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Abstract

Adolescents’ conflict between circadian rhythm and early school start time is more pronounced in evening
chronotypes, who tend to reduce sleep duration during school days compensating during the free days
by oversleeping (i.e., social jetlag). Cumulative weekly sleep debt may impair sport performance, which
relies on physical and cognitive skills modulated by sleep. We hypothesized that chronotype predicts
sport performance, and that it may interact with the day of the week. Moreover, given the role sleep
plays in motor memory consolidation, we tested the hypothesis that school attendance, and the related
chronic sleep deprivation, might be detrimental for participants in a training phase. Ninety-three
adolescent male basketball players performed multiple free throw sessions (n = 7880) both during the
school and holiday periods. Chronotype and its interaction with the day of the week significantly predicted
shooting accuracy when attending school, but not on holidays. Evening types’ performance gradually
decreased form Monday to Friday. Participants with a more unstable performance (i.e., who did not
complete the acquisition of the free throw motor scheme) worsened their accuracy when attending
school. Our results suggest that the impact of chronotype and day of the week on sport performance is
related to the presence of an externally imposed sleep/wake schedule and is consistent with evening types’
increased likelihood of experiencing social jetlag. Possibly due to early school start time, attending school
worsened the performance of participants in a training phase. Further investigations are required to assess
whether reducing the mismatch between biological and social clocks might improve sport performance,

along with other aspects of adolescents’ life.
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Introduction

Adolescents experience a physiological delay in sleep timing, often more pronounced in males, that
spontaneously reverts in the third decade of life (Carskadon and Tarokh 2014). This shift towards
eveningness is so typical of this phase of development that its reversal has been proposed as a marker for
the end of adolescence (Roenneberg et al. 2004). It is likely that this modification in sleep phenomenology
is due to changes in both the circadian and the homeostatic sleep regulatory mechanisms (Carskadon et
al. 1998). First, the transition to puberty is characterized by an increased sensitivity to the phase shifting
effect of evening light exposure (Crowley et al. 2015), possibly being accountable for adolescents’ delay
in melatonin endogenous secretion (Carskadon et al. 1998). In line with this hypothesis, youngsters with
a delayed circadian phase show a higher light-emitting devices use in the evening as compared to non-
delayed peers (van der Maren et al. 2018). Second, a study conducted following a forced desynchrony
protocol showed that adolescents have an internal period longer than 24 hours (Carskadon et al. 1999).
This finding could explain the apparent inefficacy of morning light in resetting young humans' circadian
internal period (Carskadon et al. 1998). Finally, sleep pressure seems to build up more slowly in teenagers
as compared to prepuberal or early puberal children, resulting in a facilitation of late bedtimes. No
difference emerged in terms of sleep recovery speed, suggesting that the short sleep duration associated

with the delayed sleep onset may not be sufficient to dissipate a cumulative sleep debt (Jenni et al. 2005).

Adolescents’ preference for late sleep timings conflicts with their social obligations. In most countries of
the world, school attendance forces adolescents to wake up earlier than preferred, while their internal
clock prevents them from anticipating sleep onset accordingly to achieve a sufficient amount of sleep

(Tarokh et al. 2016). To manage early school start times (SSTs), teenagers tend to reduce the time



devoted to sleep during school days (Hysing et al. 2013), compensating during the weekend by
oversleeping (Owens et al. 2014). The mismatch between social and biological clocks, reflected by the
discrepancy between sleep duration on school and free days, has been defined as social jetlag (SJL)
(Wittmann et al. 2006). SJL is a form of circadian misalignment highly prevalent in this population (about
50% of a large sample of high school Japanese students reported more than one hour of SJL) and associated
with an impaired daytime functioning (Tamura et al. 2022). The evening drift associated with adolescence
could explain the high prevalence of SJL in this population (Wittmann et al. 2006; Levandovski et al. 2011).
Sleep debt, indeed, is likely to accumulate faster during the week in evening chronotypes as compared to
other circadian typologies: indeed, a delayed midsleep point was significantly associated with the increased
likelihood of experiencing less than 8 hours of sleep per night in a sample of high school students whose
SST was 7:30 am (Estevan et al. 2020). It is also likely that in evening types a greater sleep debt adds up
to a higher degree of circadian misalignment, as eveningness has been associated with greater SJL
(Wittmann et al. 2006). It is thus possible that the combination of a more severe chronic sleep deprivation
and a higher degree of circadian misalignment leads evening types to a greater cognitive and academic
impairment (Cohen-Zion and Shiloh 2018). Plausibly because of the conflict between SST and circadian
rhythm, chronic sleep deprivation affects most American adolescents (Buxton et al. 2015). Among
cognitive functions, memory encoding and sustained attention (Lo et al. 2016) have been demonstrated
to be impaired in adolescents due to chronic sleep deprivation, possibly explaining the association

between SJL and poor learning ability and academic performance (Haraszti et al. 2014; Tamura et al. 2022).

Optimization of sleep quantity and quality is necessary to achieve an optimal sport performance in

adolescents athletes (Copenhaver and Diamond 2017). Results from a seminal work by Mougin showed



how sleep-deprived athletes require an excessively high physiological demand for physical exertion that
leads them to premature exhaustion (Mougin et al. 1991). Moreover, many sport-specific skills (e.g.,
shooting accuracy in basketball) are likely not to rely just on physical abilities, but also on neurocognitive
dimensions such as alertness and motor planning (Fullagar et al. 2015). It is well known that sleep loss
may impair those neurocognitive dimensions (Banks and Dinges 2007). Conversely, sleep extension has
been shown to improve, in a sample of collegiate basketball players, both athletic (i.e., sprint time and
shooting accuracy) and cognitive performance (i.e., reaction time scores) (Mah et al. 2011). Additionally,
a recent work demonstrated that SJL may impair physical abilities, such as postural control (Umemura et
al. 2018). Despite the raising awareness on how chronic sleep deprivation negatively affects student-
athletes quality of life, mood and performance (Bolin 2019; Kroshus et al. 2019), reduced sleep duration
is more common in this population as compared to non-athletes of the same age (Fox et al. 2020). For
instance, a study conducted on a sample of 82 Portuguese adolescents gymnasts showed that 91.5% of
participants slept less than 8 hours per night (Silva et al. 2018). The need of fulfilling both academic and

training demands might play a role in reducing students-athletes sleep duration (Riederer 2020).

Optimal sleep might also improve athletic performance favoring the acquisition and refinement of motor
schemes. Experience-dependent acquisition of motor schemes is paralleled by plastic cortical
reorganization. Karni and colleagues (1995) demonstrated that an increase in speed and accuracy of motor
performance is associated with an extension in the task-subserving area of the primary motor cortex. The
authors also suggested that the expansion of movements cortical representation and long-term learning
are consequences of the creation of new synapses (Kami et al. 1995). New synapses steadily form during

wake, while during sleep a selective downscaling allows the acquisition of new information on the



consecutive wakefulness period. Selection is based on use. Synaptic pruning, indeed, equally affects all
neural connections, but the strongest are more likely to be retained (de Vivo et al, 2017). This
phenomenon could contribute to explain sleep relevance for offline memory processing, which spans
across several cognitive domains, including motor learning (Stickgold 2005). A few studies demonstrated
a rehearsal-independent post-training improvement in either a motor sequence test (Walker et al. 2002)
or a motor adaptation test (Huber et al. 2004) after a night of sleep but not after an equivalent wake
duration. The same studies also proved how post-training sleep deprivation interferes with the offline
motor enhancement, and chronic sleep deprivation has been associated with an impairment in procedural
learning (Curcio et al. 2006). Long-term memory consolidation might be mediated by the coordinated
occurrence of sleep spindles and slow oscillations (Klinzing et al. 2019). Using a real-life gross-motor task
(i.e., juggling), Hahn and colleagues associated improved task proficiency with overnight slow oscillations-

spindles coupling precision in motor areas (Hahn et al. 2022).

The first aim of the study was to explore whether chronotype predicts a basketball-specific skill (i.e., the
probability of a successful free throw) interacting with the day of the week, both during the school period
and on holidays, in a sample of middle and high school students. We hypothesized that participants with
the greatest propensity towards eveningness would experience a decrease in shooting accuracy
throughout the week along with the accumulation of the sleep debt only when the sleep/wake rhythm is
dictated by an externally imposed schedule (i.e., school times). The second aim was to test whether early
school start times negatively impacts the shooting accuracy of participants in a training phase and not of

those who already completed the acquisition of the free throw motor scheme. We hypothesized that the



school schedule, critically reducing students’ sleep duration, would interfere with motor learning

consolidation mechanisms.

Materials and Methods

Study design and participants

Ninety-three male basketball players (mean age 15.44 years; range 13-17) from four sport clubs from Pisa
area (ltaly) participated in the study. They performed multiple 10-free throw sessions (overall number of
free throws, n = 7880), both during the school period (n = 2720) and the summer holidays (n = 5160).
Free throws were performed in the last part of a 2-hour training session. During each session, participants
performed 5 pairs of free throws in a random shooting order. On average, each participant performed 75
free throws. Two experimenters, in their capacity of youth basketball coaches (FF and 1G), assessed the
number of successful throws and a number of session-related variables specified below. Participants also
filled in a questionnaire exploring age and chronotype. During the school period, all participants attended
school from 8:30 am to 1:30 pm, from Monday to Saturday. Informed written consent from participants’
parents and assent from participants were obtained before joining the experiment. The study was
conducted in accordance with the declaration of Helsinki and received the approval of the Bioethical

Committee of the University of Pisa on 2020 April 10th, with protocol number 0036351/2020.

Measures

Within-session shooting accuracy was considered as an index of sport performance. An estimate of the
probability of scoring was calculated dividing the number of successful free throws out of 10 shots by the
total number of free throws (i.e., 10). A high standard deviation of the shooting accuracy across sessions

was treated as a proxy for being in a training phase. A high standard deviation reflects performance



instability, which in turn is an index of not having completed the acquisition of a motor scheme (Wu and
Latash 2014). Therefore, we operationalized participants’ learning phase through the between-session
standard deviation of shooting accuracy and participants’ performance through the within-session

shooting accuracy.

Chronotype was assessed using the reduced version of the Morningness/Eveningness Questionnaire
(rMEQ). rMEQ is the 5-item version of the questionnaire first validated by Horne and Ostberg. Its score
ranges from 4 to 25; a high score stands for a great propensity towards morningness, while a low score
for eveningness. The Italian validated rMEQ version was administered to participants of the current study

(Natale et al. 2006).

Session-related variables included:

- The day of the week in which the session took place. As a regressor, it was converted into a
quantitative variable reflecting the distance from Sunday expressed in days (i.e., Monday = 1,
Tuesday = 2...). No session was performed on Saturdays and Sundays.

- The time of the day in which the free throw-session started. As a regressor, it was converted
into a quantitative variable indicating the number of minutes between the previous midnight and
the start of the free throw session (i.e., 8:45 = 525 minutes, 19:10 = 1150 minutes...).

- School attendance, that is whether participants were attending school or were on holidays during
the session, as reported by them before each session started.

- Participants’ category, an index used by sport clubs to stratify athletes by age and expertise (e.g.,
U14 ELITE stands for Under 14 best players). Participants from categories U13, U14 ELITE, U15,

U15 ELITE, U16, U17 ELITE, U18, U18 ELITE took part in the study.



To explore possible differences in sleep-related parameters between school and holiday periods and their
possible association with chronotype, a subsample of 39 participants continuously wore an actigraph
(Fitbit Inspire 2) for seven days on their non-dominant wrist, with the exception of 10 participants who
took it off for two hours during an official competition, as prescribed by the Italian Basketball Federation.
24 participants wore the actigraph when attending school, 6 on holidays, 9 during both school and holiday
periods, for a total of 48 actigraphic recordings (33 during school, 15 during holiday). Sleep parameters
(Total Sleep Time, TST; Wake After Sleep Onset, WASO; Sleep Efficiency, SE; Sleep Regularity Index,
SRI; (Littner et al. 2003; Phillips et al. 2017)) were derived through the artificial neural network (ANN)-
based validated algorithm Dormi by sleepActa s.r.l. (Banfi et al. 2021). Dormi is a medical, risk class |
device registered within the Italian Ministry of Health Data Bank of Medical Devices (CND: 217

Z12030682).

Based on Ancoli-Israel and colleagues (Ancoli-Israel et al. 2003) recommendations, participants’ circadian
rhythm was assessed based on activity detected through accelerometric sensors by using both a
parametric and a non-parametric approaches. The cosinor method (Cornelissen 2014) applied to
actigraphy consists in fitting a 24-hour period sine wave to activity data and computing the following

metrics to describe the fitted curve:

e The Midline Estimating Statistic of Rhythm (MESOR), that is the rhythm-adjusted mean which

represents the mean activity level;

e The amplitude, that is half of the peak-to-nadir difference. It ranges from 0 to 1, with higher

values indicating greater rhythm robustness;



e The acrophase, that is the timing of peak activity, which depends on chronotype (Vitale et al.

2015; Roveda et al. 2017).

The following non-parametric measurements of rest-activity rhythms (van Someren et al. 1999) were

computed based on accelerometry:

e Interdaily stability (IS), an estimate of the variability in rest-activity patterns across all days. It

ranges from 0 to 1, where higher values indicate higher rest-activity rhythm regularity;

e Intradaily variability (IV), which measures circadian fragmentation within each day by quantifying
rest-activity transitions. In healthy participants usually range from 0 to 2, where higher values

indicate more frequent transitions (e.g., frequent naps, increased night-time awakenings);

e Relative amplitude, measuring the robustness of the 24-h rest-activity rhythm by calculating the
normalized mean difference in activity between the most active 10 hours and the least active 5

hours. It ranges from 0 to 1, where higher values indicate increased circadian pattern robustness.

Social jetlag was computed as absolute values based on Jankowski formula (Jankowski 2017), which add a
correction for cumulative sleep debt to the classic one. The sleep debt corrected sleep midpoint was

computed according to Roenneberg and co-workers (Roenneberg et al. 2007).

Statistical analysis

Mean and standard deviation were reported for quantitative variables (i.e., age, rMEQ score, shooting

accuracy, standard deviation of shooting accuracy, actigraphy-derived parameters), frequency and
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percentage for categorical ones (i.e., sport category, time of day, day of the week). Student t-test was
used to compare quantitative variables between school and holidays period sessions; Fisher exact test to
compare the categorical ones. Pearson test was used to correlate rMEQ score, sleep midpoint and
acrophase with social jetlag. A random-effects logistic regression model was fitted to identify predictors
of shooting accuracy. Natural cubic splines, with a single knot at the median, were used to describe the
effect of chronotype, the day of the week, the time of day and the standard deviation of shooting accuracy.
Moreover, some of the regression equations include the tensor product between two spline bases, that
defined an interaction term, as specified in the following sections. To test our first hypothesis, Likelihood
Ratio Test was used to compare two nested random effects logistic regression models with and without
chronotype and day of the week interaction. The analysis was repeated in the whole sample, considering
only school sessions, and considering only holidays sessions. To test our second hypothesis, Likelihood
Ratio Test was used to compare two nested random-effects logistic regression models with and without
school attendance, standard deviation of shooting accuracy, and their interaction. Models were adjusted
for the following covariates: age; sport category; chronotype, time of day and their interaction. Models
on school attendance also included as regressors chronotype and its interaction with the day of the week.
All analyses were conducted using R version 4.1.0. Parametric circadian metrics were computed using R
package “cosinor”; non-parametric, using the “nparACT” R package (Blume et al. 2016). All tests were

two-sided, and the level of significance was set at 0.05.

Results
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Descriptive statistics of the whole sample, as well as stratified by school/holidays, are displayed in Table
1. Athletes who performed the free throws when attending school were on average younger, with greater
expertise and lower degree of eveningness. Moreover, since they were attending school in the morning,
during the school period no data collection took place before 2 p.m. Finally, a significant difference
emerged also in the distribution of the free throw sessions across the days of the week. The models

predicting sport performance were hence adjusted for all these potential confounders.

PLEASE INSERT TABLE 1 ABOUT HERE

To identify predictors of shooting accuracy, we estimated a random-effects logistic regression model
considering the binary indicator of scoring as dependent variables, and including the following regressors:
age, chronotype (rMEQ score), time of day, day of the week, sport category, attending school, and
performance stability (standard deviation of the shooting accuracy). Sport category and chronotype
emerged as the only significant predictors of sport performance (Table 2). In particular, shooting accuracy

increased along with both sport expertise and morningness.

PLEASE INSERT TABLE 2 ABOUT HERE

Table 3 summarizes regressors and samples of the models estimated in the current study. All models

were fitted considering shooting accuracy as dependent variable.
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PLEASE INSERT TABLE 3 ABOUT HERE

To further assess the role of chronotype and of its interaction with the day of the week in predicting
scoring accuracy, we compared M1 and M2. The models were significantly different (p = 0.02), suggesting
that chronotype significantly predicted sport performance interacting with the day of the week. Figure 1a
illustrates the relationship binding chronotype, day of the week and shooting accuracy in the whole

sample.

To clarify the role of school attendance in modulating the predictive power of chronotype on
performance, we compared M3 with M4, and M5 with Mé6. Results showed that chronotype interacting
with the day of the week held its predictive power only during the school period (p = 0.05), but not on
summer holidays (p = 0.12). Figure 1b and 1c illustrate the relationship binding chronotype, day of the

week and probability of scoring during the school period and during the holidays period, respectively.

PLEASE INSERT FIGURE 1 ABOUT HERE

To test the hypothesized influence of school attendance on SJL, and therefore on performance of
participants in a training phase, we compared M7 with M8. Results showed that attending school predicted
a significant drop in sport performance of participants with a high standard deviation of shooting accuracy

(i.e., greater performance instability) (p = 0.02). Figure 2 graphically displays the relationship binding the
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predicted shooting accuracy and its standard deviation both during the school period and the holidays

period.

PLEASE INSERT FIGURE 2 ABOUT HERE

To support our assumption that participants in school/holiday periods have different sleep/wake rhythms,
we compared the actigraphy-derived metrics of participants who wore the device when attending school
and of those who wore it on holiday. Overall, results suggest that on holidays participants experienced a
delay in sleep/wake cycle (about 75 minutes, as measured both as the rest/activity acrophase and as the
sleep debt corrected midsleep point) which was paralleled by an increase in sleep duration (about one
hour), particularly apparent during weekdays. When attending school, participants increased sleep/wake
cycle and rest/activity rhythm regularity, while also increasing rest/activity fragmentation. Results are fully

displayed in table 4.

PLEASE INSERT TABLE 4 ABOUT HERE

Participants on average experienced 49 (41) minutes of Social Jetlag. To support our hypothesis that SJL
might explain chronotype differences in sport performance across the days of the week, more specifically,

that SJL might explain the decline in shooting accuracy from Monday to Friday associated with eveningness,
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we tested SJL correlation with both subjective (i.e., rMEQ score) and objective (i.e., sleep debt corrected
midsleep point and rest/activity rhythm acrophase) measures of circadian typology. SJL showed a negative,
non-significant correlation with rMEQ score (r = -0.19, p = 0.30), a positive significant correlation with
the acrophase (r = 0.30, p = 0.04) and a strong, positive, significant correlation with sleep midpoint (r =
0.80, p < 0.001). Although not fully conclusive, these results suggest that also in our sample eveningness

is associated with a higher degree of SJL.

Discussion

In the present study we aimed at exploring the effect of chronotype and its interaction with the day of
the week on sport performance in a sample of adolescent male basketball players, both during school and
holiday periods. Moreover, we tested whether early school start times (SST) might be particularly
detrimental for participants in a training phase. Our results support the hypothesis that chronotype
interacts with the day of the week in predicting performance only if participants follow an externally
imposed sleep schedule (i.e., school attendance). We also found a drop in performance throughout the
week in participants with the greatest propensity towards eveningness attending school, which is
consistent with a cumulative sleep debt secondary to social jetlag (SJL). Finally, we observed a drop in the
shooting accuracy of participants with a larger performance instability during the school period as
compared to the holiday period, thus confirming also our second hypothesis, claiming that school

attendance, and the related chronic sleep deprivation, negatively interferes with motor learning.

Contrasting the nested models including or excluding chronotype and its interaction with the day of the

week revealed a significant predictive power of the variables of interest on sport performance in the
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whole sample, only when considering participants attending school, but not when considering the same
participants on summer holidays. This result suggests that the impact of chronotype in interaction with
the day of the week on sport performance relies on externally imposed sleep/wake schedule. Moreover,
taking into account the predicted values of chronotype, i.e., rMEQ score, day of the week, and shooting
accuracy, we showed that during the school period, participants with a greater propensity towards
eveningness reached their performance peak on Mondays, whereas their shooting accuracy gradually
decreased throughout the week reaching the minimum on Fridays. This weekly performance trend is
absent in the same participants during the holiday period and in participants with a lower eveningness
propensity during the school period, suggesting it is both chronotype- and school-related. The weekly
performance pattern of participants with the lowest rMEQ score mirrored the typical SJL sleep pattern.
Indeed, they achieved their best performance soon after their free days, after they had the chance to
compensate for their chronic sleep deprivation. As the days of the week pass, sleep debt gradually
accumulated again, causing cognitive and physical impairments (Suppiah et al. 2016) reflected by a decrease
in shooting accuracy. The correlations between SJL and chronotype measures in the subsample who wore
an actigraph, although not fully conclusive, seems to support our assumption. With respect to other
circadian tipologies, morning types showed a bimodal weekly performance pattern both in the whole
sample and during the school period, with performance peaks on Mondays and Fridays. Participants with
an intermediate rMEQ score, instead, seemed to be insensitive to the day-of-the-week effect. To the best
of our knowledge, there is no strong theoretical background that could explain weekly performance
fluctuations (or lack of fluctuations) across different chronotypes. However, Brooks and colleagues

(Brooks et al. 2021) recently demonstrated, in a sample of young males, that morning types more
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effectively manage circadian rhythm transitions between free days and weekdays as compared to evening
types. Their findings might contribute to explain the shooting accuracy trajectories across the days of the
week predicted by our model and their distribution according to rMEQ score. Indeed, it is possible that
the performance peak showed on Mondays by both morning and evening types is due to the possibility
of recovering on Sunday. As the days of the week pass, both morning and evening types pay, in term of
sport performance, the consequences of adjusting to the workdays rhythm. Towards the end of the week,
the differences between the most morning and the most evening participants become strikingly apparent.
Having quickly adjusted to the new sleep/wake cycle, which is close to their individual preferences,
morning types show an increase in shooting accuracy which peaks on Fridays; on the other hand, too
slowly adapting to the new sleep/wake cycle, which works against their individual preferences, evening
types shooting accuracy keeps degrading reaching the minimum on Fridays. Brooks et al. did not address
intermediate types sleep/wake cycle across the week. However, we might speculate that not having an
extreme chronotype might make smoother the transitions between free days rhythm and weekdays
rhythm, which reflects on a more constant performance across the week. Further studies are required to
explore whether more factors might contribute to explain weekly trends of sport performance according

to chronotype.

The final models revealed a significant effect of the interaction between the standard deviation of the
shooting accuracy across sessions and attending or not school in predicting the binary indicator of scoring.
Several models of motor learning describe the acquisition of a motor scheme through practice as the
reduction of output variability (Wu and Latash 2014). It is thus likely that a high standard deviation of the

shooting accuracy (i.e., an unstable performance) would identify participants who did not complete the
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acquisition of the free-throw scheme. It is unlikely that attending school could directly interfere with
learning processes. It is more probable that early SST acted as sleep and circadian disruptor for
adolescents (Owens et al. 2014; Crowley et al. 2018), and that sleep disruption interfered with learning
processes. Indeed, in the subsample who wore the actigraphs, participants on holiday slept on average
one hour more as compared to participants attending school. In line with our result, the 63.2 % of a large
sample of Suisse high school students declared their preference for a delay in SST of about an hour
(Werner et al. 2022). Early SST-related insufficient sleep duration has been associated with poor academic
performance in high school students (Wahlstrom and Owens 2017). Conversely, several studies have
proven the association between later SST and longer sleep duration (Gariépy et al. 2017), higher perceived
quality of life (Lo et al. 2018), lack of SJL (Carvalho-Mendes et al. 2020) and improved academic
performance (Wahlstrom and Owens 2017) in adolescents from several countries. These results suggest
that school schedule could be currently mismatched with students’ chronobiology, and that a delay in SST
would grant them several benefits. Moreover, sleep plays a crucial role in motor learning consolidation
(Walker et al. 2002). Sleep-related training-independent motor task proficiency improvements have been
demonstrated for motor sequence tests (Walker et al. 2002), motor adaptation tests (Huber et al. 2004)
and, more recently, for gross-motor tasks, i.e., real-life situations similar to the acquisition of abilities
instrumental to optimize sport performance (Hahn et al. 2022). Early SST-related chronic sleep
deprivation might hence interfere with students’ offline sport skills improvement, being thus accountable
for their worse performance during the school period as compared to the holiday period (that is, when

no external schedule determined sleep duration). If our interpretation is correct, this result would be

18



consistent with previous works assessing the negative impact of SJL on learning and academic performance

(Haraszti et al. 2014), translating this notion into the realm of sport science.

Our findings are based on a relatively large set of observations: the results of almost eight thousand free
throws have been fed into our models. Moreover, our study should be credited to be one of the few
exploring the day-of-the-week effect in adolescence, and, to the best of our knowledge, the only one
stratifying for chronotype and focusing on sport performance. Before us, only Suppiah and colleagues
(2016) reported that adolescents athletes’ reaction times in the second part of the week are slower as
compared to the first part of the week (Suppiah et al. 2016). Previous works focusing on individual
chronobiology and basketball-specific skills, instead, mainly explored the effect of the interaction between
chronotype and time of day (Pengelly et al. 2022). However, our study has limitations that should be
discussed. To interpret our results, we made assumptions on participants’ sleep schedule. In particular,
we hypothesized that on holidays participants had a longer sleep duration as compared to school days
and that evening types experienced a greater SJL as compared to other circadian tipologies. Even if our
assumptions are solidly supported by the literature background, and also the actigraphic data we collected
in a subsample of our participants seem to support them, these findings should have been coupled with a
sleep/wake cycle monitoring in every student/athlete who took part in the study, making the
interpretation partially speculative. Moreover, females were not included in the study, and we cannot
exclude that SJL has gender-specific effects. Further investigations should assess the replicability of our
results in a female sample. Finally, the difference between the time of day in which performance was
addressed during school and holiday periods might have made comparisons a challenge. This difference is

due to participants school schedule, which prevent them from engaging in sport activity in the morning
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during the school period. Nevertheless, this asymmetry in time-of-day distribution might have been a
source of undesired heterogeneity, which we addressed by including the time of the day and its interaction
with chronotype as a regressor in our models. Adjusting the models for the time of the day and its
interaction with chronotype might have alleviated discrepancies in time-of-day distribution between

school/holiday periods and improved results generalizability.

In conclusion, the day of the week modulates chronotype predictivity on sport performance only if an
externally imposed sleep schedule is present. Moreover, during the school period, evening types' weekly
performance pattern was consistent with their increased likelihood of experiencing social jetlag, suggesting
that circadian misalignment negatively affects sport performance. Performance was also negatively affected
by school attendance in participants who showed a highly fluctuating accuracy, confirming the role sleep
plays in motor memory consolidation, in a naturalistic setting. Our results are in line with previous works
demonstrating that, whenever possible, school start time should be delayed to let students achieve a
sufficient amount of sleep. Alternatively, sleep hygiene intervention aimed at advancing the circadian phase
might allow a better match between students’ actual and preferred sleep timings. Finally, trainers and
athletes should be aware that, according to chronotype, performance could be influenced by the day of
the week, and not only by the time of the day. Further investigations are required to assess whether later

school start times might improve sport performance along with other aspects of students’ life.

Data Availability Statement

20



The data underlying this article cannot be shared publicly for the privacy of individuals that participated in

the study. The data will be shared on reasonable request to the corresponding author.

Funding

The present study was supported by Arpa Foundation (Sonnolab Grant to U.F.), by the Italian Ministry

of Health Grant RC 1.21 and the 5 x 1000 voluntary contribution to IRCSS Stella Maris.

Declaration of conflicting interests

U.F. is co-founder and president of Sleepacta S.r.l., a spin-off company of the University of Pisa operating

in the field of sleep medicine. All other authors declare no competing interest.

21



References

Ancoli-Israel S, Cole R, Alessi C, Chambers M, Moorcroft W, Pollak CP. 2003. The role of actigraphy in the study of
sleep and circadian rhythms. Sleep. 26(3):342-392. doi:10.1093/SLEEP/26.3.342. [accessed 2022 Nov |[I].
https://pubmed.ncbi.nim.nih.gov/12749557/.

Banfi T, Valigi N, di Galante M, d’Ascanio P, Ciuti G, Faraguna U. 2021. Efficient embedded sleep wake classification
for open-source actigraphy. Sci Rep. [1I(l). doi:10.1038/S41598-020-79294-Y. [accessed 2022 Nov |I].
https://pubmed.ncbi.nim.nih.gov/33431918/.

Banks S, Dinges DF. 2007. Behavioral and Physiological Consequences of Sleep Restriction. ] Clin Sleep Med. 3(5):519.
doi:10.5664/jcsm.26918. [accessed 2022 Apr 5]. /pmc/articles/PMCI1978335/.

Blume C, Santhi N, Schabus M. 2016. “nparACT” package for R: A free software tool for the non-parametric analysis
of actigraphy data. MethodsX. 3:430—435. doi:l0.1016/J.MEX.2016.05.006. [accessed 2022 Nov |II].
https://pubmed.ncbi.nim.nih.gov/27294030/.

Bolin DJ. 2019. Sleep Deprivation and Its Contribution to Mood and Performance Deterioration in College Athletes.
Curr Sports Med Rep. 18(8):305-310. doi:10.1249/JSR.0000000000000621. [accessed 2022 Nov II].
https://pubmed.ncbi.nim.nih.gov/31389873/.

Brooks C, Shaafi Kabiri N, Bhangu J, Cai X, Pickering E, Erb MK, Auerbach S, Bonato P, Moore TL, Mortazavi F, et al.
2021. The impact of chronotype on circadian rest-activity rhythm and sleep characteristics across the week.
Chronobiol  Int.  38(11):1575-1590.  doi:10.1080/07420528.2021.1937197.  [accessed 2022 Nov |I].
https://pubmed.ncbi.nim.nih.gov/34134581/.

Buxton OM, Chang AM, Spilsbury JC, Bos T, Emsellem H, Knutson KL. 2015. Sleep in the modern family: protective
family routines for child and adolescent sleep. Sleep Health. 1(I):15. doi:10.1016/j.sleh.2014.12.002. [accessed 2022
Mar 23]. /pmc/articles/PMC4712736/.

Carskadon MA, Labyak SE, Acebo C, Seifer R. 1999. Intrinsic circadian period of adolescent humans measured in
conditions of forced desynchrony. Neurosci Lett. 260(2):129—-132. doi:10.1016/5S0304-3940(98)00971-9.

Carskadon MA, Tarokh L. 2014. Developmental changes in sleep biology and potential effects on adolescent behavior
and caffeine use. Nutr Rev. 72(Suppl 1):60. doi:l0.1111/NURE.12147. [accessed 2022 Mar 23].
/pmc/articles/PMC4658519/.

Carskadon MA, Wolfson AR, Acebo C, Tzischinsky O, Seifer R. 1998. Adolescent Sleep Patterns, Circadian Timing,
and Sleepiness at a Transition to Early School Days. Sleep. 21(8):871-881. doi:10.1093/SLEEP/21.8.87 1. [accessed 2022
Mar 23]. https://academic.oup.com/sleep/article/21/8/871/2726004.

Carvalho-Mendes RP, Dunster GP, de la Iglesia HO, Menna-Barreto L. 2020. Afternoon School Start Times Are
Associated with a Lack of Both Social Jetlag and Sleep Deprivation in Adolescents. | Biol Rhythms. 35(4):377-390.
doi:10.1177/0748730420927603. [accessed 2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/32508224/.

Cirelli C, Tononi G. 2019. Linking the need to sleep with synaptic function. Science (1979). 366(6462):189—190.
doi:10.1126/SCIENCE.AAY5304. [accessed 2021 Oct 8]. https://www.science.org.

Cohen-Zion M, Shiloh E. 2018. Evening chronotype and sleepiness predict impairment in executive abilities and
academic performance of adolescents. Chronobiol Int. 35(1):137-145. doi:10.1080/07420528.2017.1387792.
[accessed 2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/29111789/.

22



Copenhaver EA, Diamond AB. 2017. The Value of Sleep on Athletic Performance, Injury, and Recovery in the Young
Athlete. Pediatr Ann. 46(3):el06—elll. doi:10.3928/19382359-20170221-01. [accessed 2022 Mar 23].
https://pubmed.ncbi.nim.nih.gov/28287684/.

Cornelissen G. 2014. Cosinor-based rhythmometry. Theor Biol Med Model. | I(l). doi:10.1186/1742-4682-11-16.
[accessed 2022 Nov | 1]. https://pubmed.ncbi.nim.nih.gov/24725531/.

Crowley §J, Cain SW, Burns AC, Acebo C, Carskadon MA. 2015. Increased Sensitivity of the Circadian System to
Light in Early/Mid-Puberty. ] Clin Endocrinol Metab. 100(11):4067—4073. doi:10.1210/)JC.2015-2775. [accessed 2022
Mar 23]. https://pubmed.ncbi.nim.nih.gov/26301944/.

Crowley §J, Wolfson AR, Tarokh L, Carskadon MA. 2018. An Update on Adolescent Sleep: New Evidence Informing
the Perfect Storm Model. ] Adolesc. 67:55. doi:10.1016/J. ADOLESCENCE.2018.06.001. [accessed 2022 Mar 23].
/pmc/articles/PMC6054480/.

Curcio G, Ferrara M, de Gennaro L. 2006. Sleep loss, learning capacity and academic performance. Sleep Med Rev.
10(5):323-337. doi:10.1016/).SMRV.2005.11.001. [accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/16564189/.

Estevan |, Silva A, Vetter C, Tassino B. 2020. Short Sleep Duration and Extremely Delayed Chronotypes in Uruguayan
Youth: The Role of School Start Times and Social Constraints. ] Biol Rhythms. 35(4). doi:10.1177/0748730420927601.

Fox JL, Scanlan AT, Stanton R, Sargent C. 2020. Insufficient Sleep in Young Athletes? Causes, Consequences, and
Potential Treatments. Sports Med. 50(3):461—470. doi:10.1007/540279-019-01220-8. [accessed 2022 Nov I1].
https://pubmed.ncbi.nim.nih.gov/31679145/.

Fullagar HHK, Skorski S, Duffield R, Hammes D, Coutts AJ, Meyer T. 2015. Sleep and Athletic Performance: The
Effects of Sleep Loss on Exercise Performance, and Physiological and Cognitive Responses to Exercise. Sports
Medicine. 45(2):161-186. doi:10.1007/540279-014-0260-0/TABLES/6. [accessed 2022 Apr 5]
https:/link.springer.com/article/10.1007/s40279-014-0260-0.

Gariépy G, Janssen |, Sentenac M, Elgar FJ. 2017. School start time and sleep in Canadian adolescents. J Sleep Res.
26(2):195-201. doi:10.11 1 1/JSR.12475.

Hahn MA, Bothe K, Heib D, Schabus M, Helfrich RF, Hoedimoser K. 2022. Slow oscillation-spindle coupling strength
predicts real-life gross-motor learning in adolescents and adults. Elife. 11. doi:10.7554/ELIFE.66761. [accessed 2022
Mar 23]. https://pubmed.ncbi.nim.nih.gov/35188457/.

Haraszti RA, Ella K, Gydngyési N, Roenneberg T, Kaldi K. 2014. Social jetlag negatively correlates with academic
performance in undergraduates. Chronobiol Int. 31(5):603—612. doi:10.3109/07420528.2013.8791 64. [accessed 2022
Mar 23]. https://pubmed.ncbi.nim.nih.gov/24491157/.

Huber R, Ghilardi MF, Massimini M, Tononi G. 2004. Local sleep and learning. Nature. 430(6995):78-81.
doi:10.1038/NATURE02663. [accessed 2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/15184907/.

Hysing M, Pallesen S, Stormark KM, Lundervold A|, Sivertsen B. 2013. Sleep patterns and insomnia among adolescents:
a population-based study. ] Sleep Res. 22(5):549-556. doi:10.1111/JSR.12055.

Jankowski  KS. 2017. Social jet lag: Sleep-corrected formula. Chronobiol Int. 34(4):531-535.
doi:10.1080/07420528.2017.1299162. [accessed 2022 Nov | 1]. https://pubmed.ncbi.nlm.nih.gov/28318321/.

Jenni OG, Achermann P, Carskadon MA. 2005. Homeostatic Sleep Regulation in Adolescents. Sleep. 28(11):1446—
1454. doi:10.1093/SLEEP/28.11.1446. [accessed 2022 Mar 23].
https://academic.oup.com/sleep/article/28/11/1446/2707985.

23



Kami A, Meyer G, Jezzard P, Adams MM, Turner R, Ungerleider LG. 1995. Functional MRI evidence for adult motor
cortex plasticity during motor skill learning. Nature. 377(6545):155—158. doi:10.1038/377155A0. [accessed 2022 Mar
23]. https://pubmed.ncbi.nim.nih.gov/7675082/.

Klinzing |G, Niethard N, Born J. 2019. Mechanisms of systems memory consolidation during sleep. Nat Neurosci.
22(10). doi:10.1038/541593-019-0467-3. [accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/31451802/.

Kroshus E, Wagner |, Wyrick D, Athey A, Bell L, Benjamin HJ, Grandner MA, Kline CE, Mohler M, Prichard JR, et al.
2019. Wake up call for collegiate athlete sleep: narrative review and consensus recommendations from the NCAA
Interassociation Task Force on Sleep and Wellness. Br ] Sports Med. 53(12):731-736. doi:10.1136/BJSPORTS-2019-
100590. [accessed 2022 Nov | I]. https://pubmed.ncbi.nlm.nih.gov/31097460/.

Levandovski R, Dantas G, Fernandes LC, Caumo W, Torres |, Roenneberg T, Hidalgo MPL, Allebrandt KV. 2011.
Depression scores associate with chronotype and social jetlag in a rural population. Chronobiol Int. 28(9):771-778.
doi:10.3109/07420528.201 1.602445. [accessed 2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/21895489/.

Littner M, Kushida CA, Anderson WMD, Bailey D, Berry RB, Davila DG, Hirshkowitz M, Kapen S, Kramer M, Loube
D, et al. 2003. Practice parameters for the role of actigraphy in the study of sleep and circadian rhythms: an update
for 2002. Sleep. 26(3):337-341. doi:10.1093/SLEEP/26.3.337. [accessed 2022 Nov I].
https://pubmed.ncbi.nim.nih.gov/12749556/.

Lo JC, Lee SM, Lee XK, Sasmita K, Chee NIYN, Tandi ], Cher WS, Gooley |}, Chee MWL. 2018. Sustained benefits of
delaying school start time on adolescent sleep and well-being. Sleep. 41(6). doi:10.1093/SLEEP/ZSY052. [accessed
2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/2964861 6/.

Lo JC, Ong JL, Leong RLF, Gooley ]J, Chee MWL. 2016. Cognitive Performance, Sleepiness, and Mood in Partially
Sleep Deprived Adolescents: The Need for Sleep Study. Sleep. 39(3):687-698. doi:10.5665/SLEEP.5552. [accessed
2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/26612392/.

Mah CD, Mah KE, Kezirian EJ, Dement WC. 201 1. The effects of sleep extension on the athletic performance of
collegiate basketball players. Sleep. 34(7):942-950. doi:10.5665/SLEEP.1132. [accessed 2022 Mar 23].
https://pubmed.ncbi.nim.nih.gov/2173 1 144/.

van der Maren S, Moderie C, Duclos C, Paquet ], Daneault V, Dumont M. 2018. Daily Profiles of Light Exposure and
Evening Use of Light-emitting Devices in Young Adults Complaining of a Delayed Sleep Schedule. ] Biol Rhythms.
33(2):192-202. doi:10.1177/0748730418757007. [accessed 2022 Mar 23].
https://journals.sagepub.com/doi/10.1177/07487304 18757007 ?url_ver=739.88-
2003&rfr_id=ori%3Arid%3Acrossref.org&rfr_dat=cr_pub++0pubmed.

Mougin F, Simon-Rigaud ML, Davenne D, Renaud A, Garnier A, Kantelip JP, Magnin P. 1991. Effects of sleep
disturbances on subsequent physical performance. Eur | Appl Physiol Occup Physiol. 63(2):77-82.
doi:10.1007/BF00235173. [accessed 2022 Mar 23]. https://pubmed.ncbi.nlm.nih.gov/1748108/.

Natale V, Esposito MJ, Martoni M, Fabbri M. 2006. Validity of the reduced version of the Morningness-Eveningness
Questionnaire. Sleep Biol Rhythms. 4(1). doi:10.1111/j.1479-8425.2006.00192.x.

Owens |, Au R, Carskadon M, Millman R, Wolfson A, Braverman PK, Adelman WP, Breuner CC, Levine DA, Marcell
Av,, et al. 2014. Insufficient sleep in adolescents and young adults: an update on causes and consequences. Pediatrics.
134(3):921-e932. doi:10.1542/PEDS.2014-1696. [accessed 2022 Mar 23].
https://pubmed.ncbi.nim.nih.gov/25157012/.

24



Pengelly MJS, Guy JH, Elsworthy N, Scanlan AT, Lastella M. 2022. Player chronotype does not affect shooting accuracy
at different times of the day in a professional, male basketball team: a pilot study. Sleep Science. 15(0):149—155.
doi:10.5935/1984-0063.20220014. [accessed 2022 Apr 5]. https://www.sleepscience.org.br/details/3 |1 59/en-US.

Phillips AJK, Clerx WM, O’Brien CS, Sano A, Barger LK, Picard RW, Lockley SW, Klerman EB, Czeisler CA. 2017.
Irregular sleep/wake patterns are associated with poorer academic performance and delayed circadian and sleep/wake
timing. Sci Rep. 7(1). doi:10.1038/541598-017-03171-4. [accessed 2022 Nov 1.
https://pubmed.ncbi.nim.nih.gov/28607474/.

Riederer MF. 2020. How Sleep Impacts Performance in Youth Athletes. Curr Sports Med Rep. 19(11):463—467.
doi:10.1249/JSR.000000000000077 | [accessed 2022 Nov | I]. https://pubmed.ncbi.nlm.nih.gov/33156032/.

Roenneberg T, Kuehnle T, Juda M, Kantermann T, Allebrandt K, Gordijn M, Merrow M. 2007. Epidemiology of the
human circadian clock. Sleep Med Rev. |1(6):429—438. doi:10.1016/).SMRV.2007.07.005. [accessed 2022 Nov |1].
https://pubmed.ncbi.nim.nih.gov/17936039/.

Roenneberg T, Kuehnle T, Pramstaller PP, Ricken |, Havel M, Guth A, Merrow M. 2004. A marker for the end of
adolescence. Current Biology. 14(24):R1038—R1039. doi:10.1016/].CUB.2004.11.039.

Roveda E, Vitale J, Montaruli A, Galasso L, Carandente F, Caumo A. 2017. Predicting the actigraphy-based acrophase
using the Morningness-Eveningness Questionnaire (MEQ) in college students of North Italy. Chronobiol Int.
34(5):551-562. doi:10.1080/07420528.2016.1276928. [accessed 2022 Nov 1]
https://pubmed.ncbi.nim.nih.gov/28276851/.

Silva MRG, Silva HH, Paiva T. 2018. Sleep duration, body composition, dietary profile and eating behaviours among
children and adolescents: a comparison between Portuguese acrobatic gymnasts. Eur ] Pediatr. 177(6):815-825.
doi:10.1007/50043 [-018-3124-Z. [accessed 2022 Nov | I]. https://pubmed.ncbi.nim.nih.gov/29502302/.

van Someren EJW, Swaab DF, Colenda CC, Cohen W, McCall WV, Rosenquist PB. 1999. Bright light therapy:
improved sensitivity to its effects on rest-activity rhythms in Alzheimer patients by application of nonparametric
methods. Chronobiol Int. 16(4):505-518. doi:10.3109/07420529908998724. [accessed 2022 Nov |[I].
https://pubmed.ncbi.nim.nih.gov/10442243/.

Stickgold R. 2005. Sleep-dependent memory  consolidation. Nature. 437(7063):1272—-1278.
doi:10.1038/NATURE04286. [accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/16251952/.

Suppiah HT, Low CY, Chia M. 2016. Effects of Sport-Specific Training Intensity on Sleep Patterns and Psychomotor
Performance in Adolescent Athletes. Pediatr Exerc Sci. 28(4):588-595. doi:10.1123/PES.2015-0205. [accessed 2022
Mar 23]. https://pubmed.ncbi.nim.nih.gov/26757487/.

Tamura N, Komada Y, Inoue Y, Tanaka H. 2022. Social jetlag among Japanese adolescents: Association with irritable
mood, daytime sleepiness, fatigue, and poor academic performance. Chronobiol Int. 39(3):311-322.
doi:10.1080/07420528.2021.1996388. [accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/34732101/.

Tarokh L, Saletin JM, Carskadon MA. 2016. Sleep in adolescence: physiology, cognition and mental health. Neurosci
Biobehav Rev. 70:182. doi:10.1016/].NEUBIOREV.2016.08.008. [accessed 2022 Mar 23]. /pmc/articles/PMC5074885/.

Umemura GS, Pinho JP, da Silva Brandido Gongalves B, Furtado F, Forner-Cordero A. 2018. Social jetlag impairs
balance  control. Sci  Rep. 8(l). doi:l0.1038/S41598-018-27730-5. [accessed 2022 Mar 23]
https://pubmed.ncbi.nlm.nih.gov/29925863/.

25



Vitale JA, Roveda E, Montaruli A, Galasso L, Weydahl A, Caumo A, Carandente F. 2015. Chronotype influences activity
circadian rhythm and sleep: differences in sleep quality between weekdays and weekend. Chronobiol Int. 32(3):405—
415. doi:10.3109/07420528.2014.986273. [accessed 2022 Nov | I]. https://pubmed.ncbi.nim.nih.gov/25469597/.

de Vivo L, Bellesi M, Marshall W, Bushong EA, Ellisman MH, Tononi G, Cirelli C. 2017. Ultrastructural evidence for
synaptic scaling across the wake/sleep cycle. Science (1979). 355(6324):507-510.
doi:10.1126/SCIENCE.AAH5982/SUPPL_FILE/DEVIVO-SM.PDF. [accessed 2022 Mar 23].
https://www.science.org/doi/abs/1 0.1 126/science.aah5982.

Wahlstrom KL, Owens JA. 2017. School start time effects on adolescent learning and academic performance,
emotional health and behaviour. Curr Opin Psychiatry. 30(6):485—490. doi:10.1097/YCO.0000000000000368.
[accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/28858008/.

Walker MP, Brakefield T, Morgan A, Hobson JA, Stickgold R. 2002. Practice with sleep makes perfect: sleep-dependent
motor skill learning. Neuron. 35(1):205-211. doi:10.1016/5S0896-6273(02)00746-8. [accessed 2022 Mar 23].
https://pubmed.ncbi.nim.nih.gov/12123620/.

Werner H, Albrecht JN, Widmer N, Janisch D, Huber R, Jenni OG. 2022. Adolescents’ preference for later school
start times. | Sleep Res. 31(1):e13401. doi:10.1111/JSR.13401.

Wittmann M, Dinich |, Merrow M, Roenneberg T. 2006. Social jetlag: Misalignment of biological and social time.
Chronobiol Int. 23(1-2):497-509. doi:10.1080/07420520500545979.

Wu YH, Latash ML. 2014. The effects of practice on coordination. Exerc Sport Sci Rev. 42(l):37—42.
doi:10.1249/JES.0000000000000002. [accessed 2022 Mar 23]. https://pubmed.ncbi.nim.nih.gov/24188981/.

26



Figure captions

Figure 1. Chronotype, day of the week and shooting accuracy

Figure 1 graphically displays the weekly performance trends of shooting accuracy predicted by our models
in the whole sample (1a), during the school period (1b) and during the holiday period (1c) for three rMEQ
values (i.e., chronotype) representative of our sample distribution: the minimum (i.e., 10, Evening types),
the median (i.e., 15, Intermediate types), the maximum (i.e., 20, Morning types). Chronotype interacting
with the day of the week significantly predicted sport performance in the whole sample (Likelihood Ratio
Test, p = 0.02; Figure 1a), during the school period (Likelihood Ratio Test, p = 0.05; Figure 1b), but not
on holidays (Likelihood Ratio Test, p = 0.12; Figure 1c). Moreover, participants with the greatest
propensity towards eveningness showed a weekly performance pattern consistent with a typical social
jetlag weekly sleep pattern, but only when attending school (Figure 1b). Their shooting accuracy, in fact,
gradually decreases throughout the week in parallel with their cumulative sleep debt; it achieves instead
the peak on the first day after their free day (i.e., Sunday), when they had the chance to compensate for

their school days chronic sleep restriction.

Figure 2. School, motor learning and shooting accuracy

Figure 2 displays performance instability (standard deviation of the probability of scoring) and performance
accuracy (probability of scoring) relationship during school period and during holiday period. Within the
conceptual framework proposing motor learning as the acquisition of a motor scheme through practice,

measured as the reduction of output variability, we considered performance instability as a proxy of
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learning. School attendance interacting with performance instability significantly predicted performance
accuracy (Likelihood Ratio Test, p = 0.02), suggesting that attending school did not equally affect the sport
performance of participants in different learning phase. In particular, participants with a higher
performance instability show a worse shooting accuracy during the school period as compared to summer
holidays. School-related chronic sleep-deprivation interfering with motor learning processes might explain

this finding.
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