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ABSTRACT ARTICLE HISTORY
Synchrony effects regarding mood diurnal fluctuations (i.e., better Received 4 February 2022
mood at optimal and worse mood at suboptimal times-of-day, corre- Accepted 16 May 2022

sponding to the interaction between chronotype* time-of-day) have KEYWORDS

been studied in adolescents and adults. However, evidence in children Chronotype; momingness-
is lacking. We investigated the interactive effect of chronotype and eveningness; time-of-day;
time-of-day on primary school children’s momentary emotional states, emotional states; synchrony
in a naturalistic setting. From an initial pool of 298 3"%/4™ graders (7- effect; children

11 years-old), 134 Morning (M)-type and Evening (E)-type children

were selected using the parental-report Children ChronoType

Questionnaire (CCTQ). Potential covariates were assessed based on

parental questionnaires. Students completed emotional states’ mea-

sures on the first (9 a.m.) and last lessons (4 p.m.) of the school day, in

a counterbalanced order. Given the intercorrelations between emo-

tional measures, a composite score of momentary emotional states

was determined. There was a small-to-moderate significant interactive

effect of chronotype*time-of-day in the overall momentary emotional

states score. M/E-types showed better overall momentary emotional

states when tested at their optimal time-of-day. Chronotype or time-of

-day main effects were non-significant, and the overall momentary

emotional states score did not correlate with sleep or psychopatholo-

gical symptoms. In the present study, children overall momentary

emotional states in a naturalistic setting varied depending on chron-

otype combined with time-of-day.

1. Introduction

The biological clock is essential for the regulation of several psychological and biological
functions that exhibit circadian rhythmicity (e.g. mood) (Jankowski and Ciarkowska 2008;
Jeong Jeong et al. 2015; Antypa et al. 2016; Cox and Olatunji 2019; Montaruli et al. 2021).
Individual differences in biological rhythms allow for the categorization of individuals
according to circadian typologies, also known as chronotype or morningness-
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eveningness (Gelbmann et al. 2012; Au and Reece 2017; Bai et al. 2021). It has been argued
(e.g., Chiu et al. 2017) that a distinction must be made between the two concepts. Randler
et al. (2017) define morningness-eveningness as a personal preference regarding bed-
times and wake times, whereas chronotype is measured considering these self-reported
times on week and free days. However, chronotype can generally be considered synon-
ymous with morningness-eveningness (see, for example, Putilov 2017). Thus, despite
referring to time-of-day preferences, the term “chronotype” will be used throughout for
brevity and consistency. Chronotype can be defined as an individual characteristic which
reflects timing or phase differences in underlying circadian rhythms. Based on these
differences, individuals can be classified as morning, intermediate, or evening chrono-
types. People with a morning chronotype (M-types, also called “larks”) exhibit an earlier
sleep-wake schedule and a phase advance (i.e., earlier peaks) in behavioral and physiolo-
gical functions, contrary to evening-types (E-types, also called “owls”). Intermediate types
(I-types) do not have a clear preference for earlier or later times of the day and fall
between these two extremes (Biss and Hasher 2012; Dagys et al. 2012; Diaz-Morales and
Escribano 2014; Antunez et al. 2015; Arbabi et al. 2015; Diaz-Morales et al. 2015).
Chronotype has been typically measured with self-report questionnaires (Levandovski
etal. 2013; Au and Reece 2017; Randler et al. 2017; Cox and Olatunji 2019) and considered
an indirect measure of circadian rhythm (Levandovski et al. 2013). Despite the lack of
consensus in the literature regarding the use of chronotype questionnaires as measures of
individual circadian phase (Levandovski et al. 2013), the scores obtained in these ques-
tionnaires have strong to moderate associations with objective measures of circadian
rhythmicity (Haraden et al. 2017).

In the last decades, previous literature has focused on synchrony and asynchrony
effects of chronotype and time-of-day (i.e., moment of the day on which the assessment
is conducted) on several aspects of an individual’s diurnal functioning. A synchrony effect
can be defined as better functioning (e.g., mood) at the preferred or optimal time-of-day,
near or at an individual’s peak arousal (e.g., M-types exhibiting better functioning in the
morning) and inferior functioning at non-preferred or suboptimal time-of-day (e.g.,
E-types exhibiting worse functioning in the morning) (Nowack and Van Der Meer 2018).
Contrarily, an asynchrony effect occurs when an individual exhibits a better functioning at
a non-optimal time-of-day (Hahn et al. 2012; Carciofo et al. 2014; Diaz-Morales and
Escribano 2014; Randler et al. 2014).

Chronotype and time-of-day synchrony effects have largely been investigated in
relation to cognition and performance, but not in-depth in relation to emotional function-
ing, specifically in respect to diurnal mood fluctuations, despite time-of-day being known
to impact psychological functioning (Foster and Kreitzman 2017) and chronotype being
considered “a modulator of time-of-day effects” (Escribano and Diaz-Morales 2014, p.761).

Additionally, very few studies have examined the combined influence of chronotype
and time-of-day on momentary emotional states diurnal fluctuations in children, with the
majority of research being conducted on adults or adolescents, possibly due to the
assumption that most children are M-types or display strong morning tendencies
(Randler et al. 2009; Zimmermann 2016; Haraden et al. 2017).

In adolescents and adults, previous research focusing on the synchrony effect of
chronotype and time-of-day on emotional state diurnal fluctuations has yield mixed
results, with some studies supporting and several other studies not supporting the
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presence of a synchrony effect of chronotype and time-of-day on emotional state diurnal
fluctuations. In general, studies lacking evidence of a synchrony effect demonstrated that
positive affect (PA) increased throughout the day, and that M-types experienced higher
levels of positive emotions in comparison to E-types, irrespective of time-of-day (Randler
et al. 2016). For instance, Diaz-Morales et al. (2015) used three repeated measures of the
Face Scale (FS) on consecutive weeks and concluded that adolescents reported higher
levels of positive mood (pleasantness) later in the school day, regardless of their chron-
otype. Randler and Weber (2015) also examined the association between mood and
chronotype on two separate moments of school day and concluded that PA increased
throughout the school day for both chronotypes. No synchrony effect was found for PA,
since E-types still exhibited lower levels of PA in the last hour of the school day when
compared to their M-type peers. Lastly, in a study with 8" grade students, Bettencourt
et al. (2020) reported a significant main effect of time-of-day on momentary mood, PA and
state-anxiety, and a main effect of chronotype on these variables (only when psycholo-
gical symptoms and sleep variables [e.g., sleep length] were not controlled for). The
results did not support a significant interactive effect of chronotype and time-of-day on
adolescent’s emotional state fluctuations.

However, previous research has also found support for the presence of this synchrony
effect across different emotional state variables. In adolescents, Itzek-Greulich et al. (2016)
examined the effects of chronotype and time-of-day on the benefits of active labwork on
motivation and achievement. Their findings indicated a significant synchrony effect of
chronotype and time-of-day on achievement-related emotional states (i.e., joy, interest,
and anger) among German adolescents attending the same science course, in the morn-
ing or afternoon: E-types exhibited lower levels of joy and interest higher levels of anger
when classes occurred at their non-optimal time-of-day (i.e,, morning), contrary to
M-types.

In adults, Hill and Chtourou (2020) examined the combined effect of chronotype and
time-of-day on the relationship between mood states (as measured by the Profile of
Mood State [POMS] questionnaire), and physical performance at different times of day
(i.e., 8 am., 2 p.m. and 8 p.m.). The effects of mood states on performance depended
both on chronotype and time-of-day: M-types’ performance varied from morning to
afternoon, in accordance with fluctuations in vigour levels, and from afternoon to
evening in accordance with fluctuations in fatigue levels, while the opposite was true
for E-types, suggesting the presence of a synchrony effect. Additionally, and despite
not finding a synchrony effect, Willis et al. (2005) found an interactive effect of
chronotype and time-of-day on heart rate variation at rest and in response to stress
in E-type adults who completed stress tasks and anxiety measures: compared to
M-types, E-types exhibited higher heart rate levels in the afternoon, both at rest and
during stress. The authors also failed to find a significant main effect of time-of-day on
this heart rate variation, but concluded for a time-of-day main effect on self-reported
anxiety levels.

In view of the previously presented findings, comprehensive knowledge regarding the
combined impact of chronotype and time-of-day on the diurnal fluctuations of children’s
momentary emotional states is needed (Doi et al. 2014; Zimmermann 2016; Bettencourt
et al. 2020; Bai et al. 2021), given, for instance, the essential role of mood in ensuring an
individual’'s wellbeing and optimal functioning (e.g., Jankowski and Ciarkowska 2008;
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Birchler-Pedross et al. 2009). Moreover, previous research has yield mixed results that
might not apply to children, particularly when considering developmental differences in
circadian rhythms and sleep (e.g., Hagenauer et al. 2009).

Therefore, the main aim of the present study was to investigate potential chronotype
and time-of-day interactive effects on momentary emotional states (i.e, momentary
mood, PA, NA,' and state-anxiety) of M- and E-type primary school children, in
a naturalistic school setting, while controlling for the effect of sleep-related variables,
psychological symptoms (i.e., confounding variables). Despite the scarce research on this
age group (Arbabi et al. 2015), our general hypothesis was that differences on children’s
momentary emotional states, comparing the first to the last hour of the school day, would
be determined by both chronotype and time-of-day, representing a generalized syn-
chrony effect (i.e., better emotional states at optimal times-of-day): M-types and E-types
children would exhibit better momentary emotional states at an optimal time-of-day (i.e.
morning for M-types, afternoon for E-types) and worst momentary emotional states at
suboptimal time-of-day (i.e. morning for E-types, afternoon for M-types).

2. Materials and methods

This study was conducted as a part of a larger research project - True Times: Morningness-
eveningness and time-of-day effects on cognitive performances and emotional states:
New lessons from children and adolescents (Ref: PTDC/PSI-ESP/32581/2017) and was
ethically approved by the Portuguese Ministry of Education and Science (MIME DGE-
registration number: 0665200001) and by the ethical comity of the University of Coimbra,
following Europe’s General Data Protection Regulation (GDPR). Methods’ description is
limited to emotional states’ measurement in children.

2.1 Participants

From an initial pool of 298 participants from the 3" and 4™ grades, a total of 134 M-type
(n = 52) and E-type (n = 82) children (53% girls and 47% boys) ranging in age from 8 to
11 years old (M = 8.84, SD = .60) completed the questionnaires. M-types and E-types did
not differ by age (t (134) = —1.14, p > .05) or sex (x% (1,134) = .30, p > .05).

2.2 Measures

In this study, several parental/self-report measures were used to assess variables of
interest. Chronotype was measured using mainly the morningness/eveningness scale
(M/E) score of the Children’s ChronoType Questionnaire (CCTQ), which allowed for the
classification of students into M- or E-types. Sleep variables and psychopathological
symptoms were considered potential covariates and measured using the Children’s Sleep-
Waking Pattern questionnaire (PSVC), specific sections of the CCTQ related to sleep
schedules and durations, and the Strengths & Difficulties Questionnaire (SDQ). Lastly,
children’s momentary emotional states were assessed through Ecological Momentary
Assessment (EMA) procedures using the Face Scale (FS), the Anxiety-State Scale from
the State-Trait Anxiety Inventory for Children (STAIC-S) and the Positive and Negative
Affect Scale for Children (EAPNC). These measures are described below.
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2.2.1. Children ChronoType Questionnaire (CCTQ)

The CCTQ (Werner et al. 2009; Portuguese version: Couto et al. 2014) is 27-item mixed-
format parental-report questionnaire for children between the ages of 4 and 11. The
questionnaire provides three chronotype measures: midsleep point on free days (MSF),
morningness/eveningness scale (M/E) score, and a five-point chronotype (CT) score
(corresponding to the questionnaire’s 27" question). In the current study, the M/E scale
score (the sum of 10 individual items, from questions 17 to 26) was the main measure
used to determine children’s chronotype. Higher scores in the M/E scale correspond to
higher eveningness. In the present sample, Cronbach alpha for the morningness/even-
ingness (M/E) scale was a = .70.

In the current study, instead of the 10" and 90" percentiles indicated by Werner et al.
(2009), the 20" and 80" percentiles were used as cutoff points to define children’s
chronotype as M- or E-type, respectively, allowing the identification not only of definitive
but also moderate M- or E-types. These cut-off points are a modified adaptation, for the
present research, of the Horne and Ostberg (1976) criteria and have already been applied
in previous studies (e.g., Cruz et al. 2016). It is also crucial to mention that for the definitive
determination of the participant’s chronotype, the M/E scale’s score was also compared
with the answer given to the nominal rating of chronotype (i.e., CT score -CCTQ’s 27"
item), to ensure higher classification consistency. Incompatible scores between these two
measures determined the exclusion of the participants from the final sample of M and
E-type children. M/E scores were considered incompatible with the CT score if
a participant classified as M-type by the M/E-scale score was rated by the CT measure
as “moderately” or “definitely” E-type; or if a participant classified as E-type by the M/
E-scale score was rated by the CT measure as “moderately” or “definitely” M-type.

Other relevant sleep information provided by the CCTQ is, e.g., sleep onset, wake times
and sleep durations (Werner et al. 2009; Couto et al. 2014). The two latter variables were
considered potential covariates in this research as well as social jetlag (i.e., the difference
between midpoint of sleep on free days and on weekdays (Martinez-Lozano et al. 2020)
derived from CCTQ's answers.

2.2.2 Children’s Sleep-Waking Pattern Questionnaire (PSVC)

The PSVC, developed by Clemente (1997), is a 33-item parental-report measure of the
child’s sleep and waking behavior. Most items use a 4-point Likert response scale ranging
from 1 (never) to 4 (always) or have a yes/no format. The items are organized in different
domains [i.e., bedtime behaviors (e.g., sleep latency), overnight behaviors (e.g., night
waking), waking behaviors (e.g., rise time on week and free days), daytime behaviors
(e.g., daytime sleepiness), and health questions (e.g., medication)] and six subscales:
parents help to sleep, parasomnias, sleeping difficulties, afraid of dark, sleep limit setting
and daytime sleep consequences (Carvalho Bos et al. 2009).

2.2.3 Strengths & Difficulties Questionnaire (SDQ)

The SDQ (Goodman 1997; Goodman et al. 1998; Portuguese version: Fleitlich et al. 2005) is
a screening questionnaire that measures the presence of emotional and behavioral
symptoms/problems in children and adolescents, shown to discriminate between clinical
and community samples (Goodman et al. 1998). The scale includes 25 items distributed by
5 domains (Conduct Problems, Hyperactivity/Inattention, Emotional symptoms, Peer
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problems, and Pro-social Behavior) from which subscale scores can be derived. The items’
3-point Likert response scale ranges from 0 (Not true) to 2 (Certainly true), except for
reversed items. A total scale score can also be obtained from 20 items and ranges from 0
to 40. This questionnaire has different versions, meant to be filled either by the partici-
pants themselves (ages 11 and up), by their parents/guardians or by teachers (for children
between the ages of 4 and 17 years old) (Goodman 1997; Goodman et al. 1998; Fleitlich
et al. 2005). The present study used the parental version. In the current study, Cronbach
alfa for the total scale was a = .61.

2.2.4 Faces Scale (FS)

The FS (adapt. from Andrews and Withey 1976), composed of seven simple drawings of
faces, arranged horizontally, has been used as a simple tool to measure momentary
happiness or mood during the day, both in children (e.g., Holder 2012) and adolescents
(e.g., Diaz-Morales et al. 2015), by asking the participant how they fell “in this exact
moment”. The alignment of the face’s mouths varies from upturn (suggestive of happi-
ness) to downturned (suggestive of unhappiness). In the present study, answers were
scored from 7 to 1, so that higher scores correspond to more upturned faces and are
suggestive of a better mood (Diaz-Morales et al. 2015; Bettencourt et al. 2020).

2.2.5 Positive and Negative Affect Scale for Children (EAPNC)

The EAPNC (Giacomoni and Hutz 2006; European Portuguese version: Ameixa 2013) is
a self-report scale that measures PA and NA in children from ages 8 to 14, through
a 5-point Likert scale. It comprises 30 items organized in two scales: NA Scale and PA
Scale and is similar to other well-known scales used to assess mood and emotion (e.g.,
PANAS-C, Watson et al. 1988). Two separate scores are obtained, one for each scale. In our
study Cronbach alphas were a = .87 and a = .85 for the PA and NA subscales measured in
the morning, and a = .86 and a = .72 for the PA and NA subscales measured in the
afternoon.

2.2.6 State-anxiety scale from the State-Trait Anxiety Inventory for Children (STAIC)
STAIC (Spielberger 1973; Portuguese version: Matias 2004) is a measure of state and trait
anxiety in children and adolescents. It encompasses two scales of 20 items each: The
State-anxiety Scale (STAIC-S) and the Trait-anxiety Scale (STAIC-T). Since our study focuses
on momentary emotional states, only the STAIC-S was used. Each item is rated on
a 3-point Likert scale, with higher scores denoting higher anxiety stare (Spielberger
1973; Matias 2004; Azevedo et al. 2013). STAIC-S’ internal consistency was a = .87 and
a = .88 for the morning and afternoon measurements, respectively.

2.3 Procedures

Data collection occurred in two separate stages between November 2020 and
April 2021 on school clusters from central Portugal. First, after written informed consent,
parents/guardians filled the CCTQ, used to assess children’s chronotype. To control for
sleep variables and psychopathological symptoms, parents/guardians also filled the
PSVC and the SDQ. Second, students completed the emotional states measures (FS,
STAIC-S, and the EAPNC), on the first (9 a.m.) and last lessons (4 p.m.) of the school day,
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either by the order “first and last hour of the school day” (i.e., first on the morning and
later in the afternoon of the same day) or by the reverse order (i.e., first in the afternoon
of one day and on the following morning), in a counterbalanced order, to control for
order effects (Seymor 2017). Approximately half of the selected participants (n = 58) first
responded to the questionnaires in the afternoon, while the remaining participants
(n = 76) first filled the questionnaires in the morning. Students were instructed to
respond based on their momentary emotional states, regardless of their previous
responses. Due to COVID-19 pandemic restrictions, only the children’s teacher was
present in the room during the data collection process. Thus, detailed standardized
instructions on proper data acquisition were presented to all teachers to ensure rigor-
ous data collection, and the researchers assisted these professionals remotely via tele-
phone or video call. All classrooms where assessments were conducted had natural
daylight exposure. Both emotional states’ assessment times (9 a.m. and 4 p.m.) corre-
spond to daylight hours at this latitude in the months of the year considered. Children,
teachers, and researchers remained blind for participants diurnal type during all stages
of data collection.

2.3.1 Statistical analysis

Statistical analyses were conducted using IBM SPSS (version 22.0). For each scale score
(e.g., STAIC-S; PA; NA), if missing values were detected for a given participant, the missing
answer was replaced by the mean score obtained by that participant in the remaining
items of the same scale. The replacement was performed only if missing values did not
surpass 20% of the total number of items of each scale, e.g., up to 2 missing answers in
a 10-item scale (Cheema 2014). Skewness (Sk) and Kurtosis (Ku) for all ordinal and
quantitative variables revealed a non-serious violation of the normality assumption for
variables (i.e., skewness < |3| and kurtosis < [8|, cf. Kline 2005), except for NA kurtosis
(10.06 < |Ku| £10.72). Parametric tests did not exclude NA scores given the sample’s size
and considering that the violation of normality assumptions is relatively unproblematic in
relation to type | errors, namely when skewness is not significantly departed from normal-
ity and if variances are homogenic (Blanca et al. 2017; Knief and Forstmeier 2021). As
previously mentioned, only M- and E-type children (n = 134) were included in the analysis.
Significance level was set at p < .05. Descriptive statistics (i.e, means and standard
deviations) were used for sample characterization. Independent sample t-tests and Chi-
square analysis were conducted to examine age and sex differences between chrono-
types. Bivariate correlations were used as an exploratory analysis to assess relationships
between study variables and to determine potential cofounders. All Pearson correlation
coefficients were interpreted according to the following criteria: correlations between
.10 < r < .30 were classified as small, between .30 < r < .50 as moderate, and higher than r =
.50 as large (Cohen 1988).

To analyze the four momentary emotional states scores, by time-of-day and chron-
otype, a solution was searched to prevent eventual Type-l errors associated with multiple
comparisons. Given the reduction in the statistical power and the inflation of type Il errors
associated with the use of Bonferoni corrections (e.g., Perneger 1998; Feise 2002;
Nakagawa 2004), an alternative method to the adjustment of p-values was used. Rather
than adjusting the p-value, Feise (2002) recommends that researchers facing the multiple
comparisons issue should either select a primary outcome measure or use a global
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assessment measure. Regarding the first possible solution, an individual measure of
emotional states could not be selected as a primary outcome for analysis due to the
scarce research in children. Therefore, the second solution was deemed to be the most
appropriate.

Thus, a global assessment measure of overall momentary emotional states was deter-
mined, from the four primary measures of emotional states collected in the morning (9 a.m.)
and in the afternoon (4 p.m.) [(i.e., momentary mood (FS), state-anxiety (STAIC-S), PA (EAPNC),
NA (EAPNC)]. This composite measure was obtained by first reversing the NA scale (EAPNC)
and STAIC-S scores, so that higher scores corresponded to a better overall emotional experi-
ence for all primary measures included. Due to differences in scoring and response options,
these primary measures scores were converted into z-scores, allowing for standardization
across all four measures. A composite measure of overall momentary emotional states was
then determined based on an average of the z-scores for the four scales on each moment of
the school day (9 a.m. and 4 p.m.). The reliability of these morning and afternoon composite
measures was determined using Cronbach’s alpha and was deemed acceptable (a = .70 for
the two measurement moments) (Nunnally, 1978). All inter-item correlation values were
between .20 and .40,suggesting that primary measures are homogenous and non-
redundant (Cohen and Swerdlik 2017). Corrected item-total correlations were also deter-
mined to evaluate how each primary measure contributed to these two general measures. All
corrected item-total correlation values were above .30 (Field 2018), meaning that primary
emotional states measures were associated with each general measure. Kurtosis and skew-
ness were |3.56| and |1.41|, respectively, in the two overall emotional states measurements
(morning; afternoon), indicating no serious violations of normal distribution and thus allowing
for the use of ANOVA.

To test our main hypothesis, a two-way mixed-design analysis of variance (ANOVA)
with chronotype as between-subjects factor (i.e., M-types and E-types) and time-of-day
(i.e., time of assessment) as within-subjects factor (i.e., morning and afternoon) was
performed. The analysis of interaction effects was particularly relevant since these con-
stitute an indicator of a potential synchrony effect associated with individual circadian
differences. Analysis of covariance (ANCOVA) using the same variables would have been
performed, if necessary, to adjust for the effect of significantly associated covariates (i.e.,
sleep-related variables, psychopathological symptoms).

To comprehend the magnitude of observed effects, partial eta-square values (nf)) were
used as an effect size measure. These values were interpreted using Cohen'’s criteria for
eta square: an effect size of n? = .01 is considered small, n> = .06 moderate and n? = 0.14
large (Cohen 1988).

3. Results
3.1 Descriptive statistics and correlational analyses

3.1.1 Descriptive statistics

Descriptive statistics (i.e.,, mean and standard deviation) for primary and overall emotional
states, psychopathology, and sleep measures according to chronotype (M-types/E-types)
are shown in Tables 1-3.
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Table 1. Means and standard deviations for chronotype, and primary and overall emotional states
measures.

M-types E-types Total ?

Chronotype and emotional state measures n M SD n M SD n M sSD
CCTQ - M/E 52 2260 221 82 3542 2.65 134 3045 6.74
FS

Morning (9 a.m.) 52 637 .79 82 6.28 .850 134 6.31 826

Afternoon (4 p.m.) 52 6.08 119 82 6.37 .90 134 6.25 1.02
EAPNC- PA

Morning (9 a.m.) 52 56.80 1242 82 56.21 10.42 134 5644 11.20

Afternoon (4 p.m.) 51 5543 1149 82 56.67 957 133 56.20 10.33
EAPNC- NA

Morning (9 a.m.) 51 1938 6.44 82 19.47 7.21 133 1943 6.90

Afternoon (4 p.m.) 52 2003 734 82 19.00 6.23 134 1940 6.67
STAIC- S

Morning (9 a.m.) 51 2684 6.02 81 25.82 4,99 132 26.21 541

Afternoon (4 p.m.) 51 2775 641 81 25.10 4.73 132 2613 557
Overall Momentary Emotional States (z-score)

Morning (9 a.m.) 50 .02 .07 81 .03 68 131 .03 .69

Afternoon (4 p.m.) 50 -.15 .08 81 .10 71 131 .01 73

Note. M = morning-types; E = evening-types; CCTQ - M/E = Children’s Chronotype Questionnaire Morningness /
Eveningness scale’s score; FS = Face Scale’s score; EAPNC-PA = Positive and Negative Affect Scale for Children —
Positive affect scale’s score. EAPNC-NA = Positive and Negative Affect Scale for Children — Negative affect scale’s score;
STAIC-S = score of Anxiety-State Scale from State-Trait Anxiety Inventory for Children.

?Considering both M- and E-types.

Table 2. Means and standard deviations for psychopathology measures.

M-types E-types Total *

Psychopathology measures N M SD n M sD n M sSD
SDQ- Total score 51 9.57  5.00 81 12.21 5.11 132 11.19 5.21
SDQ- Domain scores

Conduct Problems 51 124 1.26 81 1.95 1.56 132 1.68 1.49

Hyperactivity/Inattention 51 4.26 2.46 81 531 2.47 132 491 2.51

Emotional Symptoms 51 253 1.89 81 330 2.03 132 3.00 2.01

Peer problems 51 1.54 1.56 81 1.65 1.48 132 1.61 1.51

Pro-social behaviour 51 9.27 1.34 81 8.79 1.43 132 8.98 141

Note. M = morning-types; E = evening-types; SDQ = Strengths and Difficulties Questionnaire.
Considering both M- and E-types.

3.1.2 Correlations between momentary emotional states, psychopathological
symptoms, and sleep variables

Focusing on the association between primary emotional states measures, most corre-
lated, at least, moderately with each other. Thus, a composite z-score measure of overall
emotional states could be determined (e.g., Evans 1996), as already described (cf.
Statistical analysis). Additionally, no significant associations were found between the
overall momentary emotional states measure, either in the morning or in the afternoon
time-of-day, and all potential covariates, i.e., sleep-wake variables and psychological
symptoms, specifically: parents help to sleep, parasomnias, sleeping difficulties, afraid of
dark, sleep limit setting and daytime sleep consequences (PSVC subscales); wake times,
sleep durations, and social jet lag (from the CCTQ); Conduct Problems, Hyperactivity/
Inattention, Emotional symptoms, Peer problems, and Pro-social Behavior (SDQ sub-
scales). These correlation coefficients ranged between |.01| and |.15|, and were in its
majority very low (i.e., < |.1)).
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Table 3. Means and standard deviations for sleep measures.

M-types E-types Total ®

Sleep measures n M SD n M sD n M sD
PSVC - subscale scores

Daytime sleep consequences 51 437 133 82 5.04 1.21 133 4.78 1.29

Sleep limit setting 49 3.31 1.28 81 4.67 1.69 130 4.15 1.68

Sleeping difficulties 51 318 48 81 3.27 67 132 3.23 604

Parents help to sleep 51 504 234 81 6.33 2.70 132 5.83 2.63

Parasomnias 51 6.00 1.74 81 6.19 1.36 132 6.11 1.52

Afraid of dark 52 442 2.51 81 491 241 133 4.72 245
Wake time (weekdays)® 52 7229 0:28 82 7:47 0:20 134 7:40 0:25
Wake time (free days)b 52 8:26  0:50 81 9:24 0:51 133 9:01 0:57
Sleep onset (W(-:'ekdays)b 49  21:48 0:27 77 22:21 0:28 126 22:08 0:32
Sleep onset (free days)b 50 22:23  0:37 74 22:41 2:41 124 22:34 2:07
Sleep duration (weekdays)® 49 944 029 77 9:26 0:31 126 9:33 0:31
Sleep duration (free days)b 50 10:00 046 73 10:45 2:50 123 10:27 2:16
Midpoint of sleep (MSF) (We(—:*kdays)b 49 240  0:21 77 3:04 0:19 126 2:55 0:23
Midpoint of sleep (MSF) (free days)b 50 324 036 73 4:04 1:24 123 3:47 1:1
Social jetlag® 48 046 029 72 0:58 1:24 120 0:53 1:07

Note. M = morning-types; E = evening-types; PSVC = Children’s Sleep-Waking Pattern Questionnaire; Sleep onset (the
time when children fall asleep): Sleep duration (the difference between children’s rise time and bedtime); Midpoint of
sleep (MSF) (time between sleep onset and waking up); Social jetlag (difference between MSF on free days and MSF on
weekdays).

Considering both M- and E-types.

Phh:mm

Table 4. Two-way mixed ANOVA for overall momentary emotional states by time-of-day
and chronotype.

Source of variation df Ms? F p n,’
Between Subjects
Chronotype 1 1.15 135 25 .01
Error 127 .85 - - -
Within Subjects
Time-of-day 1 11 63 43 .01
Chronotype x Time-of-day 1 .81 4.83* .03 .04
Error 127 17 - - -
Note: *Mean square.
*p < .05.

3.2 Chronotype, time-of-day, and emotional states

3.2.1 Effects of chronotype and time-of-day on overall momentary emotional states
To examine the effect of chronotype and time-of-day on M-and E-type children’s overall
momentary emotional states throughout the school day, a 2 x 2 mixed-design ANOVA with
chronotype as between-subject factor and time-of-day as within-subjects factor was con-
ducted. There was a statistically significant small to moderate interaction between chronotype
and time-of-day on overall momentary emotional states [F (1,127) = 4.83, p < .05, n§=.04]. This
effect indicates that there are differences between M-types and E-types’ overall momentary
emotional states according to time-of-day. The main effects of chronotype [F (1,127) = 1.35,
p >.05] and time-of-day [F (1,127) =.633, p >.05] were non-significant, suggesting that these
variables alone cannot account for the observed differences in children’s overall emotional
experience. Table 4 and Figure 1 summarize the results of the present analysis.
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Figure 1. Mean z-scores of overall momentary emotional states by time-of-day and chronotype.

4. Discussion

Considering the role of mood variation on well-being (e.g., Jankowski and Ciarkowska
2008; Birchler-Pedross et al. 2009; Randler and Weber 2015), a better comprehension of
underlying factors regarding children’s diurnal mood fluctuations seems to be of clear
relevance. This study aimed to investigate the influence of both chronotype and time-of-
day in children’s overall momentary emotional states experience during the school day
through EMA. There are several methodological strengths to this study. First, the assess-
ment of overall momentary emotional states fluctuations through the employment of
a composite measure (as more reliable and valid summary score) captures the net effect of
different measures of emotional states more precisely, without the need for multiple
comparations or a larger sample size (Evans 1996; Feise 2002; Ferreira-Gonzalez et al.
2008). Other strengths of the present study are: i) the use of counterbalancing that
allowed for the control of order effects; ii) the focus on the present emotional experience;
iii) the focus on a specific understudied age group (i.e., primary school children) (Randler
et al. 2016); iii) assessment of momentary emotional states in the late afternoon (Randler
et al. 2016); and iv) the use of EMA (that allowed for minimization of memory bias and for
the maximization of ecological validity (defined here as a facet of external validity
referring to the naturalness of the experimental context and/or its proximity with real-
life situations) (Schmuckler 2001; Shiffman et al. 2008).

4.1 Eveningness in children and the synchrony effect of chronotype and time-of-
day on children’s overall momentary emotional states diurnal fluctuations

Several observations can be based on the present findings. First, a considerable amount of
children from our sample were E-types (30%), which further validates the notion that not
all school-aged children display a morning preference (Randler et al. 2009; Zimmermann
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2016; Haraden et al. 2017). Interestingly, our results also seem to coincide with previous
studies that have suggested that eveningness in childhood has increased in recent years
as a result of changing parental attitudes towards bedtime and due to children’s higher
usage of electronic devices in bedrooms for entertainment (Foster and Kreitzman 2017).
This should be carefully considered in both scientific and clinical settings (Randler et al.
2009; Zimmermann 2016; Haraden et al. 2017; Bai et al. 2021). Second, this study
contributed to the literature in several ways. The obtained results support our main
hypothesis of a generalized synchrony effect in primary school children’s overall momen-
tary emotional states, determined by chronotype and time-of-day combined. Children
exhibited significant fluctuations in their momentary emotional states throughout the
school day, which followed different patterns for M-types and E-types. In the morning
time-of-day, overall momentary mood states were similar in both chronotypes. In the
afternoon time-of-day, E-types reported better emotional states while M-types’ emotional
states were worse. This result is not entirely consistent with previous research, which has
yield mixed results, as previously mentioned. Therefore, while most studies regarding the
relationship between chronotype, time-of-day, and momentary emotional states fluctua-
tions in adolescents reported no significant synchrony effects (e.g. Diaz-Morales et al.
2015; Randler and Weber 2015; Randler et al. 2016; Bettencourt et al. 2020), previous
evidence also supports a synchrony effect of chronotype and time-of-day on momentary
emotional states diurnal variability (i.e., better emotional states at optimal times-of-day) in
both adolescents and adults (e.g. Willis et al. 2005; Itzek-Greulich et al. 2016; Hill and
Chtourou 2020).

Additionally, it is important to highlight that the individual influence of chronotype
and time-of-day in children of this age is not straightforward, given that no main effects
on overall momentary emotional states were found. The effects of chronotype on
momentary emotional states fluctuations are only observable in conjunction with time-
of-day, reinforcing the underlying importance of the latter variable in the study of
chronotype differences and emotional states fluctuations. Thus, both variables should
be accounted for in future studies regarding momentary emotional states fluctuations in
children (Willis et al. 2005). Lastly, the magnitude of this synchrony effect is small,
emphasizing these variables as one of many potential contributors to momentary emo-
tional states diurnal fluctuations (e.g., Foster and Kreitzman 2017).

Nevertheless, the present results provide valuable insights regarding the circadian
rhythmicity of mood in primary school children that may allow for a better understanding
of children’s emotional functioning throughout the school day, which might be relevant
for future research investigating the most optimal times for learning and functioning
throughout the day (Escribano and Diaz-Morales 2014; Diaz-Morales et al. 2015; Zarch
et al. 2018) and the circadian processes associated with affective disorders (Diaz-Morales
et al. 2015).

4.2 Limitations

Despite its contributions to the present literature, the findings from this study need to be
interpreted in the context of its limitations. Chronotype was assessed through subjective
parental-report measures, which might be biased and not reflect individual differences,
since parents/guardians might not be fully aware of their children’s circadian preferences
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(Touchette et al. 2008; Van der Heijden et al. 2018). Objective assessment of chronotype
(e.g., actigraphy, dim-light melatonin onset) could have strengthen this study’s findings
(Van der Heijden et al. 2018), given the limitations of the current chronotype scales
(Putilov 2017). In the current study, we prioritized the M/E scale as measure of chronotype.
Several authors argue that M/E scale’s scores reflect preferences and do not constitute
a measure of the phase of entrainment (for a discussion, cf. Levandovski et al. 2013). It is
important to note that results obtained with the M/E scale of the CCTQ might not be
correspond to the results that could have been obtained if other chronotype measures
were to be used, namely the CCTQ’'s MSFsc, based on the chronotype formula of
Roenneberg et al. (2004).

Furthermore, the use of a composite measure might increase the risk for a spurious
interpretation of results, particularly when a significant effect is found (Ferreira-Gonzalez
et al. 2008). Another disadvantage of the composite measures is the inability to draw
conclusions about each measure separately (Freemantle et al. 2003). Despite our efforts to
control for emotional/behavioral symptoms, we cannot be sure whether the internal
consistency of the SDQ (a < .70) may have influenced the current results. Light intensity
was not controlled accurately during the assessment sessions, despite all classrooms where
exposed to natural daylight. Lastly, we did not control for the effects of pubertal status.

4.3 Implications and future directions

The present findings seem to support the proposal of adjusting school times to chron-
otype, when possible (e.g., Diaz-Morales et al. 2015), and to identify new policies and
strategies to better align the social and biological rhythms of school children, besides
altering school’s start times, such as preventative educational sleep programs (Escribano
and Diaz-Morales 2014; Antypa et al. 2016; Foster and Kreitzman 2017; Nowack and Van
Der Meer 2018; Gariépy et al. 2019). Nonetheless, “little is known about the behavioural
and emotional correlates of chronotype in prepubertal children” (Gelbomann et al. 2012,
p.899). Additional studies are thus needed to further examine the potential presence of
a synchrony effect of chronotype and time-of-day in children’s momentary emotional
states fluctuations (Jeong Jeong et al. 2015; Gariépy et al. 2019).

To better understand the impact of both chronotype and time-of-day on children'’s
emotional experience, future studies could build on existing research by collecting more
frequent assessments of overall momentary emotional states, throughout several school
days, multiple times in each day and at more extreme morning and afternoon/evening
hours of the school day. Future research should also attempt to replicate the present
findings in clinical and non-clinical samples. Analyzing the combined effects of chrono-
type and time of day on other children populations, such as clinical samples, might be
important to better understand the emotional and behavioural difficulties in this age
group (e.g., Hasler et al. 2010).

5. Conclusion

Notwithstanding this study’s limitation and the need for future studies, the present
findings suggest that chronotype and time-of-day combined have a significant influence
on children’s emotional experience (in terms of their momentary emotional state’s diurnal
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fluctuation pattern), that we may hypothesize can potentially impact their daily function-
ing and emotional well-being while engaging in school activities. To the best of our
knowledge, this is the first study to explore the combined influence of chronotype and
time-of-day in primary school children’s emotional experience in a naturalistic real-life
setting. These results were found in children, therefore are not generalizable to other
developmental periods (e.g., adolescence).

Note

1. Despite the apparent lack of NA circadian rhythmicity in adults and adolescents (e.g., Randler
and Weber 2015), NA was included in this study due to insufficient research on the potential
daily variation of NA in children (e.g., Arbabi et al. 2015) and the results obtained in more
recent studies (e.g., Emens et al. 2020).
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