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Background: Delaying school start times has been proposed as a potential solution to address chronic sleep curtailment among
adolescents and its negative consequences on their physical and mental well-being. This study investigates the impact of delayed
school start times due to the COVID-19 pandemic on academic achievement.

Subjects and Methods: Two separate observational studies were conducted involving high school students from the first/second year
(n=232) (Study 1) and from the final year (n=39) (Study 2). Multivariate Analyses of Covariance were performed to assess for statistical
differences in academic performance (ie, global, humanistic, and scientific performance) and absenteeism (ie, number of school
absences). Two main factors were considered: “school start time” (ie, standard-8:00 AM vs late-9:40 AM) and “time interval” (ie, first
academic semester vs second academic semester), controlling for the school year (Study 1) and circadian preference (Study 2).
Results: Delaying school start times was positively associated with better academic performance in scientific subjects among first/
second-year students (F;2,0=6.083, p=0.026) and global academic performance among last-year students (F;3s=4.522, p=0.041).
Furthermore, first/second-year students significantly increased their school achievement (F 2,0>29.423, p<0.001) and school absences
(F1,220=66.160, p<0.001) during the second semester of the academic year. No significant effect of “school start time” on school
attendance was observed. Additionally, circadian preference was found to be a significant covariate among last-year students, with
early chronotypes exhibiting better academic performance (r>0.369, p<0.025).

Conclusion: These findings confirm past evidence about the beneficial effects of delayed school start times on academic outcomes,
with the additional advantage of observing them within a natural context that emerged during the pandemic. Further research is needed
to explore the phenomenon more systematically and take into account the broader implications of implementing this change.
Keywords: later school start time, academic achievement, adolescents, COVID-19 pandemic, circadian preference

Introduction
Teenagers’ recommended amount of sleep is usually 8 —10 hr a night." However, several studies have shown that chronic
sleep curtailment affects this age group.” The resulting negative effects on this populations’ physical and mental well-
being, cognitive performance, and risk behaviors are well-documented.’

Several aspects contribute to determining chronic sleep loss among adolescents. Developmental changes in homeostatic*
and circadian® sleep regulation promote the tendency to be more active in the evening and wake up later in young people.
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Furthermore, there are environmental and social factors, such as using electronic devices in the evening’ and early awakening due
to the early school start times.

Several studies worldwide have investigated the impact of delaying school start times on young people’s academic
performance and mental health.®’

Recent systematic reviews and meta-analyses have consistently shown positive associations between later start times
and improved well-being (ie, reduced depression, anxiety, and stress symptoms).'*'" In addition, students who started
school later showed increased motivation, more attention, better grades, and decreased rates of absenteeism and
tardiness.'>"?

A recent study by Alfonsi et al in Italy'* showed that a one-hour delay in starting school was associated with longer
total sleep duration, greater attentional performance, better attendance, and academic outcomes among high school
students.

In the last few years, the restrictive measures implemented in the school environment to prevent the spread of the
COVID-19 virus have enabled a natural experiment. Indeed, the health crisis caused by the COVID-19 pandemic
presented a huge challenge to school systems worldwide,'® initially resulting in the suspension of in-person classes
and then in their gradual resumption based on the preventive measures adopted by each country (eg, hand washing, use of
face masks, adequate ventilation, etc.).'® Several schools have implemented staggered school start and end times or
school on alternative days to ensure social distancing and prevent overcrowding at school arrivals and departures.'’

In Italy, schools reopened in September 2020 after being closed nationwide for 6 months due to the coronavirus
outbreak. Ministerial guidelines included staggered entry times for students for the school year 2020/2021."'

The present study aimed to longitudinally observe the impact of later school start times on academic achievement in
the era of COVID-19, by comparing high school classes with different school start times (ie, standard vs delayed school
start time) and considering two different time periods (ie, first and second school semesters).

For this purpose, we initially implemented the study protocol with a sample of high school students enrolled in the first
and second years of the 5-year high school program in Italy (Study 1). Then — given the persistence of the same ministerial
measures during the following year — we had the opportunity to extend the research to include the last-year classes as well
(Study 2). In this subsequent study (Study 2), we collected circadian preference measures using dedicated questionnaires.

By delaying school start times, young people are more likely to get the recommended amount of sleep that optimizes
their cognitive abilities and academic performance. Therefore, we expect that the beneficial effect of the delayed school
start times on academic performance and school attendance would be confirmed even in the unprecedented scenario
proposed by the pandemic. Furthermore, in line with previous evidence, we hypothesized that circadian preference may

play a role in mediating the observed effects.

Materials and Methods
Study Design and Participants

Initially, we identified some schools in the Lazio region that staggered entry time to aid the restart of in-person lessons
after the lockdown during the 2020/2021 school year. Among the institutes adhering to the initiative, we exclusively
selected the high school institutes that (1) had kept the entry times (ie, standard or delayed) unchanged for the entire
school period, (2) had scheduled different entry times for classes of the same year. Finally, we selected the “Isacco
Newton” Institute (Rome), where 10 classes (6 first-year classes and 4 second-year classes) were suitable for recruitment
(Study 1).

The study was replicated in the following school year (2021/2022) on 2 fifth-year classes belonging to the “Via
Copernico” Institute (Pomezia) (Study 2).

A total of 232 students from the first 2 years of the “Isacco Newton” Institute (146 males; mean age=15.34+0.039
years) were selected for Study 1. Of these, 107 students (46.1%) belonged to the group with standard school start time
(8.00 AM: Standard Start Time) and 125 (53.9%) to the group with delayed school start time (9.40 AM: Delayed Start
Time) (Table 1).
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Table | Sociodemographic Characteristics of the Sample

School Year 2020-2021 (N=232) School Year 2021-2022 (N=39)
Mean SE Mean SE
Age 15.34 0.039 18.08 0.057
N° % N° %
Gender
Male 146 62.9 23 59.0
Female 86 37.1 16 41.0
School Start Time
8:00 AM 107 46.1 20 51.3
9:40 AM 125 53.9 19 48.7
School year
First Year 147 63.4 N/A N/A
Second Year 85 36.6 N/A N/A
Last Year N/A N/A 39 100.0
Circadian Typology
Evening-Type N/A N/A 6 15.4
Intermediate-Type N/A N/A 26 66.7
Morning-Type N/A N/A 6 154
Learning Disabilities
Yes 7 3.0 6 15.4
No 225 97.0 33 84.6

Abbreviation: N/A, not available.

Overall, 39 students (23 males; mean age=18.08+0,057 years) from the last year of “Via Copernico” Institute were
recruited for Study 2. Regarding the school start time, these two groups were equally distributed: 51.3% (n=20) of the
students belonged to the ‘Standard Start Time group’, and 48.7% (n=19) to the ‘Delayed Start Time’ group (Table 1).

Overall, 3% of the participants from Study 1 and 15.4% of the participants from Study 2 were affected by intellectual
disabilities, and their distribution did not differ between the two types of entry times (Study 1: ¥2=0.353; p=0.552; Study
2: v2=0.672; p=0.412, respectively) (Table 1).

In Study 2, we administered a standardized questionnaire to collect circadian preferences at the beginning of
the school year. The online version of the questionnaire was created using the Google Form platform, and we
provided each student with a specific link for completion. Participants (or parents in the case of minors) filled out
the online questionnaire after reading the informed consent form, providing their explicit agreement to participate.

The name of each student was replaced with an identifying alphanumeric code to guarantee privacy.

The research was conducted following the Declaration of Helsinki and was approved by the Institutional Review
Board of the Department of Psychology - University of Rome “Sapienza” (Prot. n. 0002617, 07/12/2021).

Nature and Science of Sleep 2023:15 heeps: 1131

Dove:


https://www.dovepress.com
https://www.dovepress.com

Alfonsi et al Dove

Measures

Measures of Academic Performance and School Attendance

According to the academic grading system used in Italy, we considered academic achievement at two different moments
of the school year: at the end of the first half of the academic year (T1: referring to the period from September to January)
and at the end of the second half of the academic year (T2: referring to the period from February to June).

In Italian secondary schools, a 10-point scale is used (ie, 10 is the highest, and pass starts at 6).

Specifically, we considered academic performance in science and humanities fields of studies common to all classes
(ie, math/physics and Italian/English language) and global academic performance (ie, the average of marks across all
subjects).

As an indicator of school attendance, we also considered the total number of school absences for each student in the
first and second halves. of the academic year (T1, T2).

Circadian Preference

The Italian version of the Morningness—Eveningness Questionnaire for Children and Adolescents (MEQ-CA)" was
administered to identify the circadian preference of our participants. MEQ-CA is a 19-item test that also allows
subdividing participants into five categories: definitely morning-type (70-86), moderately morning-type (59—69), inter-
mediate-type (42—58), moderately evening-type (31-41), and definitely evening-type (16-30).

Statistical Analyses

A similar statistical analysis was planned for the two different studies. A Mixed Multivariate Analysis of Covariance
(MANCOVA) was conducted — for the first- and second-year classes (2020/2021 school year) and for the last-year
classes (2021/2022 school year) - to observe the effect of delaying school start times on academic performance and
school attendance in both semesters. We considered as main factors “school start time” (Standard vs Delayed) and “time
interval” (T1 vs T2), between- and within-subjects factors, respectively. School year (first- and second-year classes) and
circadian preference (total score on the MEQ-CA questionnaire) were considered as covariates for the first/second- and
last-year classes, respectively.

For each time interval, all measures of academic performance (global academic performance, scientific academic
performance, and humanistic academic performance) and the number of school absences were considered dependent
variables.

The normal distribution of the original data was checked, and skewed data were transformed into normal distribution
in case of violation of this assumption (ie, logarithmic transformation for the number of absences).

All data were analyzed using Statistical Package for Social Science (SPSS; version 25.0; IBM SPSS, Armonk, NY)
and Matlab R2019. Values of P<0.05 were considered to be statistically significant.

Results
Study |: Effects of Delayed School Start Time for Students in the First and Second
Year of High School (School Year 2020-2021)

Results of the two-way mixed MANCOVA (“School start time” vs “Time interval”; covariate: “School year”) on
academic performance (Global academic performance, Scientific academic performance, Humanistic academic perfor-
mance) and school attendance showed statistically significant differences between the two groups (Wilks’ Lambda =
0.921, F4 226 = 4.838, p = 0.001) and the two time points (Wilks’ Lambda = 0.553, F4 256 = 45.673, p < 0.001) and no
interaction effect between these two main effects (Wilks’ Lambda = 0.980, F4 5,6 = 1.180, p = 0.320), after controlling
for the covariate “School year” (Wilks” Lambda = 0.947, F4 556 = 3.141, p = 0.015).

Specifically, subsequent ANCOVAs on each dependent variable (Table 2 and Figure 1) reveal that — independently from
the time interval — students with delayed school start times showed better scientific academic performance. In addition, both
groups reported higher number of absences and higher school grades (ie, better academic performance) on all examined
fields of studies during the second time interval (ie, at the end of the second half of the academic year) than the first.
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Table 2 Univariate Test of the Two-Way Mixed MANCOVA with “School Year” as Covariate and “School Start Time” and “Time
Interval” as Between and Within Factors, Respectively (N=232)

School Start Time Interval School Start Covariate
Time Time* Time (School Year)
Interval

Fi229 | P Ilp2 Fi29 | P ﬂpz Fi,229 P "lpz Fi229 | P ﬂpz
Global academic 1.805 | 0.180 0.008 | 93.630 | <0.001** | 0.290 | 1.996 0.159 0.009 | 1.439 | 0.232 0.006
performance
Scientific academic 6.083 | 0.014* | 0.026 | 29.423 | <0.001** | 0.114 | 2.088 0.150 0.009 | 1.089 | 0.298 0.005
performance
Humanistic academic 1.385 | 0.240 0.006 | 45.084 | <0.001** | 0.164 | 1.201 0.274 0.005 | 0.324 | 0.570 0.001
performance
School absences 2.285 | 0.132 0.010 | 66.160 | <0.001*F | 0.224 | 0.017 0.113 0.011 | 7.757 | 0.006* | 0.033

Note: Asterisk indicates statistical significance (*p<0.05; **p<0.001).

The covariate “School years” revealed a positive correlation with the number of absences (r,,=0.186, p=0.005),
pointing to a higher number of absences in the second-year classes compared to the first-year classes (first-year classes
[Mean£SE]: 1.20+0.03 vs second-year classes [Mean+SE]: 1.36+0.04; t=—2.869; p=0.005). Absolute performance values
are reported in Supplementary Table 1.

Study 2: Effects of Delayed School Start Time for Students in the Last Year of High
School (School Year 2021-2022)

Concerning the circadian typology, 15.4% of students were “evening-type”, 15.4% were “morning-type”, and the
majority (66.7%) were classified as “intermediate-type”.

Results of the two-way mixed MANCOVA (“School start time” vs “Time interval”; covariate: “Circadian prefer-
ence”) on academic performance (Global academic performance, Scientific academic performance, Humanistic academic
performance) showed no effect of the time interval (Wilks’ Lambda = 0.887, F5 35 = 1.405, p = 0.259), and statistically
significant differences between the two groups (Wilks’ Lambda = 0.463, F33;3 = 12.748, p < 0.001) and significant
interaction between the two main factors (Wilks’ Lambda = 0.713, F; 33 = 4.437, p = 0.010), after controlling for the
covariate “Circadian preference” (Wilks” Lambda = 0.782, F5 35=3.061, p = 0.042).

Subsequent ANCOVAs on each dependent variable (Table 3 and Figure 2) reveal that — independently from the time
interval — students with delayed school start times showed better global academic performance. In addition, the results of
the univariate ANCOVAs showed a significant interaction between the time interval and the school start time regarding
overall and humanistic performance. Specifically, the two classes did not show significant differences in global
performance during the first semester (F; 35 = 2.387; p = 0.131), whereas in the second semester, the delayed class
showed higher scores (F;35 = 6.830; p = 0.013) (Figure 2). Concerning humanistic performance, the standard class
showed a slight decrease — although not significant — between the two time intervals, unlike the improvement trend
shown by the delayed class.

From the univariate ANCOVAs, we can also observe that the covariate “circadian preference” had a significant
effect on each dependent variable. Specifically, a positive correlation was observed between the total score on the
MEQ-CA (high scores indicate morning preference) and global academic performance (r=0.503; p=0.001),
scientific academic performance (r=0.412; p=0.010), and in humanistic academic performance (r=0.369;
p=0.025). Absolute performance values are reported in Supplementary Table 2.

Discussion
This study represents the outcome of a natural experiment resulting from the preventive measures introduced by the Italian
government to contain the spread of COVID-19. In Italy, some schools implemented staggered entry times to reduce the
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Figure | Mean (and SE) across the two time periods (T|I: first semester; T2: second semester) in the two types of classes (Delayed school start time — Orange line;
Standard school start time — Blue line) of the first/second-year of high school.

possibility of contagion,'® providing a unique opportunity to examine the outcomes of different school start times among high
school students.

The effects of late school entry time were initially investigated during the 2020/2021 academic year in first-
and second-year upper school classes. Results showed (a) overall improvement in academic achievement over
the year, regardless of school start time, and (b) better academic performance in scientific subjects for students with
late school starts than students with standard entry times.

In the following school year (ie, 2021/2022), final-year high school students were recruited, and a specific circadian
preference questionnaire was administered. Even in this case, the later school start class showed better academic performance
than the standard class. However, this time, no significant performance increase was observed throughout the academic year.

In Italy, the academic year begins in the first half of September. It is traditionally divided into two semesters: from
September to January (ie, the first school semester) and from February to June (ie, the second school semester). Since

these two periods are consecutive, the time effect observed in the first- and second-year classes probably represents the
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Table 3 Univariate Test of the Two-Way Mixed MANCOVA with “Circadian Preference” as Covariate and “School Start Time” and
“Time Interval” as Between and Within Factors, Respectively (N=38)

School Start Time School Start Covariate
Time Interval Time * Time (Circadian
Interval Preference)
Fiss | p ﬂpz Fiss | P "lpz Fi3s P ﬂpz Fi3s P ﬂpz
Global academic performance 4522 | 0.041* | 0.114 | 0.397 | 0.533 | 0.011 | 12237 | 0.001* | 0.259 | 9.674 | 0.004* | 0.217
Scientific academic performance 0.043 | 0.837 | 0.001 | 2.709 | 0.109 | 0.072 | 2.847 0.100 0.075 | 7.055 | 0.012* | 0.168
Humanistic academic performance | 0.976 | 0.330 | 0.027 | 0.512 | 0.479 | 0.014 | 8.249 0.007* | 0.191 | 6.229 | 0.017* | 0.151

Note: Asterisk indicates statistical significance (p<0.05).

direct consequence of the learning effect and the natural improvement of performance at the end of the academic year,
regardless of the starting time. Conversely, the absence of a time effect in final-year classes could be related to the small
sample size of this group and the resulting underpowered analyses.

From a descriptive point of view, it is interesting to observe that older students (fifth-year classes) show an overall
higher performance compared to first- and second-year classes. This evidence could be associated with the fact that they
have a consolidated academic history and consequently receive a more robust assessment from teachers. These factors
might also contribute to explaining the absence of variations between the two school semesters, unlike what is observed
in first/second-year classes in Study 1.

Regarding the effect of school start time, the results of both study protocols (first/second year and fifth year) are
consistent with many studies describing the beneficial effects of delaying school start time.'® Sleep loss impairs sustained
attention, executive functions and memory, hindering learning ability and overall academic performance.”’ Notably,
chronic sleep deprivation significantly affects cognitive performance and academic achievement.>! In this study, we did
not have the opportunity to collect any information about the student’s sleep-wake patterns before and during the
observation period using instruments such as questionnaires or weekly sleep diaries. However, based on the existing

litelrature,zz’23

we can hypothesize that the possible sleep gain due to the delay of the rising time may have facilitated
learning, leading to better academic performance. In fact, a very recent Norwegian study>* reported that even a very short
delay in starting school (ie, 15 min) was associated with increased sleep (ie, 7.2 min).

The selectively observed improvement in academic performance in scientific subjects could be attributed to the fact
that the school of affiliation for the first- and second-year classes is a scientific high school. Therefore, the performance in
specialized subjects such as mathematics and physics could most indicate students’ actual performance. Furthermore,

some evidence shows that academic subjects based on fluid cognition (ie, mathematics or physics) are more sensitive to

time-of-day task variation than subjects involving crystallized intelligence.***
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Figure 2 Mean (and SE) across the two time periods (T 1: first semester; T2: second semester) in the two types of classes (Delayed school start time — Red line; Standard
school start time — Green line) of the last year of high school.
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Despite the small variations in absolute performance values, the size of the observed changes corresponds to large or
medium effects, as reflected by the partial eta squared values that indicate a relatively high proportion of variance
explained by these factors.

Surprisingly, no significant differences in absentecism were found between the two groups. Among the benefits of
delaying school start times, several studies found a reduction in early leaving, tardiness, and absenteeism.>”** However,
other studies found no change in school attendance after introducing late start times.**-*

The significant effect of the covariate “Circadian preference” on all academic performance categories (global,
humanistic, scientific) confirms the positive relationship between early chronotype and better school performance.?® It
can be assumed that delaying current school and university timings can create more favorable learning conditions for
evening types, who naturally tend to perform better in the afternoon hours.?! In this way, later school start times could
greatly reduce the existing gap in academic performance between the two circadian chronotypes.

Current findings on the effects of late school start times are still inconsistent and heterogeneous. This is probably due
to multiple confounding variables (eg, circadian typology, age, sleep habits, social cues, etc.) and the different experi-
mental settings in which the postponed start time was implemented. A recent review by Ferrante and Leone®? described
how different solar clocks (ie, the distance between school start time and sunrise) can strongly influence the effects of
delayed school start times.

The implementation of preventive measures related to the spread of COVID-19 made it possible to study this
phenomenon in a natural setting. However, the pandemic involved other aspects that could affect the obtained results.
For example, the students’ sleep-wake rhythms and learning ability in this study may have been affected by immediate
class interruptions in the initial phases of the national lockdown and the use of remote learning long before school
reopening. Therefore, these aspects make it difficult to generalize these findings to other contexts and periods.

In addition, the results of this study confirm the beneficial effect of the later school start time observed in our pilot
study.' Furthermore, investigating this phenomenon in a natural context eliminates a whole range of confounding
variables associated with being subject to experimentation (ie, self-selection bias).

Delaying school start time undoubtedly represents a valid solution to alleviate sleep loss among adolescents, as also
confirmed by the absence of a subsequent delay in sleep onset time.'* However, we should also consider other potential
and effective countermeasures. Indeed, the lack of sufficient amount of sleep in this population is also linked to
environmental factors such as a greater probability of involvement in social, school, and sporting activities in the
evening hours,>* reduced parental control,>* or the tendency to use electronic devices close to bedtime.*® Therefore,
a possible solution should also involve increasing awareness among young people about proper sleep habits. In this
regard, some studies have reported the effectiveness of school-based sleep education programs in disseminating sleep
hygiene practices among adolescents.*® Future studies should use devices such as wrist actigraphy to objectively detect
sleep-wake rhythms, as well as consider subjective questionnaires and sleep diaries to ascertain the relationship between
improved academic performance and sleep gain.

Given the wide-ranging consequences of chronic sleep curtailment on youth health and performance, it is essential to
address this issue. By aligning school schedules with the natural sleep patterns of adolescents, we can help promote optimal
cognitive functioning, improve academic outcomes, and promote overall well-being during this crucial developmental stage.

Achieving this change will undoubtedly require collaboration between schools, parents, and policymakers to address
logistical issues and ensure appropriate support systems. However, considering relevant aspects such as the circadian
typology and the quality of students’ sleep could help establish a valuable criterion for implementing this solution,
especially for those groups of students most affected by social constraints.
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