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Abstract
How circadian rhythms affect socio-economic behaviour is little explored but is a
promising area of research that could suggest considerable changes in policy
making, social norms and individual decision making. This article presents a pilot
study of perceived restrictions that sleep patterns set on the employment options of
creative research and development professionals. The study is based on ordered
probit and ordinary least squares regression modelling on a sample of 153 creative
R&D employees from Estonia, with chronotype, sleep duration and various
individual and work characteristics as explanatory variables. We find that evening
type individuals and those who sleep more hours feel that sleep restricts their work
options more than other employees do. Given that there is some genetic
background to both morning-evening preference and sleep hours and they are
therefore difficult to change, individuals of different chronotypes and with different
sleep behaviour may not have equal options in finding employment in creative
R&D work.
Keywords: circadian rhythms; sleep; job selection; employment; creative work;
R&D
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Introduction
Individuals can be categorised by their inherent circadian rhythms as morning type,
neither type or evening type, but all types are often expected to follow similar working
schedules. Past research suggests that while 60 per cent of people are neither type,
roughly 40 per cent are either morning type or evening type (Adan et al. 2012). This
motivates us to investigate in this exploratory pilot study whether the morningnesseveningness type of an individual limits their employment options. Our study draws on
a sample of creative research and development employees, who form a distinct group of
employees whose work results depend directly on their individual creative abilities and
mood, these in turn being dependent on how alert and rested the employee is.
Employability is the likelihood of an individual gaining employment, or whether
they become more employable the more they can fit the different demands of jobs
(Chan 2000). A wide range of literature (see e.g. Fugate et al. 2004; Hall 2002; Pulakos
et al. 2000) suggests that success in a highly competitive labour market with everchanging job demands requires employees to adapt to the changing environment and
manage the changes both in themselves and in the context of their employment. The
sleep habits of employees can be one feature that they need to adjust if they want to
increase their employability, and we hypothesise that not adjusting those patterns may
lead to limited employability.
Recent research suggests that circadian rhythms have a genetic background
(Kalmbach et al. 2017; cf. works by 2017 Nobel prize recipients J. Hall, M. Rosbash
and M. Young), while various inherent and environmental characteristics may also
make a significant contribution to chronotype development (Adan et al. 2012; Kerkhof
1985). Morningness-eveningness appears to depend to some extent on age and related
sleep habits, especially among the middle aged (Carrier et al. 1997; Taillard et al. 1999).
Past research (Kerkhof and von Dongen 1996) has demonstrated that morningnesseveningness and related time use preferences and behaviours result from a phase
difference in the endogenous circadian clock. Previous studies show that evening type
employees sleep fewer hours than the morning types (Ishihara et al. 1988) and they are
more likely to have worse general health (Paine et al. 2006). Evening types have been
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associated with more frequent psychological and psychosomatic disturbances (Randler
2008) and with depression (Merikanto et al. 2016).
Past research has documented a link between genetic factors and sleep duration
(Utge et al. 2011; Goel 2017). While a growing number of studies suggest an
association between the duration of sleep and employment (Antillon et al. 2014;
Ásgeirsdóttir and Ólafsson 2015) and income level (Biddle and Hamermesh 1990;
Grandner 2010; Patel et al. 2010; Sedigh et al. 2017; Ásgeirsdóttir and Zoega 2011),
there are no known studies on the relationship between morningness-eveningness and
employment. Our pilot study seeks to contribute to investigation of that matter while
still leaving room for further studies to follow on larger samples from different
countries and job types. This study is part of a longer term research agenda of the team,
focussing not only on individual but also company level triggers (e.g. Kotšina and
Hazak, 2012; Männasoo et al., 2018; Männiste et al., 2011) of success under
heterogeneous and competitive conditions.
Data and methods
Study design
The study is based on an online survey consisting of questions on work arrangements,
work outcomes, sleepiness, sleep regimen, tiredness, health, and some sociodemographic characteristics. We also asked the respondents for their name, age, gender,
education and job details. The research project was approved by the Tallinn Medical
Research Ethics Committee on 9 February 2015 by decision No. 894 and informed
consent was obtained from all the respondents. The survey was conducted in two waves
in spring-summer 2015 and winter 2016.
Sample
The sample was compiled from the 2012 Statistics Estonia data on R&D employees.
The target category for this study of creative employees is the category “researchers” in
the Statistics Estonia classification of R&D employees, while the categories
“technicians” and “supporting staff” are excluded. There were an average of 4.4
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thousand full time equivalent creative R&D employees in the category “researchers” in
Estonia in 2010-2014.
We have excluded from that population the 3.4 thousand or so employees
working in higher education and healthcare, and those employed at microentities and
research institutes with fewer than 15 creative R&D employees. This is because the
teaching schedules in higher education, the appointments and procedures at medical
institutions, and the working practices at microentities mean that their work
arrangements are quite specific and may therefore interfere with the work, sleep, health
and leisure time decisions that our project is targeted at. This leaves the population of
creative R&D employees of interest for our study at approximately 1.0 thousand. Those
employees work for 23 Estonian employers in both the private and public sectors, and
they comprise applied researchers, product developers, IT developers and other creative
R&D employees at private R&D companies, banks and technology and IT companies,
and at public research institutes. All of these employers were invited to participate in
this study, and 11 employers, or 48%, accepted the invitation. All the 807 employees
from these 11 organisations were invited to participate, and 287 of them agreed to do so.
In total 217 employees completed the survey in at least one of the two waves, giving an
overall response rate of 76% of all those who had agreed to participate.
Of the 217 participants, 34 appeared in both the first and second waves of the
survey. We performed Mann–Whitney U tests (Mann and Whitney, 1947) to establish
the statistical significance of the differences between the two waves in how sleep was
perceived to restrict work options by the recurring respondents (cf Jankowski 2017),
and we found these differences to be statistically insignificant. Because of this we have
pooled the data from the two waves of the survey for the regression analysis and we
selected randomly which of the two responses from the 34 recurring participants to use.
Additional eliminations from the sample of unique participants were made
because of logical inconsistencies in the responses or because the respondent was
identified from certain control questions incorporated in the survey questionnaire as not
being sufficiently engaged in R&D for their employer. After all these exclusions the
final sample consists of 153 employees, which equals 53% of those who agreed to
participate in the survey. Of these 153 employees, 79% work in the private sector, with
35 in the technology industry, 21 in IT, 43 in the product or IT development units at
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banks, and 22 in R&D companies. Public R&D institutes employ 21% of the
participants. Given that the final sample was not selected randomly from the total
population of interest, we have weighted the observations in the sample to match it with
the population of interest for the employer’s area of activity and the employee’s gender.
As the Statistics Estonia dataset tells us the gender split of the employees and the
distribution of the employers by their area of activity in the total population of around
1.0 thousand creative R&D employees of interest for our study, we have assigned a
weight to each observation in our final sample to reflect the gender and area of activity
characteristics of the observation so that the gender distribution of employees and area
of activity distribution of the employers in the weighted sample matches the population
of interest.
Dependent and explanatory variables
We are interested in how much employees feel that their chronotype sets constraints on
their employment. We asked the respondents to answer the question “To what extent do
you feel that your sleep cycle limits or has limited your work options?” on a 5-level
Likert type scale ranging from “Not at all”=0 to “Totally”=5, which gives the dependent
variable restriction.
The selection of independent variables is primarily derived from the previous
literature. The score of the Reduced Morningness-Eveningness Questionnaire (meq; see
Adan and Almirall, 1991) reflects the circadian rhythm of the employee. Average sleep
hours captures actual daily sleep patterns. The respondent’s age, their gender, whether
they live alone, how many children younger than school age they have and their level of
education have been incorporated as key control variables for socio-demographic
characteristics, while the phealth variable controls for the general health of the
employee. The creative intensity desired for work is another explanatory variable that
seeks to capture the creative nature of the work that the employee prefers. The
dependent and explanatory variables are outlined in Table 1 and the pairwise correlation
matrix of the variables is presented in the Appendix.
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Table 1. Model variables (mean and standard deviation shown for continuous and
ordered variables; percentage of respondents shown for binary and categorical
variables)
Variable

Description

N
Dependent
restriction

To what extent do you feel that your sleep cycle limits or
has limited your work options?
“Not at all” (=1)
“To a small extent” (=2)
“Somewhat” (=3)
“To a large extent” (=4)

Explanatory
meq

sleephours

age
gender
alone
children
phealth

Reduced Morningness-Eveningness Questionnaire (Adan
and Almirall, 1991) score, 1…25 scale ranging from
“Definitely an evening type” to “Definitely a morning
type”
Employee reported average sleeping hours per day on the
scale:
“Less than 6 hours” (=1, base)
“6-6.9 hours” (=2)
“7-7.9 hours” (=3)
“8-8.9 hours” (=4)
“at least 9 hours” (=5, none in the sample)
Age in years
Male (=1) or female (=0)
The employee lives alone (=1) or does not (=0)
Employee-reported number of children younger than
school age living together with the employee
First principal component score of general health (with
overall Kaiser-Meyer-Olkin measure of sampling
adequacy of the factor 0.6), comprising:
(1) “Do you have high blood pressure or have you ever
used medicine for high blood pressure?” (yes=1)
(2) “Do you suffer or have you suffered from illnesses
that significantly affect your mental fatigue?” (5-level
Likert type scale, “Never”=1, “Often”=5)
(3) “Does any illness or injury interrupt you while doing
your daily job?” (5-level Likert type scale, “No
obstacles”=1, “Not able to work”=5)
(4) “How many workdays have you been absent from
work due to illness or medical examination in the past 12
months?”(5-level scale, “None” = 1, “100-365 days” = 5)
(5) Body-Mass Index (continuous)

education

Years of education starting from primary education

creative

Share of creative work desired by the employee in total
working time of the employee (%)

All:
Mean/%
(Std. Dev.)
153 (100%)

Men:
Mean/%
(Std. Dev.)
87 (57%)

Women:
Mean/%
(Std. Dev.)
66 (43%)

67%
24%
7%
3%

64%
24%
9%
2%

70%
24%
3%
3%

14.73
(3.53)

14.98
(3.57)

14.39
(3.49)

7%
50%
38%
6%
0%
38.76
(11.51)
57%
25%
0.38
(0.66)
0.00
(1.41)

6%
49%
39%
6%
0%
37.72
(12.19)
100%
24%
0.40
(0.71)
0.11
(1.39)

8%
50%
36%
6%
0%
40.12
(10.48)
100%
26%
0.35
(0.59)
-0.15
(1.45)

20%

22%

18%

1.71
(0.95)

1.75
(0.97)

1.67
(0.93)

1.58
(0.73)

1.57
(0.77)

1.58
(0.68)

1.75
(0.72)

1.77
(0.69)

1.71
(0.76)

24.65
(3.90)
16.58
(2.65)
71.70
(20.49)

25.35
(3.11)
15.97
(2.85)
71.18
(21.03)

23.72
(4.61)
17.39
(2.14)
72.38
(19.90)

We used Stata version 14 (StataCorp, USA) for the Ordinary Least Squares (OLS)
estimations with restriction as a continuous variable and ordered probit maximum
likelihood estimations with restriction as an ordered discrete category, incorporating the
explanatory variables outlined in Table 1.
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Results
The results of the OLS (Models 1 and 2) and ordered probit (Models 3 and 4) regression
analysis are presented in Table 2 along with the Shorrocks-Shapely decomposition
(Shorrocks, 1982) of R2 (OLS Model 1) and pseudo-R2 (ordered probit Model 3). The
ordered probit estimations provide an alternative approach to the OLS results and a
robustness check for them, given that the dependent variable has skewed and nonnormal patterns of distribution (as can be seen from Table 1). While Models 1 and 3
incorporate meq and sleephours as individual explanatory variables, Models 2 and 4
provide an alternative view with the interaction terms of meq and sleephours. However
the R2 of the OLS Model 1 is higher than that of Model 2, and the pseudo-log-likelihood
of the ordered probit Model 3 is lower in absolute terms than that of Model 4,
suggesting that Models 1 and 3 outperform Models 2 and 4.
Table 2. OLS and ordered probit estimates of restriction.
Estimation
meq

Model 1
OLS
-0.040*
(0.02)
0.232*
(0.10)

sleephours

R2
decomp.‡
0.036
0.028

sleephours=1 # meq
sleephours=2 # meq
sleephours=3 # meq
sleephours=4 # meq
age
gender (Male=1)
alone (Living alone=1)
children
phealth (1st PC)
education
creative
constant
R2 / pseudo-R2
pseudo-log-likelihood
F-test / p Wald’s chi2
N

-0.011
(0.01)
0.035
(0.09)
-0.178
(0.11)
-0.051
(0.09)
0.113*
(0.05)
0.017
(0.02)
-0.004
(0.00)
1.901**
(0.46)

0.038
0.000
0.000
0.000
0.035
0.001
0.003

0.189
**
153

Model 2
OLS

-0.043
(0.04)
-0.043*
(0.02)
-0.026
(0.02)
-0.015
(0.02)
-0.012
(0.01)
0.038
(0.09)
-0.198*
(0.10)
-0.077
(0.10)
0.104
(0.06)
0.020
(0.02)
-0.004
(0.00)
2.360**
(0.39)
0.178
**
153

Model 3
Ordered
probit
-0.075*
(0.03)
0.477*
(0.20)

-0.026
(0.02)
0.013
(0.18)
-0.477
(0.27)
-0.128
(0.19)
0.190*
(0.09)
0.039
(0.04)
-0.010
(0.01)

Pseudo-R2
decomp. ‡
0.018
0.016

0.026
0.002
0.001
0.000
0.018
0.001
0.003

0.132
-118.9
**
153

Model 4
Ordered
probit

-0.072
(0.07)
-0.091*
(0.04)
-0.048
(0.03)
-0.031
(0.03)
-0.028
(0.02)
0.032
(0.18)
-0.550*
(0.25)
-0.200
(0.20)
0.169*
(0.09)
0.052
(0.04)
-0.009
(0.01)

0.130
-119.1
**
153

Notes: *p≤0.05, **p≤0.01; ‡Shorrocks-Shapely decomposition of R2 (Model 1) and pseudo-R2 (Model 3)
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We find from both of the Models 1 and 3 that morning-evening preference is an
important driver of the perceived restrictions that the sleep regimen puts on employment
(see Table 2). The non-parametric Mann–Whitney U test (Mann and Whitney, 1947)
that does not assume normal distribution shows that at the 95% confidence level
(p=0.05) there is a statistically significant difference between evening types (meq≤11 –
moderately to definitely evening type) and morning types (meq≥18 – moderately to
definitely morning type) in that perception. Evening type individuals expressed a
stronger perception that their sleep regimen limits or has limited their employment
opportunities than morning types did. Figure 1 illustrates the levels of an individual
feeling that their sleep regimen has limited their work options.

Figure 1. The levels of an individual perceiving that their sleep regimen limits their
work options for different levels of morningness-eveningness (left) and sleep hours
(middle) and the combination of the two (right) (adjusted estimates at means with 90%
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21

sleephours=2
sleephours=4

Hours of sleep are strongly related to perceived constraints on work options caused by
sleep patterns. The more hours an individual sleeps each night, the more they feel the
limitations that their sleep regimen sets on job selection. This relationship is illustrated
in Figure 1 for each category of sleephours, and it is evident from both the OLS and
ordered probit estimates in Models 1 and 3.
General health is another robust predictor of the perception of employment
limitations related to sleep. The better the general health of the employee is, the lower
the probability that those restrictions are felt.
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Discussion
The link identified between individual chronotype and the availability of work options
is a novel result. That evening type individuals feel that their sleep regimen sets
significantly higher limitations on their employment options than morning types do
hints that certain jobs with the standard nine-to-five work routine may remain difficult
for the evening type people to access. As recent research (e.g. Kalmbach et al. 2017)
suggests that circadian rhythms have some genetic background, a potential explanation
is that it may be difficult for an individual to adjust their chronotype to align it with
standard working hours, which in turn may narrow the job opportunities for that person.
Unless the employer allows flexible working time without penalising it with a lower
salary or otherwise adverse terms of employment, an evening type individual might not
be able to take the job without making potentially large sacrifices in their sleeping time
preferences. A study on the same sample data reveals that the creative work outcomes
of both clearly evening types and clearly morning types are significantly greater than
those of the neither types while evening type employees perceive with a significantly
higher probability that work limits their sleep to a large extent (Hazak et al. 2018),
suggesting that the more intensely perceived limitations on the employment of evening
types cannot be explained by their productivity being lower. Further studies are needed
to confirm the relationship between an individual’s chronotype and employment using
larger samples from different countries and job types. The results of our exploratory
pilot study point, however, to a societally important issue of evening type individuals
potentially not having equal options in finding employment in creative R&D work
because of their inherent circadian rhythms, which are hard to adjust to the prevailing
regulations and social norms for the timing of work.
A possible explanation for the positive relationship between sleeping hours and
the probability of the individual perceiving sleep related constraints on their work
options is that relatively long sleeping hours constrain the individual in their choice of
job when the start or end time of work is not in alignment with their sleeping patterns,
especially when there are fewer hours in the day that can be dedicated to work. This
finding is in alignment with the theoretical arguments of the literature on the economics
of sleep (e.g. Asgeirsdottir and Zoega 2011). The suggestion can be drawn from the
growing literature on the genetic background of the duration of sleep (Utge et al. 2011;
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Goel 2017) and its linkages with chronotype (Ishihara et al. 1988) that sleeping hours
may be hard for a person to adjust. This may limit the employment options of the
individual as work with an inconvenient duration or timing would interfere with their
natural sleeping patterns. Those who are not ready to make sacrifices in their sleeping
time may thus feel constrained in their work options. These findings are overall in
alignment with the arguments presented in the earlier literature (Antillon et al. 2014;
Ásgeirsdóttir and Ólafsson 2015).
The control variables that exhibit a significant relationship with perceived
constraints on employability related to sleep point in the expected directions, given the
past research (Monk et al. 1994; Yadav et al. 2017; Sedigh et al. 2017). Employees
living alone appear less constrained in their employability than are people with families,
who have various family obligations and must obey the time use patterns and
preferences of other family members, which can then affect their sleep. This finding is
in line with another study on the same sample data (Virkebau and Hazak 2017; Hazak et
al. 2016), which shows that people living alone are significantly less likely actually to
use flexible working options than employees with families are. General health may have
similar effects, as individuals with weaker general health may feel constrained in their
work by their inability to meet the job requirements because of lost or otherwise
anomalous sleep (see Lauderdale et al. 2016), and employers may not opt for employees
with health issues when they are recruiting. Both these findings point to important
policy issues, as the employment of people regardless of their health or family status is
high on the political agenda. Sleep may be a potential mediator of limitations in
employability driven both by health and by family status.
We acknowledge that the small size of the sample and the relatively low
participation rate of employers and employees in the survey are limitations of our study,
but we are quite confident that the results of the research are representative of creative
R&D employees in Estonia because of the careful design of the study population as
discussed above and the fully observed results. We note however that the share of
employees who perceive their opportunities for work to be constrained by sleep factors
is relatively small (see Table 1), which limits our ability to achieve strongly statistically
significant results. Another limitation of the study is that the members of the target
population could only be included in the sample if their employer agreed to take part in
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the study. Furthermore, there may be selection bias because of differences between
those respondents who completed the survey and those who in the end did not. These
selection biases are tackled by weighting the sample for the respondent’s gender and the
employer’s area of activity in order to align the sample with the characteristics of the
target population. Clustering standard errors by employer-gender interaction terms in
the models further contributes to the identification of any unobserved dependencies in
the clusters by employer and gender. It is not impossible though that there remain some
selection biases, and expanded studies on different samples in other countries or jobs
remains a promising avenue for research in the future.
Conclusions
How circadian rhythms affect socio-economic decision making is a promising area of
research that could lead to considerable changes being made in policy making, social
norms and individual behaviour. This article presents a pilot study on the constraints on
employability that individuals perceive from their morning-evening preference. We find
that evening type individuals and those who sleep more hours feel significantly more
intensely that their sleep cycle restricts their work options. Given that there is some
genetic background to both morning-evening preference and sleep hours and they are
therefore difficult for the individual to change, individuals of different morningnesseveningness types and with different sleep patterns may not have equal options in
finding employment in creative R&D work. However, this phenomenon would need to
be confirmed by further research as our pilot study is based on a limited sample of 153
Estonian creative research and development employees. Consideration of individual
characteristics in circadian rhythms and sleep preferences is important not only for
achieving improvements in individual wellbeing but also for helping the labour market
and human resources management function more fairly and efficiently.
Acknowledgements
This project has received funding from the European Union’s Horizon 2020 research
and innovation programme under the Marie Skłodowska-Curie grant agreement No.
734712. The authors gratefully acknowledge support from grant PUT315 provided by
11
This is an Author’s Original Manuscript (preprint) of an article latest version of which
has been accepted for publication by Taylor & Francis in Biological Rhythm Research

the Estonian Research Council. We thank the editor and anonymous reviewers,
participants of the 25th GCBF conference, and research seminar participants at Tallinn
University of Technology for their constructive comments, which helped us to improve
the manuscript.
References
Adan, A., & Almirall, H. (1991). Horne & Östberg morningness-eveningness
questionnaire: A reduced scale. Personality and Individual differences, 12(3), 241-253.
Adan, A., Archer, S. N., Hidalgo, M. P., Di Milia, L., Natale, V., & Randler, C. (2012).
Circadian typology: a comprehensive review. Chronobiology international, 29(9), 11531175.
Antillón, M., Lauderdale, D. S., & Mullahy, J. (2014). Sleep behavior and
unemployment conditions. Economics & Human Biology, 14, 22-32.
Asgeirsdottir, T. L., & Zoega, G. (2011). On the economics of sleeping. Mind &
Society, 10(2), 149.
Ásgeirsdóttir, T. L., & Ólafsson, S. P. (2015). An empirical analysis of the demand for
sleep: Evidence from the american time use survey. Economics & Human Biology, 19,
265-274.
Biddle, J. E., & Hamermesh, D. S. (1990). Sleep and the Allocation of Time. Journal of
Political Economy, 98(5, Part 1), 922-943.
Carrier, J., Monk, T. H., Buysse, D. J., & Kupfer, D. J. (1997). Sleep and morningness‐
eveningness in the ‘middle’years of life (20–59y). Journal of sleep research, 6(4), 230237.
Chan, D. (2000). Understanding adaptation to changes in the work environment:
Integrating individual difference and learning perspectives. In G. R. Ferris (Ed.),
Research in personnel and human resources management, 18: 1–42.
Fugate, M., Kinicki, A. J., & Ashforth, B. E. (2004). Employability: A psycho-social
construct, its dimensions, and applications. Journal of Vocational behavior, 65(1), 1438.
Ishihara, K., Miyake, S., Miyasita, A., & Miyata, Y. (1988). Comparisons of sleep-wake
habits of morning and evening types in Japanese worker sample. Journal of Human
Ergology, 17(2), 111-118.
12
This is an Author’s Original Manuscript (preprint) of an article latest version of which
has been accepted for publication by Taylor & Francis in Biological Rhythm Research

Goel, N. (2017). Genetic markers of sleep and sleepiness. Sleep medicine clinics, 12(3),
289-299.
Grandner, M. A., Patel, N. P., Gehrman, P. R., Xie, D., Sha, D., Weaver, T., &
Gooneratne, N. (2010). Who gets the best sleep? Ethnic and socioeconomic factors
related to sleep complaints. Sleep medicine, 11(5), 470-478.
Hall, D. T. (2002). Careers in and out of organizations (Vol. 107). Sage.
Hazak, A., Sõõru, E., Hein, H., & Männasoo, K. (2018). Effects of work arrangements
on the sleep regimen of creative R&D employees. International journal of occupational
safety and ergonomics: JOSE, 1-32.
Hazak, A., Virkebau, M., Tuulik, V., Tint, P., Pille, V., & Sõõru, E. (2016, August).
Social innovation potential in working arrangements of R&D employees: Repeated
employee survey from Estonia. In Emerging Technologies and Innovative Business
Practices for the Transformation of Societies (EmergiTech), IEEE International
Conference on (pp. 210-213). IEEE.
Jankowski, K. S. (2017). Morningness-eveningness and seasonality. Biological Rhythm
Research, 48(3), 331-342.
Gwirtz, P. A. (2014). Career opportunities for graduates with professional master's vs.
PhD degrees. The Physiologist, 57(5), 241-244.
Kalmbach, D. A., Schneider, L. D., Cheung, J., Bertrand, S. J., Kariharan, T., Pack, A.
I., & Gehrman, P. R. (2017). Genetic basis of chronotype in humans: Insights from
three landmark GWAS. Sleep, 40(2).
Kerkhof, G. A., & Van Dongen, H. P. (1996). Morning-type and evening-type
individuals differ in the phase position of their endogenous circadian oscillator.
Neuroscience letters, 218(3), 153-156.
Kerkhof, G. A. (1985). Inter-individual differences in the human circadian system: a
review. Biological psychology, 20(2), 83-112.
Kotšina, S., & Hazak, A. (2012). Does investment intensity impact company
profitability? A cross-country empirical study. In 2012 2nd International Conference on
Economics, Trade and Development IPEDR (Vol. 36, pp. 157-161).
Lauderdale, D. S., Chen, J. H., Kurina, L. M., Waite, L. J., & Thisted, R. A. (2015).
Sleep duration and health among older adults: associations vary by how sleep is
measured. J Epidemiol Community Health, jech-2015.
13
This is an Author’s Original Manuscript (preprint) of an article latest version of which
has been accepted for publication by Taylor & Francis in Biological Rhythm Research

Mann, H. B., & Whitney, D. R. (1947). On a test of whether one of two random
variables is stochastically larger than the other. The annals of mathematical statistics,
50-60.
Männasoo, K., Maripuu, P., & Hazak, A. (2018). Investments, Credit, and Corporate
Financial Distress: Evidence from Central and Eastern Europe. Emerging Markets
Finance and Trade, 54(3), 677-689.
Männiste, M., Hazak, A., & Listra, E. (2011). Typology of European listed companies’
reactions to global credit crunch: Cluster analysis of share price performance. In 3rd
International Conference on Information and Financial Engineering (pp. 565-569).
Merikanto, I., Lahti, T., Kronholm, E., Peltonen, M., Laatikainen, T., Vartiainen, E., ...
& Partonen, T. (2013). Evening types are prone to depression. Chronobiology
international, 30(5), 719-725.
Monk, T. H., Petrie, S. R., Hayes, A. J., & Kupfer, D. J. (1994). Regularity of daily life
in relation to personality, age, gender, sleep quality and circadian rhythms. Journal of
sleep research, 3(4), 196-205.
Paine, S. J., Gander, P. H., & Travier, N. (2006). The epidemiology of
morningness/eveningness: influence of age, gender, ethnicity, and socioeconomic
factors in adults (30-49 years). Journal of biological rhythms, 21(1), 68-76.
Patel, N. P., Grandner, M. A., Xie, D., Branas, C. C., & Gooneratne, N. (2010). " Sleep
disparity" in the population: poor sleep quality is strongly associated with poverty and
ethnicity. BMC Public Health, 10(1), 475.
Pulakos, E. D., Arad, S., Donovan, M. A., & Plamondon, K. E. (2000). Adaptability in
the workplace: Development of a taxonomy of adaptive performance. Journal of applied
psychology, 85(4), 612-624.
Randler, C. (2008). Morningness–eveningness and satisfaction with life. Social
Indicators Research, 86(2), 297-302.
Sedigh, G., Devlin, R. A., Grenier, G., & Armstrong, C. D. (2017). Revisiting the
relationship between wages and sleep duration: The role of insomnia. Economics &
Human Biology, 24, 125-139.
Shorrocks,

A.

F.

(1982).

Inequality decomposition

by factor

components.

Econometrica: Journal of the Econometric Society, 193-211.

14
This is an Author’s Original Manuscript (preprint) of an article latest version of which
has been accepted for publication by Taylor & Francis in Biological Rhythm Research

Taillard, J., Philip, P., & Bioulac, B. (1999). Morningness/eveningness and the need for
sleep. Journal of Sleep Research, 8(4), 291-295.
Utge, S., Kronholm, E., Partonen, T., Soronen, P., Ollila, H. M., Loukola, A., ... &
Paunio, T. (2011). Shared genetic background for regulation of mood and sleep:
association of GRIA3 with sleep duration in healthy Finnish women. Sleep, 34(10),
1309-1316.
Virkebau, M., & Hazak, A. (2017). What Type of Research and Development
Employees Use Flextime?. The International Journal of Organizational Diversity, 17(2),
1-9.
Yadav, A., Verma, P., & Singh, S. (2017). Going beyond the limits: effect of clock
disruption on human health. Biological Rhythm Research, 48(5), 693-700.

15
This is an Author’s Original Manuscript (preprint) of an article latest version of which
has been accepted for publication by Taylor & Francis in Biological Rhythm Research

Appendix
Pairwise linear correlations (correlation coefficients for each pair of variables the with
p-values below)
restriction

meq

sleep-

age

gender

alone

children

phealth

education

hours
meq

-0.2081
0.0098

sleephours

age

gender

alone

children

phealth

education

creative

0.1556

0.1350

0.0548

0.0962

-0.2167

0.3030

-0.0584

0.0071

0.0001

0.4733

0.0679

0.0820

0.0276

-0.1035

0.4042

0.3137

0.7347

0.2031

-0.0028

-0.0110

-0.0515

-0.0657

-0.0186

0.9722

0.8924

0.5272

0.4199

0.8198

-0.0157

-0.0087

-0.1419

-0.0893

0.0406

-0.2857

0.8469

0.9150

0.0802

0.2723

0.6185

0.0003

0.1646

-0.0192

-0.0779

0.2039

0.0910

0.0022

-0.0668

0.0420

0.8133

0.3383

0.0115

0.2635

0.9784

0.4120

-0.0544

-0.0039

0.0056

0.2972

-0.2671

-0.0349

-0.1493

-0.0167

0.5039

0.9618

0.9448

0.0002

0.0008

0.6687

0.0655

0.8378

-0.0701

-0.0368

-0.0834

0.1921

-0.0290

0.1966

-0.0855

0.0333

0.2701

0.3893

0.6520

0.3053

0.0174

0.7222

0.0149

0.2932

0.6829

0.0007
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