
Teilnehmer hinsichtlich ihres Schlafverhaltens,
und daraus folgend ihrer Schlafgesundheit,
von der Umstellung auf Home-Office. Die
Versuchsteilnehmer konnten ihre Wach- und
Arbeitszeiten besser ihrem biologischen
Rhythmus anpassen, wodurch sich der Social
Jetlag verringerte.

Schlüsselwörter
Circadiane Präferenz · „Morningness-
Eveningness-Stability-Scale improved“ ·
„New ways of working“ · Social Jetlag ·
Distanzlernen
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and the option to work in flexitime
were asked for. Profession was later
dichotomized into student (N= 400) or
non-student (N= 281). 197 participants
were male, 484 were female. Mean
age was 28.63 years, SD 10.49 years.
N= 545 participants noted that there
were no children in their household,
while N= 136 reported one or more
children. We explicitly asked for the
number of children in the household
and not the number of own children,
because, for example, students may have
travelled back home to their parents
during the restriction phase and lived
with younger siblings. Thus, children in
the household is a better measure than
own children, because regardless of re-
lationship (own children/siblings/other
cases), children in general may have an
impact on sleep during the pandemic.

Questionnaire

The questionnaire used was composed
of validated questionnaires concerning
chronotype and sleep duration as well as
additional questions to quantify changed
circumstances during the pandemic. Ex-
amined characteristics were chronotype/
midpoint of sleep, sleep duration, and
COVID-19-induced changes in sleep/
work hours.

Chronotype

The Morningness–Eveningness Stability
Scale improved (MESSi [18, 19]) and
the corrected midpoint of sleep (MSF
corrected) were used as separate mea-
sures to determine the chronotype. The
MESSi is composed of three subscales:
the morning affect subscale (MA), the
eveningness subscale (EV), and the dis-
tinctness subscale (DI). Five items in
a 1–5 Likert-format represent each scale.
The MA is concerned with the affec-
tive facet of the morningness–evening-
ness trait (M/E; e.g., alertness in the
morning: “How alert do you feel during
the first half hour after having awakened
in the morning?”), while the EV queries
feeling/mood, energy level, and learning
capacity in the evening (e.g., “In general,
howisyourenergy level in theevening?”).
The DI shows the subjectively felt ampli-

tude of diurnal active phases (e.g., “There
are moments during the day where I feel
unable to do anything” with response
options ranging from “totally” to “not at
all”). Higher MA or EV scores repre-
sent higher morning and evening orien-
tation, respectively, while higher DI val-
ues indicate higher daytime fluctuations.
MESSi’s factorial invariance, structure,
and reliability have already been con-
firmed repeatedly in different languages
[18, 20–23]. In addition, actigraphy data
corroborated the validity of the MESSi
[24]. Cronbach’s α in the current study
sample was 0.899 for MA, 0.889 for EV,
and 0.775 for DI.

Sleep duration

We asked for bed and wake times during
the week and at weekends to assess sleep
duration and the midpoint of sleep, both
during and before theCOVID-19 restric-
tion phase. Furthermore, a correction
algorithm [25] was used to measure the
sleep/wake time differences onwork-free
days due to social jetlag and to calculate
a corrected midpoint of sleep (MSF cor-
rected) for both periods. Average sleep
duration was calculated: five times the
weekday sleep duration plus two times
the weekend sleep duration divided by
seven.

Sleep phase delay

To assess the sleep phase delay, we sub-
tracted the prior clock times from the
clock times during the COVID-19 re-
striction phase. This resulted in four
clock time differences, which were sub-
jected to a factor analysis (principal com-
ponent). All loaded onto the same sin-
gle factor, labelled “delayed sleep phase”
(58.9% of the variance explained). Week
bedtime delay loaded with 0.833, week-
end bedtime delaywith 0.770, wakeweek
delay with 0.757, and wake weekend de-
lay with 0.705 onto the factor.

Results

Bedtimes and wake times differed be-
tween prior to and during the COVID-
19 restriction phase (see . Table 1), with
one exception: there were no significant
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Table 1 Sleep parameters before andduring the COVID-19 restriction phase

During
COVID-19
(M)

SD Before
COVID-19
(M)

SD T Df P-value

Wakeweek 08:03 01:33 07:08 01:10 17.575 679 <0.001

Wake weekend 09:06 01:31 09:16 01:26 –4.633 676 <0.001

Bed week 23:52 01:30 23:19 01:11 13.072 679 <0.001

Bed weekend 00:27 01:33 00:31 01:28 –1.687 679 0.092

Sleep duration
week

08:11 01:01 07:49 01:09 8.784 679 <0.001

Sleep duration
weekend

08:39 01:05 08:45 01:12 –2.765 676 0.006

Sleep duration
average

08:19 00:57 08:05 00:59 6.86 676 <0.001

MS weekday 03:57 01:26 03:13 01:02:04 17.295 679 <0.001

MS weekend 04:47 01:26 04:53 01:19:29 –3.482 676 0.001

MSFsc 04:36 01:29 04:33 01:20:21 1.385 676 0.167

SD standard deviation;Mmean; Df degrees of freedom;MSmidpoint of sleep;MSFscmidpoint of
sleep corrected

differences between weekend bedtimes.
The most striking difference occurred in
wake times during the week. Partici-
pants got up approximately 1 hour later
during the COVID-19 restriction phase,
while bedtimes remained nearly stable.
Sleep duration differed by about 22min
between the two time periods; thus, dur-
ingtheCOVID-19restrictionphase, peo-
ple slept on average nearly half an hour
longer on weekdays, while there was no
significant difference (about 6min) on
weekends. Average sleep duration was
about 15min longer. Midpoint of sleep
(MS)onweekdayswas about 45min later,
whilemidpoint of sleep onweekendswas
a few minutes earlier. When the correc-
tion algorithm was applied (MSFsc) to
gain an unbiased chronotype measure-
ment from clock times, we found no dif-
ferences between prior to and during the
COVID-19 restriction phase (p= 0.167).
Social jetlag decreased from 1:39± 1:00
to 0:49± 0:42min. The participants in
our study slept longer and on weekdays
later, while their social jetlag decreased
and the corrected midpoint of sleep re-
mained stable.

We found differences in the correla-
tions between sleep parameters and the
MESSi prior to and during the COVID-
19 restriction phase (see. Table 2). Prior
to the restriction phase MA had a posi-
tive relationship to sleep duration, while
EV related negatively (not significant) to

it. During the restriction phase sleep du-
ration during the week and at the week-
end was negatively correlated to the MA
facet as well as the EV facet. The DI
scale was positively correlated with both
variables during the COVID-19 restric-
tion phase and with the sleep duration
on weekends beforehand. The relation-
shipsbetweenmidpointof sleeponweek-
days and weekends/average sleep dura-
tion/corrected midpoint of sleep as well
as wake up and bedtimes prior to and
during the COVID-19 restriction phase
retained their directionof effect in almost
all variables. Only the average sleep du-
ration during the COVID-19 restriction
phase was significantly negatively corre-
lated with MA even though it showed
a positive relationship (not significant)
before the restrictions.

Concerning the sleep phase delay,
which is a compound measure of bed-
times’ andwake times’ delay onweekdays
and at weekends, we found a significant
influence of MA/EV and children living
in the household (. Table 3). There were
no effects of gender, age, and occupation.
Thus, the sleep phase delay affected all
participants similarly and moved the
sleep phase to later clock times.

Regarding the number of children in
households, we found a significant sleep
phaseshiftinparticipants livingwithchil-
dren(. Table3;. Fig. 1),whoslept longer
and in whom sleep onset was later. Ex-

pectedly, MA was negatively (r= –0.285,
p< 0.001) and EV positively (r= 0.266,
p< 0.001) related to the sleep phase delay.
Thus, circadian preference was a predic-
tor of the sleep phase delay.

Discussion

Participants working in home office slept
longer and later during the COVID-19
restriction phase than before. The work-
ing situation participants were faced
with compares partly to a modern ap-
proach to ways of working called “new
ways of working” (NWW) [26]. Imple-
menting NWW has the goal of creating
temporal and spatial flexibility and thus
accomplishing building work environ-
ments that focus on innovation and
productivity while reducing costs [27].
The work situation in our sample was
spatially flexible for every participant
and temporally flexible for the majority.
For those who had a certain temporal
constraint, the omission of commuting
times resulted in an additive time scope.
NWW is proposed as a way to improve
work time control and therefore allow
employees to adjust their work to their
private life [28] and biological needs
(e.g., chronotype [13]). Our results are
in line with these hypotheses. The signif-
icant changes in sleep–wake schedules
and sleep duration after a prolonged
phase of home office can be interpreted
as an approach to participants’ own in-
trinsic sleep–wake rhythm. Results of
morningness–eveningness’s relation to
sleep phase delay confirm again that
evening-oriented people benefitted from
remote working during the COVID-
19 restriction phase. These participants
were able to adapt their sleep–wake cycle
to their own internal clock rather than to
work start times. In morning–oriented
people, this delay is inevitably shorter
because the work start times fit their
biological clocks better. Nevertheless,
most participants benefited from the
changed working situation in terms of
sleep health. Gao and Scullin [9] showed
comparable results inaUSsample. Leone
et al. [12] published the effects on social
jetlag in the only other study so far. The
reported results correspond to ours.
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Table 2 Correlational analysis of sleep parameters before andduring the COVID-19 restriction
phase and theMESSi

MA EV DI

Sleep duration week COVID-19 –0.099* –0.106** 0.153**

Sleep duration week before 0.088* –0.226** 0.054

Sleep duration weekend COVID-19 –0.107** –0.095* 0.095*

Sleep duration weekend before –0.113** –0.045 0.157**

MS weekday COVID-19 –0.519** 0.574** 0.125**

MS weekday before –0.327** 0.421** 0.007

MS weekend COVID-19 –0.542** 0.575** 0.102**

MS weekend before –0.512** 0.560** 0.092*

Sleep duration average COVID-19 –0.111** –0.113** 0.149**

Sleep duration average before 0.033 –0.201** 0.097*

MSFsc COVID-19 –0.520** 0.554** 0.111**

MSFsc before –0.443** 0.499** 0.057

Wake week COVID-19 –0.514** 0.497** 0.166**

Wake week before –0.243** 0.259** 0.032

Wake weekend COVID-19 –0.550** 0.509** 0.130**

Wake weekend before –0.519** 0.497** 0.151**

Bed week COVID-19 –0.463** 0.585** 0.067

Bed week before –0.328** 0.477** –0.020

Bed weekend COVID-19 –0.465** 0.566** 0.061

Bed weekend before –0.414** 0.523** 0.018

MA morning affect; EV eveningness; DI distinctness; MS midpoint of sleep; MSFsc midpoint of
sleep corrected
*p< 0.05; **p< 0.01

Table 3 Predictor variables of sleep phase delay.Univariate general linearmodel with sleep
phase delay (compoundmeasure, see text)

Source of variation Df RMS F Sig Partial eta-squared

Corrected model 11 7.739 8.718 <0.001 0.125

Constant 1 0.102 0.115 0.734 0.000

Age 1 0.002 0.003 0.958 0.000

MA 1 12.441 14.015 <0.001 0.021

EV 1 10.911 12.292 <0.001 0.018

DI 1 1.219 1.373 0.242 0.002

Sex 1 0.085 0.095 0.758 0.000

Profession 1 0.126 0.141 0.707 0.000

No. children 1 6.487 7.307 0.007 0.011

Sex * profession 1 0.001 0.001 0.970 0.000

Sex * no. children 1 1.450 1.634 0.202 0.002

Profession * no. children 1 0.049 0.055 0.814 0.000

Sex * profession * no. children 1 0.388 0.437 0.509 0.001

Df degrees of freedom; RMS root mean square;MAmorning affect; EV eveningness; DI distinctness

Since schools in Germany imple-
mented online teaching instead of atten-
dance classes, students had a prolonged
time scope in the morning lacking
commuting times. Additionally, many
schools started online teaching later.
Therefore, students had to get up later in

the morning, similar to their parents’/
caregivers’ working situation. When
controlling for the number of children
in participants’ households, sleep phase
delay increased. Our results show clearly
that the negative effects of early school
start times impact parents and caregivers

as well as children. In general, the ob-
tained results were comparable to other
studies. Sinha et al. [10] showed that
sleep onset and wake-up times were sig-
nificantly delayed, with an average delay
of sleep onset by 38min and wake-up
time by 51min, irrespective of age and
gender in an Indian sample [10]. Chinese
and Italian people slept later and longer
than usual during the COVID-19 quar-
antine phase [7, 11]. In another Italian
sample similar results were found, but
the impact of the delay in bedtime and in
wake-up time was more pronounced in
students [2]. These authors used a com-
parably structured sample with students
and university staff. However, in our
study, we found no differences between
the groups (student versus non-student),
despite a slightly higher sample size.

Furthermore, we found changes in the
midpoint of sleep during theweek aswell
as the weekend when comparing prior
to and during the COVID-19 restriction
phase. Only Leone et al. [12] have dis-
cussed this aspect in anArgentinian sam-
ple so far. One of the most intriguing re-
sults concerning the clock-based chrono-
type (midpoint of sleep corrected) was
that the measurement method was not
sensitive to sleep time changes during
the restriction phase. This suggests that
smaller changes in sleep–wake sched-
ules do not necessarily reflect a general
change in chronotype as a clock-based
measure. However, Leone et al. [12] re-
ported a shift toward a later midpoint
of sleep (corrected) in their Argentinian
sample. In addition, the circadian pref-
erence as measured by the MEQ [12] did
not changebetween the twoperiods. This
supports our findings that daytime pref-
erence, as well as the clock time-based
measured chronotype, is stable. Oth-
erwise, the validity of the clock time-
based chronotype should be questioned.
However, our data clearly support the
corrected midpoint of sleep as a stable
measure. Furthermore, the scales of the
MESSi loaded onto the clock times as ex-
pected, both prior to and during the pan-
demic with a similar strength (. Table 2).
This provides additional validity for this
newly developed measure.
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Fig. 19 Sleep phase
change in participantswith
andwithout children in
the household. Estimated
marginalmeans derived
from the factor analysis

Limitations and strengths

One limitation of this study is the retro-
spective design. While the data on sleep-
–wake behaviour during the COVID-19
restriction phase were collected simul-
taneously, the data concerning the prior
period were collected in retrospect. Fur-
thermore, due to focusing on alterations
following a change to home office, data
might be biased. The recruitment might
be limiting, sincepeoplewhofeltachange
in sleep timing due to the altered work
setting might be more interested in par-
ticipating in the study than others. An-
other limiting factor is thehighnumberof
students taking part in the survey. Even
though students’ learning environment
changed to a home office situation too
(e.g., classes were held online), the trans-
ferability to working in home office may
not be given. In addition, the sample
was non-representative (more than half
of the participants had anacademic back-
groundbeing students) and relatively un-
balanced, with about twice as many fe-
males as males.

Conclusion

In this study sample, sleep duration
and sleep timing improved during the
COVID-19 restriction phase. In addi-
tion, social jetlag regressed, which is

beneficial to a healthy sleep and over-
all health. We could show that sleep
duration during the week in evening-
oriented participants in fact increased,
while it decreased in morning-oriented
participants. Overall, the sleep param-
eters changed positively in this sample.
This study again shows that the social
pressure following strict working hours
is not target oriented in terms of health
for a significant part of the population.
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Abstract

Background: This study addresses the effects of the coronavirus disease 19 (COVID-
19) restriction measures on sleep and bedtime habits of N= 637 German university
students.
Methods: The questionnaire was distributed online during two different time periods
in 2020 (February 27–March 21) and in 2021 (February 27–March 27). The first data
collection phase was immediately before the first strict lockdown to contain the COVID-
19 pandemic in Germany, and the second data collection phase was during the second
lockdown. The survey was composed of validated questionnaires and additional
questions regarding the changes in sleep/bedtimes and the status of lectures during
the lockdown phase.
Results: The average Pediatric Daytime Sleepiness Scale (PDSS) score in the sample
decreased during the lockdown phase, corresponding to the fact that students were
less burdened with daytime sleepiness. Moreover, the sample had earlier rise and
earlier bedtimes on free days during the lockdown period. Furthermore, the increase
in flexible learning times brought about by the pandemic negatively impacted the
students’ lifestyle and increased irregularities in sleeping habits.
Conclusion: Significant changes in sleeping patterns seem to be attributable to the
pandemic lockdown as found in this self-reported student survey. While daytime
sleepiness decreased and earlier overall bedtimes were noted, the impact on the
irregularity of sleeping and learning patterns seems to be the most notable finding, as
this affects overall quality of life and learning performance. Further studies are needed
to validate these findings.

Keywords
Teleworking · Questionnaire · Social isolation · Severe acute respiratory syndrome coronavirus 2 ·
Coronavirus disease 19

With the spread of the novel coron-
avirus disease (COVID-19) in December
2019, a global pandemic developed, forc-
ing governments worldwide to enforce
restrictions in order to contain further
dissemination. In Germany, the federal
government opted for a strict lockdown,
closing schools and universities, retail
outlets, restaurants, sports venues, and
many other economic areas. The first
lockdown began on 22 March 2020, with
initial economic sector easing measures
coming into force on 4 May 2020. On

15 June 2020, these were introduced in
almost every economic area. The sum-
mer of 2020 passed, for the most part,
without rising infection figures. However,
the figures rose again rapidly in au-
tumn, first resulting in a “lockdown light”
(04.11.–13.12.2020) and later in a com-
plete lockdown (commencing 13.12.2020,
with the possibility of relaxations de-
cided in the “Bundes-Notbremse”—a na-
tional plan for crisis management starting
23.04.2021—with a general end to the
lockdown on 30.06.2021).
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The increased restriction of public life
and social contact led to the population
finding itself in a state of social isolation.
Remote working (termed “home office” in
Germany) is seen as an important factor
in limiting personal contacts, which on
a secondary level results in containment
of transmission risks and thus of infec-
tion [1]. Therefore, the government rec-
ommended the switch to working from
home for industry/business, and imple-
mented this directly in areas under the
direction of the federal and state govern-
ments (e.g., schools and universities). In
accordance with these provisions, restric-
tions on university and school classroom
teaching were imposed, which were sub-
sequently abolished in favour of digital
teaching from home. This change in lec-
turing (online classes ranging from fixed
schedules to on-demand courses) and the
additional closure of associated buildings
(e.g., libraries) forced students to study al-
most exclusively from home. This resulted
insomeprofoundsecondarychanges, such
as commuting time falling away and a lack
of exchange with teachers and fellow stu-
dents.

In this novel situation, students were
confronted with subjectively perceived
and physiologically measurable behaviou-
ral changes, accompanied by changes in
habits such as eating habits (e.g. [2]),
sleeping habits (e.g. [3, 4]) and exercise
levels (e.g. [5, 6]). In this study, we investi-
gate the relationship between sleep times
on weekdays/at weekends and teaching
times (measured on a scale ranging from
“fixed learning times” to “on-demand
learning”), as well as possible changes in
social jetlag—defined as the discrepancy
between the internal biological clock and
the actual sleep timing due to social
factors [7]—because of the pandemic.
The present sample contains data from
two sampling periods. The first before
the lockdown and the second during the
lockdown. This distinguishes the present
results from those of Staller and Randler
(2020) [4], as the data of their study were
collected retrospectively. Furthermore,
the influence of lecture status (measured
on a scale ranging from “fixed learning
times” to “on-demand learning”) on sleep
parameters was examined here for the
first time. The focus of the study was

to investigate the following hypotheses:
the more flexible the teaching times, the
more flexible the bed- and wake-up times
during the pandemic. Therefore, students
livemore in linewith their chronotypeand,
as a consequence, social jetlag decreases.

Methods

Data collection

This study was carried out by the Depart-
ment of Biology, Eberhard Karls Univer-
sity, Tübingen, Germany. The study sam-
ple comprises students of the University
of Tübingen. The questionnaire was pro-
vided in German language only and dis-
tributed online during two different time
periods in 2020 (February 27–March 21)
and 2021 (February 27–March 27). The
first data collection phase was directly be-
fore the first strict lockdown to contain the
COVID-19 pandemic in Germany, and the
second data collection phase was during
the second lockdown. Participants were
made aware of the study via mailing lists
and official university platforms. The back-
ground of the study was clarified, and the
voluntary and anonymous nature of par-
ticipation was pointed out up front. In ad-
dition, the participants were made aware
that they would not suffer any disadvan-
tages if they terminated the survey pre-
maturely and that participation would not
be remunerated. The survey was hosted
on the SoSciSurvey online platform, which
fulfils the European Union’s data privacy
standards. Data were collected from a to-
tal of N= 637 (male: 191; female: 445;
other: 8) participants; first data collection
N= 312, second data collection N= 325.

Questionnaires

In addition to collecting data on demo-
graphics and thehighest educational qual-
ification (type, year and state in which the
qualificationwasobtained), thesurveywas
compiled from validated questionnaires
(Morningness–Eveningness Stability Scale
improved, MESSi; Pittsburgh Sleep Qual-
ity Index, PSQI; Sleep timing question-
naire, STQ; Pediatric Daytime Sleepiness
Scale, PDSS). Furthermore, the partici-
pants provided information on the current
status of lectures “type of teaching cur-
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Table 1 Descriptive statistics of the study sample.Only independent datasets were analysed,
which is whyN=398 datasets were excluded from the analysis

N Mean Standard deviation

Morning affect 637 2.959 0.996

Eveningness 637 3.146 1.016

Distinctness 637 3.660 0.842

PSQI score 637 0.590 0.400

PDSS score 632 3.130 0.553

STQ score 632 4.679 2.042

Rise times weekdays 622 7:23 1:06

Rise times free days 575 9:16 1:34

Bedtimeweekdays 608 23:11 1:12

Bedtime free days 618 00:21 1:31

Midpoint of sleep weekdays 599 3:17 0:59

Midpoint of sleep free days 572 4:49 1:27

Midpoint of sleep corrected 560 4:34 1:22

Sleep duration week 599 8:12 1:07

Sleep duration free days 572 8:54 1:04

Average sleep duration 560 8:23 0:57

Social jetlag 560 1:31 1:01

PSQI Pittsburgh Sleep Quality Index, PDSS Paediatric Daytime Sleepiness Scale, STQ Sleep timing
questionnaire

rently offered” twice, but coded slightly
differently in each case, to form a scale (1:
If you worked remotely from home in the
past 2 months, how often did this follow
a fixed schedule with set times? Exclu-
sively/a lot/medium/little/not at all; 2: If
you worked remotely from home in the
past 2 months, how often was this based
to on-demand events? Exclusively/a lot/
medium/little/notatall). Also, participants
were asked whether they had completed
the survey at both survey times. Partici-
pants for whom this circumstance applied
were excluded from the analysis (N= 398).
The reasoning was that the survey took
placeanonymouslyand thedatasetsof this
linked sample could not have been com-
bined as dependent datasets. Therefore,
independent datasets were analysed. The
questionnaire tookanaverageof11.29min
to complete with a standard deviation of
4.76min.

Morningness–Eveningness Stability
Scale improved

In this study we used the MESSi to assess
participants’ morningness–eveningness.
The questionnaire is separated into three
subscales—the morning affect subscale
(MA), the eveningness subscale (EV) and

the distinctness subscale (DI). Each sub-
scale consists of five questions in a 1–5
Likert format. The MA queries the affec-
tive facet (e.g., “How alert do you feel
during the first half hour after awaken-
ing in the morning?”), the EV collects
data on the overall physical and mental
situation in the evening (e.g., “In gen-
eral, how is your energy level in the
evening?”), while DI is looking into the
amplitude of active phases (e.g., “There
are moments during the day where I feel
unable to do anything.”). Higher values on
the subscales indicate participants being
more prone to those facets (MA→ prone
to morningness/EV→ prone to evening-
ness/DI→ higher daytime fluctuations of
active phases). The MESSi questionnaire
has been validated in various studies
(factorial invariance, structure, reliability
in different languages, e.g., [8–12]; and
by actigraphy [13]). Cronbach’s α in the
current sample was 0.891 for MA, 0.870
for EV and 0.759 for DI.

Pittsburgh Sleep Quality Index

The PSQI is a self-reported inventory that
measures various sleep variables in a re-
trospective design considering the past
4 weeks. It is used in clinical and non-

clinical settings and includes 19 self-rated
and 5 externally rated questions. The lat-
ter are not included in the quantitative
evaluation. The PSQI is divided into seven
sections: subjective sleep quality, sleep
latency, sleep duration, habitual sleep ef-
ficiency, sleep disturbances, use of sleep-
ing medications and daytime dysfunction
over the past month (e.g., “During the
past month, how often have you had trou-
ble sleeping because you cannot get to
sleep within 30min?”). The sumof the 1–4
Likert scale leads to a classification from
“good” sleepers to “poor” sleepers [14].
The current study investigated the fre-
quency of sleep disturbances (eight items)
and performed an assessment of overall
sleep quality (1 item). Cronbach’s α in the
current sample was 0.642.

Sleep timing questionnaire

The STQ consists of 18 items asking for
the individual bed and awakening times
on weekdays and at weekends, the stabil-
ity of these schedules, and the frequency
and length of night awakenings. It was
developed to provide a precise picture
of a person’s typical sleep rhythm [15].
Sleep technicians can thus adjust the tim-
ing of polysomnographic examinations to
the specific needs andhabits of the patient
[16]. It is more time efficient than a sleep
diary format. As we had already collected
sleep quality aspects, we only asked for
variation individual bed and awakening
times on weekdays or at weekends and,
in addition, calculated the length of sleep.
Cronbach’s α in the current sample was
0.831.

Paediatric Daytime Sleepiness Scale

The PDSS is a questionnaire originally in-
troduced inEnglish [17] and translated into
German by Schneider and Randler (2009)
[18]. It queries the daytime sleepiness
of students. The questionnaire contains
eight items of which two are clearly re-
lated to a school or learning environment.
All questions are asked in a 1–5 Likert
format, with one question being reverse
coded. The total score of the question-
naire is obtained by adding up the answer
scores. Cronbach’s α of this scalewas 0.808
in this sample.
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Table 2 T-test for independent groups (before vs. during the pandemic) assessing the influence of timepoint on chronotype and sleep variables
Pandemic N Mean Standard deviation Standard error of the mean T Df P-value Cohen’s d

Before 312 2.885 1.006 0.057 –1.833 635 0.067 –0.145Morning affect

During 325 3.030 0.983 0.055 – –

Before 312 3.190 0.997 0.056 1.081 635 0.280 0.086Eveningness

During 325 3.103 1.033 0.057 – –

Before 312 3.724 0.834 0.047 1.887 635 0.060 0.150Distinctness

During 325 3.599 0.847 0.047 – –

Before 312 0.574 0.383 0.022 –0.973 635 0.331 –0.077PSQI score

During 325 0.605 0.415 0.023 – –

Before 312 3.075 0.586 0.033 –2.505 630 0.012* –0.199PDSS score

During 320 3.184 0.514 0.029 – –

Before 312 4.763 1.969 0.111 1.021 630 0.307 0.081STQ score

During 320 4.597 2.111 0.118 – –

Before 306 7:15 1:02 0:03 –2.941 620 0.003** –0.236Rise times
weekdays During 316 7:30 1:08 0:03 – –

Before 280 9:28 1:36 0:05 3.038 573 0.002** 0.253Rise times free
days During 295 9:04 1:31 0:05 – –

Before 297 23:14 1:11 0:04 0.995 606 0.320 0.081Bedtimeweek-
days During 311 23:08 1:13 0:04 – –

Before 300 24:30 1:29 0:05 2.494 616 0.013* 0.201Bedtime free
days During 318 24:12 1:32 0:05 – –

Before 294 3:14 0:57 0:03 –1.254 597 0.210 –0.103Midpoint of
sleep weekdays During 305 3:20 1:02 0:03 – –

Before 279 5:00 1:27 0:05 2.936 570 0.003** 0.246Midpoint of
sleep free days During 293 4:39 1:26 0:05 – –

Before 274 4:40 1:20 0:04 1.798 558 0.073 0.152Midpoint of
sleep corrected During 286 4:28 1:24 0:05 – –

Before 294 8:01 1:07 0:03 –3.863 597 <0.001*** –0.315Sleep duration
week During 305 8:22 1:05 0:03 – –

Before 279 8:56 1:05 0:03 0.644 570 0.520 0.054Sleep duration
free days During 293 8:52 1:03 0:03 – –

Before 274 8:16 0:55 0:03 –3.036 558 0.003** –0.257Average sleep
duration During 286 8:30 0:58 0:03 – –

Before 274 1:45 1:03 0:03 5.537 558 <0.001*** 0.467Social jetlag

During 286 1:17 0:55 0:03 – –

Df degrees of freedom, PSQI Pittsburgh Sleep Quality Index, PDSS Pediatric Daytime Sleepiness Scale, STQ Sleep timing questionnaire
*p<0.05, **p<0.01, ***p<0.001

Habitual sleep–wake variables

We collected bedtimes and rise times on
weekdays and free days to calculate sleep
duration, midpoint of sleep and social jet-
lag. Sleep duration (SD) results from the
difference between sleeping and waking
times and is summed up to average sleep
duration (SDaverage) as follows:

SDaverage = 5xSDworkdays + 2xSDfreedays

7

The term midpoint of sleep (MS) refers
to the clock time-basedmidpoint between

sleep onset and awakening. Since bed-
time and waking times differ measurably
between weekdays and weekend days/
days off, the term social jetlag was coined
[7]. Social jetlag quantifies the difference
between the midpoint of sleep on week-
days compared to the midpoint of sleep
on days off. Accordingly, we use an al-
gorithm to correct the midpoint of sleep

(MSfreedays corrected) and to include the week-
end oversleep in the analysis [19]:

MSfreedays corrected =
MSfreedays

− 0.5x
⎛⎜⎜⎜⎜⎝
SDfreedays − (5xSDworkdays+2xSDfreedays)

7

⎞⎟⎟⎟⎟⎠
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Table 3 Spearman’s rho rank-order correlation coefficients for the interaction of the variables
“fixed lecture time” and “on-demand lectures”with chronotype and sleep variables
Spearman’s rho Regression factor

Correlation coefficient –0.111

Significance (two-tailed) 0.066

Morning affect

N 276

Correlation coefficient 0.074

Significance (two-tailed) 0.222

Eveningness

N 276

Correlation coefficient 0.025

Significance (two-tailed) 0.678

Distinctness

N 276

Correlation coefficient –0.058

Significance (two-tailed) 0.336

PSQI score

N 276

Correlation coefficient –0.112

Significance (two-tailed) 0.064

PDSS score

N 272

Correlation coefficient 0.145*

Significance (two-tailed) 0.017*

STQ score

N 271

Correlation coefficient 0.160**

Significance (two-tailed) 0.008**

Rise timeweek-
days

N 269

Correlation coefficient 0.156*

Significance (two-tailed) 0.013*

Rise time free
days

N 252

Correlation coefficient 0.165**

Significance (two-tailed) 0.007**

Bedtimeweek-
days

N 266

Correlation coefficient 0.172**

Significance (two-tailed) 0.005**

Bedtime free
days

N 271

Correlation coefficient 0.182**

Significance (two-tailed) 0.003**

Midpoint of
sleep weekdays

N 261

Correlation coefficient 0.181**

Significance (two-tailed) 0.004**

Midpoint of
sleep free days

N 251

Correlation coefficient 0.171**

Significance (two-tailed) 0.007**

Midpoint of
sleep corrected

N 245

Correlation coefficient –0.030

Significance (two-tailed) 0.631

Sleep duration
weekdays

N 261

Statistics

Data analysis was performed using
SPSS 27.0 (IBM, Armonk, NY, USA). Ex-
amined characteristics were “status of
lectures”, MESSi, STQ, PDSS, PSQI and
self-reported sleep variables. As not all

participants filled in all questions, the
exact sample size is always given for
the calculations; thus, N and degrees of
freedom may differ.

Results

Descriptive statistics are presented in
. Table 1.

Wecarriedout t-tests to assess the influ-
enceofmeasurement timepoint (beforevs.
during the pandemic). These tests showed
an influence on sleep duration on week-
days, average sleep duration, midpoint of
sleep on free days, social jetlag, and PDSS
scores (. Table 2). Further, differences ex-
isted in rise times, and in freedaybedtimes
(. Table 2).

Furthermore, we assessed the relation-
ship of the type of instruction offered
to students during the pandemic with
chronotype and sleep variables. In the
questionnaire, the participants answered
the question “type of teaching currently
offered (status of lectures)” twice, but
the questions were reverse coded to
each other. We linked these two vari-
ables via an exploratory factor analysis
(principal component, varimax rotation)
with the residuals saved as factor scores
(regression factor 1, . Table 3). “Fixed
schedule” loaded positively while “on-
demand events” loaded negatively on
the scale. A high positive value of the
residuals (regression factor) corresponds
to a flexible schedule.

Discussion

The aim of this study was to investigate
the changes in sleeping and learning be-
haviour attributable to the pandemic lock-
down. Therewere threemain findings that
can be summarized as follows:
1. The average PDSS score in the sample

decreased during the lockdown phase,
corresponding to the fact that students
were less burdened with daytime
sleepiness.

2. On free days, students had earlier rising
times and earlier bedtimes during the
lockdown period.

3. The increase in flexible learning times
brought on by the pandemic nega-
tively impacted students’ lifestyle and
increased irregularities in sleeping
habits.

The decrease in the average PDSS score
during the lockdown period is in line with
the results of the rise times during the
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Table 3 (Continued)
Spearman’s rho Regression factor

Correlation coefficient –0.094

Significance (two-tailed) 0.137

Sleep duration
free days

N 251

Correlation coefficient –0.028

Significance (two-tailed) 0.659

Average sleep
duration

N 245

Correlation coefficient 0.032

Significance (two-tailed) 0.620

Social jetlag

N 245

PSQI Pittsburgh Sleep Quality Index, PDSS Paediatric Daytime Sleepiness Scale, STQ Sleep timing
questionnaire
*p<0.05, **p<0.01, ***p<0.001

week. Our data demonstrate that stu-
dents rose later by an average of 15min
on weekdays during the lockdown period.
Taken together with the trend toward ear-
lier rise times on free days (on average
24min earlier compared to the pre-lock-
down period), this indicates that the stu-
dents were able to align their schedules
morewith their internal biological rhythm.
In sum, this led to a decline in social jet-
lag by 28min. Students increased their
sleep duration during the week by 21min
on average. Their average sleep dura-
tion (weekdays+ free days) increased by
14min. Similar results in the investigation
of altered sleep timingwere also shown in,
e.g., Italian [3], another German [4], North
American [20, 21], Chinese [22] and Sin-
gaporean [23] cohorts. For example, Ong
et al. (2021) [23] reported a reduction in
weekday–weekend difference in social jet-
lag of 50min. Accordingly, the lockdown
and the subsequent changes in getting
up times attributable to (1) the flexible
teaching schedule and (2) the elimination
of commuting times enabled the majority
of students to reduce their sleep deficit
during the week. Therefore, students may
have already been well-rested at an ear-
lier time during the weekend and, subse-
quently, rose earlier without the need to
compensate for the weekday sleep deficit.
This is further strengthened by the re-
sults of a large US survey on sleep times
and their relationship to waking activities.
Here, it was shown that the second largest
reciprocal relationship to sleep (after work
time) was found for travel time including
commuting times [24] (for conflicting re-

sults and an alternate interpretation see
Putilov, 2021; [25]).

In addition to earlier rise times on free
days, students also had later bedtimes (on
average by 18min), which complements
the results of the midpoint of sleep on free
days (on average 21min later) well. Sev-
eral explanationswhichfit into the chainof
reasoning are possible. For example, the
earlier bedtime and the earlier midpoint
of sleep on weekends may be due to the
fact that leisure activities were severely
restricted during the lockdown. In some
areas, people were no longer allowed to
leave their homes in the evening due to
strictcurfews. Moreover, severecontact re-
strictions were enforced, which is why the
reception of visitors also declined sharply.
The significant decline in leisure opportu-
nities and the general stay-at-home atti-
tude may have prompted the shift in bed-
times during the lockdown. These results
advocate a state of social isolation in the
sample group [26]. A less likely explana-
tionwouldbe that students spent less time
commuting during the pandemic, leaving
more time for personal leisure (if work-
ing hours remained the same), conveying
the impression of an improved work–life
balance. In consequence, they might have
beenmore likely to restmore inthemselves
and able to go to bed earlier, including at
the weekends. The exact reasons remain
speculative and would need to be verified
by further studies on the psychological
effects of lockdown.

The evaluation of the status of lectures
in the lockdown subsample showed ef-
fects on all clock time-dependant sleep
parameters. The results of the factor anal-

ysis suggested that the subjects’ lifestyle
regularity changed negatively due to flexi-
ble learning times. The results support the
hypothesis that if the subjects were able
to choose their own times for getting up
and going to bed due to flexible learning
times, the irregularity in their sleep tim-
ing would increase. This may negatively
impact sleep rhythm and has been associ-
ated with serious health issues in the long-
term course [27]. Work itself is a strong
frame for daytime organization (see also
[23]). This reflects the disadvantages of
flexible learning times. However, in con-
trast to fixed learning times (which tend to
stabilise lifestyle regularity), flexible learn-
ing times give subjects the opportunity to
adapt their sleep andwaking times to their
ownbiological rhythmand thus reduce so-
cial jetlag. Takentogether, ourresultsshow
an increase in lifestyle irregularity, which
has a negative effect on sleep timing on
one hand, and a positive effect on an indi-
vidual’s personal sleep rhythm and sleep
timingdue toa reductionof social jetlagon
the other. The data on the PSQI score prior
toandduringthepandemicdidnotchange
significantly, showing that even though
the lockdown influenced sleep-dependent
variables, participants reported no effect
on their sleep quality or the amount of
sleep disturbances. A possible explana-
tion for this result is that these opposing
influencing factors (increased lifestyle ir-
regularity/decreased social jetlag) cancel
each other out. However, the method
used here to assess sleep quality (facet
on sleep quality of the PSQi score) con-
sists only of a single item that is also self-
reported (vs. e.g., physiological measure-
ments). To confirm the discussed effect,
further studies with a broader spectrum of
survey methods for sleep quality should
be connected.

These results show that the conse-
quences of the lockdown must be con-
sidered in a multilayered manner. In
principle, more flexible lecture times help
students to organise their everyday life to
bemore in linewith their own chronotype.
This leads to cultivating a healthier sleep
and less suffering from the consequences
of social jetlag, such as depression [28].
However, during the lockdown, not only
did the university environment have to be
restructured with immense restrictions,
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but also all other facets of everyday life.
The students thus lost a large part of the
structure and regularity in their everyday
lives. A higher irregularity in life, however,
leads to poorer sleep due to a poorer
sleep rhythm. We conclude that the most
health-promoting version of the lecture
offer may be a hybrid model combining
fixed lecture times, where questions can
be clarified, and an on-demand offer.

Strengths and limitations

The strengths of this research are that the
data were collected during the actual ex-
perience before or during the lockdown
and the subjects did not have to provide
retrospective assessments. Limitations are
mainly the self-assessment questionnaire
design of the study, which was not backed
up by peer assessment or physiological
data.

Since the anonymity of the participants
of this study was preserved, we did not
encode the participants, so we could not
precisely track individual changes in sleep
habits before and during the pandemic.

Conclusion

Significant changes in sleeping patterns
seem to be attributable to the pandemic
lockdown, as found in this self-reported
student survey. While daytime sleepi-
ness decreased and earlier overall bed-
times were noted, the impact on the irreg-
ularity of sleeping and learning patterns
seems to be the most notable finding,
as this affects overall quality of life and
learning performance. Further studies are
needed to validate these findings.
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Zusammenfassung

Auswirkungen eines pandemiebedingten Lockdowns auf Lernverhalten
und Schlafqualität bei deutschen Studierenden. Ergebnisse einer
Online-Umfrage vor und während der Pandemie

Hintergrund: In dieser Studie untersuchten die Autoren die Auswirkungen und
nachfolgenden Veränderungen der COVID-19-Restriktionsmaßnahmen („coronavirus
disease 2019“) auf die Schlaf- und Schlafenszeitgewohnheiten von n= 637 deutschen
Universitätsstudierenden.
Methoden: Der Fragebogen wurde online zu 2 verschiedenen Zeitpunkten verteilt:
2020 (27. Februar bis 21. März) und 2021 (27. Februar bis 27. März). Die erste
Datenerhebungsphase wurde unmittelbar vor der ersten strengen Abriegelung
zur Eindämmung der COVID-19-Pandemie in Deutschland durchgeführt, die
zweite Datenerhebungsphase fand während der zweiten Abriegelung statt. Die
Erhebung setzte sich aus validierten Fragebögen und zusätzlichen Fragen zu den
Veränderungen der Schlaf-/Bettgehzeiten und dem Stand der Vorlesungen während
der Abriegelungsphase zusammen.
Ergebnisse: Der Durchschnittswert der Pediatric Daytime Sleepiness Scale (PDSS)
in der Stichprobe sank während der Schließungsphase, was darauf hindeutet, dass
die Studierenden weniger durch Tagesschläfrigkeit belastet waren. Außerdem stand
die Stichprobe an freien Tagen während der Schließungsphase früher auf und ging
früher ins Bett. Darüber hinaus wirkte sich die durch die Pandemie bedingte Zunahme
flexibler Lernzeiten negativ auf den Lebensstil der Studierenden aus und führte zu
mehr Unregelmäßigkeiten in den Schlafgewohnheiten.
Schlussfolgerungen: Wie aus der Selbstauskunft der Studierenden hervorgeht,
scheinen signifikante Veränderungen im Schlafverhalten auf die Pandemiesperrung
zurückzuführen zu sein.Während die Tagesschläfrigkeit abnahmund insgesamt frühere
Schlafenszeiten festgestellt wurden, scheint die Auswirkung auf die Unregelmäßigkeit
der Schlaf- und Lerngewohnheiten das bemerkenswerteste Ergebnis zu sein, da dies
die allgemeine Lebensqualität und die Lernleistung beeinflusst. Weitere Studien sind
erforderlich, um diese Ergebnisse zu validieren.

Schlüsselwörter
Telearbeit · Fragebogen · Soziale Isolierung · „Severe acute respiratory syndrome coronavirus
type 2“ · „Coronavirus disease 2019“
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Abstract

Background and objective: This study aimed to evaluate the sleep patterns of students
and employees working onsite versus those working from home during the COVID-19
pandemic using actigraphy.
Methods: A total of 75 students/employees (onsite: N= 40, home-office: N= 35;
age range: 19–56 years; 32%male; 42.7% students, 49.3% employees) were studied
between December 2020 and January 2022 using actigraphy, a sleep diary, and an
online questionnaire assessing sociodemographics and morningness–eveningness.
Independent-sample t-tests, paired-sample tests, and a multivariate general linear
model adjusting for age (fixed factors: sex and work environment) were applied.
Results: Overall, onsite workers had significantly earlier rise times (7:05 [SD: 1:11]
versus 7:44 [1:08] hours) and midpoints of sleep (2:57 [0:58] versus 3:33 [0:58] hours)
on weekdays compared to home-office workers. Sleep efficiency, sleep duration,
variability of sleep timing, and social jetlag did not differ between the groups.
Discussion: Home-officeworkers showed a delay in sleep timing that did not affect any
other sleep parameters such as sleep efficiency or nighttime sleep duration. The work
environment had only marginal impact on sleep patterns and thus sleep health in this
sample. Sleep timing variability did not differ between groups.

Keywords
Actigraphy · Coronavirus disease 2019 pandemic · Sleep hygiene · Remote working · Circadian
rhythm

Sleep is critical for regular functioning of
physical and mental health in humans [1].
It is important for maintaining long-term
health throughphysical/cerebral function-
ing (sleep deprivation causes, e.g., an in-
creased prevalence of noncommunicable
diseases suchas obesity [2] or cardiovascu-
lar problems [3]), and short termhealth by,
e.g., minimizing the risk of traffic accidents
related to drowsiness [4, 5].

With the onset of the coronavirus dis-
ease 2019 (COVID-19) pandemic, mental
stress increased enormously due to fears
about the future, about relatives, or about
one’s own health. Since stress and anxiety
have a strong negative impact on sleep,
some research groups have reported a de-
terioration in sleep health (see [6] for a re-

view). In addition, increased workloads in
some professions (e.g., medical staff) have
also taken their toll, leading to more sleep
problems and poorer sleep health [6].

The pandemic changed the profes-
sional situation of students and employ-
ees. Remote working (hereinafter also
referred to as the situation of students
studying at home) as well as the closure of
many business sectors (e.g., body-related
services) affected everyday life, including
sleep. Itwas shownthat theshift to remote
working and the associated later work
start allowed participants to adjust their
sleep times to their own circadian rhythm.
As a result, students and employees were
able to synchronize their biological and
social clocks, thereby improving sleep
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health (e.g., [7–15]). In addition to the
positive effects of synchronizing social and
biological timing, on-demand teaching
has been shown to lead to a loss of sleep
timing regularity [14], which, in turn, can
have negative effects on sleep and overall
health (e.g., [16, 17]). In contrast, Ramírez-
Contreras and colleagues [18] reported
that the hybrid system of virtual and face-
to-face activity was beneficial for students
in terms of sleep regularity and eating
habits, resulting in longer sleep duration
on weekdays and reductions in sleep de-
privation. Furthermore, increased screen
time due to remote working may also
have disrupted and delayed sleep onset
due to more blue light exposure (e.g., [19,
20]) and less outdoor light exposure [21].
However, increased time spent outdoors
in home-office workers has also been
reported [22]. So far, there are few data
on the effect of the working environment
on sleep patterns during the COVID-19
pandemic in Germany.

The present study builds on the pre-
liminary data and literature available and
compares the sleep patterns of partici-
pants in two different working environ-
ments. We hypothesized later/more irreg-
ular sleep timing and midpoints of sleep,
longer nighttime sleep duration, worse
sleep efficiency, and less social jetlag (SJL)
in home-office compared to onsite-work-
ing students/employees.

Methods

Setting

This study was approved by the Eberhard
KarlsUniversity’sethics committee (Faculty
of Economics and Social Sciences: no. A.Z.:
A2.5.4-157_ns).

Data collection

Data were collected from December 14,
2020, to January 18, 2022. Participants
were recruited through university mailing
lists and social media postings (Facebook,
Instagram,WhatsApp). Thestudy included
a questionnaire that was available online
ontheSoSciSurveyplatform(https://www.
soscisurvey.de/). This hosting platform
complies with European Union data pro-
tection regulations. Potential study partic-

ipants were informed about the voluntary
nature of participation, the possibility to
stop data collection at any time without
consequences, and the study compensa-
tion of 25 in cash. Informed consent
was obtained before data collection be-
gan. Exclusion criteriawere shiftwork, par-
ticipantswhoplanned to travel across time
zones during data collection, and partici-
pants who were not fluent in German.

Variables and instruments

Participants reported information on their
demographics (such as the work environ-
ment (“working onsite,” hereafter: “on-
site group”; and “working from home,”
hereafter: “home-office group”), age, sex,
number of children in their household,
occupation), details of their sleep behav-
ior, andamorningness–eveningnessques-
tionnaire (the Morningness–Eveningness
Stability Scale improved [MESSi]).

MESSi

The MESSi consists of three subscales:
morning affect (MA), eveningness (EV),
and distinctness (DI). MA is designed
to measure the affective component of
morning orientation, while EV measures
the affective component of evening ori-
entation. In comparison to the diurnal
changes measured by the MA and EV
subscales, the DI subscale measures fluc-
tuating changes in the expression of MA
and EV [23].

Actigraphy

Participants were asked to wear an Acti-
Graph (GT3X+, ActiGraph, Pensacola, FL,
USA) for 7 consecutive days in order to
measure sleep–wake patterns. The de-
vice is worn on the nondominant wrist
similar to a wristwatch. At the end of the
measurement week, participants returned
their ActiGraphs and the data were down-
loaded using the accompanying software
(ActiLife). Activity countswere collected in
1-min epochs over a continuous period of
1 week (7× 24h). Any recordings that did
not meet the minimum requirements of
a) at least 10h of valid signal during wak-
ing hours and b) a total of at least 4 valid
days were excluded. Sleep–wake patterns

were scored manually using the ActiLife
software as described by Mitchell and col-
leagues [24]. Briefly, sleep onset and offset
times were identified by diary report and
observation of a sharp decrease/increase
in activity. If there were discrepancies of
more than 30min between the sleep diary
reportandthedecrease/increase inactivity
counts measured by the ActiGraph, sleep
phases were determined visually based
on the activity changes. We used the
Cole–Kripke algorithm to estimate sleep
andwakeperiods [25]. Non-wearing times
were determined using the Troiano algo-
rithm and compared with the sleep diary
[26].

Sleep diary

Participants completed a sleep diary dur-
ing the week of actigraphic monitoring.
Participants were asked to note bedtimes,
naps during the day, awakenings during
the night (duration and frequency), and
times when the ActiGraph was taken off
(e.g., to take a shower).

Midpoint of sleep as a measure of
chronotype

As a second measure of chronotype the
corrected midpoint of sleep (MSFsc) as
proposed by Roenneberg and colleagues
was used [27]. This chronotype measure is
basedonclock timebutadjusts for average
individual sleep need [28]. It was shown
to be a stable measure of chronotype dur-
ing the COVID-19 pandemic in a similar
German sample fromBaden-Württemberg
[13]. Throughout this manuscript the ab-
breviation “MPOS” represents “midpoint
of sleep,” while in the following formula,
“SDu” stands for “average sleep duration”:

MSFsc = MPOSweekend
–0.5×(SDu weekend

–(5×SDuworkdays + 2×SDuweekend) ÷ 7)
Social jetlag

SJL is a parameter to describe the dis-
crepancy between a person’s social and
biological clocks due to circadian prefer-
ences [29]. Weekend sleep patterns are
thought to reflect the internal biological
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Table 1 Demographics: onsite versus home-office group
Variable Overall

(N= 75)
Onsite group
(N= 40)

Home-office
group (N= 35)

Age, years, mean (SD) 28.2 (7.7) 30.3 (8.7)* 25.8 (5.6)*

Male 24 (32.0) 15 (37.5) 9 (25.7)Sex,N (%)

Female 51 (68.0) 25 (62.5) 26 (74.3)

Yes 5 (6.7) 4 (10.0) 1 (2.9)Children in house-
hold, N (%) No 70 (93.3) 36 (90.0) 34 (97.1)

Student 32 (42.7) 9 (22.5)* 23 (65.7)*

Employee 37 (49.3) 25 (62.5) 12 (34.3)

Profession, N (%)

Not specified 6 (8.0) 6 (15.0) –

Morningness, mean (SD) 3.37 (0.79) 3.41 (0.77) 3.32 (0.82)

Eveningness, mean (SD) 3.01 (0.86) 2.97 (0.83) 3.07 (0.90)

Distinctness, mean (SD) 3.31 (0.71) 3.35 (0.71) 3.27 (0.72)

Sleep time variability—bedtimes,mean
(SD), max/min [h]

0.87 (0.45),
0.17/2.32

0.92 (0.45),
0.17/2.32

0.83 (0.43),
0.2/2.07

Sleep time variability—rise times, mean
(SD), max/min [h]

0.95 (0.43),
0.2/2.1

0.93 (0.45),
0.2/1.9

0.95 (0.43),
0.25/2.1

SD standard deviation
*Significant differences between onsite and home-office (p< 0.05)

clock, whereas weekday sleep patterns re-
flect the social clock. SJL is calculated by
subtracting themidpoint of sleeponwork-
days from the midpoint of sleep on days
off:

SJL = MPOSweekend −MPOSworkdays

Sleep efficiency

Sleep efficiency is calculated by dividing
the amount of time spent asleep (in min-
utes) by the total amount of time in bed
(in minutes).

Sleep time variability

Thevariability insleeptimeswascompared
between the groups. This was done by
calculating the standard deviation of sleep
times for eachparticipant and using this to
calculate a group mean. The result shows
the average standard deviation of sleep
times and is considered the variability of
sleep timing in the group.

Statistical analyses

We further analyzed the actigraphy data
using pyActigraphy [30], an open-source
Python actigraphy analysis and visualiza-
tion framework. In addition, averages of
various sleep parameters were calculated

for each subject using the Python data
analysis library Pandas [31]. To calculate
time averages after midnight, e.g., sleep
onset time and midpoint of sleep, we
added 24h to times below an appropriate
pivotelementbeforecalculatingthemean,
and then subtracted 24h afterwards, if
necessary. The software and a detailed
description are available as open source at
https://github.com/spuetz/actigraphy.git.
Statistical analysis of the actigraphy and
questionnaire data was performed using
SPSS 29.0 software (IBM Corp., Armonk,
NY, USA). Independent-sample t-tests
and paired-sample tests were calculated
to compare inter-and intra-individual dif-
ferences. Furthermore, a multivariate
general model was calculated with sex
andwork environment as fixed factors and
age as a covariate to control the reliability
of the t-tests. Kolmogorov–Smirnov and
Shapiro–Wilk tests were used to test the
normal distribution of the MSFsc vari-
able. Levine tests indicated that equal
variances could be assumed. Pearson’s
chi-squared test was used for descriptive
group comparisons.

Results

Descriptive group statistics are presented
in. Table 1. Exploratory data analysis was
performed to identify outliers in the age
variable, as this variable has a strong in-

fluence on other variables. Outlier limits
were defined as ±3 standard deviations
from the mean value. Two cases were ex-
cluded in each group. This reduced the
original sample size fromN= 79 to N= 75.
Overall, the home-office group was sig-
nificantly younger than the onsite group.
Significantly more participants were stu-
dents in the home-office group compared
to the onsite group. We did not see any
difference between groups regarding chil-
dren in the household or chronotype. The
sleep timing variability did not differ be-
tweenthegroups. In termsof intra-individ-
ual differences in the variability of sleep
times, the onsite group had the lowest
standard deviation of 0.17h for bedtimes
and also the highest of 2.32h. For rise
times, the minimum and maximum were
0.2h and 2.07h (. Table 1). In the home-
office group, the minimum for bedtime
was 0.2h and the maximum was 1.9h,
while the rise times were 0.25h and 2.1h
respectively (see . Table 1).

Comparisons of sleep patterns are
shown in . Table 2. No differences were
seen in total time in bed, sleep efficiency,
and total sleep time on weekdays, week-
ends, and all days. The home-office group
went to bed, reached the midpoint of
sleep, and got up significantly later than
the onsite group on weekdays. Inter-
estingly, sleep parameters did not differ
between groups at weekends. Also, the
variability of sleep timing (standard devi-
ations of sleep timing, . Table 1) did not
differ between the groups. Both groups
showed a SJL of about 1 h, which was not
significantly different. In addition, there
was no difference in chronotypemeasured
by the MESSi scales MA/EV/DI (. Table 1)
or MSFsc (. Table 2) between the two
groups. For both the onsite and home-
office groups, the Kolmogorov–Smirnov
test and the Shapiro–Wilk test indicated
a normal distribution of the MSFsc.

As age differed significantly between
the onsite and home-office groups (30.3
versus 25.8 years, p= 0.01), a multivari-
ate general linear model adjusting for age
was applied (fixed factors: sex and work
environment) (. Table 3).

In comparison with the independent-
sample test (. Table 2), the general lin-
ear model confirmed the significant find-
ings. The only exception was the variable
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Table 2 Comparison of onsite versus home-office groups regarding sleep patterns
Characteristic Onsite group (N= 40) Home-office group (N= 35) p-value

Mean SD Std. error mean Mean SD Std. error mean

Average total time in bed (all days), h 7.65 0.78 0.2 7.73 0.77 0.2 0.636

Average total time in bed (workdays), h 7.55 0.92 0.22 7.63 0.87 0.22 0.685

Average total time in bed (weekend), h 7.90 1.12 0.28 8.00 1.02 0.28 0.695

Average total sleep time (all days), h 6.92 0.8 0.12 6.93 0.68 0.1 0.899

Average total sleep time (workdays), h 6.83 0.83 0.12 6.82 0.77 0.12 0.980

Average total sleep time (weekend), h 7.15 1.28 0.2 7.23 0.88 0.15 0.723

Average sleep efficiency (all days), % 90.4 0.05 0.01 89.9 0.05 0.01 0.605

Average efficiency (workdays), % 90.5 0.04 0.01 89.5 0.05 0.01 0.331

Average efficiency (weekend), % 90.1 0.09 0.01 90.7 0.05 0.01 0.738

Average bedtime (all days) 23:43 0.97 0.15 00:16 1.08 0.18 0.023*

Average bedtime (workdays) 23:28 0.98 0.15 00:07 1.05 0.17 0.008*

Average bedtime (weekend) 00:21 1.3 0.2 00:45 1.33 0.22 0.197

Average midpoint of sleep all days 3:14 0.92 0.13 3:48 1.0 0.17 0.015*

Average midpoint of sleep workdays 2:57 0.97 0.15 3:33 0.97 0.15 0.009*

Average midpoint of sleep weekend 3:59 1.17 0.18 4:25 1.18 0.2 0.122

Average correctedmidpoint of sleep 3:51 1.27 0.2 4:17 1.28 0.22 0.158

Average rise time (all days) 7:25 1.0 0.15 8:01 1.05 0.17 0.014*

Average rise time (workdays) 7:05 1.18 0.18 7:44 1.13 0.18 0.019*

Average rise time (weekend) 8:17 1.12 0.17 8:47 1.2 0.2 0.068

Social Jetlag, h 1.03 1.02 0.15 0.87 0.72 0.12 0.403

SD standard deviation
*Significant differences between onsite and home-office (p< 0.05)

“average rise time workdays,” which was
no longer significant in the general linear
model.

Sleep parameters on weekdays were
also compared with weekend days to
investigate intra-individual differences
within each group using paired-sample
t-tests (. Table 4). Intra-individual differ-
ences were found in both the onsite and
home-office groups. The sleep parameters
of the onsite group differed significantly
between weekdays and weekend days
with regard to sleep efficiency, bedtime,
total sleep time, rise time, and midpoint
of sleep. The home-office group differed
in the same sleep parameters except for
total sleep time.

Onsite workers had a higher sleep
efficiency on weekdays compared to
weekends, while home-office workers
had a higher sleep efficiency on week-
ends compared to weekdays. Average
bedtime and midpoint of sleep were sig-
nificantly later at weekends compared to
weekdays for both groups.

Discussion

In summary, it was found that onsitework-
ers had significantly earlier sleep timing
and midpoints of sleep on weekdays com-
pared to home-office workers, whereas
there were no clinically meaningful dif-
ferences regarding sleep efficiency, sleep
duration, and variability in sleep timing.
Importantly, also SJL did not differ be-
tween the groups. The results of the group
comparison showed that the onsite group
was significantly older than the home-of-
fice group. The group means differed by
4.5 years. This age difference is particularly
important when considering the present
results. Chronotype, asan individualdiffer-
ence trait, is subject to changes in expres-
sion over the course of a person’s life [32].
While young children tend to be morning
types, this tendency changes strongly dur-
ing adolescence [32]. Adolescents show
a distinct delay in chronotype, peaking at
the age of 20 years [27]. With the end of
adolescence, thedaytimepreference shifts
again and begins to advance. Roenneberg
and colleagues [27] showed a continuous
advancement of chronotype from the age

of 20 until about 65 years. There is also
a steeper regression line between the ages
of 20 and 45 years than between 45 and
65 years. Most adults do not belong to an
extreme chronotype and are therefore de-
scribed as neither type [32]. In the sample
of Randler and colleagues [32], a distri-
bution of 21.1% evening, 71.7% neither,
and 7.2% morning type was reported for
the 26-year-old subjects. Among the 30-
year-old subjects, 11.9%were classified as
evening type, 74.8% as neither, and 13.3%
as morning type. This means that the 30-
year-old subjects were 9.2% less likely to
be classified as evening type than the 26-
year-oldsubjects. Astheaverageageof the
present sample groups differed by about
4.5 years (mean 25.8 years in home-office,
mean 30.3 years in onsite), it could be
assumed that also the chronotypes differ
significantly from each other. Participants
in the home-office groupmay therefore be
more evening oriented, reflecting a higher
proportion of evening types in this group
than in the onsite group.

In this study two different measures
of chronotype were used (MSFsc: clock
time-based measure, MESSi: continu-
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Table 3 Results of the general linearmodel controlling for age as a covariate
Estimatedmarginal
means

Dependent variable F p-value

Mean Std. error

Onsite 7.65 0.13Average total time in bed (all
days), h Home-office

0.006 0.938

7.63 0.13

Onsite 7.57 0.15Average total time in bed (work-
days), h Home-office

0.068 0.795

7.52 0.17

Onsite 7.83 0.18Average total time in bed (week-
end), h Home-office

0.147 0.702

7.93 0.2

Onsite 6.88 0.12Average total sleep time (all
days), h Home-office

0.258 0.613

6.80 0.13

Onsite 6.82 0.13Average total sleep time (work-
days), h Home-office

0.575 0.451

6.67 0.15

Onsite 7.05 0.18Average total sleep time (week-
end), h Home-office

0.042 0.837

7.12 0.20

Onsite 0.90 0.008Average efficiency (all days), %

Home-office

0.511 0.477

0.89 0.008

Onsite 0.90 0.007Average efficiency (workdays), %

Home-office

1.183 0.280

0.89 0.008

Onsite 0.90 0.012Average efficiency (weekend), %

Home-office

0.006 0.940

0.90 0.013

Onsite 23:51 00:10Average bedtime (all days)

Home-office

5.034 0.028*

00:23 00:11

Onsite 23:37 00:10Average bedtime (workdays)

Home-office

7.225 0.009*

00:15 00:11

Onsite 00:26 00:13Average bedtime (weekend)

Home-office

1.615 0.208

00:50 00:14

Onsite 03:21 00:09Average midpoint of sleep all
days Home-office

4.522 0.037*

03:50 00:10

Onsite 03:04 00:09Average midpoint of sleep work-
days Home-office

5.022 0.028*

03:35 00:10

Onsite 04:01 00:11Average midpoint of sleep week-
end Home-office

2.103 0.151

04:27 00:13

Onsite 03:55 00:13Average correctedmidpoint of
sleep Home-office

1.362 0.247

04:17 00:14

Onsite 07:32 00:10Average rise time (all days)

Home-office

4.338 0.041*

08:03 00:11

Onsite 07:14 00:11Average rise time (workdays)

Home-office

3.528 0.064

07:45 00:12

Onsite 08:18 00:12Average rise time (weekend)

Home-office

3.173 0.079

08:49 00:13

Onsite 0.95 0.15Social jetlag, h

Home-office

0.179 0.673

0.85 0.17

Means of squares are given as a decimal number
*Significant differences between onsite and home-office

ous morningness-eveningness measure).
The analysis of the MSFsc and the MESSi
showedno significantdifferencesbetween
the groups. Therefore, the expression of
chronotype did not differ between the
groups.

Regarding the MSFsc variable, Roen-
neberg and colleagues [33] described
a comparable shape and width of the
distribution in all age groups, with a vary-
ing mean value. Graphical comparison of
the group histograms (see Supplement 1)

with the expected values ([33],N≥ 55,000)
showed that the distribution in the home-
officegroup had a similar shape. In the on-
site group, two equally high peaks existed,
one at 3:00 a.m. and one at 4:30 a.m.,
showing the shape of the distribution to
be different from the reference. In the
sample of Roenneberg and colleagues
[33], the 26-year-old subjects showed
peaks at around 4:45 a.m. compared to
4:17 a.m. for the home-office group. For
the 30-year-old participants, Roenneberg
and colleagues [33] reported an average
MSFsc of approximately 4:30 a.m., com-
pared to 3:51 a.m. for the onsite group.
Taken together, these two discrepancies
led us to consider the MSFsc of the onsite
group to be unrepresentative.

In summary, a) the expected distri-
bution of chronotype based on the age
groups of the samples and b) the finding
that the distribution of chronotype in the
onsite group cannot be considered rep-
resentative suggest that the chronotypes
of the groups can generally be expected
to differ. The younger group would nor-
mally have a higher prevalence of evening
types/more pronounced eveningness, al-
though thiswas not the case in the present
samples.

Increased eveningness is associated
with a higher risk of SJL. SJL has re-
peatedly been shown to be particularly
detrimental to public health (e.g., cardio-
vascular outcomes, psychiatric disorders,
obesity [34]). However, softer factors such
as productivity at work are also signifi-
cantly affected by SJL. To test whether
the measured SJL in the home-office
group was within the expected range,
the results were compared to an earlier
sample of the authors’ research group
[13]. In that study, only people who
worked in home-office during the COVID-
19 pandemic had been surveyed. The
mean age of the sample was reported
to be ~ 28.6 years (SD: ~ 10.5 years),
which was not different compared to the
sample of the present study (p= 0.11;
Supplement 2). With regard to SJL, the
means of the present home-office group
(0.80, SD: 0.73h) and the previous sample
(0.82; SD: 0.70h) were also not signifi-
cantly different (p= 0.87; Supplement 2).
Furthermore, the chronotype within the
two groups measured by MSFsc did not

Somnologie 5

84



Original studies

Table 4 Intra-individual differences between sleepparameters onweekdays versusweekends
Onsite group (N= 40) Home-office group (N= 35)Characteristic

Mean SD p-value Mean SD p-value
Average total time in bed –0.33 1.30 0.208 –0.35 1.10 0.058

Average total sleep time –0.32 1.28 0.037* –0.40 0.97 0.063

Average efficiency 0.004 0.07 <0.001* –0.01 0.04 <0.001*

Average bedtime –0.87 1.03 <0.001* –0.63 0.75 <0.001*

Average midpoint of sleep –1.03 1.02 <0.001* –0.87 0.72 <0.001*

Average rise time –1.20 1.30 0.026* –1.05 1.05 <0.001*

SD standard deviation
*Significant differences between weekdays and weekend days (p< 0.05)

differ (p= 0.21; Supplement 2). It can
therefore be assumed that the SJL in
the present sample is representative for
this age group working from home. In
another sample of the same age who
were not working from home, the SJL
was almost 1 h higher (1.78h) compared
to the present sample with 0.8h [35]. It
could be postulated that the implemen-
tation of home-office might potentially
be beneficial for young people to reduce
SJL. The onsite group had an average SJL
of 1.03h, which was also compared to
other samples in the current literature. As
no age-matching sample could be found
in the literature, the present results were
compared to slightly younger and older
samples. Both showed a meaningful but
equal age difference compared to the
present sample. Interestingly, the SJL
(1.4± 1.0, [36]; 1.33± 0.88h, [37]) of the
two studies did not significantly differ
(p= 0.42, t= 0.78, df= 727, Standard Er-
ror of Difference (SED)= 0.09). Therefore,
these results were used as representative
reference values for SJL in the current
sample. Even the value closer to the cur-
rent study [37] differed significantly from
the SJL reported herein (p= 0.04, t= 2.07,
df= 637, SED= 0.15; Supplement 2). This
led to the conclusion that the SJL of the
onsite group cannot be considered rep-
resentative, as it was significantly below
the expected range.

Although the SJL of the present two
study groups were not significantly differ-
ent, there was a tendency towards lower
SJL in the home-office group. This ten-
dency was reinforced by an overrepre-
sentation of low SJL in the onsite group,
while thehome-officegroup showedmore
similar values to age-comparable samples.
Therefore, the current results suggest that

working from home might help to reduce
SJL.

The present study differs from the
authors’ previous studies which examined
only home-office participants and not
two samples in different working environ-
ments. As spatial flexibility, in addition to
temporal flexibility [14], may play a role
in the increasing irregularity of students’
sleep schedules, a possible relationship
was investigated here.

The sleep timing of the two groups on
workdays differed significantly. Thehome-
officegroupwent to bed later and also got
up later. However, both groups had similar
fluctuations regarding sleep timing vari-
ability and no difference in overall nightly
sleep duration. Thus, home-office had no
negative influence on sleep variability and
duration in this sample. There was also no
influence of spatial flexibility/working en-
vironment on the loss of sleep duration/
regularity observed. Instead, data sup-
port the hypothesis that the ability towork
with unrestricted temporal flexibility is the
main influencing factor of the increased
sleep timing regularity in students, as dis-
cussed in one of the authors’ previous
studies [14] by excluding another possi-
ble influencing factor.

Sleep efficiency did not differ between
the two groups. However, a difference
withinthegroupscouldbedetected. In the
onsite group, sleep efficiency was higher
on weekdays than at weekends. The op-
posite was true for the home-office group,
where sleep efficiencywas higher atweek-
ends. The reason for this could be ex-
plained by the way the sleep efficiency
variable is calculated. On weekdays, par-
ticipants in the onsite group could have
either gotten up immediately after waking
up (e.g., because of the increased pressure

to get up on time in order to commute to
work compared to the weekend) or gone
straight to sleep after going to bed (e.g.,
because of the increased exhaustion from
onsite work with probably fewer breaks
compared to the weekend). This would
explain the high ratio of total sleep time to
time in bed, which corresponds to a higher
sleep efficiency. At the weekend, on the
other hand, they may have stayed in bed
even longer although they were already
awake, or it took longer for them to fall
asleep, resulting in lower sleep efficiency.
In contrast, the opposite was true for the
home-office group, with a higher sleep ef-
ficiency at weekends compared to week-
days. Although statistically significant, this
effect was small and not clinically mean-
ingful.

Conclusion

In summary, it was found that home-of-
fice workers had a delay in sleep timing
that did not have a clinically meaningful
effect on any other sleep parameter such
as sleep efficiency or nightly sleep dura-
tion. Compared to values in the current
literature, SJL seemed to be reduced in
the home-office group. Overall, the work
environment had onlymarginal impact on
sleep patterns and thus sleep health in this
sample. Sleep timing variability did not
differ between groups.

Limitations and strengths

Strengths of the study were the objective
data collection via actigraphy and the as-
sessment of different sleep variables cov-
ering sleep quantity, quality, and circadian
patterns. The results of the studywere lim-
ited by the fact that the sample was rela-
tively small and there was a significant age
difference between the groups. In addi-
tion, students were overrepresented in the
home-office group. Moreover, although
the data were collected during the same
seasons, which reduces seasonal effects,
they were collected over a long period of
time, this may have influenced the data
in terms of the evolution of the pandemic
(different severity of lockdown regimes,
psychological effects due to different fa-
miliarity and understanding).
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ABSTRACT
Here, we researched the effects of the COVID-19 restriction mea-
sures on learning/work-related characteristics (working hours, crea-
tivity in problem-solving approaches/organizational citizenship 
behavior (OCB)) depending on chronotype of N = 681 German 
residents (mean age: 28.63 years, SD: 10.49 years). The data were 
collected with an online questionnaire from 18 May to 
17 June 2020, during the most restrictive phase in Germany. We 
analyzed participants studying/working in home offices only. 
Morningness showed positive, while eveningness showed negative 
correlations to OCB. Morning types worked their usual working 
times, while evening types took more and longer breaks. In remote 
work, morning types felt more creative developing problem-solving 
approaches, while evening types reported the opposite. Our results 
suggest that remote working is not beneficial for evening types 
when performance components are concerned, even though they 
can choose their working time freely which benefits their biological 
rhythm. This study should be repeated with workers on a large scale 
to confirm these results.
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1. Introduction

Since the first known infection with the novel coronavirus induced disease COVID-19 in 
December 2019 (Wuhan, China), a global pandemic developed (Wu and McGoogan 2020). 
The consequences for the health system, economy and social life were immense. To stop 
the spreading, governments (starting with China) imposed restrictions and ultimately 
lockdowns on the populations. In Europe, the measures differed considerably. Italy called 
out a national health emergency and locked down the whole Italian territory beginning 
10 March 2020. Until 3 May 2020, the population was placed in social isolation (Marelli 
et al. 2020). In Sweden, the measures mainly relied on voluntary compliance with the 
Public Health Agency’s recommendations (Hensvik and Skans 2020). In Germany restric-
tion measures were set starting in the middle of March. From this point on, universities, 
schools, kindergartens, and non-essential businesses were closed. This resulted in a shift 
to home office and distant learning practices. The sudden changes in lifestyle had various 
physiological (e.g. absence of sport and leisure activities: Randler et al. 2020) and psycho-
logical consequences (e.g. altered sleep: e.g. Staller & Randler 2020).
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Studies concerning sleep health during the global COVID-19 pandemic reported 
changes in contrary ways. Following increasing depression, anxiety and future uncer-
tainty, many people faced sleep disturbances like insomnia, sleep loss, and poor sleep 
quality (Lai et al. 2020; Zhang et al. 2020; Cellini et al. 2020). For others, the change in sleep 
wake cycle due to working from home and the abolition of commuting times resulted in 
positive alterations of sleep parameters (Gao and Scullin 2020; Sinha et al. 2020; Leone 
et al. 2020; Cellini et al. 2020; Staller & Randler 2020). The latter findings support a modern 
approach to working called “New Ways of Working” (NWW) (Baane et al. 2011).

NWW as a concept tries to create work environments that are temporal and spatially 
flexible and focus on innovation and productivity while reducing costs (Nijp et al. 2016). It 
is proposed as a way to improve work time control by adjusting work to private life 
(Gajendran and Harrison 2007; Nijp et al. 2015) and biological needs (e.g., chronotype 
(Wittmann et al., 2006). Further advantages related to NWW are improved motivation due 
to autonomy (Pritchard and Payne 2003), cost reduction, increased efficiency and infor-
mation sharing following digitalization and adapted use of office space (Peponis et al. 
2007; Demerouti et al. 2014) as well as reduced commuting time/ costs and resulting 
decrease of environmental pollution (Manoochehri and Pinkerton 2003). Negative aspects 
of NWW might be the lack of collegial support and exchange (Halford 2005), increased 
stress due to the feeling of responsibility, loss of structure as well as missing boundaries 
between work and private life (Lundberg and Cooper 2010; Allvin et al. 2011; Mazmanian 
et al. 2013; Demerouti et al. 2014). Nevertheless, NWW is designed to influence the work 
output in a positive manner. The changes that the COVID-19 pandemic has brought about 
have enabled many people to integrate the NWW concept at least partially into their 
everyday lives.

This changeover was followed by decreasing social jetlag due to the temporal flex-
ibility, underlining the positive adjusting effects of NWW (Staller & Randler 2020). In 
another study Staller et al. (2021) reported altered motivational regulation in biology 
teaching students, depending on chronotype and Big Five personality characteristics 
during the restriction phase in Germany. Herein it was concluded that the NWW concept 
might be more suitable for morning types and not/not very beneficial for evening types 
when only learning/working is concerned (not considering improved biological factors). It 
was stated that these relationships should be studied further.

The chronotype is a personality trait, which cannot be influenced externally (Tsaousis 
2010) but changes during the lifespan (Randler et al. 2017). Morning types get up earlier 
and go to bed earlier than evening types and reach their peak performance earlier during 
the day (Adan et al. 2012). This trait has a biological basis, which can be measured by 
questionnaires, hormones, or daily fluctuations of the body temperature (see Adan et al. 
2012, for a review). In general, women are more morning oriented than men (Randler and 
Engelke 2019), children are more morning oriented, while a shift toward eveningness 
occurs during puberty, and back to morningness at the end of puberty (Randler et al. 
2017). The relationship of morningness to different personality dimensions, for example, 
agreeableness and conscientiousness, has been replicated repeatedly (see, e.g. Tsaousis 
2010; Adan et al. 2012). Among others, these personality characteristics mark an impor-
tant influencing factor of working success, since, for example, they correlate to constructs, 
which regard an employee’s contribution to the employing company’s success (perfor-
mance components, e.g. Organizational Citizenship Behavior (OCB)). Therefore, the 
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circadian preference might be an understudied influencing factor of learning/working 
success and work models like NWW. Hence, to achieve the best possible results in 
learning/working, the chronotype’s influences should be explored more in relation to 
work success variables.

To measure the subjective assessment of participants’ own involvement to their 
learning/working duties we used the conduct of Organizational Citizenship Behavior in 
its German version from Staufenbiel and Hartz (2000). OCB has increasingly become 
a subject of organizational psychological research (see Staufenbiel 2000 for an overview). 
The construct was originally created to resolve the contradiction between the belief that 
there is a positive correlation of job satisfaction and performance, on the one hand, and 
empirical data, on the other hand (Organ 1988). Organ (1988) assumed the way of 
measuring the performance may be inadequate for the expected results because of the 
small influence employees have to this value. He named other factors like technology or 
workflows as potentially limiting. If, instead, performance components such as OCB are 
surveyed, higher correlations with job satisfaction result (see meta-analysis from Organ 
and Ryan 1995). Important definition criteria of the OCB construct are voluntary help-
fulness with absence of any reward, and that the employee’s behavior must be conducive 
to the effectiveness of the organization (Organ 1988). Based on this definition, related 
constructs can be delimited. For example, the conduct of prosocial organizational beha-
vior (Brief and Motowidlo 1986) also includes behavior that is formally required, such as 
helping customers. Personality dimensions that are favorable for OCB were also linked to 
morningness (e.g. conscientiousness, agreeableness, see, e.g. Tsaousis 2010; Adan et al. 
2012). Further aspects of individual differences that are both relevant for circadian 
preference and OCB are, for example, proactivity. This characteristic was identified as an 
important factor for workplace success. Randler (2009) reported that proactivity was 
related to morningness, while procrastination was related to eveningness (Díaz-Morales 
et al. 2008).

NWW should benefit evening types from a biological viewpoint because they can 
choose their work start times freer in concordance with their intrinsic biological rhythms, 
which results in lower social jetlag. However, in terms of performance components, we 
hypothesize NWW is less beneficial for evening types, because they need collegial support 
and default structure more than morning types. Morning types in comparison have more 
favorable personality characteristics, such as higher conscientiousness, to succeed in 
learning/working settings with less supervision. Here we examine how work-related 
characteristics (e.g. creativity in problem-solving approaches) are affected by the home 
office orders and how these changes relate to circadian preference.  

2. Methods

2.1. Data collection

This study was performed in accordance with the Declaration of Helsinki for experiments 
involving humans, approved by the ethics committee of the faculty for economy and 
social sciences of the Eberhard Karls university Tuebingen (Nr. A.Z.: A2.5.4–124_kr). The 
Data was collected during the most restrictive phase in Germany, from 18 May 2020 until 
17 June 2020. Participants were recruited through an online link to the survey they 
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received via Mail (electronic mailing list) or postings on different social media platforms 
(Facebook/Instagram). Data collection was limited to a single point in time (when the 
respondents visited the questionnaire via the link). The survey was hosted on an online 
platform (SoSciSurvey), fulfilling the European Union’s data privacy rules. On average, it 
took 12 min ± 5 min (SD) to complete the questionnaire. Formal consent was inquired in 
advance. Participants were informed about the theoretical background and study goals 
(not the hypothesis), voluntariness of the participation, the option to stop the data 
collection at any point without consequences, and that participation will not be remun-
erated. The total number of evaluable cases amounts to 681.

2.2. Questionnaire

2.2.1. Demographic data
We asked for age (mean: 28.63 SD: 10.49), sex (n = 197 males; n = 484 females), household 
size, number of children living in participants’ household during the lockdown measures, 
profession and the option of flex time working. We later dichotomized the answers to 
“profession” into student (N = 400) and non-student (N = 281). N = 545 participants 
reported no children in their household, while N = 136 stated one or more. We explicitly 
asked for the number of children in the household (not the number of own children) 
because students may live with their families and consequently younger siblings during 
the lockdown measures. Thus, “children in the household” is a better measure than “own 
children”, because children in general may impair quality of learning/ working/ sleeping 
regardless of relationship (own children/siblings/ other cases).

2.2.2. Organizational citizenship behavior
OCB is usually measured using external assessment questionnaires. The first and 
a frequently used questionnaire originated from Smith et al. (1983), using 16 items 
assigned to the personality characteristics “altruism” and “conscientiousness” 
(Staufenbiel and Hartz 2000). It was later revised by Organ (1988), who added three 
more dimensions of personality characteristics (sportsmanship, civic virtue, courtesy; 
Staufenbiel and Hartz 2000). Although the instruments of the group around Podsakoff 
& MacKenzie (see, e.g. Podsakoff et al. 1990; MacKenzie et al. 1991), using these five 
personality characteristics (altruism, conscientiousness, sportsmanship, civic virtue, cour-
tesy), found the largest distribution, no questionnaire has gained general acceptance in 
American research (Staufenbiel and Hartz 2000). Hence, as no questionnaire was suitable 
for translation, Staufenbiel and Hartz (2000) developed a new questionnaire for German 
research. Items from the existing OCB-instruments were selected which met the following 
criteria: (1) broad coverage of the five OCB-subscales, (2) not too specific to individual 
areas of activity, (3) clear compliance with Organs (1988) definition of OCB (Staufenbiel 
and Hartz 2000). Of the five facets (altruism, conscientiousness, sportsmanship, civic 
virtue, courtesy) the facet “courtesy” was not empirically supported and therefore deleted 
in the new German questionnaire (Staufenbiel and Hartz 2000). For the other four facets, 
the five items that loaded the highest on the factor and showed lowest cross loading were 
selected (Staufenbiel and Hartz 2000). Additionally, the scale of “in-role behavior” of 
Williams and Anderson (1991) was used. Therefore, the questionnaire has a five-factor 
structure (altruism, conscientiousness, sportsmanship, civic virtue, in-role behavior) with 

BIOLOGICAL RHYTHM RESEARCH 1615

93



every factor being represented with five items. The five-factor model showed a χ2 of 640,5 
(p < 0.001), df of 265 and CFI of 0.91 (Staufenbiel and Hartz 2000). The questionnaire is 
available in external- or self- assessment form. Here, we used the self-assessment version. 
Staufenbiel and Hartz (2000) proposed a confirmatory factor analysis to assess the fit of 
the data structure. In our current sample, we found an RMSEA of 0.053, with the CI ranging 
from 0.049 to 0.057, and a PClose of 0.111, suggesting a good fit of our data with the 
theoretical construct.

2.2.3. Additional freeform questions concerning the working behavior during the 
home office phase
We asked for changes in creativity in the development of problem-solving approaches and 
working hours additionally to the OCB questionnaire. These questions aim to address the 
main changes that occurred due to the transfer from workplace/university to home office: 
(1) the lack of collegial support → other perspectives and approaches help to find creative 
problem-solving strategies; (2) the possibility of a freer allocation of time, which can 
improve the ability to concentrate, but can also provide distractions. A freeform design 
questionnaire was used to uncover these changes: (1) Do you find it easier/equal/ more 
difficult to develop creative solutions and solve problems in your home office? Describe. (2) 
Do you split your working hours more than usual (e.g. more/longer breaks) or do you work 
as usual? Describe. The answers were later grouped in (1) 1 = easier/2 = equal/3 = more 
difficult; (2) 1 = same working hours/2 = more and/or longer breaks.

2.2.4. Chronotype
In this study, we used circadian preference as a measure of chronotype. This differs from 
the clock-based measurement of chronotype, such as the MCTQ (Roenneberg et al. 2003), 
but in fact, both measures are closely related (and are correlated with each other with an 
r = 0.73; Zavada et al. 2005). In the present study, we used the Morningness-Eveningness 
Stability Scale improved (MESSi; Randler et al. 2016; Díaz-Morales et al. 2017) to determine 
circadian preference. The MESSi consists of three subscales represented by five items 
each, the Morning Affect (MA), Eveningness (EV) and Distinctness (DI). Each of those 
queries a delimited facet of the M/E trait. MA deals with the energy level in the morning 
(e.g. “How alert do you feel during the first half hour after having awakened in the 
morning?”) while EV is concerned with the situation in the evening (e.g. “In general, 
how is your energy level in the evening?”). The DI subscale asks for changes in active 
phases during the day (e.g. “There are moments during the day where I feel unable to do 
anything.”). High scores in the MA or EV subscale indicate high orientation toward this 
facet, while high DI scores represent higher daytime fluctuations. MESSi’s validity has 
already been confirmed repeatedly in different languages, using a broad spectrum of 
methods (Díaz-Morales and Randler 2017; Rahafar et al. 2017; Rodrigues et al. 2018; Faßl 
et al. 2019; Tomažič and Randler 2020) and is used on a global scale (see, e.g. Arrona- 
Palacios (2020) for a Mexican sample). Cronbach’s α in the current sample was 0.899 for 
MA, 0.889 for EV, and 0.775 for DI.
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2.2.5. Big Five personality
To measure Big Five personality dimensions, we used the German short version of the Big 
Five inventory (BFI-10; Rammstedt and John 2007; Rammstedt et al. 2013). This scale is 
based on the BFI-44 (Benet-Martínez and John 1998) and shortened to a 10-item ques-
tionnaire. Two items represent each personality dimension (extraversion, agreeableness, 
openness, neuroticism, and conscientiousness) with one item per dimension reverse 
coded. The items are answered in a five-point-Likert format. The BFI-10 showed a clear 
five factor structure and good external validity (Rammstedt and John 2007). Extraversion, 
Neuroticism, and Conscientiousness had average correlations with the BFI-44 scales of .89, 
.86, and .82, while Agreeableness and Openness had .74 and .79. In our sample, the 
correlation between the two items was 0.666 for Extraversion, 0.482 for Neuroticism, 0.298 
for Conscientiousness, 0.157 for Agreeableness, and 0.452 for Openness.

3. Results

The independent predictor variables circadian preference and Big Five personality dimen-
sions were related with each other (see Table 1). Morningness was positively associated 
with agreeableness and conscientiousness, and negatively with neuroticism and open-
ness. Eveningness, in turn, was negatively related to conscientiousness, but positively to 
openness. Distinctness was positively related to neuroticism and openness but negatively 
to extraversion, conscientiousness and agreeableness.

The correlation matrix between OCB and work-related characteristics on one side and 
personality/circadian preference on the other showed that morningness was positively 
related to conscientiousness, civic virtue, and in-role behavior (see Table 2). Furthermore, 
morningness related positively to creativity in problem-solving approaches and nega-
tively to splitting working hours (see Table 3). Eveningness correlated negatively to 
conscientiousness, in-role behavior (see Table 2) as well as creativity and positively to 
splitting working hours (see Table 3).

4. Discussion

4.1. Chronotype and Big Five

In our sample, we replicated the relationship of morningness to conscientiousness and 
agreeableness as well as of eveningness to openness (compare Tonetti et al. 2009; Adan 
et al. 2012). We failed to replicate a connection of eveningness to extraversion and 

Table 1. Correlation matrix chronotype and Big Five personality dimensions.
Extraversion Agreeableness Conscientiousness Neuroticism Openness

MA r 0.075 .123** .272** −.183** −.079*
P 0.052 0.001 <0.001 <0.001 0.039

EV r 0.026 −0.038 −.182** −0.052 .102**
P 0.502 0.327 <0.001 0.176 0.008

DI r −.104** −.107** −.234** .341** .086*
P 0.007 0.005 <0.001 <0.001 0.025

MA = Morningness; EV = Eveningness; DI = Distinctness¸** denotes p < 0.01; * denotes p < 0.05
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neuroticism but showed a negative correlation of eveningness to conscientiousness and 
morningness to neuroticism and openness. This might be due to the method determining 
the chronotype. Here, we used the MESSi to examine the chronotype. The MESSi is 
a rather new questionnaire, which was created to challenge the disadvantages of clock 
time-based questionnaires and to provide a consistent Likert-scale rating from 1 to 5, 
which is not available in most previous chronotype questionnaires (Di Milia et al. 2013). 
Further, the MESSi portrays chronotype in three dimensions rather than only one (for 
discussion, see Randler et al. 2016). Even so, to confirm these results further, it would be 
useful to replicate the study design with a standard instrument to assess circadian 
preference.

Table 2. Correlation matrix of chronotype and Big Five Personality dimensions with OCB-variables.
OCB altruism OCB conscientiousness OCB sportsmanship OCB civic virtue in-role behavior

Morning Affect r 0.052 .291** 0.066 .092* .184**
P 0.173 0.001 0.084 0.016 0.001

Eveningness r 0.015 −.189** 0.003 0.001 −.092*
P 0.693 0.001 0.942 0.97 0.017

Distinctness r −.098* −.123** −.184** −.187** −.168**
P 0.01 0.001 0.001 0.001 0.001

Extraversion r .264** −0.024 0.075 .284** .086*
P 0.001 0.535 0.051 0.001 0.025

Agreeableness r .244** 0.061 .301** 0.006 0.01
P 0.001 0.112 0.001 0.876 0.786

Conscientiousness r .200** .334** .163** .258** .412**
P 0.001 0.001 0.001 0.001 0.001

Neuroticism r −.168** 0.035 −.270** −.242** −.155**
P 0.001 0.368 0.001 0.001 0.001

Openness r .148** −0.026 0.056 .111** 0.01
P 0.001 0.492 0.145 0.004 0.797

OCB = Organizational Citizenship Behavior; ** denotes p < 0.01; * denotes p < 0.05

Table 3. Correlations of chronotype and Big Five Personality dimensions with 
the additional freeform questions concerning the working behavior during the 
home office phase.

creative problem 
solving approaches

splitting working 
hours

Morning Affect r .082* −.123**
P 0.036 0.002

Eveningness r −.086* .114**
P 0.028 0.004

Distinctness r 0.063 .142**
P 0.109 0.001

Extraversion r 0.039 −0.023
P 0.324 0.559

Agreeableness r 0.004 −0.05
P 0.927 0.211

Conscientiousness r 0.012 −0.073
P 0.759 0.064

Neuroticism r .078* −0.029
P 0.048 0.459

Openness r −0.063 −0.021
P 0.108 0.59

** denotes p < 0.01; * denotes p < 0.05
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4.2. Chronotype and OCB

The results of both morning and evening types in the Big Five personality dimension 
“conscientiousness” were in accordance with the results of the OCB-variable “conscien-
tiousness”. Morning types showed a positive relationship to the OCB “conscientiousness”, 
while evening types showed a negative one. This was strengthened further by the 
correlation of Big Five conscientiousness to OCB conscientiousness. Moreover, morning-
ness related positively to the variables OCB “civic virtue” and “in-role behavior”, without 
relating to an OCB variable negatively. Eveningness correlated negatively to in-role 
behavior, not relating positively to one of the OCB variables. Morningness showed 
a positive while eveningness showed a negative connection to OCB and therefore con-
duct at the workplace. These results show that morning types invest more energy in job/ 
studies than evening types do. This adds another point of view to the considerations on 
why evening types show worse academic performance than morning types throughout 
their whole education (compare Randler and Frech 2006; Arbabi et al. 2015; Tonetti et al. 
2015; Kolomeichuk et al. 2016). Because of the socially demanded working hours and 
school starting times, evening types live with a sleep deprivation during the week, which 
is called social jetlag (Wittmann et al. 2006). Their internal biological clock differs from the 
social clock. So far, this was a main reason believed to cause worse academic performance 
in schools and universities not least because the differences in success of university 
students were mitigated by the level of free time allocation and therefore social jetlag 
(Tonetti et al. 2015). Here we show that evening types invest less in their job and 
educational duties on a self-aware level, which might be another important reason. 
However, since we have not received an OCB evaluation from participants’ supervisors 
to reconcile the self-assessment and external assessment data, the results could also be 
interpreted differently. Evening types might feel not having reached their full potential 
yet, feeling capable of investing more and achieving better results. They therefore may 
have assessed themselves as not meeting the expected standards.

4.3. Chronotype and changes in working behavior during the restriction phase

The OCB questionnaire in our survey queried the self-assessment of one’s general work 
behavior, not limited to the home office phase. We therefore additionally asked for 
changes in creativity in the development of problem-solving approaches and working 
hours during the restriction phase to specifically address possible alterations.

Morningness was positively correlated, while eveningness was negatively correlated 
with creative problem-solving approaches. Both relationships might be explained by the 
lack of colleagues around to engage with. For morning types who are less open (Big Five 
personality dimension) this change might be beneficial as far as work-related creativity is 
concerned, because they can concentrate on their own thinking and do not have to 
consider other arguments into their problem-solving approach. Therefore, they might feel 
less held back by others, which results in a higher self-assessed rating of creativity of 
problem-solving approaches. Evening types, in contrast, are more open (Big Five person-
ality dimension) and may relate more on conversations and brainstorming with collea-
gues to build strategies for problem solving. Therefore, they might feel less creative 
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during home office because of the lack of input from others. In contrast, Giampietro and 
Cavallera (2007) found evening types to be more likely to use divergent thinking strate-
gies and show creative thinking than morning types.

When splitting working hours are concerned, morningness showed a negative while 
eveningness showed a positive correlation. Morning types by themselves are on an 
advantage by socially demanded working hours and school starting times. Their usual 
working hours therefore might be beneficial followed by no need to change them. 
Furthermore, morning types are more conscientious, proactive, and behaving according 
to the OCB criteria, which might raise the desire to fulfill the expected availability. 
Eveningness, on the other hand, relates negatively to conscientiousness and positively 
to procrastination. Evening types, therefore, may take more breaks because they procras-
tinate and have no remorse because of this (Díaz-Morales et al. 2008).

4.4. Big Five and OCB

Agreeableness and conscientiousness as two of the Big Five personality dimensions are 
well-known predictors of OCB (Organ and Ryan 1995; Ilies et al. 2009). Here, we could show 
the Big Five personality dimension “conscientiousness” to correlate with all OCB measures 
and in-role behavior on a highly significant level. Agreeableness was shown to relate to 
OCB altruism and sportsmanship also highly significant. Together with Emotional Stability, 
which is understood as the opposite of neuroticism in the Big Five personality dimension, 
these three characteristics are clustered as socially desirable behavior (Chiaburu et al. 2011). 
This might be explained by the responsible behavior (conscientiousness), sensitivity in 
dealing with others (agreeableness) and the absence of negatively directed emotions 
(emotional stability as opposite of neuroticism) (Chiaburu et al. 2011). Here, we could 
show every OCB scale and the in-role behavior except for OCB conscientiousness to 
negatively correlate to neuroticism (which can be understood as correlating positively to 
emotional stability). In our sample, neuroticism was the best predictor of OCB (all scales 
combined) second only to conscientiousness, while agreeableness showed to only relate to 
two scales. Extraversion and openness, on the other hand, are assigned as qualities of 
dynamic tendencies and proactivity (Chiaburu et al. 2011). Openness is associated with 
learning orientation and curiosity and extraversion with dominance, while both relate to 
proactivity (Chiaburu et al. 2011). In our sample, extraversion correlates with the OCB scales 
of altruism and civic virtue as well as in-role behavior, which underlines the based 
characteristics, which are accounted to it (dominance/proactivity). The proactivity as 
a dynamic tendency might guide extraverted employees to help new colleagues during 
the training period (altruism), while the dominance facet might account for civic virtue. 
They might want to be leading and first, therefore showing personal initiative. Openness 
related to OCB altruism and civic virtue as well, which is also in line with this argument. 
Employees scoring high on the openness scale might be curious and want to be involved 
with new colleagues or problems of others. The learning orientation facet of openness 
might reflect in civic virtue since this scale, for example, appoints to constantly upgrading 
their qualifications or voluntarily taking on additional tasks
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5. Conclusion

NWW benefits evening types in terms of biological necessities (internal biological rhythm; 
decrease of social jetlag). When performance components are concerned, the relation-
ships to the Big Five personality dimensions as well as the OCB scales suggest evening 
types needing the personal contact to colleagues more than morning types. The analysis 
of the changes during the restriction phase underlines this connection further. Morning 
types, on the other hand, might have benefitted from the transition to home office.

6. Limitations and strengths

Our results are very important for employers and companies because they have the 
potential to increase an employee’s work productivity by improving the work perfor-
mance components. By implementing the results presented here, suitable working con-
ditions can be tailored to the personality of the employee without incurring additional 
costs for the employer. To further confirm these results, this experiment should be 
repeated with workers on a large scale, since we here examined only N = 281 workers. 
The low number of workers but high number of students may be a limitation of the study 
execution or more specific for transferability to the working population. Although uni-
versities implemented distance learning, the transferability to working in home office may 
not be given. Furthermore, the sample was non-representative of the German population 
since the sample size is relatively small and most participants had an academic back-
ground. In addition, the sample was relatively unbalanced with about twice as many 
respondents being female. The recruitment might be limiting as well, since consciously 
perceived changes in sleep timing or productivity at work could have been accompanied 
by an increased interest in participation. Another limitation may be the self-assessed 
study design. Also, participants’ attribution of changes in their productivity to external 
(changes due to the pandemic) rather than internal factors (changes due to altered 
supervision) may be problematic (data might be biased). A better alternative to challenge 
the latter two limitations would be having the participants’ productivity assessed by 
a supervisor, which still does not guarantee objective data.
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During the COVID-19 shutdown phase in Germany, universities stopped presence
teaching and students had to turn to digital instruction. To examine their capability to
cope with the changed learning situation, we assessed how basic psychological need
satisfaction and frustration, motivational regulation, vitality, and self-efficacy of 228 German
biology-teaching students (75% female) relate to their chronotype and personality (Big
Five). Specifically, we were interested in possible effects of chronotype and personality
dimensions on variables related to successful remote learning. Since the pandemic and
remote learning will accompany teaching and learning at university in 2021, predictors of
successful remote learning need to be identified to support student learning optimally in
digital learning environments. In our study, morning-oriented, conscientious, and open
students with low neuroticism seem to better cope with the shutdown environment due to
vitality, self-efficacy, and partly their self-determined motivation. Moreover, our findings
implicate students might need different support depending on their chronotype and
personality during the digital learning phase.

Keywords: chronotype (morningness-eveningness), big five personality, motivation, self-efficacy, vitality, basic
psychological needs (BPN), remote learning (distance)

INTRODUCTION

During the COVID-19 pandemic, the German government-imposed restrictions to limit viral
transmission. As a part of this strategy, universities implemented online teaching and required
students to work from home. In combination with asynchronous learning arrangements, students
were able to change their sleep-wake cycle to sleeping later and longer (Staller and Randler, 2020).
This led to a natural approximation to the inherent biological rhythm. The chronotype as the
measurable manifestation of the biological rhythm describes the time of day at which a person is best
able to cope with particularly challenging tasks. It is becoming an increasingly important predictor of
academic achievement (see e.g., Arbabi et al., 2015; Tonetti et al., 2015). Since students were able to
live in accordance with their own biological rhythm the conditions for academic success with respect
to the chronotype may have improved during the restriction phase in Germany. This is corroborated
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by a study of Horzum et al. (2014). These authors suggested that
online teaching with free-choice time schedules diminished the
achievement discrepancies between chronotypes. Besides their
chronotype, students’ motivation has a crucial impact on
academic achievement (Ryan and Deci, 2017). With the sleep
schedule in line with the inherent biological needs rather than
with social expectations, the pandemic and remote learning phase
open a rare opportunity to study the relationship between
chronotype dependent characteristics and motivation-related
constructs such as basic psychological need satisfaction and
frustration, motivational regulation, vitality, and self-efficacy
(see e.g., Eccles and Wigfield, 2002; Richardson et al., 2012;
Kirmizi, 2015; Ryan and Deci, 2017). Additionally, we
examine personality dimensions (Big Five) which are related
to chronotype (e.g., DeYoung et al., 2007; Tonetti et al., 2009;
Randler and Saliger, 2011) as well as motivational regulation (e.g.,
Müller et al., 2006; Komarraju et al., 2009) to provide a more
holistic picture. Our study aimed at offering a first exploratory
insight into the relationships of chronotype, well-being and
motivation in the situation of asynchronous learning
arrangements. Our findings provide valuable guidance for the
design of digital learning environments and further analyses
during remote learning.

THEORETICAL AND EMPIRICAL
BACKGROUND

Chronotype and Circadian Preference
Chronotype is a personality-like trait in which humans are
categorized according to their daytime preference, their wake
and bedtimes, or their midpoint of sleep on days off. According to
the current state of research, chronotype is divided into either
demarcated types (morning type, evening type, or neither type;
e.g., Adan et al., 2012; Horne and Östberg, 1976) or determined
by a score on a continuum (from morningness to eveningness;
Roenneberg et al., 2003). As a personality trait, it refers to the
preferred daytime for physical or cognitive activities, thereby
indicating the particularly efficient periods. Morning-oriented
people reach their peak performance in the morning while
evening-oriented people show their best performance in the
late afternoon (Kerkhof and Van Dongen, 1996; Roenneberg
et al., 2003). Chronotype differs from sleep duration by its
inherent trait of timing that is irrelevant to the length of sleep
(Adan et al., 2012). In the current study, we view chronotype as a
unidimensional construct with a parametric score.

Motivation in Organismic Integration Theory
In Organismic Integration Theory, a sub-theory of self-
determination theory (Ryan and Deci, 2017), motivational
qualities and regulations that differ in their degree of
perceived self-determination during an action are described.
The prototype of a self-determined action is the intrinsically
motivated action (Ryan and Deci, 2002). Here, an individual only
pursues the goal of performing the action itself and no
contingencies outside the action (Guay et al., 2000; Ryan and
Deci, 2017). The action is performed to feel an inherent

satisfaction and pleasure (Ryan and Deci, 2017). Extrinsically
motivated actions, on the other hand, are performed to achieve a
goal that is separable from the action (Guay et al., 2000; Vallerand
and Ratelle, 2002; Ryan and Deci, 2017). They are therefore
described as instrumental (Vallerand and Ratelle, 2002).
However, this does not mean that extrinsically motivated
actions are solely perceived as externally determined (Reeve,
2002; Ryan and Deci, 2017). Based on the perceived degree of
heteronomous control or self-determination, Ryan and Deci
(2017) describe four types of motivational regulation of
extrinsically motivated actions: external, introjected, identified,
and integrated.

Externally regulated actions are performed to achieve a
positively rated state (e.g., a reward) or to avoid a negatively
rated state (e.g., a punishment) (Vallerand and Ratelle, 2002;
Ryan and Deci, 2017). The execution of such actions is
experienced as being externally determined (Ryan and Deci,
2017; Thomas et al., 2018). Actions that are based on
introjected regulation are described as being rather externally
determined (Ryan and Deci, 2002). With the execution of
introjected regulated actions, individuals tend to avoid guilt
and shame (avoidance type; Guay et al., 2000; Vallerand and
Ratelle, 2002) or to strengthen or maintain their self-esteem
(approach type; Assor et al., 2009). One regulation that results
in a rather self-determined quality of action is the identified
regulation (Ryan and Deci, 2002, 2017; Vallerand and Ratelle,
2002). An individual performs an identified regulated action
when the goal and the underlying values of this action are
considered valuable by the individual (Ryan and Deci, 2017).
The underlying goals of such self-determined actions can be
separated from the beliefs of the individual (Vallerand and
Ratelle, 2002). If the beliefs of the individual and the goals of
the action are no longer separable, an action is subject to
integrated regulation (Vallerand and Ratelle, 2002; Ryan and
Deci, 2017). The goals and needs of the self are in line with the
goals of the action while performing an integrated regulated
action (Ryan and Deci, 2002). These actions already share
qualities with intrinsically regulated actions such as the
voluntary execution and perceived self-determination (Ryan
and Deci, 2002).

Motivation in Basic Psychological Needs
Theory
The motivational regulation of an action is determined, among
other things, by the degree of the perceived satisfaction and
frustration of the three-universal basic psychological needs for
autonomy, competence, and relatedness (Ryan and Deci, 2017;
Vansteenkiste et al., 2020). The need for autonomy describes an
individuals’ striving to be the origin of his/her action and having a
sense of choice in actions (Reeve, 2002; Ryan and Deci, 2017).
Moreover, individuals perceive themselves as being autonomous
if they can execute actions voluntarily and without external
pressure (Reeve, 2002; Ryan and Deci, 2017). The need for
competence entails an individuals’ desire to feel effective and
be able to express and improve his/her own skills in his/her
interactions with the environment (Reeve, 2002; Ryan and Deci,
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2017). The need for relatedness describes an individuals’ wish to
belong to a community and to interact with significant others
(Reeve, 2002; Ryan and Deci, 2017). A satisfaction of the depicted
needs most likely results in a self-determined motivational
regulation whereas a frustration thereof fosters controlled
types of motivational regulation and negatively affects self-
determined regulation (Vansteenkiste et al., 2020).
Furthermore, the satisfaction of the basic needs facilitates well-
being (Ryan and Deci, 2017). Vitality is regarded as one indicator
of well-being and is defined by the availability of energy and
feelings of enthusiasm (Ryan and Frederick, 1997; Martela et al.,
2016). A satisfaction of the basic psychological needs combined
with low levels of needs frustration support the facilitation of
vitality (Ryan et al., 2006; Ryan et al., 2010).

Self-Efficacy
Self-efficacy in academic contexts can be described as the belief in
one’s abilities to organize and execute the action(s) required to
reach a given educational goal (Bandura, 1997; Elias and
McDonald, 2007) and is linked to motivation (Zimmermann,
2000) and academic achievement (Valentine, Dubois, and
Cooper, 2004; Zajacova et al., 2004). Self-efficacy is related to
the perception of competence. Since one’s own belief about
mastering tasks affects the balance between one’s own ability
and the requirements of the task it is a central prerequisite of
perceiving competence. At the same time, events that resulted in a
high or low perception of competence affect self-efficacy
positively or negatively. Self-efficacy might therefore play an
important role in coping with new and potentially challenging
situations such as the remote learning phase.

Academic Achievement and Personality
Characteristics
Academic achievement is determined by ability factors (e.g.,
cognitive abilities; Ackerman and Heggestad, 1997) as well as
non-ability factors (e.g., personality characteristics; Chamorro-
Premuzic and Furnham, 2006). For example, achieving academic
goals requires the cognitive ability to understand the content, the
ability to control distracting emotions as well as to work and learn
in an appropriate manner. These, among other factors, must be
properly fulfilled to accomplish academic achievement. In this
context, personality characteristics need to be considered as
important predictors for academic achievement because 1)
certain personality traits affect behavior which, in turn, can
have an influence on academic achievement (e.g.,
conscientiousness; Rothstein et al., 1994), 2) personality traits
reflect behavior which a person will show rather than what a
person is theoretically capable of (Goff and Ackerman, 1992;
Furnham and Chamorro-Premuzic, 2004), and 3) in an university
setting, personality traits show more predictive power than
cognitive ability for academic achievement (Ackerman et al.,
2001; Furnham et al., 2003; O’Connor and Paunonen, 2007).
For example, conscientiousness has been consistently related
positively to academic achievement prior to (O’Connor and
Paunonen, 2007; Poropat, 2009) and during the COVID-19
pandemic (Corazzini et al., 2020). As a personality dimension

of the big five, it determines self-regulation and impulse control
(John et al., 2008), which proved to be important in utilizing
emotions to achieve academic goals (Pekrun, 1992; Pekrun et al.,
2002). Since academic achievement belongs to the most important
influencing factors on educational and professional careers in
modern society, students are confronted with both their actual
academic performance and their expectations thereof.

The expectation of their academic performance triggers a
variety of personal and task-related emotions as well as
different motivational regulations, which, in turn, influence
cognitive processes and performance (e.g., Ryan and Deci,
2017). Emotions that are directly linked to academic
achievement are called academic emotions (e.g., anxiety and
motivation to learn) (Pekrun et al., 2002). These modulate a
student’s behavior by triggering positive or negative directed
intentions. Taken together, personality traits predefine how
emotions influence behavioral tendencies and in consequence
academic achievement.

Bridging Academic Achievement and
Circadian Preference
Another important dimension of a personality trait-like
characteristic affecting academic achievement is the circadian
preference. Evening-oriented students show significantly worse
grades in elementary school (Arbabi et al., 2015), middle school
(Kolomeichuk et al., 2016), high school (Randler and Frech,
2006), and university (although this correlation weakens
depending on the degree of free time allocation; Tonetti
et al., 2015). Reasons given for this relationship are early
school schedules (Goldstein et al., 2007) and the resulting
lack of sleep for evening-oriented students (Roberts et al.,
2009). These conclusions are further underlined by the
findings of Jovanovski and Bassili (2007) who reported
evening-oriented students prefer watching lectures online
instead of attending them. Moreover, no correlation of
chronotype with course performance was found. Horzum
et al. (2014) reported similar results: the disadvantages
evening-oriented students face in classroom teaching
disappear with the switch to online teaching, because the
students could adapt the lecture time to their personal needs.
Additionally, various personality traits which favor academic
achievement could be linked to morning orientation (e.g.,
conscientiousness; Adan et al., 2012; O’Connor and
Paunonen, 2007; Önder et al., 2014; Poropat, 2009), while
those which negatively affect advantageous academic
behavior can be associated with evening orientation (e.g.,
extraversion; Adan et al., 2012; Chamorro-Premuzic and
Furnham, 2005; Furnham and Chamorro-Premuzic, 2004;
Furnham et al., 2003; Goff and Ackerman, 1992). However,
the negative relationship between extraversion and academic
achievement has yet to be validated, since some research shows
no correlation or even suggests a positive correlation (e.g.,
Rothstein et al., 1994). Furthermore, evening orientation
relates to the use of external stimuli (caffeine; Fleig and
Randler, 2009), smoking and soft drinks (Gariépy et al.,
2019), excessive cell phone use (Randler et al., 2016a;
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Demirhan et al., 2016), and long screen times (Kauderer and
Randler, 2013; Shimura et al., 2018; Gariépy et al., 2019).
According to Ryan and Frederick (1997), these factors may
affect vitality negatively. Overall, the relationship of circadian
preference with self-regulation and academic achievement
builds on a small but growing body of literature. Work in
this domain suggests that evening orientation is associated
with characteristics and behaviors that hinder academic
achievement.

Remote Working, Chronotype, and
Motivation
Previous research shows that the change in students’ sleep-wake
cycle caused by working from home resulted in positive
alterations of sleep parameters for many people in different
countries (Cellini et al., 2020; Gao and Scullin, 2020; Leone
et al., 2020; Sinha et al., 2020; Staller and Randler, 2020).
These findings support a modern approach to work
environments called “New Ways of Working” (NWW; Baane
et al., 2011). This concept tries to create temporal and spatial
flexibility for employees while focusing on innovation and
productivity with simultaneously reduced costs for employers
(Nijp et al., 2016). It is proposed to adjust work to private life
(Gajendran and Harrison, 2007; Nijp et al., 2015) and the
employees’ biological needs such as chronotype (Wittmann
et al., 2006). The remote working situation that the students
found themselves in during the COVID-19 restriction phase in
Germany reflects the temporal and spatial flexibility NWW tries
to create. Positive effects of this working approach are assumed to
be e.g., employees’ improved motivation due to gaining
autonomy (Pritchard and Payne, 2003) and increased
efficiency (Demerouti et al., 2014). By contrast, the lack of
collegial support and exchange, which is considered a negative
aspect of NWW (Halford, 2005), also applies to the university
students’ current situation. There is also evidence that NWW
might lead to exhaustion at the end of the workday (Ten
Brummelhuis et al., 2012). Thus, vitality might be
undermined. In line with self-determination theory (Ryan and
Deci, 2017), these characteristics of remote working may affect
the relationship between academic self-regulation and academic
achievement.

Taken together, our study aimed at providing insight into the
relationship between different related personality and
motivational variables that affect academic achievement. Some
interactions between these variables have already been shown in
previous studies. Our study takes a more holistic approach to the
relationship between these variables. Moreover, as shown, these
relationships may be influenced by the remote learning situation.
However, knowing these relationships is significant for designing
learning environments that enable students to learn successfully
in times of remote learning.

Research Question
Our study aims to investigate the effects of personality variables
on various variables related to successful learning in an
unprecedented situation, lockdown, and digital teaching. The

identification of such predictors of successful remote learning can
help to support student learning optimally in digital learning
environments. As to the unprecedented situation we opted to
derive an exploratory research agenda for A) the personality traits
and B) chronotype based on findings of literature and previous
studies in face-to-face teaching that are specified hereafter in
more detail.

A) In respect to the personality traits we derive:
• the big five personality variables have an impact on the
satisfaction and frustration of the students’ basic needs
(Deniz and Satici, 2017)

• the big five personality variables have an impact on the
students’ motivational regulation (Müller et al., 2006;
Komarraju et al., 2009).

• the big five personality variables have an impact on the
students’ vitality (Nishimura and Suzuki, 2016).

• the big five personality variables have an impact on the
students’ self-efficacy (Şahin and Çetin, 2017).

B) Regarding chronotype, it can be assumed that:
• chronotype has an impact on the satisfaction and
frustration of the students’ basic needs (Tavernier et al.,
2019)

• chronotype has an impact on the students’ motivational
regulation (Kadzikowska-Wrzosek, 2020)

• chronotype has an impact on the students’ vitality
(Randler and Schaal, 2010).

• chronotype has an impact on the students’ self-efficacy
(Przepiórka et al., 2019).

METHODS

Participants and Data Collection
We investigated biology-teaching students (N � 228; MAge �
23.36 years, SDAge � 4.24 years, range � 18–43 years; 75% female,
n � 171) in their bachelor or master studies participating in an
one-time online survey. The study took place during the first
lockdown in Germany in June 2020. Participants were invited via
email distribution lists. These students gave their permission to
use their anonymous data for scientific purposes and were
included in our evaluation. Their participation in the survey
was voluntary. After filling out the questionnaire, all participating
students could take part in a raffle to win gift cards/vouchers. All
participants studied in an online environment and took very
different courses (e.g., lecture series or seminars). Furthermore,
they all had access to a learning platform (e.g., Lernraum
or studIP). 48 subjects were not included in the calculations
because they did not complete the questionnaire. The dropouts
are similar to the sample in demographic data, gender (dropouts:
69% female/sample: 75% female), age (dropouts: Ø 23 years
(youngest: 19 years/oldest: 34 years)/sample: Ø 23 years
(youngest: 18 years/oldest: 43 years)) and origin. In
conclusion, the aforementioned 228 students were included in
the statistical analyses. Together with the questionnaires,
participants’ time spent on other commitments per week was
assessed. Participants spent on average 17.66 h (SD � 19.30 h) on
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other commitments beyond their study. Here, participants (N �
228) reported these commitments mainly in the categories (part-
time) job (46.5%), nursing/caregiving activities (4.4%), family
(7%) and household activities (11.4%). 16% of the investigated
students lived alone at the time of the survey, while 83% lived in a
shared apartment with roommates, their partner and/or children.
1% of the students did not specify their situation at home.

Big Five Personality
We followed the big five-dimensional concepts of personality
(e.g., Costa and McCrae, 1995). To measure personality, we used
a German translation of the short version of the big five inventory
(Rammstedt and John 2007; Rammstedt et al., 2013). This scale
was based on the BFI-44 (Benet-Martínez and John, 1998) and
was shortened to a 10-item questionnaire with two items for each
personality dimension (extraversion, agreeableness, openness,
neuroticism, and conscientiousness). The items were rated on
a seven-point rating scale (see 3.3). The BFI-10 always showed a
clear five factor structure and correlations with peer-ratings
showed good external validity (Rammstedt and John, 2007).
Due to its brevity, the scale can be used when personality
assessment is only one aspect of a study design and when time
is short. We used a confirmatory factor analysis to test the model
structure of the BFI. Root mean square error of approximation
(RMSEA) was 0.057 (CI 0.028–0.083). The comparative fit index
CFI was 0.954. This suggests a good fit of the scale.

Morningness-Eveningness Questionnaire
(Reduced)
To assess circadian preference, we used the Adan and Almirall
(1991) short Morningness-Eveningness Questionnaire (rMEQ).
This scale is based on five different questions regarding wake and
bedtime preferences, peak performance, morning affect and self-
classification. The scale ranges from 4 to 25 (4–11: evening type;
12–17: neither type; 18–25: morning type). The rMEQ is a time
efficient questionnaire that has received a lot of support for its
convergent validity (Di Milia et al., 2013). For example, the
reduced form correlates between 0.87 and 0.90 with the full
scale containing 19 questions (Di Milia et al., 2013). The
questionnaire scores have been validated against biologically
measured variables, such as objectively assessed sleep-wake
variables based on actigraphy (Thun et al., 2012). The German
version of the rMEQ has been established and validated
(Cronbach’s α � 0.72; Randler, 2013).

Basic Psychological Need Satisfaction and
Frustration Scale
To assess the satisfaction and frustration of the students’ basic
psychological needs during the online semester, Heissel et al.
(2018) validated German scales were used. The dimensions for
satisfaction and frustration of the respective needs are the
following: need for autonomy (satisfaction: four items,
Cronbach’s α � 0.74; frustration: four items, Cronbach’s α �
0.84), need for competence (satisfaction: four items, Cronbach’s
α � 0.85; frustration: four items, Cronbach’s α � 0.83), and the need

for social relatedness (satisfaction: four items, Cronbach’s α � 0.74;
frustration: four items, Cronbach’s α � 0.72). A five-point rating
scale (“1 � not true at all” to “5 � absolutely true”) was applied.

Scales for Motivational Regulation in
Learning
To assess the students’ motivational regulation during the online
semester, the scales for motivational regulation in learning
(Thomas et al., 2018), a translated and adapted version of the
Academic Self-Regulation Questionnaire (Ryan and Connell,
1989), were used. The instrument contains four subscales:
intrinsic motivational regulation (three items, Cronbach’s α �
0.88); identified motivational regulation (three Items, Cronbach’s
α � 0.72); introjected motivational regulation (six items), and
external motivational regulation (three items, Cronbach’s α �
0.72) (Thomas et al., 2018). In this study, the subscale introjected
motivational regulation was assessed separately as approach type
(three items, Cronbach’s α � 0.78) and avoidance type (three
items, Cronbach’s α � 0.83). The items of all subscales were rated
on a seven-point rating scale (“1 � not true at all” to “7 �
absolutely true”).

Vitality
Students’ vitality during the online semester was assessed with a
translated version of Ryan and Frederick (1997) Subjective
Vitality Scale. Analysis of the factorial validity was carried out
with a principal axes factor analysis (PFA; Moosbrugger and
Kelava, 2012). The Kaiser-Meyer-Olkin criterium (KMO � 0.90)
was found to be good (Hutcheson and Sofroniou, 1999) and
showed that the sample was entitled for analysis. Bartlett’s test of
sphericity was significant with a p < 0.001. PFA showed one factor
(eigenvalue of 4.58) and 65.40% of explained variance. The items
had satisfactory factor loadings with values of 0.57–0.90 (Stevens,
2002). The seven items were rated on a seven-point rating scale as
well (see 3.3). The internal consistency of the items was good
(Cronbach’s α � 0.91).

Self-efficacy
To examine students’ self-efficacy during the online semester,
seven items by Jerusalem and Schwarzer (1986) were applied. The
items were again rated on a seven-point rating scale (see 3.3). The
internal consistency of the items was satisfactory (Cronbach’s
α � 0.82).

Statistical Analyses
No specific assumptions were made in advance for the situation
in which the study group found itself during the lockdown. We
therefore analyzed the data in an exploratory manner based on
related previous research (see Research Question) and looked for
relevant models. To determine internal consistency as
Cronbach’s α, we used IBM SPSS Statistics 26. Afterward, we
ran a series of multiple regressions with all 14 dependent
variables. Independent predictors were personality,
chronotype and the demographics age and gender. Only the
significant total models were inspected for further analyses. We
set a p � 0.01 as a threshold to accept a model as significant. For
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the confirmatory factor analysis, AMOS 26 was used.
Correlations between personality dimensions were tested and
intercorrelations were below 0.28 showing below medium
effects in all cases.

RESULTS

We calculated the distribution of the datasets and found them
neither to be substantially skewed nor was a distinct kurtosis
visible in any variable (the values for both, skewness and
kurtosis did not exceed/fall below ±1). Table 1 summarizes

the means, standard deviations, and ranges of all investigated
variables.

The mean rMEQ score was 14.63 (SD � 4.04) and ranged from
5–23. Men had a lower score compared to women (men: 13.65,
SD � 4.38; women: 14.95, SD � 3.88; F � 4.52, p � 0.035, η2 �
0.020). Age was unrelated to the rMEQ score (r � 0.027, p �
0.685). Table 2 gives an overview of the correlations between the
big five dimensions/chronotype and all investigated dependent
variables. Furthermore, we calculated the correlations of the big
five personality dimensions and the rMEQ score which showed
mostly no significant correlations. Extraversion (r � 0.076, p �
0.253), Neuroticism (r � 0.010, p � 0.882), Openness (r � -0.109,

TABLE 1 | Means, standard deviations and ranges of the independent (personality, chronotype) and dependent variables (basic psychological needs, motivational
regulation, vitality, self-efficacy).

Mean Standard deviation Range Scale range

Extraversion 4.53 1.61 1–7 1–7
Neuroticism 4.23 1.41 1–7 1–7
Openness 4.91 1.59 1–7 1–7
Conscientiousness 4.80 1.27 2–7 1–7
Agreeableness 4.48 1.27 1.5–7 1–7
rMEQ score 14.63 4.04 5–23 4–25
Need frustration autonomy 3.38 0.97 1–5 1–5
Need frustration competence 2.29 0.99 1–5 1–5
Need frustration relatedness 2.11 0.83 1–4.5 1–5
Need satisfaction autonomy 3.24 0.82 1–5 1–5
Need satisfaction competence 3.36 0.85 1.25–5 1–5
Need satisfaction relatedness 2.92 0.85 1–5 1–5
Need satisfaction relatedness—Lecturer 3.53 0.83 1.25–5 1–5
Need satisfaction relatedness—Peers 3.63 0.87 1.33–5 1–5
Intrinsic regulation 3.65 1.64 1–7 1–7
Identified regulation 4.94 1.23 1.33–7 1–7
Introjected approach regulation 4.32 1.58 1–7 1–7
Introjected avoidance regulation 3.88 1.66 1–7 1–7
External regulation 4.72 1.46 1–7 1–7
Vitality 4.12 1.19 1–7 1–7
Self-efficacy 4.21 1.14 1.29–6.71 1–7

TABLE 2 | Correlation matrix between the independent (personality, chronotype) and dependent variables (basic psychological needs, motivational regulation, vitality, self-
efficacy).

Extraversion Neuroticism Openness Conscientiousness Agreeable-ness rMEQ score

Need frustration autonomy 0.048 0.069 −0.107 −0.128 −0.007 −0.151*
Need frustration competence −0.096 0.284*** 0.010 −0.325*** −0.012 −0.186**

Need frustration relatedness −0.180** 0.226** 0.131* −0.091 −0.103 −0.113
Need satisfaction autonomy −0.103 0.069 0.093 0.128 0.053 0.117
Need satisfaction competence 0.019 −0.179** 0.131* 0.162* 0.055 0.157*
Need satisfaction relatedness 0.056 −0.097 −0.042 0.122 0.195** 0.088
Need satisfaction relatedness—Lecturer −0.051 −0.014 0.234*** −0.062 0.031 −0.011
Need satisfaction relatedness—Peers 0.059 −0.135* −0.009 0.019 0.121 0.017
Intrinsic regulation −0.185** 0.041 0.146* 0.126 0.110 0.107
Identified regulation −0.038 0.105 0.126 0.233*** 0.097 0.159*
Introjected avoidance regulation −0.118 0.320*** 0.041 −0.160* −0.048 0.026
Introjected approach regulation −0.009 0.147* 0.177** 0.067 0.080 0.119
External regulation 0.048 0.002 0.112 −0.043 −0.024 0.028
Vitality −0.015 −0.247*** 0.077 0.250*** 0.117 0.264***

Self-efficacy 0.022 −0.322*** 0.092 0.186** 0.022 0.178**

Note: *p< .05, **p< .01, ***p< .001.
Note: Significant correlations are highlighted in bold.
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p � 0.101), Agreeableness (r � 0.103, p � 0.122) with the exception
of conscientiousness (r � 0.283, p < 0.001) which correlated with
morningness.

Due to the many correlations, we ran a series of multiple linear
simultaneous regressions with each of the motivation-related scales
and subscales as dependent variables. Table 3 presents the results of
the full models.

In the following section, only the significant models with a p <
0.01 for the full model were analyzed (see Table 4).

A significant impact of gender onmotivational aspects were found,
with men reporting a higher degree of self-efficacy and women being
more intrinsically motivated. Age showed a negative relationship with
introjected avoidance motivational regulation. Extraversion related
negatively to intrinsic motivational regulation. Neuroticism related
negatively to self-efficacy, vitality, and need satisfaction competence
while it related positively to introjected approach and avoidance
motivational regulation, as well as need frustration competence
and relatedness. Openness correlated positively with self-efficacy,

intrinsic, identified, and introjected approach motivational
regulation, as well as need satisfaction competence.
Conscientiousness was related positively to self-efficacy, vitality,
identified motivational regulation, need satisfaction competence,
and negatively to introjected avoidance motivational regulation and
need frustration competence. For the rMEQ, positive correlations
were found with self-efficacy, vitality, and need satisfaction
competence.

DISCUSSION

In our sample of biology-teaching students, the mean rMEQ
score did not differ significantly from other German study
samples (Randler 2013; Randler et al., 2016b). This is an
expected result because chronotype remained stable during
the COVID-19 shutdown phase in Germany while only sleep-
wake timing changed (Staller and Randler, 2020). Gender
differences in line with previous studies were found, with
men being more evening-oriented (e.g., Randler and
Engelke, 2019). Age effects were absent, most likely due to
the low age variation (see e.g., Randler et al., 2016b, for a larger
sample with the rMEQ). The relationship between
morningness and vitality in our sample might have a
biological reason: Morningness was linked to the cortisol
awakening response in previous studies (CAR; see e.g.,
Randler and Schaal 2010), which may take account of this
correlation as it reflects the theoretical connection to the
diurnal cycle. Overall, personality and chronotype had a
significant impact on online learning during the COVID-19
pandemic in these biology-teaching student sample.

Effects of Gender on Self-Efficacy
Our results are in line with previous findings on gender
differences regarding self-efficacy (e.g., Fallan and Opstad,
2016). However, in a meta-analysis, Huang (2013) showed
that such gender effects vary depending on the investigated
subject domain. Whereas female students seem to have a
higher self-efficacy in language arts, male students express a

TABLE 3 |Results of the full models (linear regression) with the dependent variable
(left column) and gender, age, rMEQ score, and personality as predictor
variables of the basic psychological need satisfaction and frustration, motivational
regulation, vitality, and self-efficacy. The corrected R-squared is only given for the
models with a p < 0.01.

F p Corrected R2

Need frustration autonomy 1.79 0.08
Need frustration competence 7.38 0.001 0.18
Need frustration relatedness 3.25 0.002 0.07
Need satisfaction autonomy 1.61 0.124
Need satisfaction competence 3.12 0.002 0.07
Need satisfaction relatedness 2.19 0.03
Need satisfaction relatedness—Lecturer 2.12 0.035
Need satisfaction relatedness—Peers 1.60 0.125
Intrinsic regulation 3.97 0.001 0.10
Identified regulation 3.26 0.002 0.07
Introjected approach regulation 2.76 0.006 0.06
Introjected avoidance regulation 5.47 <0.001 0.14
External regulation 0.67 0.72
Vitality 6.91 <0.001 0.17
Self-efficacy 8.38 <0.001 0.21

TABLE 4 |Results of themultiple regressions. Full models are presented in Table 3. Standardized coefficient beta for the predictor variables is given. Predictors were gender,
age, personality and rMEQ score. Dependent variables were basic psychological need satisfaction and frustration, motivational regulation, vitality, and self-efficacy.

Gender Age Extraversion Neuroticism Openness Conscientiousness Agreeableness rMEQ
score

Need frustration autonomy −0.029 −0.028 0.082 0.090 −0.120 −0.123 0.009 −0.140*
Need frustration competence 0.084 0.022 0.039 0.320*** −0.023 −0.304*** 0.079 −0.105
Need frustration relatedness 0.059 0.085 −0.094 0.208** 0.096 −0.026 −0.048 −0.079
Need satisfaction competence 0.032 0.033 −0.041 −0.189** 0.153* 0.151* 0.028 0.137*
Intrinsic regulation −0.173* 0.07 −0.219*** −0.049 0.131* 0.107 0.076 0.074
Identified regulation −0.019 0.046 −0.050 0.083 0.147* 0.207** 0.068 0.109
Introjected approach regulation −0.060 −0.089 0.025 0.147* 0.205** 0.019 0.064 0.120
Introjected avoidance regulation 0.063 −0.167*** −0.012 0.343*** 0.049 −0.174** −0.004 0.092
Vitality 0.049 −0.025 −0.125 −0.269*** 0.113 0.223*** 0.071 0.225***
Self-efficacy 0.228*** −0.108 −0.072 −0.293*** 0.137* 0.215*** 0.013 0.174**

Note: *p < .05, **p < .01, ***p < .001.
Note: Significant coefficient beta values are highlighted in bold.
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higher degree of self-efficacy in mathematics, social sciences,
and computers (Huang, 2013).

Effects of Gender on Intrinsic Motivational
Regulation
Biology as a school subject is assumed to be a female domain
(e.g., Budde, 2008). Thus, females exhibit both more interest
(Dietze et al., 2005) and a higher intrinsic motivational
regulation than males in the school subject biology
(Renaud-Dubé et al., 2010; Großmann et al., 2019). As a
scientific field, biology might show the same underlying
gender-related effects as described by Huang (2013) as well.
However, since the study sample only consisted of biology-
teaching students, the interest and intrinsic motivational
regulation of all participants might have been above
average, which could argue against the former conclusion.

Effects of Age on Introjected Approach
Motivational Regulation
Our results show that younger students reported a higher level of
introjected approach motivational regulation than older students.
However, the correlation is small. One possible explanationmight
be that younger students feel more obligated to prove their
abilities to others than older students do. They might have a
stronger desire to manage what others think about them.
However, we did not find such age-related effects for the
avoidance type of introjected motivational regulation. Acting
to avoid negative feelings such as guilt and shame seems to be
independent of students’ age. To test the reliability of the current
findings more research is needed.

Effects of Extraversion on Intrinsic
Motivational Regulation
In our sample, extraversion related negatively to intrinsic
motivational regulation. This result is contrary to the findings
of Komarraju et al. (2009) and Müller et al. (2006), who found a
positive relationship between these variables. When it comes to
the teacher profession, positive correlations between extraversion
and intrinsic motivation should become particularly apparent,
since extraversion predicts satisfaction and success in teacher
training programs as well as in the teaching profession (Mayr,
2014). A possible explanation for our result might be that other
people and external stimuli play a more important role to
extroverts than to introverts. Specifically, extroverts’ decision-
making and behavior may be significantly influenced by what
others think of them, suggesting a more externally determined
rather than self-determined motivational regulation. A situation
in which extrinsic motivational factors are largely absent, such as
the COVID-19 shutdown, might lead to a lower level of both
intrinsic motivation for learning and self-efficacy regarding
extroverts. A lack of social exchange with peers and lecturers
may therefore have a stronger effect on extroverts’ motivation
and might (at least partially) explain the contradiction to what
Komarraju et al. (2009) and Müller et al. (2006) reported.

Effects of Neuroticism
The results of our sample replicated previous findings concerning
the negative relationship between neuroticism and self-efficacy as
well as vitality (Nishimura and Suzuki, 2016; Deniz and Satici,
2017). Neurotic people are less open toward new and
unpredictable situations (Borkenau and Ostendorf, 2008). The
unpredictable situation resulting from the COVID-19 pandemic
and the unexpected move to online learning constitutes a major
challenge for neurotic people. The significant correlations
between neuroticism and the tested motivation-related
variables (positive correlation with introjected approach and
avoidance motivational regulation, need frustration
competence and relatedness; negative correlation with need
satisfaction competence) are in line with previous studies
(Müller et al., 2006; Komarraju et al., 2009; Önder et al., 2014;
Nishimura and Suzuki, 2016).

Effects of Openness
As was the case in the sample in Şahin and Çetin’s (2017) study,
our sample also yielded a positive correlation between openness
and self-efficacy. This is contrary to the results of Judge et al.
(2007), who found no impact of openness on self-efficacy.
Openness as a predictor of self-efficacy might be explained by
one’s inherent openness to situations and experiences. More
“open” students may face more challenging and difficult
situations that allow them to perceive more self-efficacy than
students with a more “reserved” character. This conjecture is
backed up by the result of Corazzini et al. (2020) who found high
levels of openness to new experiences correlating with better
student scores during the COVID-19 pandemic. Moreover,
openness correlated positively to intrinsic motivation,
replicating the work of Komarraju et al. (2009) and Önder
et al. (2014). Furthermore, it related to the other self-
determined types of motivational regulation, namely identified
and introjected approach. Self-determined motivational
regulation indicates perceived competence. Therefore, the
positive correlation of openness and need satisfaction
competence fits into this line of reasoning. Moreover,
openness and need satisfaction competence were shown to
correlate positively in previous work as well (Nishimura and
Suzuki, 2016). Regarding the remote learning phase during
COVID-19 shutdown, we reason that openness to new
experiences might be beneficial when new methods of learning
are implemented, even though more research is needed to test the
reliability of the current findings.

Effects of Conscientiousness
Conscientiousness showed a strong positive correlation with self-
efficacy and vitality, thereby replicating previous findings
(Nishimura and Suzuki, 2016; Deniz and Satici, 2017). This
was a somewhat expected result, as conscientiousness is one of
the most important influencing factors on learning and academic
achievement (O’Connor and Paunonen, 2007; Poropat, 2009).
Also, conscientiousness was found to be highly correlated to
student scores during the COVID-19 pandemic (Corazzini et al.,
2020). Our results are in line with Komarraju et al. (2009), Önder
et al. (2014), and Müller et al. (2006), who found that
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conscientiousness is a positive predictor of intrinsic motivation.
Komarraju and others (2009) also found that there is a positive
correlation between identified as well as introjected motivational
regulation and conscientiousness. Moreover, conscientiousness
was a positive predictor of extrinsic motivation (measured as
identified, introjected and external motivational regulation) in
their study. In our study, we replicated the positive relationship
between conscientiousness and identified motivational
regulation, but our data showed a negative correlation between
conscientiousness and introjected avoidance motivation. This
diverging result might be explained by the fact that Komarraju
et al. (2009) did not differentiate between approach and
avoidance introjection. Furthermore, self-determined
motivational regulation indicates perceived competence, which
relates to conscientiousness (see Nishimura and Suzuki, 2016).
This positive correlation between conscientiousness and need
satisfaction competence was evident in our data as well. Since it
correlates negatively with introjected avoidance regulation, the
connection to the need frustration competence meets
expectations.

Effects of Chronotype on NWW
Morningness was related to self-efficacy and need satisfaction
competence, which, in turn, were shown to correlate with
conscientiousness, thus supporting the findings of previous
work (Komarraju et al., 2009). Furthermore, morningness has
been shown to correlate with conscientiousness (Adan et al.,
2012) which could be replicated in this sample. Eveningness
relates positively to extraversion (Adan et al., 2012, which could
not be replicated in this sample) as well as negatively to intrinsic
motivational regulation (in our sample). Our data indicate that the
NWWapproachmight bemore suitable formorning types, though
this research question should be examined in more detail. The
negative effects of NWW discussed in the literature (e.g., missing
collegial support and a structured working environment; see
theoretical background) might affect evening types more
because they are less intrinsically motivated. The absence of
extrinsic motivational factors may therefore have a stronger
effect on evening types’ motivation and on their work and
learning success. By contrast, morning types, may benefit more
from the opportunities which NWWpresent (temporal and spatial
flexibility) because of the relationship between morningness and
characteristics such as self-efficacy and conscientiousness.

CONCLUSION

In this study, we found correlations indicating that the changeover to
a remote or distant learning setting during the COVID-19 shutdown
phase in Germany affects student teachers’ motivational regulation
depending on their chronotype and big five personality
characteristics. These effects on motivation have implications for
students’ learning success in these new and probably challenging
learning environments. The morning-oriented students dealt with
the digital semester better and weremore vital during the restrictions
than evening-oriented students. Morning orientation further
correlated with the personality traits in a distinct pattern. It

correlated positively to personality characteristics that strengthen
the relationship to intrinsic motivational regulation such as self-
efficacy and need satisfaction competence and negatively to
characteristics that weaken this connection such as extraversion
(Adan et al., 2012). This study could replicate some prior findings in
the field of motivational research such as the correlation between
conscientiousness and intrinsic motivational regulation.
Furthermore, some new findings emerged: 1) Extraversion was a
negative predictor of intrinsic motivational regulation. This finding
is contrary to that of Komarraju et al. (2009). 2) Whereas the
introjected approach motivational regulation seems to be dependent
on the students’ age, this dependency was not found for the
avoidance type of introjected motivational regulation. We
nevertheless recommend more testing for reliability which would
give a stronger basis for the conclusions.

Strengths and Limitations
In this study, we revealed opportunities and obstacles in terms
of remote learning following the restriction measures in
Germany. This situation will accompany university teaching
and learning further on. Even when the pandemic is over, digital
elements may remain present in university teaching as blended
learning. Therefore, identifying important predictors of
successful learning in digital learning environments might
help instructors to redesign these in a beneficial way. We did
not limit the data collection to a single theoretical perspective
but rather examined many covariables to ensure the results we
conclude from this study are not directionally biased. This
allowed for a broad perspective at the current motivational
characteristics in relation to well-being and personality traits.
Nevertheless, the explanatory power of this study is limited due
to its exploratory cross-sectional nature. The ongoing pandemic
prevented appropriate pre-testing from being carried out.
Furthermore, it was not possible to use measurement
methods that would complement the self-reports as the data
access is restricted by the data protection act and in addition
other non-self-report measures could not be applied due to the
lockdown situation. We researched a small and narrow sample
that refers exclusively to biology-teaching students. With our
results, we are able to offer an insight into the relationships of
personality dimensions, chronotype, motivational regulation
and vitality of biology-teaching students during the first
lockdown, even though the results may be less transferable to
other groups. In this respect, future studies should expand the
sample under consideration. Although this study provided
information regarding the life situation of the participants,
the situation of the online studies as well as study
circumstances should be focused in more detail in future
studies as they offer valuable insight and influence the
perception of the digital study itself. We discussed
conceivable relationships of the variables under consideration
with academic achievement which should be investigated in
further projects, as we have not included a measure of academic
achievement here. Although the measurements used in this
study are widely applied in the literature and are validated,
the validity of the vitality measurement is limited due to the
German translation used here. Moreover, our findings offer a
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valuable steppingstone for further research such as longitudinal
studies that focus on the long-term effects of the lockdown on
students’ learning processes.

Implications for Further Research
Future cross-sectional and longitudinal studies might take the
subject matter into account since it can be assumed that
personality traits can have different effects on experience and
behavior (see Mayr, 2014). The present study showed that it
could be a worthwhile research desideratum to clarify the
connection between NWW and chronotype as well as to identify
possible moderators between the two variables. In such studies,
students’ temporal and spatial flexibility that is offered in their
university courses might be surveyed. This flexibility most likely has
an impact on students’ perception of autonomy and, in turn, their
motivation. Students’ use of learning strategies has not been assessed
in this study. As the use of learning strategies could very well
influence the time invested in a course and as such be directly
connected to the perception of workload (Kember, 2004; Kember
and Leung, 2006) this aspect could be interesting for future studies.
Moreover, we believe that it is necessary to investigate whether
students have developed more appropriate coping strategies than at
the beginning of the COVID-19 crisis which might result in a more
self-determined motivation. Such changes and relationships can be
clarified by longitudinal or cohort designs.
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