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Healthy sleep is associated with better academic achievement whereas insufﬁcient,
poor, and inconsistent sleep schedules have been shown to be associated with poor
school achievement.1,2
Scientiﬁc evidence shows that sleep plays critical roles in the optimal execution of
learning, memory, executive functions, sustained attention, emotional regulation, and
mood regulation,3–8 all of which are essential for academic success, adjustment, and
mental health. This is because the neural areas that govern emotional regulation
and executive functions are sensitive to sleep deﬁciency.9–16
The recommended amount of sleep for adolescents is 8 to 10 hrs per night17 but
at least one-third of adolescents get insufﬁcient sleep,18 and these estimates are
increasing with time.19 This is alarming, as adolescents with insufﬁcient sleep are at
an increased risk for poor school achievement.20
Several studies using subjective sleep measures have identiﬁed gender differences in the timing, duration, and quality of sleep in adolescence. Adolescent girls
reported earlier waking times during the school week,21,22 combined with long
sleep latencies23 and poor sleep quality.24 Given the documented associations
between inadequate sleep and subject-speciﬁc academic achievement, one might
expect that the academic achievement of adolescent girls would suffer. However,
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Purpose: To examine the associations between objective measures of sleep during the
school week and academic achievement in mathematics and languages in typically developing adolescent girls.
Methods: Eighty adolescent girls aged 12–17 years (M=14.74, SD=1.3) participated. For
ﬁve consecutive weeknights, sleep was assessed in the home environment using an actigraph.
Academic achievement was assessed using report card grades.
Results: Girls who obtained on average less sleep than the recommended amount of 8 to
10 hrs per night had signiﬁcantly lower grades in mathematics compared to girls who
obtained the recommended amount (77.61 vs 86.16, respectively; ηp2=0.11). Hierarchical
regression analyses adjusted for age, pubertal status, and socioeconomic status revealed that
longer average sleep time was signiﬁcantly associated with higher grades in mathematics
(B=4.78, 95% CI [2.03,7.53]). No signiﬁcant associations were found between sleep variables and grades in languages.
Conclusion: Longer average weekday sleep duration is associated with academic achievement of adolescent girls in mathematics.
Keywords: actigraphy, adolescence, grades, report card, gender
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research has shown that girls outperform boys
academically25–27 at all ages and across all subjects.
The apparent contradiction that girls outperform boys
academically while experiencing less and poorer sleep may
mainly reﬂect the use of subjective sleep measures in previous studies. Furthermore, an overall academic advantage
of female students might mask the potential effects of short,
inefﬁcient, or inconsistent sleep duration in this population.
It is therefore important to use objective measurement to
examine the associations between sleep and academic
achievement within a sample of adolescent girls.
Sleep health encompasses a combination of optimal sleep
duration, continuity, efﬁciency, timing, and consistency.28
We, therefore, set to examine the associations between
these dimensions and academic achievement in adolescent
girls. To our best knowledge, no other study has used objective measures to systematically investigate the extent to
which the quality, quantity, and consistency of sleep during
the school week are related to subject-speciﬁc academic
achievement among adolescent girls.
Maturational changes in puberty combined with socioenvironmental factors (eg, elevated academic demands,
involvement with electronic devices) mean that adolescents shift to a much later bedtime than those of children
and adults, with bedtime becoming approximately 2 hrs
later during adolescence.29 On school days, the timing of
an adolescent’s sleep period is determined by early wakeup times mandated by the school schedule. Because of
this, adolescents typically accumulate a signiﬁcant sleep
debt over the school week.29–31 The weeknights must be
taken as reﬂecting the sleep amounts associated with academic achievement on a daily basis.
Greater intra-individual night-to-night variability (IIV)
of sleep has been associated with poor performance in
neurocognitive tasks, knowledge tests, and verbal reasoning in children.32–34 However, only a few studies have
examined the associations between sleep IIV and sleep
means with academic achievement in adolescents, and
these studies did not use objective sleep measures.30,31
Another goal of the present study was to determine the
extent to which the means and IIV in sleep parameters
were associated with academic achievement.
Academic achievement is multidimensional, and students’ academic strength could vary between subjects.
Although female students have an overall academic advantage over males, this advantage is not even across all subjects; the smallest and largest advantages for female students
are seen in mathematics and languages, respectively.35
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Previous studies have demonstrated that everyday variations
in sleep duration have varied impacts on different cognitive
tasks: the typical sleep duration had no bearing on relatively
“easy” tasks, such as short-term memory performance, but
had signiﬁcant impacts on more challenging tasks, such as
reasoning.36 It is therefore likely that the achievement of
adolescent girls in different subjects would be associated
with inadequate sleep to different extents.
The objective of the present study was to examine the
associations between objective measures of sleep during the
school week and academic achievement in mathematics and
languages in typically developing adolescent girls. We
hypothesized that: 1) adolescent girls who sleep less than
the recommended amount per school night would have
poorer marks compared to adolescent girls who obtain the
recommended amount of sleep for their age; 2) shorter, less
efﬁcient and more variable sleep would be associated with
poorer grades; and 3) achievement in mathematics would be
more strongly associated with inadequate sleep than
achievement in languages.

Materials and Methods
Participants
Eighty typically developing adolescent girls (M
age=14.74, SD=1.3, range=12–17 years) participated in
the study. Participants were excluded from the study if
there was any psychiatric illness, developmental disorder,
and/or learning disability that might affect academic
achievement, or any medical condition or medication that
might interfere with sleep. Demographic characteristics of
the sample are presented in Table 1.

Procedure
At the screening stage, prior to their participation in the
study, each participant’s eligibility was determined through
detailed health-related questionnaires, which were used to
rule out any existing sleep, health, or behavioral problem.
Eligible participants were each given a wristwatch-like
actigraph device (Actiwatch 64, Mini-Mitter, Bend, OR,
USA) and were instructed to wear it on their nondominant
wrist at bedtime for ﬁve consecutive school nights (Sunday
to Thursday). During the same period, they were asked to
ﬁll in a daily sleep log. Thereafter, the parents were asked to
complete a demographic questionnaire. Report cards were
obtained from administrators in the participating schools.
The study was approved by the Research Ethics board at the
Douglas Mental Health University Institute (Montreal,
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Table 1 Socioeconomic Status Measures of the Sample by
Below/Within the 8 h Recommended Sleep Duration
<8 h Sleep

≥8 h Sleep

All

Duration

Duration

(N=80)

(N=41)

(N=39)

Percent (%)

Percent (%)

Percent (%)

$25,000–$45,000

7

5

6

$45,000–$65,000

12

13

13

$65,000–$95,000

37

21

29

> $95,000

44

62

53

High school

12

13

13

College

41

26

34

University

46

62

54

Parameter
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Annual household income

Maternal education level

Daily Sleep Log
Participants recorded their bedtime and wake-up times for
each night they wore the Actiwatch.
Academic Achievement
Report card grades given on a scale between 0 and 100 for
the subjects of mathematics, English language arts, and
French as a second language were recorded.
Health
A detailed questionnaire asked parents for information
about their daughter’s medical or psychological diagnoses
in the present or past and the use of any medications.

Potential Confounders
Canada) and the Research Ethics Board of Riverside School
Board. Written informed consent was obtained from the
parents of all participants and written informed assent was
obtained from all participants.

Measures
Sleep
Actigraphy
Nighttime sleep was monitored by actigraphy, which
has been shown to be a reliable method for evaluating
sleep. The utilized Actiware Sleep 6.1 software package (Mini-Mitter) applies a sleep scoring algorithm that
was previously validated and found to display a high
degree of correspondence with polysomnographic
data.37,38 The actigraphic data were analyzed in 1-min
epochs. The total number of activity events was computed for each epoch; if the threshold sensitivity value
of the mean score during the active period was
exceeded, the epoch was considered to be waking in
nature. Otherwise, the epoch was considered to be
sleep. Means and standard deviations (SDs; night-tonight variability) were determined for the following
measures: 1) sleep schedule, including the times of
sleep start and sleep end; 2) assumed sleep time,
which was the total sleep period; 3) true sleep time,
which was the amount of time between the sleep start
and sleep end that was scored as sleep according to the
Actiware Sleep algorithm; and 4) sleep efﬁciency,
which was the percentage of time in bed spent sleeping. These measures were averaged over the ﬁve school
nights (Sunday to Monday).
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Indices Reﬂecting Socioeconomic Status (SES)
Parents were asked to provide information regarding
annual income from all sources received by all members
of the household, and the highest level of education
achieved by the mother.
Pubertal Stage
The Pubertal Development Scale39 assesses the extent of
participants’ sex-speciﬁc bodily changes associated with
puberty onset. This measure yields a mean score from 1
(puberty has not begun) to 4 (puberty is complete).

Data Analyses
Descriptive statistics were computed for all relevant variables.
The mean and variability scores for each actigraphic measure
were separately averaged across the ﬁve weeknights.
Descriptive statistics were computed for all relevant variables. The mean and variability scores for each actigraphic
measure were separately averaged across the ﬁve weeknights. We reclassiﬁed the assumed and true sleep durations
into relevant categories: <8 hrs and 8–10 hrs as no participant
slept more than 10 hrs during the study period. Based on the
recommendations made by the National Sleep Foundation,
adolescent girls who obtained 8 to 10 hrs of sleep per night17
during the school week were taken as obtaining the recommended amount of sleep.
To assess between-group differences in sleep and the
subject-speciﬁc academic achievement of adolescent girls
in the different sleep duration groups while controlling for
multiple comparisons, we used three parallel multivariate
analyses of covariance (MANCOVA) with the sleep duration group as the independent variable; the mean and
night-to-night variability of actigraphic sleep measures
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and report-card grades as the dependent variables; and age
and pubertal score as covariates. Before we carried out the
MANCOVAs, we tested all potential independent variables
for multicollinearity by assessing variance inﬂation factors
(VIFs). There was no concern regarding multicollinearity,
as the VIFs of the independent variables were all <5.
Power analysis for a MANCOVA with two levels and
three dependent variables was conducted using G*Power to
determine a sufﬁcient sample size using an alpha of 0.05,
a power of 0.80, and a moderate effect size (f2=0.15). Based
on these assumptions, the desired sample size was calculated to be 78.
Principal component analyses employing Varimax rotation was used to integrate multiple sleep dimensions and
aggregate sleep means and variability measures into reliable sleep indices. We then used Pearson product-moment
correlations to examine the associations between age,40
pubertal status,41 SES indicators,42–45 report-card grades,
and the factor scores derived from the sleep measures.
Hierarchical regression analyses adjusted for the potential confounders of age, maternal education, household
annual income, and the participant’s pubertal score were
used to examine the associations between sleep factors
derived from the means or variability of school-night actigraphic sleep measures and report-card grades.
The variables used to explain the report-card grades
were entered in three blocks as follows: in Step 1 the
confounders of age, mother’s education, household
income, and pubertal status were entered; in Step 2,
sleep factors based on average values, Sleep Duration
and Sleep Timing, were entered; in Step 3, sleep factors
based on night-to-night variability values were entered,
enabling us to examine the association between reportcard grades and the night-to-night variability of sleep
measures above and beyond the contribution of the mean
values of the sleep variables. The adjusted R2 was measured at each step for the entered variable block. The
change in R2 was used to assess the explanatory power
of each block of variables as the incremental contribution
to the explained variance. Assumptions of hierarchical
multiple regression were tested and found satisfying.
Power analysis for hierarchical regression analyses
with three predictors tested and seven total predictors
was conducted using G*Power to determine a sufﬁcient
sample size using an alpha of 0.05, a power of 0.80, and
a moderate effect size (f2=0.15). Based on these assumptions, the desired sample size was calculated to be 77.
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All statistical analyses were performed using SPSS
Statistics for Windows, Version 22 (IBM Corp., Armonk, NY).

Results
The means (M) and standard deviations (SD) of all variables are presented in Tables 1 and 2.
The participants had an average (SD) of 7.9 hrs (47 min)
of assumed sleep duration and 7 hrs (43 min) of true sleep.
Their average bedtime and wake-up time were 23:07 (0:56)
and 7:07 (0:38), respectively, and their average sleep efﬁciency was 82.7%. Of the participants, 48.8% had assumed
sleep time within the range of 8 to 10 hrs, while the remaining 51.2% had sleep times below that. No participant had
a sleep time longer than the recommended sleep duration.
Given this, we categorized the participants to Sleep Groups
by those who had a short sleep duration (<8 hrs) and those
who had the recommended sleep duration (8–10 hrs). When
true sleep was used as an indicator of sleep duration 90%
obtained less than the recommended amount of sleep. Given
the small number of participants with a actual sleep duration
within the recommended amount of sleep, we focused on
comparing the groups based on assumed sleep duration
rather than true sleep.

Comparing Girls Who Did and Did Not
Obtain the Recommended Sleep
Duration
Sleep
MANCOVA revealed that Sleep Group (short vs recommended sleep duration) had a signiﬁcant main effect on the
average actigraphic sleep measures (F(5, 75)=34.05,
p<0.0001 ηp2=0.49). Post hoc analyses showed that adolescents classiﬁed as short sleepers, in comparison to recommended duration sleepers, had a signiﬁcantly delayed
bedtime (F(1, 84)=46.09, p<0.0001 ηp2=0.35; 23:44 vs
22:31 pm, respectively), shorter true sleep (F(1, 79)=81.5,
p<0.0001 ηp2=0.39; 388 vs 451 mins, respectively), and
fewer immobile minutes (F(1, 79)=123.8, p<0.0001 ηp2
=0.43; 385.1 vs 451.6 min, respectively). There was no
signiﬁcant between-group difference in wake-up time (7:04
vs 7:10) or sleep efﬁciency (83% vs 82.4%).
No signiﬁcant main effect was found between the
groups on the night-to-night variability measures.

Academic Achievement
MANCOVA revealed a signiﬁcant main effect on academic achievement for the Sleep Groups (short vs recommended duration) (F(5, 75)=5.86, p<0.001 ηp2=0.218).
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Table 2 Means (M) and Standard Deviations (SD) of Age and Measures by Below/Within the 8 h Recommended Sleep Duration
Parameter

<8 h Sleep Duration (N=41)

≥8 h Sleep Duration (N=39)

M

M

SD

SD

All(N=80)
p

M

SD

Age

15.00

1.12

14.46

1.43

0.01

14.74

1.30

PDS

3.45

0.46

3.04

0.65

0.06

3.25

0.59

Mathematics
French as a second language

77.61
76.12

11.33
8.91

86.12
79.71

8.81
9.00

0.15
0.97

81.76
77.87

10.98
9.08

English language arts

83.40

5.90

84.36

6.93

0.32

83.87

6.40

Sleep time (mins)

438.53

30.59

517.57

22.01

0.25

477.06

47.83

True sleep time (mins)
Bedtime (hh:mm)

387.18
23:48

32.37
0:40

451.31
22:31

27.92
0:39

0.40
0.96

418.45
23:11

44.11
0:55
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Report card grades (%)

Sleep

Wake-up time (hh:mm)

7:07

0:36

7:09

0:35

0.99

7:08

0:35

Sleep efﬁciency (%)
Immobile time (mins)

83.04
384.09

4.66
27.44

82.24
450.08

5.33
23.21

0.43
0.38

82.65
416.26

4.98
41.74

Sleep time variability (mins)

41.43

22.22

44.62

22.96

0.83

42.98

22.49

True sleep time variability (mins)
Bedtime variability (hh:mm:ss)

38.02
0:40:11

20.52
0:27:24

38.76
0:30:20

19.95
0:16:17

0.71
0.02

38.38
0:35:23

20.12
0:23:04

Wake-up time variability (hh:mm:ss)

0:27:52

0:25:49

0:31:38

0:20:52

0.99

0:29:42

0:23:28

Sleep efﬁciency variability (%)
Immobile time variability (mins)

3.66
37.32

1.82
19.56

3.47
38.86

1.94
20.92

0.72
0.46

3.57
38.07

1.87
20.12

Abbreviation: PDS, pubertal development scale mean score.

Post hoc analyses showed that adolescent girls classiﬁed as
short sleepers, in comparison to recommended duration
sleepers, had signiﬁcantly poorer grades in mathematics
(F(1, 79)=12.63, p<0.001 ηp2=0.112.), but no signiﬁcant
difference was found for English language arts or French
as a second language.

Testing the Associations Between Sleep
Parameters and Grades in Mathematics
and Languages
Principal Component Analysis for Sleep Means
Measures
Principal component analysis (PCA) for the mean actigraphic values produced a two-factor solution that
accounted for 83% of the variance. Components were
extracted for factors with eigenvalues greater than 1. One
component (eigenvalue=3.48) was weighted by the mean
actigraphic values of sleep time, true sleep time, and
the number of immobile minutes (factor loading=0.97,
0.96, 0.98, respectively), and was therefore termed Sleep
Duration. A second component (eigenvalue=1.50) was
weighed by the sleep start time, sleep end time, and sleep
efﬁciency (factor loading=0.59, 0.90, 0.52, respectively),

Nature and Science of Sleep 2020:12

and was termed Sleep Timing. Factor loadings of the other
sleep means measures yielded values <0.4.

Principal Component Analysis for Sleep Variability
Measures
PCA for the night-to-night variability of actigraphic sleep
measures produced a two-factor solution that accounted for
78% of the variance. Components were extracted for factors
with eigenvalues greater than 1. One component (eigenvalue=3.68) was weighted by the night-to-night variability of
assumed sleep, true sleep, sleep start time, sleep end time,
and immobile minutes (factor loading=0.95, 0.94, 0.77,
0.58, 0.96, respectively), and was termed Sleep Variability.
A second component (eigenvalue=1.01) was weighed by the
variability of sleep efﬁciency (factor loading=0.96) and was
termed Variability of Sleep Efﬁciency. Factor loadings of the
other sleep means measures yielded values <0.4.

Correlations Between Variables
The correlations between actigraphic Sleep Factors,
report-card grades, age, and household income are presented in Table 3 showing that older age was associated
with poorer achievement in English language arts and
mathematics, shorter Sleep Duration, and higher puberty
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Table 3 Pearson Correlations Among Demographics, Report Card Grades, and Actigraphic Sleep Measures
1

2

4

5

1. Age
2. Household income

–
−0.10

–

3. Maternal education

−0.24*

0.23*

–

4. PDS
5. Mathematics grade

0.57***
−0.29**

−0.02
0.17

−0.06
0.18

–
−0.13

6. French as a Second Language grade

−0.21

–

0.20

0.20

−0.07

7. English Language Arts grade
8. Sleep Duration factor

0.46**

–

−0.30**
−0.38***

−0.04
0.11

0.17
0.18

−0.11
−0.43***

0.55***
0.45***

9. Sleep Timing factor
10. Sleep Variability factor

0.18
−0.10

−0.16
−0.22*

−0.14
−0.06

0.22*
0.02

11. Variability of Sleep Efﬁciency factor

−0.10

−0.15

0.06

−0.06

6

7

8

9

10

0.61***
0.30**

–
0.26*

–

0.08
0.22

−0.09
−0.11

−0.08
−0.02

−0.21*
0.08

–
0.26*

–

0.02

−0.08

−0.08

−0.14

−0.12

0.00

11

–

Note: *p<0.05, **p<0.01, ***p<0.001.
Abbreviation: PDS, pubertal development scale mean score.

score (r=−0.30, p<0.01; r=−0.29, p<0.01; r=−0.38,
p<0.001; r=0.57, p<0.001, respectively). Higher household
income was associated with a decrease in Sleep Variability
and with higher levels of maternal education (r=−0.22,
p<0.05; r=0.23, p<0.05, respectively). Grades in mathematics, English, and French were positively associated
with Sleep Duration (r=0.45, p<0.001; r=0.26, p<0.05;
r=0.30, p<0.01, respectively) and with each other (mathematics-English r=0.55, p<0.001; mathematics-French
r=0.46, p<0.01; English-French r=0.61, p<0.001).

Regression Analyses
Associations Between Sleep Means/Variability Factors and
Grades in Mathematics
Step 1 was not statistically signiﬁcant but the regression
models obtained at Steps 2 and 3 were statistically
signiﬁcant (F(4, 75)=4.82, p<0.0001; F(4, 75)=4.2,
p<0.0001, respectively), accounting for 25.0% of the
variance in grades on mathematics after accounting for
all other variables (see Table 4). The introduction of
sleep variables in Step 2 explained an additional 17%
of the variability in grades on mathematics, and this
change in R2 was statistically signiﬁcant (F(2, 73)=8.9,
p<0.0001). The grade in mathematics was signiﬁcantly
and positively associated with the Sleep Duration
Factor, such that a longer sleep duration was associated
with higher grades in mathematics (B=4.78, 95%
CI [2.03,7.53]) (standardized β=0.46, t(80)=3.91,
p<0.001). Further analyses demonstrated that the Sleep
Duration Factor made the largest unique contribution.
This variable remained signiﬁcant at Step 3. No other
variable was found to be signiﬁcantly associated with
achievement in mathematics in any of the other models,
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Table 4 Results of Hierarchical Regression Analysis of Associations
Between Sleep Means and Variability Factors with Report Card
Grades (N=80)
Variable

Mathematics

French as
a Second
Language

English
Language
Arts

β

p

β

p

β

p

Age

−0.27

0.06

−0.17

0.22

−0.32

0.02

PDS

0.02

0.91

0.03

0.83

0.07

0.58

Household income

0.12

0.30

0.15

0.18

−0.10

0.37

Maternal education

0.08

0.52

0.11

0.37

0.11

0.33

Adjusted R2

0.06

Model 1

0.04

0.06

Model 2
Age

−0.20

0.11

−0.14

0.33

−0.29

0.04

PDS

0.14

0.27

0.13

0.35

0.17

0.25

Household income

0.07

0.50

0.11

0.34

−0.14

0.22

Maternal education

0.06

0.58

0.08

0.48

0.09

0.44

Sleep Duration

0.46

0.00

0.27

0.04

0.23

0.08

Sleep Timing

0.20

0.06

−0.01

0.90

−0.02

0.83

Adjusted R2

0.22

0.07

0.08

Model 3
Age

−0.15

0.23

−0.16

0.25

−0.32

0.03

PDS

0.13

0.32

0.15

0.30

0.17

0.23

Household income

0.12

0.27

0.08

0.49

−0.17

0.16

Maternal education

0.06

0.55

0.08

0.53

0.09

0.45

Sleep Duration

0.47

0.00

0.28

0.04

0.21

0.12

Sleep Timing

0.18

0.11

0.01

0.93

−0.02

0.87

Sleep Variability

0.16

0.15

−0.12

0.34

−0.08

0.49

Variability of Sleep
Efﬁciency

0.14

0.20

−0.04

0.74

−0.09

0.43

Adjusted R2

0.25

0.06

0.07

Abbreviations: β, standardized regression coefﬁcient; PDS, pubertal development
scale.

and the introduction of Sleep Variability Factors at
Step 3 did not signiﬁcantly add to the explained variance of grades in mathematics.
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Associations Between Sleep Means/Variability Factors and
Grades in English Language Arts
The overall regression models at Steps 1, 2, or 3 were not
statistically signiﬁcant.
Associations Between Sleep Means/Variability Factors and
Grades in French as a Second Language
The overall regression models at Steps 1, 2 or 3 were not
statistically signiﬁcant.
Although the overall regression models were not statistically signiﬁcant at Steps 1, 2, or 3, the sleep duration
was statistically signiﬁcant (p<0.05) in its contributions to
the explained variability in the grades for French.

Discussion
The goal of the present study was to investigate the associations between the means and night-to-night variability of
objectively measured sleep and academic achievement in
mathematics and languages in a sample of typically developing adolescent girls. The main ﬁndings are: 1) 48.8% of the
participants had sleep duration within the recommended
range of 8 to 10 hrs, whereas 51.2% of participants had
a sleep time below the recommended amount; 2) adolescent
girls who obtained less than the recommended amount of
sleep per school night had signiﬁcantly lower grades in
mathematics compared to adolescent girls who obtained the
recommended amount of sleep; 3) Sleep Duration factor
contributed signiﬁcantly to the explained variance of grades
in mathematics after we statistically controlled for age, pubertal status, maternal education, and household income; 4)
the Sleep Variability factors did not add signiﬁcantly to the
explained variance of grades in mathematics; 5) the associations between sleep parameters during the school week were
stronger and accounted for a larger portion of the variance of
grades in mathematics, compared to those in the English
language arts or French as a second language; and 6) none
of the regression models examining the associations between
sleep variables and languages was statistically signiﬁcant.
Our observation that about 50% of the sample of typically developing adolescent girls fell below the recommended sleep duration for their age is consistent with
several recent large-scale studies examining the sleep
duration of Canadian youth.18 The present study extends
these ﬁndings by showing that adolescent girls who fall
under the recommended sleep duration and are not otherwise different from adolescent girls who obtain the recommended sleep duration in terms of their ethnicity,
background, or SES have lower grades in mathematics.
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Given the cross-sectional nature of the study, we cannot
determine the direction of the association between short
sleep duration and poor grades in mathematics. Future
research should be conducted to examine this directionality and contributing factors.
The ﬁndings of this study showing signiﬁcant associations
between sleep duration and academic achievement in mathematics are consistent with previous studies conducted with
younger participants or using subjective sleep measures.46,47
The study extends existing evidence by demonstrating this
association using objective sleep measures.
Another contribution of this study is that it shows that
sleep is associated differently with speciﬁc academic outcomes. Previous work in the ﬁeld sought to identify sleep
duration and quality parameters associated with primary
domains of children’s development, including cognitive
performance,48,49 and academic functioning,2,50 as if
these are independent of individual differences in cognitive abilities. We speculate that because adolescent girls
have the smallest academic advantage in mathematics it
could have rendered these skills more vulnerable to inadequate sleep, whereas they have the largest advantage in
languages, where achievement seems to have been protected despite signiﬁcant differences in sleep. Additional
research is needed to the relative impact of inadequate
sleep on different outcomes for people with different proﬁles of cognitive strength and weaknesses.
Most science, technology, engineering, and mathematics
(STEM) career choices are made in adolescence, making the
high school years a critical time period for determining the
cognitive and motivational factors important for a future in
STEM.51 In contrast to past research which focused on absolute cognitive ability levels, recent studies suggest that relative
cognitive strengths in mathematics, science, and verbal
domains during high school may be more accurate predictors
of future career trajectories.51–53 Youth with asymmetrical
cognitive ability proﬁles are more likely to select careers that
utilize their cognitive strengths rather than their weaknesses,
while symmetrical cognitive ability proﬁles may grant youth
more ﬂexibility in their options.51 Future studies should examine how extending the sleep duration impacts the achievement
of adolescent girls in mathematics. This could be a practical
and currently overlooked strategy to enhance academic
achievement in mathematics and could potentially yield
a more even proﬁle of cognitive strength that would support
broader career choices. Empirical data supporting the beneﬁt
of small sleep extensions during the school week are supported
by previous work showing that participation in a sleep
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education program was associated with an 18.2-min extension
of true sleep per night and improvement in report-card grades
for mathematics and English54 and from studies documenting
that delaying the school start time was associated with
improved achievement in mathematics.55
A growing body of research supports the beneﬁts of
sleep as a means to optimize the cognitive performance of
children and adolescents. Despite this evidence, however,
relatively few educators and policymakers worldwide have
sought to optimize sleep as a means to improve youth
academic functioning. We herein suggest that prioritizing
healthy sleep promotion programs could provide a good
“return on the investment” by allowing students to optimize their achievement in mathematics.
The present study found that daily variability in sleep
measures did not appear to be consequential for academic
achievement beyond average sleep measures. This is inconsistent with previous studies in which higher variability in
sleep duration was associated with better30 and worse56 academic outcomes. Several explanations could account for this
apparent discrepancy. For one, we measured night-to-night
differences during the week rather than considering week
versus weekend differences. It might be that this level of
variability could be tolerated and not impact achievement in
a sample of typically developing adolescent girls. Another
possible explanation for the apparent discrepancy between
our ﬁndings and the previous reports is that the studies demonstrating these associations in adolescents relied on subjective
sleep measures which might not have captured differences
accurately. Our use of objective measures might, therefore,
provide a more complete picture.
The present study has some limitations: First, the crosssectional nature of the study means that the association
between sleep and school achievement could be bidirectional. In the future, the application of an experimental or
longitudinal design will be needed to address the question of
causality. Second, this study did not examine mechanisms,
meaning that we cannot at this time explain why a short sleep
duration was associated with poorer grades in mathematics.
The study was conducted with typically developing
adolescent girls in Quebec. It is not yet known whether
the ﬁndings apply to populations with different sleep patterns, or to atypically developing adolescent girls or boys,
such as those with intellectual and cognitive challenges,
sleep problems, or any other medical condition. Future
research should examine these questions in atypically
developing adolescents to further characterize the interplay
between sleep and academic achievement.
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The present study focused on weeknight sleep given its
documented impact on attention and executive functions in
the day preceding sleep, and for memory consolidation of
information obtained in the previous day. Future research
should investigate similar questions regarding the interplay
between weekend sleep and academic achievement.
In addition, future research should examine the joint
effect of sleep plus physical activity and/or ﬁtness on
academic achievement.

Conclusion
Longer average weekday sleep duration is associated with
academic achievement of adolescent girls in mathematics.
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The authors report no conﬂicts of interest in this work.

References
1. Curcio G, Ferrara M, De Gennaro L. Sleep loss, learning capacity
and academic performance. Sleep Med Rev. 2006;10(5):323–337.
doi:10.1016/j.smrv.2005.11.001
2. Wolfson AR, Carskadon MA. Understanding adolescent’s sleep patterns and school performance: a critical appraisal. Sleep Med Rev.
2003;7(6):491–506. doi:10.1016/S1087-0792(03)90003-7
3. Kopasz M, Loessl B, Hornyak M, et al. Sleep and memory in healthy
children and adolescents - a critical review. Sleep Med Rev. 2010;14
(3):167–177. doi:10.1016/j.smrv.2009.10.006
4. Rasch B, Born J. About sleep’s role in memory. Physiol Rev. 2013;93
(2):681–766.
5. Dahl RE. The consequences of insufﬁcient sleep for adolescents. Phi
Delta Kappan. 1999;80(5):354–359.
6. Alfano CA, Gamble AL. The role of sleep in childhood psychiatric
disorders. Child Youth Care Forum. 2009;38(6):327–340. doi:10.1007/
s10566-009-9081-y
7. Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and
extension on school-age children: what a difference an hour makes.
Child Dev. 2003;74(2):444–455. doi:10.1111/1467-8624.7402008
8. Gruber R, Laviolette R, Deluca P, Monson E, Cornish K, Carrier J.
Short sleep duration is associated with poor performance on IQ
measures in healthy school-age children. Sleep Med. 2010;11
(3):289–294. doi:10.1016/j.sleep.2009.09.007
9. Ma N, Dinges DF, Basner M, Rao H. How acute total sleep loss
affects the attending brain: a meta-analysis of neuroimaging studies.
Sleep. 2015;38(2):233–240. doi:10.5665/sleep.4404
10. Killgore WD. Effects of sleep deprivation on cognition. Prog Brain
Res. 2010;185:105–129.
11. Dinges DF, Pack F, Williams K, et al. Cumulative sleepiness, mood
disturbance, and psychomotor vigilance performance decrements during
a week of sleep restricted to 4–5 hours per night. Sleep. 1997;20
(4):267–277.
12. Harrison Y, Horne JA. Sleep loss impairs short and novel language
tasks having a prefrontal focus. J Sleep Res. 1998;7(2):95–100.
doi:10.1046/j.1365-2869.1998.00104.x
13. Drummond SP, Brown GG, Stricker JL, Buxton RB, Wong EC,
Gillin JC. Sleep deprivation-induced reduction in cortical functional
response to serial subtraction. Neuroreport. 1999;10(18):3745–3748.
doi:10.1097/00001756-199912160-00004

Nature and Science of Sleep 2020:12

Nature and Science of Sleep downloaded from https://www.dovepress.com/ by 34.237.138.69 on 27-Nov-2020
For personal use only.

Dovepress
14. Mesulam MM. Large-scale neurocognitive networks and distributed
processing for attention, language, and memory. Ann Neurol. 1990;28
(5):597–613. doi:10.1002/ana.410280502
15. Yoo SS, Gujar N, Hu P, Jolesz FA, Walker MP. The human emotional
brain without sleep–a prefrontal amygdala disconnect. Curr Biol.
2007;17(20):R877–R878. doi:10.1016/j.cub.2007.08.007
16. Gujar N, Yoo SS, Hu P, Walker MP. Sleep deprivation ampliﬁes reactivity of brain reward networks, biasing the appraisal of positive emotional experiences. J Neurosci. 2011;31(12):4466–4474. doi:10.1523/
JNEUROSCI.3220-10.2011
17. Hirshkowitz M, Whiton K, Albert SM, et al. National sleep foundation’s
sleep time duration recommendations: methodology and results summary. Sleep Health. 2015;1(1):40–43. doi:10.1016/j.sleh.2014.12.010
18. Chaput JP, Janssen I. Sleep duration estimates of Canadian children
and adolescents. J Sleep Res. 2016;25(5):541–548. doi:10.1111/
jsr.12410
19. Patte KA, Qian W, Leatherdale ST. Sleep duration trends and trajectories among youth in the COMPASS study. Sleep Health. 2017;3
(5):309–316. doi:10.1016/j.sleh.2017.06.006
20. Shochat T, Cohen-Zion M, Tzischinsky O. Functional consequences
of inadequate sleep in adolescents: a systematic review. Sleep Med
Rev. 2014;18(1):75–87. doi:10.1016/j.smrv.2013.03.005
21. Lee KA, McEnany G, Weekes D. Gender differences in sleep patterns
for early adolescents. J Adolesc Health. 1999;24(1):16–20.
doi:10.1016/S1054-139X(98)00074-3
22. Wolfson AR, Carskadon MA. Sleep schedules and daytime functioning in adolescents. Child Dev. 1998;69(4):875–887. doi:10.1111/
j.1467-8624.1998.tb06149.x
23. Yang CK, Kim JK, Patel SR, Lee JH. Age-related changes in sleep/
wake patterns among Korean teenagers. Pediatrics. 2005;115(1
Suppl):250–256. doi:10.1542/peds.2004-0815G
24. Giannotti F, Cortesi F. Sleep patterns and daytime function in adolescence:
an epidemiological survey of an Italian high school student sample. In:
Carskadon MA, editor. Adolescent Sleep Patterns: Biological, Social, and
Psychological Inﬂuences. Cambridge: Cambridge University Press;
2002:132–147.
25. Fredriksen K, Rhodes J, Reddy R, Way N. Sleepless in Chicago: tracking the effects of adolescent sleep loss during the middle school years.
Child Dev. 2004;75(1):84–95. doi:10.1111/j.1467-8624.2004.00655.x
26. Hysing M, Harvey AG, Linton SJ, Askeland KG, Sivertsen B. Sleep
and academic performance in later adolescence: results from a large
population-based study. J Sleep Res. 2016;25(3):318–324.
doi:10.1111/jsr.2016.25.issue-3
27. Duckworth AL, Seligman MEP. Self-discipline gives girls the edge:
gender in self-discipline, grades, and achievement test scores. J Educ
Psychol. 2006;98(1):198–208. doi:10.1037/0022-0663.98.1.198
28. Buysse DJ. Sleep health: can we deﬁne it? Does it matter? Sleep.
2014;37(1):9–17. doi:10.5665/sleep.3298
29. Carskadon MA. Sleep in adolescents: the perfect storm. Pediatr Clin
North Am. 2011;58(3):637–647. doi:10.1016/j.pcl.2011.03.003
30. Fuligni AJ, Arruda EH, Krull JL, Gonzales NA. Adolescent sleep
duration, variability, and peak levels of achievement and mental
health. Child Dev. 2018;89(2):e18–e28. doi:10.1111/cdev.12729
31. Matos MG, Gaspar T, Tome G, Paiva T. Sleep variability and fatigue in
adolescents: associations with school-related features. Int J Psychol.
2016;51(5):323–331. doi:10.1002/ijop.2016.51.issue-5
32. Suratt PM, Barth JT, Diamond R, et al. Reduced time in bed and
obstructive sleep-disordered breathing in children are associated with
cognitive impairment. Pediatrics. 2007;119(2):320–329. doi:10.1542/
peds.2006-1969
33. Buckhalt JA, El-Sheikh M, Keller P. Children’s sleep and cognitive
functioning: race and socioeconomic status as moderators of effects.
Child Dev. 2007;78(1):213–231. doi:10.1111/j.1467-8624.2007.00993.x
34. Gruber R, Sadeh A. Sleep and neurobehavioral functioning in boys
with attention-deﬁcit/hyperactivity disorder and no reported breathing
problems. Sleep. 2004;27(2):267–273. doi:10.1093/sleep/27.2.267

Nature and Science of Sleep 2020:12

Lin et al
35. Voyer D, Voyer SD. Gender differences in scholastic achievement: a
meta-analysis. Psychol Bull. 2014;140(4):1174–1204. doi:10.1037/
a0036620
36. Wild CJ, Nichols ES, Battista ME, Stojanoski B, Owen AM. Dissociable
effects of self-reported daily sleep duration on high-level cognitive
abilities. Sleep. 2018;41(12). doi:10.1093/sleep/zsy182
37. Littner M, Kushida CA, Anderson WM, et al. Practice parameters for the
role of actigraphy in the study of sleep and circadian rhythms: an update
for 2002. Sleep. 2003;26(3):337–341. doi:10.1093/sleep/26.3.337
38. Meltzer LJ, Montgomery-Downs HE, Insana SP, Walsh CM. Use of
actigraphy for assessment in pediatric sleep research. Sleep Med Rev.
2012;16(5):463–475. doi:10.1016/j.smrv.2011.10.002
39. Petersen AC, Crockett L, Richards M, Boxer A. A self-report measure of pubertal status: reliability, validity, and initial norms. J Youth
Adolesc. 1988;17(2):117–133. doi:10.1007/BF01537962
40. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Metaanalysis of quantitative sleep parameters from childhood to old age in
healthy individuals: developing normative sleep values across the
human lifespan. Sleep. 2004;27(7):1255–1273. doi:10.1093/sleep/
27.7.1255
41. Cavanagh SE, Riegle-Crumb C, Crosnoe R. Puberty and the education of girls. Soc Psychol Q. 2007;70(2):186–198. doi:10.1177/
019027250707000207
42. Crede J, Wirthwein L, McElvany N, Steinmayr R. Adolescents’
academic achievement and life satisfaction: the role of parents’
education. Front Psychol. 2015;6:52. doi:10.3389/fpsyg.2015.00052
43. Jarrin DC, McGrath JJ, Quon EC. Objective and subjective socioeconomic gradients exist for sleep in children and adolescents. Health
Psychol. 2014;33(3):301–305. doi:10.1037/a0032924
44. Doane LD, Breitenstein RS, Beekman C, Clifford S, Smith TJ,
Lemery-Chalfant K. Early life socioeconomic disparities in children’s
sleep: the mediating role of the current home environment. J Youth
Adolesc. 2019;48(1):56–70. doi:10.1007/s10964-018-0917-3
45. Haveman R, Wolfe B. The determinants of children’s attainments:
a review of methods and ﬁndings. J Econ Lit. 1995;33(4):1829–1878.
46. Perkinson-Gloor N, Lemola S, Grob A. Sleep duration, positive
attitude toward life, and academic achievement: the role of daytime
tiredness, behavioral persistence, and school start times. J Adolesc.
2013;36(2):311–318. doi:10.1016/j.adolescence.2012.11.008
47. Perez-Lloret S, Videla AJ, Richaudeau A, et al. A multi-step pathway
connecting short sleep duration to daytime somnolence, reduced
attention, and poor academic performance: an exploratory
cross-sectional study in teenagers. J Clin Sleep Med. 2013;9
(5):469–473. doi:10.5664/jcsm.2668
48. Beebe DW, Cognitive B. Functional consequences of inadequate
sleep in children and adolescents. Pediatr Clin North Am. 2011;58
(3):649–665. doi:10.1016/j.pcl.2011.03.002
49. Vriend JL, Davidson FD, Corkum PV, Rusak B, Chambers CT,
McLaughlin EN. Manipulating sleep duration alters emotional functioning and cognitive performance in children. J Pediatr Psychol.
2013;38(10):1058–1069. doi:10.1093/jpepsy/jst033
50. Dewald JF, Meijer AM, Oort FJ, Kerkhof GA, Bögels SM. The
inﬂuence of sleep quality, sleep duration and sleepiness on school
performance in children and adolescents: a meta-analytic review.
Sleep Med Rev. 2010;14(3):179–189. doi:10.1016/j.smrv.2009.10.004
51. Wang M-T, Ye F, Degol JL. Who chooses STEM careers? Using
a relative cognitive strength and interest model to predict careers in
science, technology, engineering, and mathematics. J Youth Adolesc.
2017;46(8):1805–1820. doi:10.1007/s10964-016-0618-8
52. Chow A, Eccles JS, Salmela-Aro K. Task value proﬁles across subjects and aspirations to physical and IT-related sciences in the United
States and Finland. Dev Psychol. 2012;48(6):1612–1628. doi:10.10
37/a0030194
53. Maltese AV, Tai RH. Pipeline persistence: examining the association
of educational experiences with earned degrees in STEM among U.S.
students. Sci Educ. 2011;95(5):877–907. doi:10.1002/sce.v95.5

submit your manuscript | www.dovepress.com

DovePress

Powered by TCPDF (www.tcpdf.org)

181

Dovepress

Lin et al

56. Phillips AJK, Clerx WM, O’Brien CS, et al. Irregular sleep/wake
patterns are associated with poorer academic performance and
delayed circadian and sleep/wake timing. Sci Rep. 2017;7(1):3216.
doi:10.1038/s41598-017-03171-4

Nature and Science of Sleep downloaded from https://www.dovepress.com/ by 34.237.138.69 on 27-Nov-2020
For personal use only.

54. Gruber R, Somerville G, Bergmame L, Fontil L, Paquin S. School-based
sleep education program improves sleep and academic performance of
school-age children. Sleep Med. 2016;21:93–100. doi:10.1016/j.
sleep.2016.01.012
55. Edwards F. Early to rise? The effect of daily start times on academic
performance. Econ Educ Rev. 2012;31(6):970–983. doi:10.1016/j.
econedurev.2012.07.006

Dovepress

Nature and Science of Sleep

Publish your work in this journal
Nature and Science of Sleep is an international, peer-reviewed, open
access journal covering all aspects of sleep science and sleep medicine, including the neurophysiology and functions of sleep, the
genetics of sleep, sleep and society, biological rhythms, dreaming,
sleep disorders and therapy, and strategies to optimize healthy sleep.

The manuscript management system is completely online and
includes a very quick and fair peer-review system, which is all easy
to use. Visit http://www.dovepress.com/testimonials.php to read real
quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/nature-and-science-of-sleep-journal

182

Powered by TCPDF (www.tcpdf.org)

submit your manuscript | www.dovepress.com

DovePress

Nature and Science of Sleep 2020:12

