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Individual differences in circadian phase preference (“chronotype”) are linked to sleep
schedule variability, psychosocial functioning, and specific properties of the circadian
clock. While much is known about the development, distribution, and variability of
chronotype in adolescents and adults, assessment in prepubertal children has been
hindered by a lack of appropriate, reliable, and valid measures. This study presents
a detailed description of the assessment of children’s chronotype by the Children’s
ChronoType Questionnaire (CCTQ). The CCTQ is a parent-report, 27-item mixed-
format questionnaire resulting in multiple measures of chronotype in 4- to 11-yr-old
children: the midsleep point on free days (MSF), a morningness/eveningness scale
(M/E) score, and a five-point chronotype (CT) score. The study provides validity
data using actigraphy as well as test-retest reliability data for all three chronotype
measures and sleep/wake parameters. Overall, the findings indicate moderate to
strong agreement between the three measures, adequate associations between chrono-
type measures and sleep/wake parameters assessed by actigraphy, and excellent
temporal stability (reliability). (Author correspondence: oskar.jenni@Xkispi.uzh.ch)
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INTRODUCTION

Chronotype is an individual difference characteristic reflecting the
time of day at which individuals are “at their best” (Guthrie, 1995;
Kerkhof, 1985). While some people prefer to wake up early in the
morning and are most alert in the first part of the day, others prefer to
wake up later, as their peak time of the day is in the evening, and they
prefer to go to bed late at night (Cofer et al., 1999; Tankova et al.,
1994). Studies on adults and adolescents show morning types (also called
“larks”) have an earlier sleep schedule (e.g., Carskadon et al., 1993;
Horne & Ostberg, 1976; Kerkhof & Lancel, 1991; Mecacci & Zani,
1983), earlier circadian temperature phase (e.g., Bailey & Heitkemper,
2001; Dufty et al., 1999; Kerkhof, 1991; Kerkhof & Van Dongen, 1996;
Mongrain et al., 2004), and earlier melatonin secretion pattern (Laberge
et al., 2000), and report fewer difficulties with sleepiness and attention
(Giannotti et al., 2002) than evening types (“owls”). Thus, individual differ-
ences in chronotype are linked to sleep schedule variability, psychosocial
functioning, and specific properties of the circadian clock. Moreover,
chronotype, at least in young adults, has recently been linked with specific
personality traits (e.g., Digdon & Howell, 2008; Jankowski & Ciarkowska,
2008; Soehner et al., 2007; Tonetti et al., 2009).

Chronotype is also referred to as ‘morningness/eveningness’ (M/E)
preference, which reflects an individual’s standing on a continuum
between two extremes (Natale & Cicogna, 2002). Chronotype is assessed
through self-report questionnaires. In adults, Horne and Ostberg’s
Morningness-Eveningness Questionnaire (MEQ; Horne & Ostberg,
1976) estimates M/E preference by asking respondents about their
preferred timing of sleep and daily activities. The MEQ has been validated
across a variety of samples (e.g., Chelminski et al., 1997; Posey & Ford,
1981; Taillard et al., 2004), translated into several languages (e.g.,
Mecacci & Zani, 1983), and revised into other versions, such as Smith’s
Composite Scale of Morningness (CSM; Smith et al., 1989) and Adan
and Almirall's rMEQ (Adan & Almirall, 1991). To evaluate M/E prefer-
ence in adolescents, Carskadon and colleagues (1993) modified adult
measures of chronotype (Horne & Ostberg, 1976; Smith et al., 1989)
into an adolescent-friendly self-report of daily preference. In contrast to
these multi-item measures, Roenneberg and colleagues (2003) developed
the Munich ChronoType Questionnaire (MCTQ), which estimates an indi-
vidual’s circadian preference by a single phase-reference point, the mid-
sleep point on free days (MSF). The self-report MCTQ has been used in
adults, adolescents, and children as young as 10 yrs of age (Roenneberg,
n. d.). The MCTQ’s validity in adults and adolescents is evidenced by
strong concordance with MEQ scores (MSF: r = —.73; Zavada et al,,
2005) and CSM (MSF: r = —.62; Randler, 2008b). Reliability and validity
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data for the MSF in children, however, have not been reported. Further-
more, a parent-reported version for the assessment of chronotype in pre-
pubertal children is not currently available.

The assessment of individual chronotype is important not only for the
diagnosis and treatment of circadian sleep disorders (Baehr et al., 2000)
and for predicting the ability to adapt to specific work schedules (Costa
etal., 1989, 2006; Pisarski et al., 2006), but also for improving daytime per-
formance of individuals by matching sleep schedules to circadian biology
(Silva, 2008). In particular, extreme evening types are at higher risk
than morning types of not obtaining sufficient sleep and of performing
poorly due to discordance between their individual circadian rhythm
and social demands, such as work and school schedules (Takeuchi et al.,
2001; Wittman et al., 2006). Evidence is also accumulating that subjects
have more difficulties in maintaining sleep when sleep is scheduled at
adverse circadian phases (Silva, 2008).

Overall, little is known about the development, distribution, and
variability of chronotype in prepubertal children. Childhood sleep pro-
blems, such as bedtime resistance, sleep onset delay, prolonged
nighttime wakings, and difficulties waking in the morning, are
common parental complaints, affecting approximately 25% of children
during the first 10 yrs of life (Jenni et al., 2005b; Owens, 2007). Some
have argued that behavioral sleep problems during childhood may
occur because individual sleep and circadian characteristics are not
matched with parental expectations or family and school schedules
(Jenni & O’Connor, 2005; Takeuchi et al., 2001). Although individual
differences in chronotype may contribute to the development and
maintenance of sleep problems in prepubertal children, assessment of
this construct has been hindered by lack of appropriate, reliable, and
valid measures.

Based upon the previous work of Roenneberg and colleagues
(Roenneberg et al., 2003, 2004; Zavada et al., 2005) and Carskadon and
colleagues (Carskadon et al., 1993), we developed the Children’s
Chronotype Questionnaire (CCTQ). The CCTQ is a 27-item, mixed-
format parent-report scale that provides three individual measures of
chronotype in 4- to 11-yr-old children: MSF, a multi-item morningness/
eveningness scale (M/E), and a five-point chronotype item (CT). The
purpose of this study was as follows:

e to describe the chronotypes of prepubertal children as assessed by these
three individual measures;

e to examine the concordance (validity) between children’s chronotype
measures and sleep/wake parameters (parental reports and actigraphic
estimates);
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e to assess associations between the three children’s chronotype measures;
and

e to examine test-retest reliability of chronotype measures and sleep /wake
parameters in children.

METHODS
Subjects

Children were recruited as part of three individual studies in the
greater Zurich area of Switzerland. In the first two studies, researchers
recruited 135 children from 34 of 270 Zurich kindergartens (children
between 4 and 7 yrs of age attend kindergarten for 2 yrs for about 4 h/
day, with school start times between 08:15 and 08:30 h.). Of these children,
117 were enrolled in the study and included in the data analysis. The first
study was conducted in 2006/2007 (see Werner et al., 2008), and the
second study was completed in 2008. In the third study, 46 children
were recruited from primary schools in the greater Zurich area (children
attend primary school five days/week for about 6 h/day, starting
between 07:45 and 08:15 h) and from a special school program for gifted
children; 35 of these children were included in this analysis (n = 19
recruited from primary schools, n = 16 recruited from school program
for gifted children). In total, parents of 179 children agreed
to participate after initial contact, and 152 children were selected for
the analysis (75 girls and 77 boys, mean age 6.70+ 1.5 [SD] yrs,
range = 4—11 yrs). At the time of assessment, 80 children (53%) were the
eldest sibling or an only child, and 72 children (47%) had an older
sibling. None of the children took regular naps.

Overall, 29 children were excluded for any of the following reasons:

e parents had insufficient language skills or the questionnaire was not
filled out completely (n = 12);

e several families reported data for two or more children, but only one
child was included in the data analysis based upon random selection
(n = 16); and

e children had a self-reported pubertal development score >3 (n = 1;
Carskadon et al., 1993).

The actigraphic validity analysis included data from a sub-sample of 85 chil-
dren (50 kindergarten and 35 primary school children). Their parents filled
out the questionnaire prior to actigraphy monitoring, and devices were
returned by postal mail. The test-retest reliability analysis was performed
on a sub-sample of 43 children whose parents received and returned ques-
tionnaires on two occasions by postal mail.
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All families agreeing to participate received a letter including a descrip-
tion of the investigation and a study enrolment form. The study procedure
was explained by the researchers, and written informed consent was
obtained from all parents. Families participating in either of the first two
studies (see above) were rewarded with a gift certificate from a book
shop. All studies were approved by the local research ethics committee,
were performed according to the Declaration of Helsinki, and met the
ethical standards of this journal (Portaluppi et al., 2008).

Measures
The Children’s ChronoType Questionnaire (CCTQ)

The CCTQ (see Appendix) is an adaptation of the Munich Chrono-
Type Questionnaire (MCTQ; Roenneberg, 2004) and Morningness/
Eveningness Scale for Children (MESC; Carskadon et al., 1993). The
CCTQ includes a short demographics section about age, sex, birth
order, family size, and education level. Parents respond to a number of
open-ended questions about sleep/wake parameters for both scheduled
and free days (bedtime, time of lights-off, sleep latency in min, wake-up
time, get-up time, time fully alert). Scheduled days (SC) are defined as
those when the children’s sleep/wake patterns are directly influenced
by individual or family activities (e.g., school or athletics). Free days
(FR) are defined as those when the children’s sleep/wake patterns are
“free” from any influence of individual or family activities. Computed
variables included (see Figure 1):

o fime in bed, defined as the difference between bedtime and get-up time;

® sleep onset, defined as sleep latency added to time of lights-off;

o sleep period, defined as the difference between sleep onset in the evening
and wake-up time in the morning;

® sleep inertia, defined as the difference between wake-up time and time
being fully alert; and

o midsleep point, defined as sleep onset + sleep period/2.
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FIGURE 1 Parent-reported sleep/wake parameters computed from items on the Children’s Chrono-
Type Questionnaire (CCTQ).
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The CCTQ includes three different parent-report measures of chil-
dren’s chronotype. The midsleep point on free days (MSF) is computed as
the midpoint of the sleep period only on free days. As many individuals
compensate for a sleep deficit accumulated during scheduled days by
sleeping in on free days (sleep deficit acting as a confounder for sleep
period on free days), Roenneberg corrected MSF for the confounding
sleep deficit based on the individual weekly average sleep need (MSFsc).
The average sleep need is defined as

(5 * sleep period on scheduled days + 2 * sleep period on free days)/7

(for correction algorithm for MSF, see supplement to Roenneberg et al.,
2004). The Morningness/Eveningness (M/E) scale score is derived from
responses to 10 questions (see Appendix items 17-26) about preferred
timing of going to bed, getting up in the morning, taking a cognitive test,
and completing physical activities, as well as the child’s most prevalent be-
havior in recent weeks (e.g., sleepiness after awakened in the morning and
in the evening). M/E scale-scores range from 10 (extreme morningness) to
49 (extreme eveningness). Morning types are classified by a M/E scale
score of <23, intermediate types by a score of 24-32, and evening types
by a score >33. Cronbach’s alpha for the 10 items (.81) was similar to
that for the adolescent version of Carskadon and colleagues (1993); cor-
rected item-total correlations were on average .49 and ranged from .31
to .71. Chronotype (CT) is a single-item measure. Parents read a short
description of different chronotypes and selected one of five categories
that best represents their child’s circadian phase preference (i.e., definitely
a morning type, rather a morning type than an evening type, neither/nor
type, rather an evening type than a morning type, or definitely an evening
type). CT scores range from 1 (definitely a morning type) to 5 (definitely an
evening type). This measure has been widely used in sleep and circadian
research, such as Horne and Ostberg (1976) and Roenneberg et al. (2003),
with response set varying from 3 to 7 categories.

Pubertal Development

All children were assessed by the self-rating scale for pubertal develop-
ment (Carskadon et al., 1993). The scale is an adaptation of the interview-
based puberty rating scale by Peterson (1984), including five items for
rating physical development, an overall maturation measure, and a categ-
orical maturation score designed to be similar to Tanner (1962) staging
categories. The puberty scores are categorized separately for girls and
boys as pre-pubertal, early pubertal, mid-pubertal, late pubertal, and
post-pubertal. Children with a pubertal score >3 were excluded from
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this data analysis, as sleep regulatory mechanisms change during the
course of puberty (Carskadon et al., 1993).

Actigraphy

A total of 85 children were monitored continuously at home with an
actigraph (AW4, Actiwatch Plus®, Cambridge Neurotechnology, Cam-
bridge, UK) for 6 to 14 consecutive nights and days (median = 8). Data
were analyzed in 1 min epochs and translated into sleep measures by the
software Actiware 5% using the scoring procedures described by Acebo
et al. (2005). The scoring interval was defined as 30 min before the
reported bedtime to 30 min after the reported rising time. Data were eval-
uated at a medium-sensitivity threshold. Actigraphic sleep measures for
the analysis included the following:

® bedtime, as indicated in the diary;

o sleep start time, defined as the first min of at least three consecutive min of
scored sleep after bedtime;

o sleep end time, defined as the last min of at least five consecutive min of
scored sleep just prior to the reported rise time;

o assumed sleep (“nocturnal sleep period”), defined as the difference
between sleep start time and sleep end time;

® sleep latency, defined as the difference between bedtime and sleep start
time; and

o midsleep point, defined as sleep start time + assumed sleep/2.

Actigraphs were attached to the non-dominant wrist of the children and
removed only during times when it could get wet. Children were moni-
tored during the academic year, including one or two weekends, but not
during school vacation. Data for each actigraph measure were aggregated
(averaged) separately for weekday (scheduled, SC) and weekend (free, FR)
nights, which were used as the units of analysis. All public vacation days
were counted as free days. The total number of monitored nights was
917 (SC range = 4-14; FR range = 1-6). Individual actigraphy nights
were discarded if the child was sick (4/917 nights), if the actigraph was
off for all or parts of the night (3/917), if parents had forgotten to fill
out the diary (9/917), or if the diary indicated unusual external motion
that would mask sleep, such as sleeping in the car (2/917).

Diary

Parents completed a sleep diary on each study day that sleep was
assessed with actigraphy. Diary reports were recorded in 15 min intervals.
Bedtime was indicated by a greater-than sign (>); estimated sleep start
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and sleep end were noted by starting and ending a continuous line.
Parents also noted any type of activity that may have influenced the
scoring of actigraphic data, such as illness, intervals the actigraph was off
of the child, or car rides (see Acebo et al., 2005). This diary has been
used clinically at our center for several years (Werner et al., 2008).

Statistical Analysis

Descriptive results are presented as means and standard deviations
(SD). Because parents commonly reported their children’s sleep/wake
times to the nearest full, half, or quarter hour, rather than to the nearest
min (e.g., 8:15 p.m. bedtime rather than 8:07 p.m. bedtime), many vari-
ables from the CCTQ showed significant skewness and/or kurtosis. As a
consequence, we used nonparametric tests for all parameters to test equal-
ity of means (Wilcoxon-Test) and Spearman correlations to measure
associations. Simple and quadratic regression (quadratic term was never
significant) and analysis of variance were used to describe the relationship
between sleep/wake parameters and demographic variables (age, sex,
birth order, and type of day). Effect size in SD units (Cohen’s d) was com-
puted for actigraphy and questionnaire mean (M) comparisons and for
scheduled and free day mean (M) comparisons (d=Mgmple1 = Msample2/
SDpooled) (Cohen, 1962). Test-retest reliability coefficients were deter-
mined with Pearson correlations, except for the chronotype measure
CT, which was assessed with Spearman correlations. All analyses were
performed with two-tailed tests, and p < 0.05 was considered significant.
SPSS (14.0] for Windows; SPSS Inc., Chicago, Illinois, USA) was used
for all statistical analyses.

RESULTS

Parental Reports of Children’s Sleep/Wake Parameters on
Scheduled (SC) and Free Days (FR)

Descriptive statistics for the sleep/wake parameters are shown separ-
ately for scheduled and free days in Table 1 (parameters are illustrated
in Figure 1). Mean differences between scheduled and free days were sig-
nificant for all sleep/wake parameters. On free days, children went to bed
later and got up at later times, slept about 20 min longer, and had shorter
sleep latencies and sleep inertia estimates than on scheduled days.

Because age is a predictor of many sleep/wake parameters, age
effects were examined by simple regression. Table 1 reports coefficients
of age with standard error (SE). Older children went to bed later, had
later sleep onsets and shorter sleep periods, and spent less time in bed
than younger children. Sleep latency and sleep inertia on both (SC, FR)
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TABLE 1 Descriptive statistics for parent-reported sleep/wake parameters on scheduled and free
days from the Children’s ChronoType Questionnaire (CCTQ) and linear regression coefficients by age
(n = 152)

Scheduled Free Scheduled Free
days* days* Statistics days® days®

Bedtime 20:17 (0:31) 20:47 (0:46) p < 0.001,d = 0.77 0:09 (0:01)*  0:16 (0:02)*
Time of lights-oft  20:35 (0:36) 21:02 (0:48) p < 0.001,d = 0.66 0:11 (0:02)*  0:18 (0:02)*
Sleep latency 0:12 (0:09)  0:11 (0:10) p <0.001,d = 0.07 0:01 (0:00:29)
Sleep onset 20:47 (0:38) 21:13 (0:50) p < 0.001,d = 0.59 0:13 (0:02)"  0:19 (0:02)*
Wake-up time 7:07 (0:25)  7:51 (0:46) p < 0.001,d =1.23 —0:01 (0:01) 0:09 (0:02)*
Get-up time 7:16 (0:25)  8:00 (0:48) p < 0.001,d = 1.20 —0:00:04 (0:01) 0:11 (0:02)
Time fully alert 7:29 (0:36)  8:05 (0:53) p < 0.001,d = 0.81 —0:01 (0:02) 0:10 (0:03)*
Sleep period 10:20 (0:40) 10:38 (0:45) p < 0.001,d = 0.43 —0:11 (0:02)*
Time in bed 10:59 (0:34) 11:14 (0:47) p < 0.001,d = 0.37 —=0:10 (0:02)* —0:05 (0:02)*
Sleep inertia 0:22 (0:23)  0:14 (0:20) p < 0.001,d = 0.33 0:01 (0:01)
Midsleep point 1:58 (0:26)  2:32 (0:43) p < 0.001,d = 1.00 0:06 (0:01)*  0:14 (0:02)*
MSFsc 2:26 (0:40) 0:13 (0:02)*

*Reported as mean (standard deviation), in hours:minutes

TReported as slope coefficient (standard error). When no interaction between age and type of day
(scheduled versus free) existed, the common slope was reported (analysis of covariance); otherwise,
separate slopes are reported.

*Significant effect of age (p < .05)

types of days were not influenced by age. Wake-up time, get-up time, and
time fully alert were later for older children only on FR days. After control-
ling for age, girls had longer sleep latencies and woke up later than boys
(p < .05). Sleep/wake parameters were not associated with birth order.

Children’s Chronotype Measures

MSF and MSFsc did not show any significant deviation from a normal
Gaussian distribution. Although statistically significant (p < .001), MSF
and MSFsc means differed by only 6 min [.10 h; MSF = 2.53 (.71)
versus MSFsc = 2.43 (.67)], with a small effect size (d = .15). MSF and
MSFsc were both significantly related to children’s age (older children
had later MSFs) and sex (girls had later MSFs than boys), but not to
birth order. The distribution of the M/E score did not show any significant
deviation from normality, with a mean of 28.2 (SD = 6.0; range = 15 to
43). The M/E score was not associated with age, sex, or birth order. The
distribution of the CT is presented in the inset of Figure 2. Thirty-nine
parents (26%) classified their children as definitely morning type, 30
(20%) as rather morning type than evening type, 23 (15%) as neither
nor type, 35 (23%) as rather evening type than a morning type, and 21
(14%) as definitely evening type. Age, sex, and birth order were not
related to CT.
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FIGURE 2 Distribution of ChronoType (CT) scores (upper left insert) and associations with morning-
ness/eveningness (M/E) scores and midsleep point on free days (MSF).

Concordance between Parental Report of Sleep/Wake
Parameters and Chronotype Measures

Validity of the three measures of children’s chronotype was first
examined by determining concordance with sleep/wake parameters
(see Table 2). All three measures of children’s chronotype were signifi-
cantly related to time going to bed, time of lights-off, sleep latency,
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TABLE 2 Spearman correlations between parent-reported sleep/wake parameters and midsleep
point on free days (MSF), corrected midsleep point on free days (MSFsc), morningness/eveningness
(M/E) scores, and chronotype (CT) scores (n = 152)

MSF MSFsc M/E score CT
Bedtime e 0.59* 0.57* 0.33* 0.23*
FR 0.76* 0.82* 0.31* 0.31*
Time of lights-off SC 0.68* 0.64* 0.43* 0.36*
FR 0.86* 0.92* 0.40* 0.40*
Sleep latency SC 0.31* 0.31* 0.23" 0.29*
FR 0.18" 0.197 0.25" 0.29*
Sleep onset SC 0.70* 0.66* 0.46* 0.41*
FR 0.87+ 0.93* 0.42* 0.45*
Wake-up time SC 0.46* 0.45* 0.52* 0.40*
FR 0.89* 0.75* 0.63* 0.59*
Get-up time SC 0.51* 0.47° 0.55* 0.417
FR 0.87+ 0.75* 0.63* 0.57*
Time fully alert SC 0.53* 0.487 0.68* 0.50*
FR 0.82* 0.69* 0.66* 0.59*
Sleep period SC —0.37* —0.32* -0.12 -0.18
FR —-0.05 —0.247 0.16 0.13
Time in bed SC —-0.16 -0.16 0.11 0.06
FR 0.08 -0.09 0.29° 0.22"
Sleep inertia SC 0.28* 0.217 0.45* 0.27*
FR —-0.00 -0.03 0.28* 0.10
M/E-score 0.584* 0.516* 0.672*
CcT 0.581* 0.524* 0.672*

Note. Correlation coefficients are reported for scheduled (SC) and free (FR) days.
*p < .001.
p < .05.

sleep onset, wake-up time, get-up time, and time fully alert. Across chron-
otype measures, the highest correlations were with MSFsc, such as for
sleep onset (r = .93) and time of lights-off (r = .92) on free days. Later
chronotypes had later sleep start times, later get-up times, and later
times to be fully alert. While chronotype as measured by M/E or CT
was not related to sleep period on SC or FR days, chronotype as
measured by MSF was related to sleep period on SC days (r = —.37),
and MSFsc was related to sleep period on both type of days (SC:
r= —.32; FR: r = —.24).

As shown in Table 1, children significantly delayed their sleep/wake
patterns from scheduled to free days (e.g., bedtime for 30 min; get-up
time for 44 min, and slept on average 18 min longer on free than sched-
uled days). We found a positive correlation between the difference in
sleep period on SC and FR days with children’s chronotype. Earlier chron-
otypes extended their sleep period less on FR days than later chronotypes
(MSF: r= .33, p <.001; M/E-score: r=.32, p <.001; CT: r= .29,
p < .001). The difference between sleep period on SC and FR days was
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not related to MSFsc (r = .04, p > .05). Furthermore, later chronotypes
(all three chronotype measures) had longer sleep inertia on SC days,
and later chronotypes (M/E and CT measures) reported a longer time
in bed on FR than earlier chronotypes (see Table 2).

Relations between Chronotype Measures

The three different measures of the children’s chronotype were signifi-
cantly correlated (r = .52 to r = .67; see Table 2). Figure 2 illustrates the
monotonic relationships between CT and the two other chronotype
measures (MSF and M/E). While the association between M/E and
CT appears to be linear, the association between MSF and CT suggests a
levelling off in the two evening classes (moderate and definitely).

Parent-Reported and Actigraphically Estimated Sleep/Wake
Parameter Comparisons

On a sub-sample of 85 children, parent-reported sleep/wake par-
ameters were compared to measures derived from actigraphy (see
Table 3). On average, parents reported significantly earlier sleep onsets,
later wake-up times, and longer sleep periods than estimated by actigra-
phy. Discrepancies between the two measures, such as earlier parental
report of sleep onset time and later parental report of wake time as com-
puted by actigraphy, were on average approximately the same. Thus,
the finding of no significant differences in midsleep point on SC and FR
days was not surprising. Parental reports of sleep latency were significantly
shorter than corresponding actigraphic estimates. In contrast, MSFsc
computed from actigraphic measures was 12 min later than from the
CCTQ (p = .006, d = .27).

Concordance between Actigraphic Estimates of Sleep/Wake
Parameters and Chronotype Measures

Validity of chronotype measures was also assessed by examining con-
cordance between actigraphically estimated sleep/wake parameters (SC
and FR) and the three chronotype measures. Spearman correlations are
presented in Table 4. Independent of type of day (SC, FR), later chrono-
types had later bedtimes, sleep start times, and sleep end times. Sleep
latency, as assessed by actigraphy, was not significantly related to any
parent-report measure of children’s chronotype. Assumed sleep assessed
by actigraphy was negatively related to the MSF and MSFsc, but not to
M/E or CT. Concordance between parent-reported and actigraphically
estimated MSF was high (r = .78; for MSFsc: r = .70).
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TABLE 3 Comparison of actigraphic estimates of sleep/wake parameters and corresponding parent reports from the Children’s ChronoType Questionnaire

(CCTQ; n = 85)

Actigraphy CCTQ Statistics
Scheduled days* Free days* Scheduled days* Free days* Scheduled days’ Free days*

Bedtime/time of lights-off 20:49 (0:43) 21:31 (0:57) 20:41 (0:40) 21:13 (0:55) p <0.01,d=0.19 P <0.001,d = 0.32
Sleep start/sleep onset 21:08 (0:42) 21:51 (0:56) 20:55 (0:43) 21:25 (0:58) p <0.001,d=0.32 p <0.001,d = 0.46
Sleep end/wake-up time 07:00 (0:26) 07:42 (0:44) 07:08 (0:28) 07:57 (0:50) p <0.01,d=0.29 p <0.001,d =0.32
Assumed sleep/sleep period 09:49 (0:38) 09:55 (0:40) 10:13 (0:43) 10:32 (0:50) p <0.001,d =0.59 p <0.001,d =0.83
Sleep latency 0:20 (0:11) 0:20 (0:14) 0:14 (0:10) 0:12 (0:11) p <0.001,d = 0.56 p <0.001,d=0.68
Midsleep point 02:03 (0:31) 02:48 (0:47) 02:01 (0:29) 02:40 (0:48) NS NS

MSFsc 02:46 (0:47) 02:34 (0:46) p <0.01,d=0.27

*Reported as mean (standard deviation), in hours:minutes.

"Wilcoxon Signed-Rank Test between actigraphy and questionnaire data for scheduled days.
*Wilcoxon Signed-Rank Test between actigraphy and questionnaire data for free days.

Abbreviation: NS = not significant.
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TABLE4 Spearman correlations between actigraphic estimates of sleep/wake parameters and parent
reports of mid-sleep point on free days (MSF/MSFsc), morningness/eveningness scale (M/E) scores,
and chronotype (CT) scores (n = 85)

Children’s ChronoType Questionnaire (CCTQ)

Actigraphy
MSF MSFsc M/E CcT
Bedtime sC 0.70* 0.72* 0.39* 0.307
FR 0.74* 0.74* 0.44* 0.40*
Sleep latency SC 0.05 -0.03 0.003 0.01
FR —0.04 =0.05 0.09 0.15
Sleep start SC 0.70* 0.70* 0.41* 0.32°
FR 0.75* 0.74* 0.45* 0.43*
Sleep end SC 0.46* 0.45* 0.45* 0.34"
FR 0.64* 0.56* 0.65* 0.51*
Assumed sleep SC —0.49* —0.517 —0.10 —-0.10
FR -0.317 —0.38" 0.05 0.00
Midsleep point SC 0.67* 0.66* 0.50* 0.37*
FR 0.78* 0.73* 0.57* 0.50*
MSFsc 0.73* 0.70* 0.52* 0.47*
Note. SC = scheduled days; FR = free days
*p <.001
h<.05

Test-Retest Reliability

The CCTQ was administered twice within 2—4 weeks (range between
the two administrations: 14-37 days, mean = 20 days) to parents of 46
children (23 girls, 50%) who were on average 7.7 yrs old (range: 4.4-
11.0 yrs). Standard deviations of the sleep/wake parameters of the first
and second administration were approximately the same, and mean differ-
ences between the two administrations were not significant for any par-
ameter (p>.05). The reliability was moderate-to-high for most sleep/
wake parameters (r = .58 to r = .94; see Table 5) and high for the three
chronotype measures [r = .91 (p < .001) for MSF; r = .79 (p < .001) for
MSFsc; r = .94 (p < .001) for M/E; and r = .84 (p < .001) for CT]. The
time between the two administrations and whether the questionnaires
had been filled out on the same type of day (i.e., SC or FR) did not signifi-
cantly influence the differences between the two administrations.

DISCUSSION

This study describes the assessment of chronotype in children between
4 and 11 yrs of age using three different measures: the midsleep point
on FR days (MSF), the Morningness/Eveningness scale (M/E) score, and
a five-point chronotype (CT) score. To our knowledge, no parent-report
questionnaire with adequate reliability and validity is available for the
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TABLE 5 Test-retest reliability (Pearson correlations) within 2—4 weeks for parent-reported sleep/
wake parameters, midsleep point on scheduled and free days, and corrected midsleep point on free
days (MSFsc; n = 46)

Scheduled days Free days

Bedtime 0.90 0.88
Time of lights-off 0.90 0.85
Sleep latency 0.74 0.58
Sleep onset 0.92 0.85
Wake-up time 0.89 0.91
Get-up time 0.91 0.91
Time fully alert 0.94 0.89
Sleep period 0.94 0.79
Time in bed 0.92 0.82
Sleep inertia 0.78 0.70
Midsleep point 0.87 0.91
MSFsc 0.79

All correlations are p < .001.
Note. Reliability coefficients for M/E and CT are presented in the text.

assessment of children’s chronotype in prepubertal children. We adapted
measures of morningness/eveningness used in adolescents and adults
from Horne and Ostberg (1976), Smith et al. (1989), and Carskadon
et al. (1993), and combined them with other measures used in the litera-
ture, such as the MSF and CT, into a single questionnaire (CCTQ). This
study provides validity data for the CCTQ using actigraphy, as well as
2—-4 week test-retest reliability data. Overall, the findings indicate moderate
to strong agreement between the three chronotype measures, adequate
associations between sleep/wake parameters (parent-report and actigra-
phy) and chronotype measures, and excellent temporal stability for all
three chronotype measures (reliability).

Comparisons between the three chronotype measures and parental
reports of sleep/wake parameters suggest stronger relationships between
sleep/wake parameters and MSF/MSFsc than between sleep/wake par-
ameters and M/E or CT. Higher correlations with MSF/MSFsc may be
explained by the fact these measures are computed derivations of the
reported sleep onset and sleep period, while assessment of M/E and CT
require methodologically distinct responses from parents. The M/E score
is a sum score of multiple items measuring children’s “best” time to sleep,
take a cognitive test, and do physical activities, as well as children’s level of
sleepiness at different times of the day. Likewise, the CT is an overall par-
ental impression of the child’s chronotype using five response choices.
Our results indicate that later chronotypes as measured by MSF/MSFsc,
M/E, and CT are more likely to have later bedtimes, lights-off times, and
sleep onset times; longer sleep latencies; and later wake-up and get-up
times; and take longer to be fully alert in the morning than earlier
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chronotypes, independent of the type of day (i.e., SC or FR). These findings
are consistent with previous reports on circadian preference with adoles-
cents and adults (e.g., Carskadon et al., 1993; Roenneberg et al., 2003),
suggesting that the CCTQ adequately measures chronotype in prepubertal
children.

The validity of parent-reported sleep/wake parameters and chrono-
type measures was examined by objective data (actigraphy). The relation-
ship between bedtime, sleep onset, wake-up time, and child’s chronotype
was verified with estimates from actigraphy. The finding that sleep latency
was significantly related to child’s chronotype was not verified with esti-
mates from actigraphy. This may due to parents’ difficulty in providing
accurate estimates of sleep latency, especially for later chronotypes (i.e.,
children’s sleep onset is later than their parents or for children who
require little to no assistance in falling asleep at bedtime). While many
sleep/wake parameters significantly differ between actigraphy and ques-
tionnaire data, midsleep point on scheduled and free days did not. This
finding indicates objective validity for the chronotype measure MSF.
The significant discrepancies between actigraphy and questionnaire data
in sleep/wake parameters are well documented in the literature (Acebo
et al., 2005; Sadeh et al., 1991, 1994; Werner et al., 2008) and may be
explained by methodological differences; for example, actigraphy esti-
mates sleep/wake patterns based on movements during specified time
intervals, while subjective reports may be influenced by recall, experi-
ences, and expectations and are not primarily based on a particular time
window.

Relations between the three different chronotype measures (MSF/
MSFsc, M/E, and CT) were moderate to high. The strongest correlation
was between M/E and CT, which may be explained by the sequence of
filling out the CT after the two other measures. That is, parents may have
become more in tune with the chronotype construct after completing
questions resulting in MSF and M/E. High correlations between
M/E scores and CT have been also reported in adult populations by
Roenneberg [r = —.80; chronotype self-assessment on a seven-point
scale; see Roenneberg et al. (2007)].

Although the correlations between the three different chronotype
measures in our study were moderate to high, some incorrect classifications
of morning types as evening types and vice-versa may have occurred.
Comparing, for example, the M/E- and CT-scores classified into three
groups (morning types, intermediate types, and evening types), our data
may suggest that extreme misclassifications were rare. Because an honest
false classification rate cannot be provided by our analysis, further
studies should compare parent-reported chronotype measures with phys-
iological circadian parameters (e.g., dim light melatonin onset, which may
provide additional validity data for classifying children’s chronotype).
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The test-retest analysis of sleep /wake parameters and the three chrono-
type measures suggests excellent temporal stability. A test-retest period of
2—-4 weeks was chosen according to Knapp and Brown (1995), who showed
that a time period of 2—4 weeks is not too short (the shorter the interval, the
more the answers of the first administration may be recalled, thereby pro-
ducing an artificially high estimate of the instrument) or too long (the
longer the interval, the more likely the true scores may have changed).
The reliability coefficient for sleep latency and sleep inertia was influenced
by two individual subjects for whom the difference between the two admin-
istrations was about 0.5 h (range of remaining values: —0.25 to 0.33 h).
When the data of these subjects were removed from analysis, the corre-
lation was higher. We cannot distinguish whether the moderate test-
retest correlation of sleep latency and sleep inertia is due to more variability
of a child’s behavior (e.g., difficulty falling asleep due to stressful events) or
to less reliability of the parent report (e.g., if a child does not need parents
assistance to fall asleep).

Data from many reports on adolescents and adults show that individ-
uals delay their sleep on average by 1-3 h from SC to FR days and sleep
longer on FR days, which has been interpreted as an accumulated sleep
deficit (e.g., Carskadon et al., 1993; Roenneberg et al., 2004). These find-
ings prompted Roenneberg and colleagues to correct the MSF for the
accumulated sleep deficit during the work week (see the appendix in
Roenneberg et al., 2004). Our data indicate the delaying pattern is
already evident in prepubertal children, although to a lesser degree
than in older children and adults. We found prepubertal children delay
on average their sleep onset for 26 min and wake-up time for 44 min
and, therefore, sleep 18 min longer on FR than SC days. Compared to
Wolfson and Carskadon (1998), 15-yr-old adolescents go to bed 106 min
later and get up 220 min later on weekends, oversleeping 114 min. The
age effect on sleep/wake patterns (e.g., Carskadon et al., 1998; Iglowstein
et al, 2003; Randler, 2008a) is likely influenced by environmental factors,
such as increasing nighttime activity and setting own bedtime, and
biological factors, such as maturation of the circadian system and the
sleep/wake homeostatic regulatory processes (Carskadon et al., 1993;
Jenni & LeBourgeois, 2006; Jenni et al., 2005a). As a consequence, we
corrected the MSF for the accumulated sleep deficit as suggested by
Roenneberg et al. (2004).

We note that study participation was voluntary, and the study popu-
lation represents a small community sample, with an imbalance between
the number of children aged 4—7 and those aged 7—11 yrs of age. Further-
more, we did not collect concurrent self-reported data from school chil-
dren, and parents were not asked to report sleep/wake parameters to
specified precision (e.g., 5 or 10 min), which may have resulted in signifi-
cant deviation from normality for many sleep/wake parameters. Although
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this study presents findings in need of replication, including in different
cultural groups (e.g., Caci et al., 2005), we still believe the CCTQ is a
convenient, brief, and easy-to-administer questionnaire providing three
different chronotype measures. Which of these measures may be rec-
ommended for clinical or research use depends on particular questions
and aims.

Our results indicate that 4- to 11-yr-old children already delay their
sleep/wake patterns and “oversleep” about 15 min between SC and FR
days. As a result, prepubertal children, especially those with later chrono-
type classifications, may have difficulty obtaining sufficient sleep. Because
eveningness is associated with increased daytime sleepiness; greater
emotional, attentional, and behavioral problems; and poorer school
achievement; knowing the individual’s circadian phase preference may
help the clinician dealing with these difficulties. We propose the CCTQ
be used in future studies, including those with clinical populations (e.g.,
sleep disorders, learning disorder, behavioral problems). We conclude
that all three measures included in the CCTQ (MSF, M/E, and CT) are
equally valid and reliable measures for the assessment of chronotype in
prepubertal children between 4 and 11 yrs of age.
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APPENDIX

Children’s ChronoType Questionnaire (CCTQ)

Demographics: Please answer the following questions or choose the best answer.

Individual completing the questionnaire: O Mother 0O Father O Other

Today’s Date: b (day/month/year) Child's Sex: O Male 0O Female
Child's Bith Date: ___/___/ (day/month/year) Child's Birth Order:
Child's Age: years Is he/she an Only Child? O Yes 0O No

How many children are included in your nuclear family?
Do all children in your family have the same biological parents? OYes ONo

Child’s current level of education:

O Preschool O Kindergarten O Grade O Not attending school
If he/she attends school, how many days/week? How many hours/day?
Does he/she go to Day Care or After-School Care? OYes 0ONo

If yes, how many days/week? How many hours/day?

Directions: The following questions ask about sleep/wake patterns during “Scheduled Days” in
contrast to “Free Days”. Think about your child's behavior during recent weeks when answering
these questions. For questions with changing conditions (e.g., child goes to day care at 7:00am 1
day/week and 9:00am 3 days/week), fill in or select the most frequent or common answer.

Scheduled Days
Child’s sleep-wake pattern is directly influenced by individual or family activities
(e.g., by school, day care, work, athletics etc.)

On Scheduled Days, my child ...

1. ...wakes up at : am

2. ...regularly wakes up:
O by him/herself O with help from a family member O with an alarm clock

3. ...getsupat 5 am

~

...is fully awake by : am

5. ...takesregularnaps: OYes 0ONo
If yes, he/she naps ___ days/week. If no, why does he/she not nap?
If yes, he/she sleeps for ____ minutes/nap.

On nights before Scheduled Days...

6. ...my child goes to bed (body in bed) at - pm

7. ...my child is ready to fall asleep (lights turned out) at i pm

8. ...it takes him/her minutes to fall asleep (after lights turned out).
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Free Days
Child’s sleep/wake pattern is “free” from the influence of individual or family activities
(e.g., by school, day care, work, athletics etc.)

On Free Days, my child ...

9. ..normallywakesupat____: _ am

10. ...wakes at his/her normal time on scheduled days, but then goes pack to sleep aft:er waking:
OYes 0O No If yes, my child goes back to sleep for _____ minutes after waking.

11. ...getsupby__ :__ am

12. ..isfullyawakeby  :  am

13. ...takesregularnaps: O Yes [ONo

If yes, he/she naps __ days per week. If no, why does he/she not nap?
If yes, he/she sleeps for ___ minutes per nap.

On nights before Free Days...

14. ...my child goes to bed (body in bed) at : pm
15. ...my child is ready to fall asleep (lights turned out) at : pm
16. ...it takes him/her minutes to fall asleep (after lights turned out).

Directions: For each of the following questions, please select the answer that best describes your
child. Make your judgments based on how the behavior of your child was in recent weeks. There are
no “right” or “wrong” answers.

*If your child has to be awakened, how difficult do you find it to wake your child up in the
morning?

a. very difficult  b. fairly difficult c. moderate difficult d. slightly difficult

e. not at all difficult/my child has never to be awakened

17:

18. *How alert is your child during the first half hour after having awakened in the morning?
a. notatall alert b. slightly alert c. moderate alert d. fairly alert e. very alert

19. Considering your child's “feeling best” rhythm, at what time would your child get up if he/she
could decide by him/herself and if he/she were entirely free to plan the day (e.g., vacation)?

a. priorto 6:30 am b.06:30-7:14am c.7:15-9:29am d. 9:30 - 10:14 am
e. after 10:15 am

20. Considering your child’s “feeling best” rhythm, at what time would your child go to bed if he/she
could decide by him/herself and if he/she were entirely free to plan the next day (e.g.,
weekend)?

a. priorto 6:59 pm  b. 7:00 - 7:59 pm c. 8:00-9:59 pm d. 10:00 - 10:59 pm
e. after 11:00 pm

21. Let's assume that your child has to be at peak performance for a test that will be mentally
exhausting for 2 hours. Considering your child’s “feeling best“ rhythm and that you are entirely
free to plan your child's day, which ONE of the three time intervals would you choose for the
test?

a. 7:00 —11:00 am b. 11:00 am — 3:00 pm c. 3:00 — 8:00 pm

22. Let's assume that you have decided to enroll your child in an athletic activity (e.g., swimming).
The only class available meets twice a week at 7 to 8 am. How do you think he/she will perform?

a. would be in very good form  b. would be in good form  c. would be in reasonable form
d. would find it difficult e. would find it very difficult
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23. At what time in the evening does your child seem tired and in need of sleep?
a. priorto 6:30 pm  b. 6:30 - 7:14 pm c.7:15-9:29pm  d. 9:30-10:14 pm
e. after 10:15 pm

24. *If your child had to get up every day at 6 am, what do you think it would that be like for him/her?
a. very difficult  b. rather difficult c¢. moderate difficult
d. a little difficult, but not a great problem e. not at all difficult

25. *If your child always had to go to bed at ___, what do you think it would be like for him/her?
(for 2 years old: 06:00 pm; for 2 to 4 years old: 06:30 pm; for 4 to 8 years old: 07:00 pm; for 8 to
11 years old: 07:30 pm)

a. very difficult  b. rather difficult c. moderate difficult
d. a little difficult, but not a great problem  e. not at all difficult

26. When your child wakes up in the morning, how long does it take to be fully awake?
a. 0 minutes (i.e., immediately) b. 1to 4 minutes c.5to 10 minutes d. 11 to 20 minutes
e. 2 21 minutes

Directions: After answering the above questions, you may have a feeling which “Chronotype” or
“Time-of-Day type” your child is. For example, if your child would like to sleep quite a bit longer on
“Free Days” compared to “Scheduled Days" or if it is difficult for your child to get out of bed on Monday
mornings, then he/she is more likely to be an Evening Type person (a “Night Owl”). If your child,
however, regularly wakes up and feels perky once he/she gets out of bed, and your child prefers to go
to bed rather early than late, then he/she is more likely a Morning Type person (a “Morning Lark").
Please categorize your child using one of the following choices. Please choose only one category!

27. My child is...
O Definitely a Morning Type
O Rather a Morning Type than an Evening Type
O Neither a Morning nor an Evening Type
O Rather an Evening Type than a Morming Type
O Definitely an Evening Type
O | do not know

The M/E score is derived by adding points from answers 17-26 (a=1, b=2, c=3, d=4, d=5), except as
indicated by *, where point values has to be reversed.



