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ABSTRACT
Chronotype questionnaires provide a simple and time-effective approach to assessing individual
differences in circadian variations. Chronotype questionnaires traditionally focused on one dimen-
sion of chronotype, namely its orientation along a continuum of morningness and eveningness.
The Caen Chronotype Questionnaire (CCQ) was developed to assess an additional dimension of
chronotype that captures the extent to which individual functioning varies during the day
(amplitude). The aim of this study was to provide a multilanguage validation of the CCQ in six
world regions (Arabic, Dutch, German, Italian, Portuguese and Spanish). At Time 1, a total of 2788
participants agreed to take part in the study (Arabic, n = 731; Dutch, n = 538; German, n = 329;
Italian, n = 473; Portuguese, n = 361; Spanish, n = 356). Participants completed an assessment of
the CCQ together with the Morningness-Eveningness Questionnaire (MEQ; Horne & Ostberg 1976)
as well as questions related to factors theoretically related to chronotype (age, shift work, physical
activity, sleep parameters and coffee consumption). One month later, participants again com-
pleted the CCQ. Results showed that the two-factor structure (morningness-eveningness and
amplitude) of the CCQ could be replicated in all six languages. However, measurement invariance
could not be assumed regarding the factor loadings across languages, meaning that items loaded
more on their factors in some translations than in others. Test–retest reliability of the CCQ ranged
from unacceptable (German version) to excellent (Dutch, Portuguese). Convergent validity was
established through small–medium effect size correlations between the morningness-eveningness
dimension of the CCQ and the MEQ. Taken together, our findings generally support the use of the
translated versions of the CCQ. Further validation work on the CCQ is required including con-
vergent validation against physiological markers of sleep, health and well-being.
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Introduction

If recognizing that some people function better as
either an early bird or night owl is rather easy, know-
ing how strongly they function in this manner might
not be so obvious. These two aspects represent two
dimensions of chronotype (that represent individual
differences in circadian variations) in terms ofmorn-
ingness-eveningness and amplitude (Horne and

Ostberg 1976; Dosseville et al. 2013). The morning-
ness-eveningness dimension reflects better indivi-
dual functioning in the morning or in the evening,
whereas the amplitude dimension reflects how strong
the difference in functioning during the daytime
actually is. The Caen Chronotype Questionnaire
(CCQ; Dosseville et al. 2013) was developed to assess
these two dimensions of chronotype for use in the
French language. Initial validation work suggested
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that the questionnaire was a valid tool for accurately
measuring the two dimensions of chronotype.
However, the test–retest reliability of the measures
has not been established, and the validity of the
measures in other languages is unknown. The aim
of this study was to translate the questionnaire into
several languages and to establish test–retest reliabil-
ity and convergent and construct validity of the mea-
sures across these languages.

In the circadian rhythm, the morningness-
eveningness dimension reflects the phase aspect,
which represents the peak time of the circadian
variation (Dosseville et al. 2013; Refinetti et al.
2007). Morningness-eveningness has a strong
biological basis (Von Schantz et al. 2015) and is
related to aspects of human personality and health
(Adan et al. 2012). Morningness refers to people
who wake early in the morning, who are in a better
mood and work more efficiently in the morning
hours (Ogińska 2011). Overall, these individuals
feel more energetic in the early hours of the day
and usually go to bed early at night. Morning
people usually show a higher degree of conscien-
tiousness (Tsaousis 2010) as well as more health-
conscious behavior (Merikanto et al. 2013).
Eveningness refers to people who perform better
later in the day (Ogińska 2011). So-called night
owls rarely wake early and tend to go to bed late.
Evening people tend to show higher levels of
extraversion, impulsivity, novelty seeking and
open-mindedness (Adan et al. 2012). Eveningness
is also related to a greater likelihood of physical
and mental health problems (Partonen 2015)
including, for example, depression (Randler et al.
2012) and negative affect (Simor et al. 2015).

In the circadian rhythm, amplitude corresponds
to the half of the peak-to-trough variation
(Refinetti et al. 2007). In other words, amplitude
is “the range of diurnal fluctuations in morning-
ness–eveningness” (Randler et al. 2016). The
amplitude dimension reflects the strength of the
human circadian system, this is to say, how strong
the changes in performance and mood are during
the day (Aschoff and Pohl 1978; Dosseville et al.
2013). As assessed by questionnaire, the amplitude
dimension allows capturing the subjective feeling
of the magnitude of diurnal variations (Oginska
et al. 2017). The amplitude dimension can help
predict the height of performance peaks and also

hypo- and hyperactivation phases that can be used
for modulating psychophysical states (Ogińska
2011). For example, knowing better one’s chron-
otype amplitude may help to optimize the ability
to relax in stressful situations or to activate oneself
during phases of drowsiness during the day.
Research on the amplitude dimension has found,
for example, that greater diurnal fluctuations
(higher amplitude) are associated with a greater
risk of mood and anxiety disorders
(Nowakowska-Domagala et al. 2016) and lower
participation rates in sport and physical activity
(Laborde et al. 2015).

For a long time research on chronotype focused
exclusively on the morningness-eveningness dimen-
sion, and the investigation of the amplitude dimension
via questionnaire first appeared in the Chronotype
Questionnaire (Ogińska 2011). This questionnaire
aimed to assess two dimensions: the morningness-
eveningness dimension and a distinctness dimension
(this latter term was used by Oginska to depict the
amplitude dimension). In an attempt to translate and
validate the Chronotype Questionnaire to the French
language, Dosseville and collaborators (2013) showed
a poor fit to the factor structure in a sample of younger
and older adults. This led to a revision of the
Chronotype Questionnaire that involved shortening
the questionnaire to 18 itemsmeasuring themorning-
ness-eveningness dimension, andmodifications to the
distinctness dimension—subsequently referred to as
amplitude. In their second study (Dosseville et al.
2013), factor analysis was used to shorten the ques-
tionnaire to 16 items and two dimensions, morning-
ness-eveningness and amplitude. These two factors
were confirmed in a third study using confirmatory
factor analysis, and convergent validity of the morn-
ingness-eveningness dimension was established using
the Morningness-Eveningness Questionnaire (MEQ;
Horne andOstberg 1976). The new 16-item question-
naire was named the CCQ (Dosseville et al. 2013).

So far, the CCQ is only available in the French
(Dosseville et al. 2013) and Polish (Ogińska et al.
2017) languages. A cross-cultural study used a
German, Indian and Slovakian version of the CCQ
(Randler et al. 2015), but no informationwas provided
regarding the validation process of the CCQ into these
languages (e.g. translation procedure, confirmatory
factor analysis and test–retest reliability). Following
guidelines regarding test adaptations, describing
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those steps is crucial to be able to interpret correctly
and to have confidence in the findings obtained with
the adapted scales (Hambleton & De Jong 2003).
Therefore, work is still needed to provide a complete
validation process and verify the two-factor structure
of the CCQ in different languages. The aim of this
study was to extend the potential use of the CCQ by
validating it in several languages (viz., Arabic, Dutch,
German, Italian, Portuguese and Spanish). Combined,
these languages represent more than 1.1 billion first-
language speakers (Ethnologue 2018). We first tested
the two-factor structure across the six translations
using confirmatory factor analysis. We also tested
the reliability of the CCQ using a 1-month test–retest
approach. This time period was chosen given the
relative stability of human chronotype over short
timespans (Horne and Ostberg 1976; Dosseville et al.
2013).We further tested the convergent validity of the
CCQ against the most widely used measure of chron-
otype—the MEQ. Similar to the original validation
study (Dosseville et al. 2013), we anticipated high
correlations between the CCQ-ME and the MEQ,
but not between the CCQ-A and the MEQ. In addi-
tion, to further establish criterion validity of the
measure, several known correlates of chronotype
were also assessed: shift work (e.g. Wickwire et al.
2017), sleepduration (e.g.Malone et al. 2017), napping
(e.g. Lee et al. 2017; Suh et al. 2017), sleep treatment
(e.g. Coogan and McGowan 2017) and coffee con-
sumption (e.g. Suh et al. 2017). Small significant cor-
relations between chronotype and these parameters
would be considered further evidence for the criterion
validity of the questionnaire.

Material and methods

Participants

A total of 2788 participants took part in the study
and sample characteristics are displayed in Table 1.
The participants were from seven countries: Qatar
and Tunisia for Arabic, the Netherlands for Dutch,
Germany for German, Italy for Italian, Brazil for
Portuguese and Spain for Spanish. Data collection
occurred between 2014 and 2017. Ethical approval
was obtained prior to data collection via the uni-
versity research ethics committee of the first
author, and the protocol complied with the ethical

standards of the journal for the conduct of human
biological rhythm research (Portaluppi et al. 2010).

Questionnaires

The Caen Chronotype Questionnaire
The CCQ (Dosseville et al. 2013) consists of 16
items measuring two dimensions of chronotype.
The two dimensions are morningness-eveningness
(CCQ-ME, eight items) and amplitude (CCQ-A,
eight items). Both dimensions are measured on a
scale from 1 (totally disagree) to 5 (totally agree).
Item examples include: “I feel I can think the best
in the morning” (CCQ-ME) and “I can work effi-
ciently at any time of the day” (CCQ-A).

The Morningness-Eveningness Questionnaire
The MEQ (Horne and Ostberg 1976) measures
only the morningness-eveningness dimension of
chronotype, that refers to the phase of an indivi-
dual’s sleep-wake cycle, and is conceptually similar
to the CCQ-ME (Dosseville et al. 2013). The MEQ
consists of 19 items answered either by single
choice or by pointing a certain time. The answers
are coded from 1 to 4, 1 to 5, 1 to 6, 0 to 5, or 0 to
6 according to the question. An item example is:
“at what time would you get up if you were
entirely free to plan your day?”

Sociodemographic and lifestyle factors
Participants were asked about their physical activity
involvement (“How many hours do you exercise per
week?”) and usual sleep duration (“How many hours
do you usually sleep per night?”), andwere required to
provide a numerical answer in hours. They were also
asked about their involvement in shift work (“If you
have a job, is it based on shift work?”), their tendency
to take naps during the day (“Do you usually take a
nap during the day?”), and whether they were taking
any medical treatment for sleep (“Do you have a
treatment for sleep?”), with all answers given as either
“yes” or “no”. Participants were also asked to provide
the average number of coffee cups they drink during
the day, with a numerical answer provided. These
variables were chosen based on past research that has
reported small positive correlations between
these variables and dimensions of chronotype (see
e.g. Mota et al. 2016; Whitter et al. 2014).

1296 S. LABORDE ET AL.



Procedure

Following guidelines in test adaptation (Hambleton
and De Jong 2003), the CCQ was first translated into
six languages (Arabic, Dutch, German, Italian,
Portuguese and Spanish). The basis for the CCQ
translations was the English version of the CCQ
(Dosseville et al. 2013).1 The CCQ was first trans-
lated by two independent bilingual persons for each
of the languages, native speakers of the language in
which the questionnaire was being translated, and
perfectly fluent in English. Two other translators
with the same characteristics translated it back to
English again. Item wording was then discussed
with the first two translators until consensus was
reached. Data collection was performed with both
paper-pencil and online surveys for all languages.
These two modes of data collection provide similar

results (Seo and De Jong 2015). For each language,
all questionnaires were completed at Time 1 and the
CCQ was completed again 1 month later (Time 2).

Data collection at Time 1 took approximately
20 min and data collection at Time 2 took
approximately 5 min. Participants received no
compensation for their voluntary participation,
except for the Dutch sample (i.e. monetary
reward). The MEQ was included for all languages
except Arabic and Portuguese, given that we could
not locate a MEQ version in these two languages.
Given that the holy month of Ramadan is accom-
panied with substantial changes in lifestyle,
including sleeping pattern in (i) fasting Muslims
and even in (ii) nonfasting individuals living in
Muslim-majority countries, the study was not
conducted during Ramadan or the month follow-
ing Ramadan. Data collection was anonymous. A

Table 1. Sample demographic characteristics.
Arabic Dutch German Italian Portuguese Spanish

Time 1 N 731 538 329 473 361 356
Male 418 188 222 242 179 183
Female 313 350 107 231 182 173

M SD M SD M SD M SD M SD M SD

CCQ-ME 2.6 0.8 3.1 0.7 3.1 0.7 2.5 0.8 3.1 0.8 2.9 0.7
CCQ-A 3.2 0.7 3.0 0.6 3.0 0.6 2.9 0.7 3.0 0.8 3.0 0.6
MEQ – – 50.7 3.9 50.0 7.8 50.4 4.0 – – 51.7 9.1
Age 25.1 8.1 46.3 15.5 21.7 3.8 43.3 14.3 24.0 7.1 29.6 10.5
Age range 18–67 18–79 18–60 19–75 18–56 18–60
Sleep quantity (hours per night) 7.4 1.4 7.7 3.3 7.5 0.8 7.1 1.1 7.0 1.2 7.3 1.1
Coffee cups (per day) 1.5 1.2 3.0 2.7 0.8 1.3 2.4 1.6 1.5 1.7 1.0 1.2
Physical activity (hours per week) 2.8 4.1 4.1 4.8 10.9 5.9 1.9 3.2 4.1 4.9 3.9 4.1

N % N % N % N % N % N %

Shift work 371 50.8 55 10.2 3 0.9 107 22.6 121 33.5 65 18.3
Nap 222 30.3 95 17.7 31 9.4 121 25.6 130 36.0 144 40.5
Sleep medicine 336 46.0 19 3.5 0 0.0 11 2.3 16 4.4 44 12.4

Time 2 N 506 208 161 284 157 174
Male 307 75 103 150 82 90
Female 199 133 58 134 75 84

M SD M SD M SD M SD M SD M SD

CCQ-ME 2.8 0.9 3.0 0.6 3.0 0.6 2.6 0.8 3.1 0.9 3.0 0.7
CCQ-A 3.2 0.7 3.4 0.5 3.4 0.5 2.9 0.6 3.1 0.8 3.0 0.6

N Ratio % 69.2 38.7 48.9 60.0 43.5 48.9

MEQ: Morningness-Eveningness Questionnaire; CCQ: Caen Chronotype Questionnaire; CCQ-ME: Morningness-eveningness scale of the CCQ; CCQ-A:
Amplitude scale of the CCQ; Time 1 corresponds to filling out the demographic questions, the Caen Chronotype Questionnaire, and the
Morningness-Eveningness Questionnaire; while Time 2 corresponds to filling out the Caen Chronotype Questionnaire 1 month later; N Ratio:
percentage of participants who responded both at Times 1 and 2.

1We should note at this stage that the English version provided in the original validation study of the CCQ did not undergo a full
validation procedure, only the translation and back-translation steps. The current investigation also intended to include an English
language sample. Data were collected from 365 Australian adults at Time 1 with 337 completing follow-up questionnaires 1 month
later. However, due to human error, one question from the CCQ was not included (at either time point) and, therefore, it was
necessary to discard this data for the purpose of validation.
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code was used to match the data for the CCQ from
Time 1 to Time 2. Participants could cease their
participation in the study at any time without
giving any reason.

Data analysis

The data were first checked for normality and out-
liers. To investigate whether the two-factor structure
could be confirmed in each language, we ran separate
confirmatory factor analyses using IBM AMOS 25.0
(New York, USA). To test for measurement invar-
iance across versions, we then ran a multigroup
comparison confirmatory factor analysis. For the
separate confirmatory factor analyses, we used the
following indices to evaluate goodness-of-fit: the χ2

statistic, the comparative fit index (CFI), the Tucker-
Lewis index (TLI), the root mean square error of
approximation (RMSEA) and the standardized root
mean square residual (SRMR). The χ2 statistic pro-
vides a subjective index of fit, with large χ2 values
relative to degrees of freedom indicating a poor fit,
and small values indicating a good fit (Jöreskog
1993). For the CFI and the TLI, values between 0.90
and 0.94 indicate acceptable fit and values of 0.95 and
higher indicate a good fit (Hu and Bentler 1999). For
the RMSEA, values below 0.08 indicate acceptable fit,
whereas values below 0.05 indicate good fit. For the
SRMR, a good fit is indicated by values smaller than
0.08 (Hu and Bentler 1999).

For the multigroup analysis, to test the difference
between two invariance models, we do not rely on the

χ2 difference, as it is too restrictive, and instead we
used the change in CFI value (Byrne 2009), which has
to be lower than 0.01 to demonstrate invariance
between two models (Cheung and Rensvold 2002).
Test–retest reliability, convergent validity with the
MEQ, and the relationships with sociodemographic
and lifestyle factors were investigated using bivariate
correlations. For criterion validity, a correlation < 0.10
is considered trivial, 0.11–0.29 is considered small,
0.30–0.49 is considered medium and ≥ 0.50 is consid-
ered large (Cohen 1988). For test–retest reliability, a
correlation of 1.00 indicates perfect reliability, a corre-
lation of≥ 0.90 indicates excellent reliability, a correla-
tion of ≥ 0.80, < 0.90 indicates good reliability, a
correlation of ≥ 0.70, < 0.80 indicates acceptable relia-
bility, a correlation of ≥ 0.60, < 0.70 indicates ques-
tionable reliability, a correlation of ≥ 0.50, < 0.60
indicates poor reliability and a correlation of < 0.50
indicates unacceptable reliability. Finally, concerning
the CCQ-ME and CCQ-A, the cutoff values for each
quartile are presented in Table 2.

Results

Confirmatory factor analyses

Our participant-per-item ratio for each version
was above the minimum 10:1 ratio recommended
(e.g. Nunally 1978). Table 3 shows that for all
samples there was a good fit to the theoretically
expected two-factor structure. Taken individually,
the data within each adapted version fit the two-

Table 2. Quartile distribution for the morningness-eveningness and amplitude dimensions of the Caen Chronotype Questionnaire.
Arabic Dutch German Italian Portuguese Spanish

CCQ morningness-eveningness 25% 2.00 2.13 2.63 2.00 2.50 2.38
50% 2.50 2.75 3.00 2.38 3.00 2.88
75% 3.13 3.50 3.50 3.00 3.75 3.50

CCQ amplitude 25% 2.75 2.50 2.50 2.50 2.50 2.63
50% 3.25 3.13 3.00 2.88 3.00 3.00
75% 3.75 3.63 3.38 3.25 3.63 3.38

CCQ: Caen Chronotype Questionnaire.

Table 3. Separate confirmatory factor analyses across languages.
χ2 DF p TLI CFI RMSEA (90% CI) SRMR

Arabic 140.865 103 0.008 0.97 0.98 0.022 (0.015; 0.073) 0.04
Dutch 163.626 103 < 0.001 0.97 0.97 0.040 (0.028; 0.051) 0.06
German 132.692 103 0.026 0.96 0.96 0.030 (0.011; 0.043) 0.05
Italian 160.158 103 < 0.001 0.94 0.95 0.034 (0.023; 0.044) 0.05
Portuguese 146.739 103 0.003 0.95 0.96 0.034 (0.021; 0.046) 0.06
Spanish 133.955 103 0.022 0.96 0.97 0.029 (0.012; 0.042) 0.05

TLI: Tucker–Lewis index; CFI: Comparative fit index; RMSEA: Root mean square of approximation; SRMR: Standardized root mean square residual.
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factor structure of the CCQ. We wanted to test
whether measurement invariance could be
assumed among the different versions. The uncon-
strained model of the multigroup analysis, pooling
all data together, showed a good fit to the data and
confirmed that the data for the whole sample
(n = 2788) fit the two-factor structure:
χ2 = 876.136, DF = 618, p < 0.001, CFI = 0.97,
TLI = 0.96, RMSEA = 0.013 (90% CI: 0.011; 0.015),
SRMR = 0.04. However, the CFI difference
between the unconstrained model and the mea-
surement weights model (0.06), was higher than
0.01, χ2 = 1360.818, DF = 688, p < 0.001,
CFI = 0.91, TLI = 0.91, RMSEA = 0.019 (90% CI:
0.018; 0.021), SRMR = 0.05. This means that mea-
surement invariance cannot be assumed at the
level of the factor loadings. Factor loadings across
the six samples are provided in Table 4. All factor
loadings were equal to or above the recommended
cutoff value of 0.32 (Tabachnick and Fidell (2012).

Test–retest reliability

We ran bivariate correlations between Time 1 and
Time 2 for the CCQ. Regarding the morningness-
eveningness dimension, the test–retest reliability was
good for Dutch (r = 0.89, p < 0.001) and Portuguese
(r = 0.89, p < 0.001), acceptable for Spanish (r = 0.76,
p < 0.001) and Italian (r = 0.76, p < 0.001), but
questionable for Arabic (r = 0.64, p < 0.001) and
German (r = 0.62, p < 0.001). Regarding the ampli-
tude dimension, the test–retest reliability was good
for Dutch (r = 0.81, p < 0.001), Portuguese (r = 0.80,

p < 0.001) and Spanish (r = 0.80, p < 0.001), accep-
table for Arabic (r = 0.71, p < 0.001) and Italian
(r = 0.78, p < 0.001), but unacceptable for German
(r = 0.32, p < 0.001).

Convergent validity

There were no MEQ data for Arabic and Portuguese
samples. For other languages, the MEQ showed
negative correlations with the CCQ-ME, with small
to medium effect sizes: Dutch (r = –0.45, p < 0.001),
German (r = –0.22, p < 0.001), Italian (r = –0.14,
p = 0.003) and Spanish (r = –0.47, p < 0.001). The
negative correlations can be explained by high scores
on the MEQ reflecting a morningness orientation,
whereas high scores on the CCQ-ME reflect an
eveningness orientation. For the CCQ-A dimension,
the MEQ showed trivial to small effect size correla-
tions: German (r = –0.11, p = 0.053), Italian
(r = 0.00, p = 0.986), Dutch (r = –0.13, p = 0.003)
and Spanish (r = –0.18, p = 0.001).

Criterion validity

Because measurement invariance could not be
assumed across the validated versions, the CCQ-ME
and CCQ-A scores could not be pooled across lan-
guages. Therefore, we explored associations between
CCQ scores and theoretical correlates within samples.
Findings from these correlation analyses are provided
in the Supplementary File. Overall, the data indicate
that CCQ-ME had a small–medium negative correla-
tion with age (r values ranged from –0.10 to –0.34),

Table 4. Factor loadings.
Item Arabic Dutch German Italian Portuguese Spanish

Amplitude Item 1 0.54 0.66 0.47 0.54 0.59 0.52
Item 3 0.35 0.46 0.35 0.34 0.38 0.32
Item 6 0.44 0.57 0.37 0.46 0.48 0.44
Item 8 0.64 0.83 0.57 0.66 0.71 0.60
Item 10 0.48 0.67 0.46 0.54 0.55 0.51
Item 12 0.40 0.56 0.36 0.43 0.46 0.46
Item 14 0.50 0.63 0.47 0.52 0.51 0.47
Item 15 0.50 0.69 0.55 0.52 0.56 0.49

Morningness-Eveningness Item 2 0.63 0.74 0.57 0.60 0.66 0.68
Item 4 0.55 0.64 0.62 0.53 0.52 0.58
Item 5 0.49 0.67 0.48 0.50 0.47 0.55
Item 7 0.41 0.51 0.34 0.45 0.43 0.44
Item 9 0.55 0.72 0.57 0.53 0.58 0.56
Item 11 0.40 0.68 0.43 0.55 0.55 0.60
Item 13 0.45 0.59 0.39 0.46 0.53 0.47
Item 16 0.56 0.75 0.69 0.67 0.67 0.65
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but the CCQ-A showed no clear pattern of correla-
tions with age. No clear pattern of results emerged for
physical activity, shift-work, sleep duration, medical
treatment for sleep or coffee consumption. Four of the
six samples showed a small positive correlation
between the CCQ-A and napping (indicating that a
higher amplitude was associated with having a day-
timenap), but theCCQ-MEwas unrelated to napping.

Discussion

The aim of this study was to translate the CCQ to
six languages (namely, Arabic, Dutch, Italian,
German, Portuguese and Spanish) and test the
validity and test–retest reliability of the measure
within each of these languages. Our findings
showed that the two-factor structure of the origi-
nal French version could be replicated in the six
languages. However, measurement invariance
could not be assumed regarding the factor load-
ings. Test–retest reliability varied considerably
between the six versions of the CCQ ranging
from unacceptable reliability (German version) to
good reliability (Dutch, Portuguese and Spanish).
Convergent validity was established through
correlations between the MEQ and the morning-
ness-eveningness dimension of the CCQ. Some
criterion validity was established as participants
taking daytime naps tended to show greater diur-
nal fluctuations (CCQ-A), and younger partici-
pants tended to show a greater preference for
eveningness (CCQ-ME).

Regarding the factor structure of the six lan-
guage adaptations, all samples showed a good fit
to the theoretically predicted two-factor structure,
confirming the findings of the original version in
the French language (Dosseville et al. 2013).
However, measurement invariance could not be
assumed across versions due to discrepancies
related to factor loadings. The difference in factor
loadings could have several causes. First, there
were some notable differences in demographic
characteristics between samples. We endeavored
to be as homogeneous as possible in our data
collection, but could not avoid sample particula-
rities that might have influenced the measurement
invariance test between languages. For example, in
the Arabic sample more than half of the sample
declared doing shift work, while shift work was

almost absent from the German sample. Further,
the German sample was quite young in compar-
ison to the other samples, and displayed more than
twice as much physical activity hours per week
than the other samples. Similarly, taking a nap
was reported by more than 40% of the Spanish
sample but less than 10% of the German sample.
These demographic differences might explain the
different factor loadings across the different ver-
sions of the CCQ. In addition to differences in
sample characteristics, differences stemming from
the environment might also affect chronotype
scores, such as sunrise time, sunset time and
light exposure (see Figueiro et al. 2014; Leocadio-
Miguel et al. 2017). That some items load higher
or lower on the factors according to the language
means that the factor scores obtained cannot be
directly compared across languages, and that their
interpretation requires some care. A similar mea-
surement invariance analysis should be realized
before any cross-cultural comparison related to
chronotype is made in order to ensure the validity
of the comparison. This unfortunately has not
been the case in previous cross-cultural studies
involving the CCQ and other chronotype ques-
tionnaires (e.g. Randler et al. 2015).

Test–retest reliability was investigated to assess the
reliability of the CCQ. Test–retest reliability was not
assessed in the original validation of the CCQ
(Dosseville et al. 2013) and therefore offers added
value to the current study. Regarding the CCQ-ME
dimension, test–retest reliability was good for Dutch
and Portuguese, acceptable for Italian and Spanish,
and questionable for German and Arabic. Regarding
the CCQ-A dimension, test–retest reliability was good
for Dutch, Portuguese and Spanish, acceptable for
Arabic and Italian, and unacceptable for German.
The unacceptable test–retest reliability of the CCQ-A
in the German sample might be explained by some
particularities of the sample. TheGerman samplewere
largely undergraduate (sport science) students who
are required to take part in a range of sport classes in
which times cannot be chosen. This might lead to
amplitude variations across time that might differ
between Time 1 and Time 2. The effects of training
and change in fitness levels between Time 1 and Time
2might also have led to somenatural changes in scores
on the amplitude dimension of the CCQ.
Nevertheless, more research is required on the
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German version of the questionnaire to check on the
reliability of the measure across time.

This study also tested convergent validity of the
CCQ-ME with the MEQ (Horne and Ostberg 1976).
Convergent validity was established, given that a
negative association emerged between the MEQ and
the CCQ-ME for the four languages tested (the direc-
tion of the coefficient explained by the MEQ morn-
ingness being at the higher end of the continuum).
The correlation values observed ranged from small to
medium. This is somewhat lower than in the original
validation study that observed a large effect size cor-
relation between the two questionnaires, r = –0.82
(Dosseville et al. 2013), and might reflect aforemen-
tioned sample particularities. For the CCQ-A dimen-
sion, either a trivial association (for the German and
Italian samples) or small association (for the Dutch
and Spanish samples) with the MEQ was observed.
This reflects to some extent the findings of the original
validation study, with r = –0.21 (Dosseville et al.
2013). This negative correlation might indicate that
the MEQ mixes partly amplitude information with
morningness-eveningness information, but could also
reflect the small–medium positive correlation
between the amplitude andmorningness-eveningness
dimensions that is often observed in research (see
Supplementary File). In other words, people with a
tendency toward eveningness also show (somewhat)
larger diurnal fluctuations (Baehr et al. 2000).

There was also some evidence of criterion validity
as dimensions of the CCQ appeared to relate to
daytime napping and participant age. It was not
possible to combine the samples for a single analysis
due to measurement invariance, but notable trends
across samples were evident. First, a small-medium
negative correlation emerged in all samples between
participant age and the CCQ-ME, indicating that
younger participants showed a greater tendency
towards eveningness (older participants had a
greater tendency toward morningness). This finding
is in line with previous research showing that chron-
otype tends toward morningness after a peak in
eveningness during late adolescence or early adult-
hood (Fischer et al. 2017; Randler et al. 2017;
Roenneberg et al. 2004). Second, four of the six
samples showed that napping had a small positive
correlation with the CCQ-A, indicating that people
who take daytime naps show greater diurnal fluctua-
tions (higher amplitude). This finding complements

previous research that has found some evidence
for an association between chronotype and napping
(e.g. Lee et al. 2017; Suh et al. 2017), and makes
intuitive sense given that napping lowers physiolo-
gical activation (and therefore contributes to greater
variability). Nevertheless, as this was not observed in
two of the six samples, further research is required to
verify this observation.

The current study has some potential limitations
that require careful consideration from readers when
interpreting main findings. First, the samples
included were opportunistic and are not necessarily
representative of the population (nation) as a whole.
Second, the data were collected over a long period of
time and differences between samples might be due
to seasonal variations that we were unable to control
for. Third, the English translation of the CCQ (on
which all translations are based) has still not under-
gone a comprehensive validation procedure. Fourth,
several sleep variables related to morningness-even-
ingness, such as mid-sleep, habitual and preferred
bedtimes, and rise times on weekdays and weekends
(Oginska, 2011; Randler et al. 2016) have not been
considered in this study, and further research should
take them into account to further establish the valid-
ity of the CCQ-ME. Fifth, after the CCQ data collec-
tion started, a new questionnaire was created to
assess morningness-eveningness and amplitude: the
Morningness-Eveningness-Stability-Scale-improved
(MESSi, Randler et al. 2016; Diaz-Morales et al.
2017), and this new questionnaire should be
compared to the CCQ in future research. Sixth, the
test–retest reliability period of 1 month was not only
selected based on previous research, but also needs to
be examined over a longer time period to further
establish scale reliability (Kantermann & Eastmann
2018). Finally, while the MEQ (Horne and Ostberg
1976) has been validated and compared to physiolo-
gical measures, this is still missing for the CCQ.
Examples of physiological data that could be assessed
alongside the CCQ are body temperature variation
during the day (Baehr et al. 2000) and melatonin
onset (Burgess and Fogg 2008). Validation against
physiological markers will be particularly useful to
test the quartile cutoff values presented in Table 2,
and identify whether high and low scorers on the
CCQ-ME and CCQ-A can also be distinguished
based on physiological data. We hope that the trans-
lation of the CCQ into several languages will provide
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opportunities for researchers to assess the physiolo-
gical correlates of chronotype across world regions.

To conclude, this study provides evidence of con-
struct validity for the CCQ across six languages.
However, measurement invariance could not be
assumed regarding the factor loadings. Convergent
validity was established through correlations
between the CCQ and an established measure of
morningness-eveningness, and criterion validity
was provided in the form of positive correlations
between age and morningness-eveningness, and
between daytime napping and amplitude. There
was mixed evidence for the test–retest reliability of
the CCQ across languages, and further work testing
the reliability of the questionnaire is recommended.
Overall, our findings generally support the use of the
translated versions of the CCQ to investigate chron-
otype across world regions. We recommend
researchers explore how dimensions of the CCQ
relate to physiological markers of health and well-
being. Specifically, assessing chronotype amplitude
seems particularly relevant for domains such as
sport, work and health organizations, and research
about chronotype amplitude might help to prevent a
broad range of psychological and physiological
disorders, chronic fatigue and other sleep issues
(see Dosseville et al. 2013).
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