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Abstract

This systematic literature review examines the relationship between restricted and

reduced sleep and school performance, learning and cognitive functioning in typically

developing adolescents. Correlational and experimental data were evaluated from 17

studies which included participants ranging from 11 to 19 years in studies from seven

countries around the world. The review found that there is evidence that restricted and

reduced sleep is negatively associated with school performance and cognitive out-

comes, although the findings were mixed. Implications for psychologists working with

schools are discussed. More research and evaluation is needed to establish how these

factors relate to each other conclusively.

Keywords

sleep, adolescence, cognition, learning, achievement

Corresponding author:

Ben Hayes, University College London, London, UK.

Email: b.hayes@ucl.ac.uk

School Psychology International

2020, Vol. 41(6) 569–594

! The Author(s) 2020

Article reuse guidelines:

sagepub.com/journals-permissions

DOI: 10.1177/0143034320961130

journals.sagepub.com/home/spi

https://orcid.org/0000-0003-2347-9926
https://orcid.org/0000-0002-0800-4239
mailto:b.hayes@ucl.ac.uk
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0143034320961130
journals.sagepub.com/home/spi
http://crossmark.crossref.org/dialog/?doi=10.1177%2F0143034320961130&domain=pdf&date_stamp=2020-09-30


Introduction

Research demonstrates that sleep is implicated in human learning and cognitive
functioning, including, for example, memory (Hobson & Pace-Schott, 2002;
Kreutzmann et al., 2015; Landmann et al., 2014; Stickgold et al., 2001; Walker,
2008), executive function (Wilckens et al., 2014) and decision making (Harrison &
Horne, 2000; Krause et al., 2017).

Adolescents have different sleep characteristics and needs as compared to chil-
dren and adults. These include differences in their circadian regulation and sleep
phase, resulting in differences in the times of day and night that they feel sleepy
and wakeful (Colrain & Baker, 2011; Hagenauer et al., 2009; Kelley et al., 2015;
Short & Chee 2019; Skeldon et al., 2016). Developmental changes in the brain
during adolescence may be associated with differing sleep needs (Tarokh et al.,
2016).

There are multiple factors that negatively impact sleep that are relevant for
adolescents. For example, use of technology (Cain & Gradisar, 2010; Exelmans
& Van den Bulck, 2015; Hale & Guan, 2015), social communication (Woods &
Scott, 2016), and use of stimulants and drugs such as caffeine, alcohol and nicotine
(Dimitriou et al., 2015). Adolescents arguably have limited control over their sleep
timings (American Academy of Pediatrics, 2014). The consequences of reduced
and restricted sleep on their learning and cognitive abilities have potentially vital
implications to understand.

Some research suggests that adolescents are not getting adequate sleep to meet
their sleep needs (Gradisar et al., 2011; Matricciani et al., 2013) and other research
highlights how important sleep is and how much more we have to understand
(Galván, 2020). Recommendations suggest that adolescents require 9–11 hours
sleep for those under 13 years and 8–10 hours for those over 13 years (Paruthi
et al., 2016; Short & Chee, 2019; Tremblay et al., 2016). If sleep is significantly
implicated in learning outcomes and many adolescents might not be getting suffi-
cient sleep, then it is important to understand this relationship fully in order to
inform educational approaches.

Researchers and professionals increasingly recommend that psychologists work-
ing with schools incorporate consideration of sleep factors into their practice
(Buckhalt et al., 2009; Gruber, 2013; Gruber et al., 2016; Meltzer, 2017;
Rydzkowski et al., 2016). Research has been utilised to explore sleep needs and
consequences in special populations such as Autistic Spectrum Disorders (ASD;
Cohen et al., 2014; Hodge et al., 2012) and Attention Deficit Hyperactivity
Disorders (ADHD; Cohen-Zion & Ancoli-Israel, 2004; Cortese et al., 2013;
Sadeh et al., 2006). Given the characteristics described above, it reasonable to
assume that this is also a topic of relevance for typically developing populations
of adolescents.

With regard to typically developing adolescents’ sleep-related cognitive and
learning outcomes, some existing reviews have explored different areas of this.
Curcio et al. (2006) carried out a non-systematic review of the literature regarding
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the association between sleep loss, learning and academic performance for children

and adolescents. They identified that the existing research literature indicated that

quantity and quality of sleep are important for academic achievement and learn-

ing. They highlighted the need for consistent research methods, using well-

established measures across studies and experimental manipulations of sleep in

order to explore causal pathways.
Astill and colleagues (Astill et al., 2012) reviewed the relationship between sleep,

cognitive performance and behavioural problems for children (aged 5 – 12 years).

They found a positive relationship between sleep duration and cognitive perfor-

mance. Kopasz and colleagues (Kopasz et al., 2010) reviewed the relationship

between sleep and memory for children and adolescents, with findings indicating

that sleep supports working memory and memory consolidation. Cassoff et al.

(2014) carried out a review of the effects of sleep restriction on outcomes in chil-

dren and adolescents with a focus on attention. They found seemingly inconsistent

results, with some studies suggesting that sleep restriction results in impaired func-

tioning, and other studies not finding this effect. They highlight differences in study

design, such as sleep manipulation and measures used, as partially explaining the

inconsistencies found along with the issue of a lack of statistical power and the

resources required to effectively execute a sleep restriction protocol.
This review builds on these findings by examining specifically the evidence

regarding the relationship between reduced and restricted sleep and adolescents’

learning and cognitive abilities. This will be the first review of these wider learning

outcomes. The research question is:
What is the impact of reduced sleep on cognitive and learning skills for typically

developing adolescents?

Systematic literature search

A systematic search of the literature was conducted during August 2017 of all

studies up to that date. Studies were included if they a) reported primary empirical

data, b) included participants between 11 and 19 years of age, c) measured sleep as

a predictor or independent variable, and d) measured one or more outcome or

dependent variable relevant to school functioning (memory, school performance,

executive functioning, information processing, learning). The PsycINFO,

MEDLINE, Education Resource Information Centre (ERIC) and EMBASE data-

bases were searched. Search terms were sleep AND adolescent* AND restrict* OR

depriv* OR loss OR decrease* AND learn* OR memory OR attention OR aca-

demic OR performance OR achievement. When possible, database tools were used

to remove duplicates and to limit results to peer reviewed journals and English

language studies only This resulted in 553 articles in total. The articles were

screened by title and abstract according to the inclusion and exclusion criteria

and 508 were excluded. The full texts of the remaining 45 studies were examined

in accordance with the inclusion and exclusion criteria with 17 studies being
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retained for the review. Table 1 lists the 17 studies in this review with information
about each study.

Critical review

The evidence in the 17 studies was critically evaluated and compared with regard to
multiple factors using a weight of evidence approach (Gough, 2007). The research
has been undertaken in seven different countries, with the majority being under-
taken in the USA (7) and Singapore (4). See Table 1 for details of the countries of
origin.

The studies were given ratings that were calculated using sets of criteria that
were weighted with regard to their relevance this review. Three sets of ratings were
generated: weight of evidence A (WoE A), weight of evidence B (WoE B) and
weight of evidence C (WoE C). These ratings were combined to create the super-
ordinate evaluation rating of weight of evidence D (WoE D).

WoE A rated the methodological quality of the studies. This was evaluated
using published coding protocols for research. Protocols developed by Gersten
et al. (2005) were used if the study had experimental or quasi-experimental designs.
The Thompson et al. (2005) coding protocol was used if the study consisted of
correlational evidence. One study was evaluated using the Horner et al. (2005)
coding protocol because it had a small group design. Although space precludes
full details of these critical evaluations being presented here they are summarised
and commented on below. Supplemental material provided shows the criteria used
to evaluate the studies from the protocols used.

WoE B evaluated the appropriateness of the form of the evidence in each study
for answering the research question in this review by considering the research
design. To evaluate and quantify how well-suited the type of evidence was for
this, a typology of evidence criteria (Petticrew & Roberts, 2003) was applied to
each study.

WoE C examined how relevant the focus of each study was for answering the
specific research question of this review.

For this review, all weight of evidence ratings of 1–1.6 are considered “low”,
1.7–2.3 “medium” and ratings of 2.4 – 3 are considered “high”. The three weight of
evidence ratings were combined with equal weighting to create WoE D. Table 2
details these ratings.

Effect sizes were extracted and calculated for the studies according to guidance
from Ferguson (2009). These are presented in Table 3.

Table 4 gives an overview of the studies, their findings, effect sizes and WoE D
ratings. The studies are then discussed and evaluated in more detail below.

Both correlational and experimental designs were utilised in the studies included
in this review. Four studies (Huang et al., 2016; Lo, Bennion, et al., 2016; Lo, Ong,
et al., 2016; Voderholzer et al., 2011) used an experimental design with random
allocation of sleep condition to different groups of participants, which supports the
establishment of a causal relationship controlling for confounding variables.
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Five studies (Beebe et al., 2008, 2010; Cohen-Zion et al., 2016; Jiang et al., 2011;

Suppiah et al., 2016) had a quasi-experimental design. One study was based on a

single case design (Beebe et al., 2009), although the study did not meet good stand-

ards for this type of design (Barlow et al., 2009; Horner et al., 2005). However, the

main focus of this study was examining fMRI data, which typically precludes large

sample sizes, going some way to explain the particular design utilised.

Table 2. Weight of evidence ratings for the studies evaluated in this review, ordered by WoE D.

WoE A WoE B WoE C WoE D

Huang et al. (2016) 3 3 2 2.7

(high) (high) (medium) (high)

Lo, Bennion, et al. (2016) 3 3 2 2.7

(high) (high) (medium) (high)

Lo, Ong, et al. (2016) 3 3 2 2.7

(high) (high) (medium) (high)

Beebe et al. (2010) 3 2 2.5 2.5

(high) (medium) (high) (high)

Jiang et al. (2011) 3 2 2.5 2.5

(high) (medium) (high) (high)

Beebe et al. (2008) 3 2 2.2 2.4

(high) (medium) (medium) (high)

Cohen-Zion et al. (2016) 3 2 2.2 2.4

(high) (medium) (medium) (high)

Voderholzer et al. (2011) 1 3 2.7 2.2

(low) (high) (high) (medium)

Asarnow et al. (2014) 2 2 2.3 2.1

(medium) (medium) (medium) (medium)

Gradisar et al. (2008) 3 1 2.3 2.1

(high) (low) (medium) (medium)

Beebe et al. (2009) 3 1 2.2 2

(high) (low) (medium) (medium)

Anderson et al. (2009) 2 1 2.3 1.8

(medium) (low) (medium) (medium)

Suppiah et al. (2016) 1 2 2.3 1.8

(low) (medium) (medium) (medium)

Hysing et al. (2016) 2 1 2 1.7

(medium) (low) (medium) (medium)

Lewin et al. (2017) 2 1 2.2 1.7

(medium) (low) (medium) (medium)

Dewald-Kaufmann et al. (2013) 2 1 1.5 1.5

(medium) (low) (low) (low)

Ming et al. (2011) 1 1 2.2 1.4

(low) (low) (medium) (low)

Note: Ratings between 1–1.6 are "low", 1.7–2.3 are "medium" and 2.4–3 are "high".
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Sleep restriction

Ten of the studies (Beebe et al., 2008, 2009, 2010; Cohen-Zion et al., 2016; Huang
et al., 2016; Jiang et al., 2011; Lo, Bennion, et al., 2016; Lo, Ong, et al., 2016;
Suppiah et al., 2016; Voderholzer et al., 2011) used a sleep restriction protocol
where the adolescents had the amount of sleep they were allowed dictated to them
for four to seven nights at a time. With the exception of the study by Voderholzer
et al. (2011), these ten studies compared four to seven nights of restricted sleep with
the same number of nights of unrestricted or extended sleep, typically ranging from
8–10.5 hours.

All of the above studies also used actigraphy (wearing a watch-like device that
measures movement and heart rate) to measure sleep duration and the effective-
ness of the sleep restriction protocols. In addition, four studies (Huang et al., 2016;
Lo, Bennion, et al., 2016; Lo, Ong, et al., 2016; Voderholzer et al., 2011) used
polysomnography (taking multiple physiological and brain activity measurements)
which enabled deeper insight into the type of sleep that adolescents in the studies
were having.

The majority of these ten studies demonstrate that it is possible to experimen-
tally manipulate sleep in adolescents in this way. However, one study did not
demonstrate that they had effectively reduced sleep. Suppiah et al. (2016) aimed
to have participants sleep for 7 hours 45minutes for the five nights of the sleep
restriction and sleep for a minimum of 9 hours for five nights in the unrestricted
condition, yet the actual total sleep time of the two conditions did not meet this.
Instead, the average total sleep time of the restricted sleep condition was 5 hours
42minutes (with an average time in bed of 6.8 hours) and the average total sleep
time of the unrestricted condition was 6 hours 8minutes (average time in bed
8 hours). This could partially explain their lack of finding an effect of sleep
restriction.

Seven of the 17 studies (Anderson et al., 2009; Asarnow et al., 2014; Dewald-
Kaufmann et al., 2013; Gradisar et al., 2008; Hysing et al., 2016; Lewin et al., 2017;
Ming et al., 2011) looked at the association between imposed sleep restriction,
rather than simply reduced sleep. For most, this was through questionnaire
items only (Asarnow et al., 2014; Dewald-Kaufmann et al., 2013; Gradisar
et al., 2008; Hysing et al., 2016; Lewin et al., 2017; Ming et al., 2011), although
one study (Anderson et al., 2009) used an objective measurement of sleep, actig-
raphy, in combination with sleep diaries to measure sleep over approximately a
week rather than asking about typical habitual sleep.

Potential ethical issues could be raised regarding the issue of deliberately reduc-
ing the amount of sleep that the participants had or also regarding the issue of
recording which participants typically had reduced sleep duration. All of the stud-
ies included information indicating that they had ethical approval from an appro-
priate review board and that they had acquired relevant informed consent and
assent for participants. However, additional information regarding specific con-
siderations for protecting the wellbeing of the participants who had experienced
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sleep restriction would have been relevant for inclusion in the articles. The manip-
ulation of sleep restriction by researchers was carried out for limited periods of
time, the participants had involvement with researchers immediately following
sleep restriction and the participants had opportunities to return to typical sleep
patterns following it. These factors suggest that there was adequate safeguarding
features in place to monitor the wellbeing of participants and allow recovery,
however more explicit information to clarify this would be beneficial. For the
participants who typically have habitual sleep restriction in the other studies, it
can be argued that this would be the case whether or not the researchers were
involved and it can also be highlighted that research indicates that many adoles-
cents do not get sufficient sleep. Information about whether signposting for these
participants was provided would again be beneficial for evaluating the ethical
concerns of the studies on this topic.

Outcome variables

None of the 17 studies looked at both school performance outcomes and cognitive
skill outcomes within the same study, however, there were a mixture of both school
performance outcomes and cognitive skill outcomes within each of the two sets of
three studies that used the same participants and research protocol.

School performance and learning

Eight of the studies (Asarnow et al., 2014; Beebe et al., 2010; Dewald-Kaufmann
et al., 2013; Huang et al., 2016; Hysing et al., 2016; Lewin et al., 2017; Lo, Bennion,
et al., 2016; Ming et al., 2011) examined outcome variables closely related to school
performance. Five of these studies (Asarnow et al., 2014; Dewald-Kaufmann et al.,
2013; Hysing et al., 2016; Lewin et al., 2017; Ming et al., 2011) looked at school
grades as an outcome variable of interest for this review, with one of these five also
considering homework completion (Lewin et al., 2017). One study (Beebe et al.,
2010) had quiz performance following an educational film in a simulated class-
room and two studies used activities similar to what an adolescent might be
expected to do in school: learning vocabulary (Huang et al., 2016) and learning
a passage of prose (Lo, Bennion, et al., 2016).

The specific ways in which the outcome variables were measured impacts the
studies’ ecological validity and relevance to the review question. For example, the
methodology used by Huang and colleagues (Huang et al., 2016) incorporated
multiple study sessions for vocabulary learning, rather than a single learning ses-
sion, which can be argued to be more similar to typical educational experiences of
adolescents. Three of the studies that used school grades only used self-reported
grades (Dewald-Kaufmann et al., 2013; Lewin et al., 2017; Ming et al., 2011),
which may be vulnerable to inaccuracy or not as similar to school performance
measures that families, educators and EPs may be interested in. Alternatively,
there are more objective and direct alternatives that can be used, such as the
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cumulative grade point average gathered through official school data that was used
by Asarnow et al. (2014) and Hysing et al. (2016).

Cognitive skills

The cognitive skill outcome measures of the other nine studies were typically
objective, direct measurements. Of the cognitive skill outcomes examined in this
review, five studies (Beebe et al., 2009; Gradisar et al., 2008; Jiang et al., 2011;
Suppiah et al., 2016; Voderholzer et al., 2011) measured working memory as the
only cognitive skill outcome while four studies (Anderson et al., 2009; Beebe et al.,
2008; Cohen-Zion et al., 2016; Lo, Ong, et al., 2016) measured cognitive skill
outcomes including executive functioning, information processing and metacogni-
tion (from an executive functioning perspective). In addition, two studies (Cohen-
Zion et al., 2016; Voderholzer et al., 2011) looked at memory performance as an
outcome.

One possible advantage of the studies that examined cognitive variables is that
measures of cognitive skill are typically standardised, although not always for
populations from the country the measures were undertaken in. The exception
to this is the study that looked at metacognition (Beebe et al., 2008), which used
self-and parent-reported behaviours as the measure. However, as highlighted by
Anderson et al. (2009), there can be discrepancies between objective, laboratory-
based measurements of cognitive functioning (such as executive function) and real-
world executive functioning ability, whereby in a laboratory setting performance is
better, meaning that simply because it is an objective, direct measurement does not
necessarily in and of itself increase the external validity and generalisability of the
finding.

There was some overlap between the cognitive measures used in different stud-
ies, for example two studies used at least part of the BRIEF (Anderson et al., 2009;
Beebe et al., 2008) and multiple studies used variations of sequencing, span and
n-back tasks (Beebe et al., 2009; Gradisar et al., 2008; Jiang et al., 2011; Lo, Ong,
et al., 2016; Suppiah et al., 2016; Voderholzer et al., 2011). However, it could have
been more helpful for comparison if these studies had used identical cognitive skill
measures.

Sample

Across the 17 studies, the sample age range was between 11 and 19 years. This
covers nearly the entire adolescent age range as defined by the WHO (World
Health Organization, 2017). Twelve of the studies had participants that were
within the 11 - 18 years age range of UK secondary education, with five studies
(Dewald-Kaufmann et al., 2013; Huang et al., 2016; Hysing et al., 2016; Lewin
et al., 2017; Lo, Ong, et al., 2016) including 19 year old participants.

All of the participants were typically developing adolescents, and most of them
were representative of typical mainstream school populations. Four of the
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17 studies stand out as having samples that are slightly less representative of the
typical mainstream education adolescent population: three Singapore studies
(Huang et al., 2016; Lo, Bennion, et al., 2016; Lo, Ong, et al., 2016) included
only top high school students in their study and the fourth Singapore study,
Suppiah et al. (2016), focused on students of a high-performance youth develop-
ment shooting academy. The findings of these studies are considered relevant to
this review because the participants were typically developing adolescents who
could have been in mainstream education if they were not in their more specialist
settings and they were not in special or clinical populations.

The data that is used in the study by Asarnow et al. (2014) is from 1995–2002,
which threatens the generalisability of the findings, particularly given that one
important factor for adolescent sleep, electronic social media use, has changed
dramatically since that time (Cain & Gradisar, 2010; Eggermont & Van den
Bulck, 2006; Exelmans & Van den Buick, 2015; Hale & Guan, 2015; Harbard
et al., 2016; Johansson et al., 2016).

Study findings

Effect size statistics were extracted for 9 of the 10 studies that reported finding an
effect. For one study that found an effect (Beebe et al., 2008), there was not enough
information in the paper to extract or calculate an effect size statistic (Ferguson,
2009). Magnitude of effects found, were judged as being small, moderate or strong,
according to guidance suggested by Ferguson (2009). A small effect is that which
would be considered to meet Ferguson’s threshold recommendation for being the
minimum effect size that represents practical significance for social science data
(Ferguson, 2009).

Statistical power was calculated for each study according to guidelines set out
by Cohen (1998, 1992). Five of the studies in this review (Beebe et al., 2008, 2009,
2010; Jiang et al., 2011; Suppiah et al., 2016) were underpowered to find an effect
that exists because the sample size was too small. Three of these studies (Beebe
et al., 2009; Jiang et al., 2011; Suppiah et al., 2016) found no effect, so we can
conclude that there was not enough power to find an effect that may have been
there rather than being able to clearly establish that there is no effect to be found
(Altman & Bland, 1995). It is also surprising that the two other underpowered
studies (Beebe et al., 2008, 2010) found an effect, given that they were
underpowered.

Of the studies that had enough power to find an effect, five (Dewald-Kaufmann
et al., 2013; Hysing et al., 2016; Lewin et al., 2017; Lo, Ong, et al., 2016; Ming
et al., 2011) found an effect of a magnitude that they had enough statistical power
to find. Three studies (Cohen-Zion et al., 2016; Gradisar et al., 2008; Huang et al.,
2016) found an effect of a smaller magnitude than they were considered to be
statistically powered to find, adding to the unclear findings. Finally, there were
four studies (Anderson, et al., 2009; Asarnow at al., 2014; Lo, Bennion, et al.,
2016; Voderholzer et al., 2011) that were statistically powered to find an effect but
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did not find one, although only one of these (Asarnow et al., 2014) was powered to
find a small effect, meaning that this one study gives a clear indication that it is
likely that there was not an effect present.

There were mixed findings across the studies for the impact of reduced sleep on
school performance and cognitive skills. Seven of the studies (Anderson et al.,
2009; Asarnow et al., 2014; Beebe et al., 2009; Jiang et al., 2011; Lewin et al., 2017;
Suppiah et al., 2016; Voderholzer et al., 2011) did not find an effect, while the other ten
(Beebe et al., 2008, 2010; Cohen-Zion et al., 2016; Dewald-Kaufmann et al., 2013;
Gradisar et al., 2008; Huang et al., 2016; Hysing et al., 2016; Lo, Bennion, et al., 2016;
Lo, Ong, et al., 2016; Ming et al., 2011) did find effects. There was no particular divide
between experimental and correlational studies or between school performance and
cognitive skills studies for whether they found an effect or not.

School outcomes

On the one hand, two studies (Dewald-Kaufmann et al., 2013; Ming et al., 2011)
found a small effect of reduced sleep on school grades, but on the other hand a
third study (Asarnow et al., 2014) found no effect of reduced sleep on school
grades despite having sufficient statistical power to find a small effect. The
former two studies had the lowest WoE D rating for this review, while the latter
study had a medium WoE D rating. However this finding is supported by two
other studies (Hysing et al., 2016; Lewin et al., 2017), both with a medium WoE D
rating, that found a small effect for reduced sleep on academic performance.
Related to school performance, Lo and colleagues (Lo, Bennion, et al., 2016)
did not find an effect of reduced sleep on prose passage learning, despite having
the statistical power to find a large effect. This does mean that if the effect is small,
as for school grades and academic performance, then their study design may
simply have not identified an effect that does exist.

Cognitive outcomes

Two studies (Gradisar et al., 2008; Lo, Ong, et al., 2016) demonstrated a medium
to large effect of reduced sleep on cognitive skills while two further studies
(Anderson et al., 2009; Voderholzer et al., 2011) found no effect despite being
statistically powered to find an effect of equivalent magnitude. The cognitive
skills included in the two studies that found an effect were working memory,
executive function and processing speed, while the cognitive skills in the studies
that did not find an effect also included working memory and executive function,
along with declarative memory.

Other factors

The findings of some of the studies in this review indicate the importance of mod-
erating, mediating and confounding variables in this area of study. Hysing et al.
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(2016) found a negative association between reduced sleep and poor academic
performance, but also between adolescents who were getting the most sleep
(nine hours or more) and academic performance. They identify that this may
highlight other relevant factors at play, such as somatic health problems in the
group that are sleeping more than nine hours and have poorer academic
performance.

In addition to the effects of sleep restriction, Lo, Ong, et al. (2016) found that
having recovery sleep did not fully reverse the effects of sleep restriction.

Studying sleep

The findings of the studies in this review raise questions about what aspects of sleep
need to be studied and focused upon in these areas of research. In this review, and
in the studies within it, the primary focus was on sleep duration. There are, how-
ever, other aspects of sleep that are worthy of consideration.

For example, Lo, Bennion, et al. (2016) discuss the relevance of different aspects
of sleep architecture, suggesting that possibly rather than studying just sleep dura-
tion, researchers need to consider different types of sleep. Voderholzer et al. (2011),
who did not find an effect, found that the participants in different conditions all
had the same total amount of slow wave sleep despite having differing sleep
durations.

The human body’s response to reduced sleep may also be important to consider.
It has been highlighted that in some circumstances having one’s sleep restricted
may bring about changes that cause the body to have more efficient sleep, thereby
compensating for the impact of the reduced sleep (de Bruin et al., 2017). This links
to the issue of differences between individuals in how much sleep they require and
differences in how well they can adapt to reduced sleep durations, something that
is highlighted by two of the studies in this review (Anderson et al., 2009;
Voderholzer et al., 2011). This could be particularly influential in experimental
settings where participants are focusing on a single task for a short time (as com-
pared to typical daily life where there are more numerous demands).

For these reasons, some researchers have suggested that daytime sleepiness is a
better indicator of not having enough sleep than measuring sleep duration
(Blunden & Galland, 2014).

Conclusions and recommendations

This review has been the first to explore the impact of reduced and restricted sleep
on school related outcomes in terms of learning and cognition. The findings sug-
gest there is some evidence for sleep restriction and sleep reduction having a neg-
ative impact on school performance and related cognitive variables but that the
evidence is mixed with many studies not clearly demonstrating an effect. The very
diverse range of research reviewed here indicates that more focussed research
programmes might be beneficial that build and consolidate findings from
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particular research designs. Further thought also has to be given to the transfer-

ability of measures and findings from one country to another, which again adds

diversity complexity to learning from the findings. It is clear that further research is

needed should a definitive conclusion be sought and also that it would be worth-

while to look in more detail at other sleep-related variables in addition to sleep

duration such as circadian rhythms and delayed phase in order to better under-

stand the effects of sleep. This review has identified the likely negative impact of

reduced and restricted sleep on school related learning outcomes in adolescence.

The recommendations for future research should allow psychologists and educa-

tors to reach a better understanding of the impact of sleep on cognition and

learning.
The key recommendation for psychologists working with schools is that sleep

duration is a factor to take into consideration in professional practice when work-

ing with adolescents and their families and educators, but that evidence is still

evolving, that findings are mixed and come from a diverse range of research

designs with varying quality levels. Adolescents with school performance problems

may be experiencing reduced sleep or inadequate sleep duration, and this is some-

thing that should be investigated when considering the factors related to their

difficulties. It is also important for psychologists and school staff to engage in

professional development to understand sleep and promote healthy sleep habits.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect to the research, author-

ship, and/or publication of this article.

Funding

The author(s) received no financial support for the research, authorship, and/or publication

of this article.

ORCID iDs

Ben Hayes https://orcid.org/0000-0003-2347-9926
Josie Bainton https://orcid.org/0000-0002-0800-4239

Supplemental material

Supplemental material for this article is available online.

References

Altman, D. G., & Bland, J. M. (1995). Statistics notes: Absence of evidence is not evidence

of absence. BMJ (Clinical Research ed.), 311, 485–485. https://doi.org/10.1136/bmj.311.

7003.485
American Academy of Pediatrics. (2014). School start times for adolescents. Pediatrics, 134,

642–649. https://doi.org/10.1542/peds.2014-1697

Hayes and Bainton 589

https://orcid.org/0000-0003-2347-9926
https://orcid.org/0000-0003-2347-9926
https://orcid.org/0000-0002-0800-4239
https://orcid.org/0000-0002-0800-4239
https://doi.org/10.1136/bmj.311.7003.485
https://doi.org/10.1136/bmj.311.7003.485
https://doi.org/10.1542/peds.2014-1697


Anderson, B., Storfer-Isser, A., Taylor, H. G., Rosen, C. L., & Redline, S. (2009).

Associations of executive function with sleepiness and sleep duration in adolescents.

Pediatrics, 123, e701–e707. https://doi.org/10.1542/peds.2008-1182
Asarnow, L. D., McGlinchey, E., & Harvey, A. G. (2014). The effects of bedtime and sleep

duration on academic and emotional outcomes in a nationally representative sample of

adolescents. Journal of Adolescent Health 54, 350–356. https://doi.org/10.1016/j.jadoh

ealth.2013.09.004
Astill, R. G., Van der Heijden, K. B., Van IJzendoorn, M. H., & Van Someren, E. J. W.

(2012). Sleep, cognition, and behavioral problems in school-age children: A century of

research Meta-analyzed. Psychological Bulletin, 138, 1109–1138. https://doi.org/10.1037/

a0028204
Barlow, D. H., Nock, M. K., & Hersen, M. (2009). Single case experimental designs:

Strategies for studying behavior change. Pearson.
Beebe, D. W., DiFrancesco, M. W., Tlustos, S. J., McNally, K. A., & Holland, S. K. (2009).

Preliminary fMRI findings in experimentally sleep-restricted adolescents engaged in a

working memory task. Behavioral and Brain Functions, 5, 9. https://doi.org/10.1186/

1744-9081-5-9
Beebe, D. W., Fallone, G., Godiwala, N., Flanigan, M., Martin, D., Schaffner, L., & Amin,

R. (2008). Feasibility and behavioral effects of an at-home multi-night sleep restriction

protocol for adolescents. Journal of Child Psychology and Psychiatry, 49, 915–923.

https://doi.org/10.1111/j.1469-7610.2008.01885.x
Beebe, D. W., Rose, D., & Amin, R. (2010). Attention, learning, and arousal of experimen-

tally sleep-restricted adolescents in a simulated classroom. Journal of Adolescent Health,

47, 523–525. https://doi.org/10.1016/j.jadohealth.2010.03.005
Blunden, S., & Galland, B. (2014). The complexities of defining optimal sleep: Empirical and

theoretical considerations with a special emphasis on children. Sleep Medicine Reviews,

18, 371–378. https://doi.org/10.1016/j.smrv.2014.01.002
Buckhalt, J. A., Wolfson, A. R., & El-Sheikh, M. (2009). Children’s sleep and school psy-

chology practice. School Psychology Quarterly, 24, 60–69. https://doi.org/10.1037/

a0014497
Cain, N., & Gradisar, M. (2010). Electronic media use and sleep in school-aged children and

adolescents: A review. Sleep Medicine, 11, 735–742. https://doi.org/10.1016/j.sleep.2010.

02.006
Cassoff, J., Bhatti, J. A., & Gruber, R. (2014). The effect of sleep restriction on neuro-

behavioural functioning in normally developing children and adolescents: Insights from

the attention behaviour and sleep laboratory. Pathologie Biologie, 62, 319–331. https://

doi.org/10.1016/j.patbio.2014.05.017
Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.). Academic

Press.
Cohen, J. (1992). A power primer. Psychological Bulletin, 112, 155–159.
Cohen, S., Conduit, R., Lockley, S. W., Rajaratnam, S. M. W., & Cornish, K. M. (2014).

The relationship between sleep and behavior in autism spectrum disorder (ASD): A

review. Journal of Neurodevelopmental Disorders, 6, 44. https://doi.org/10.1186/1866-

1955-6-44
Cohen-Zion, M., & Ancoli-Israel, S. (2004). Sleep in children with attention-deficit hyper-

activity disorder (ADHD): A review of naturalistic and stimulant intervention studies.

Sleep Medicine Reviews, 8(5), 379–402. https://doi.org/10.1016/j.smrv.2004.06.002

590 School Psychology International 41(6)

https://doi.org/10.1542/peds.2008-1182
https://doi.org/10.1016/j.jadohealth.2013.09.004
https://doi.org/10.1016/j.jadohealth.2013.09.004
https://doi.org/10.1037/a0028204
https://doi.org/10.1037/a0028204
https://doi.org/10.1186/1744-9081-5-9
https://doi.org/10.1186/1744-9081-5-9
https://doi.org/10.1111/j.1469-7610.2008.01885.x
https://doi.org/10.1016/j.jadohealth.2010.03.005
https://doi.org/10.1016/j.smrv.2014.01.002
https://doi.org/10.1037/a0014497
https://doi.org/10.1037/a0014497
https://doi.org/10.1016/j.sleep.2010.02.006
https://doi.org/10.1016/j.sleep.2010.02.006
https://doi.org/10.1016/j.patbio.2014.05.017
https://doi.org/10.1016/j.patbio.2014.05.017
https://doi.org/10.1186/1866-1955-6-44
https://doi.org/10.1186/1866-1955-6-44
https://doi.org/10.1016/j.smrv.2004.06.002


Cohen-Zion,M., Shabi, A., Levy, S., Glasner, L., &Wiener, A. (2016). Effects of partial sleep

deprivation on information processing speed in adolescence. Journal of the International

Neuropsychological Society, 22, 388–398. https://doi.org/10.1017/S1355617716000072
Colrain, I. M., & Baker, F. C. (2011). Changes in sleep as a function of adolescent devel-

opment. Neuropsychology Review, 21, 5–21. https://doi.org/10.1007/s11065-010-9155-5
Cortese, S., Brown, T. E., Corkum, P., Gruber, R., O’Brien, L. M., Stein, M., Weiss, M., &

Owens, J. (2013). Assessment and management of sleep problems in youths with

attention-deficit/hyperactivity disorder. Journal of the American Academy of Child and

Adolescent Psychiatry, 52, 784–796. https://doi.org/10.1016/j.jaac.2013.06.001
Curcio, G., Ferrara, M., & De Gennaro, L. (2006). Sleep loss, learning capacity and aca-

demic performance. Sleep Medicine Reviews, 10, 323–337. https://doi.org/10.1016/j.smrv.

2005.11.001
Eggermont, S., & Van den Bulck, J. (2006). Nodding off or switching off? The use of

popular media as a sleep aid in secondary-school children. Journal of Paediatrics and

Child Health, 42, 428–433. https://doi.org/1 0.1111/j.1440-1754.2006.00892.x
Exelmans, L., & Van den Bulck, J. (2015). Technology and sleep: How electronic media

exposure has impacted core concepts of sleep medicine. Behavioral Sleep Medicine, 13,

439–441. https://doi.org/10.1080/15402002.2015.1083025
de Bruin, E. J., van Run, C., Staaks, J., & Meijer, A. M. (2017). Effects of sleep manipu-

lation on cognitive functioning of adolescents: A systematic review. Sleep Medicine

Reviews, 32, 45–57. http://dx.doi.org/10.1016/j.smrv.2016.02.006
Dewald-Kaufmann, J. F., Oort, Frans, J., B€ogels, S. M., & Meijer, A. M. (2013). Why sleep

matters: Individual differences in adolescents with low and high chronic sleep reduction

and short and long sleep durations. Journal of Cognitive and Behavioral Psychotherapies,

13, 171–182. https://doi.org/10.1111/jsr.12653
Dimitriou, D., Le Cornu Knight, F., & Milton, P. (2015). The role of environmental factors

on sleep patterns and school performance in adolescents. Frontiers in Psychology, 6,

1717–1719. https://doi.org/10.3389/fpsyg.2015.01717
Ferguson, C. J. (2009). An effect size primer: A guide for clinicians and researchers.

Professional Psychology: Research and Practice, 40, 532–538. https://doi.org/10.1037/

a0015808
Galván, A. (2020). The need for sleep in the adolescent brain. Trends in Cognitive Sciences,

24, 79–89. https://doi.org/10.1016/j.tics.2019.11.002
Gersten, R., Fuchs, L. S., Compton, D. L., Coyne, M., Greenwood, C., & Innocenti, M. S.

(2005). Quality indicators for group experimental and quasi-experimental research in special

education. Exceptional Children, 71, 149–164. https://doi.org/10.1177/001440290507100202
Gough, D. (2007). Weight of evidence: A framework for the appraisal of the quality and

relevance of evidence. Research Papers in Education, 22, 213–228. https://doi.org/10.

1080/02671520701296189
Gradisar, M., Gardner, G., & Dohnt, H. (2011). Recent worldwide sleep patterns and

problems during adolescence: A review and meta-analysis of age, region, and sleep.

Sleep Medicine, 12, 110–118. https://doi.org/10.1016/j.sleep.2010.11.008
Gradisar, M., Terrill, G., Johnston, A., & Douglas, P. (2008). Adolescent sleep and working

memory performance. Sleep and Biological Rhythms, 6, 146–154. https://doi.org/10.1111/

j.1479-8425.2008.00353.x

Gruber, R. (2013). Making room for sleep: The relevance of sleep to psychology and the

rationale for development of preventative sleep education programs for children and

Hayes and Bainton 591

https://doi.org/10.1017/S1355617716000072
https://doi.org/10.1007/s11065-010-9155-5
https://doi.org/10.1016/j.jaac.2013.06.001
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/10.1016/j.smrv.2005.11.001
https://doi.org/1 0.1111/j.1440-1754.2006.00892.x
https://doi.org/10.1080/15402002.2015.1083025
http://dx.doi.org/10.1016/j.smrv.2016.02.006
https://doi.org/10.1111/jsr.12653
https://doi.org/10.3389/fpsyg.2015.01717
https://doi.org/10.1037/a0015808
https://doi.org/10.1037/a0015808
https://doi.org/10.1016/j.tics.2019.11.002
https://doi.org/10.1177/001440290507100202
https://doi.org/10.1080/02671520701296189
https://doi.org/10.1080/02671520701296189
https://doi.org/10.1016/j.sleep.2010.11.008
https://doi.org/10.1111/j.1479-8425.2008.00353.x
https://doi.org/10.1111/j.1479-8425.2008.00353.x


adolescents in the community. Canadian Psychology/Psychologie Canadienne, 54, 62–71.
https://doi.org/10.1037/a0030936

Gruber, R., Anders, T. F., Beebe, D., Bruni, O., Buckhalt, J. A., Carskadon, M. A., . . .
Wise, M. S. (2016). A call for action regarding translational research in pediatric sleep.

Sleep Health, 2, 88–89. https://doi.org/10.1016/j.sleh.2016.03.003
Hagenauer, M. H., Perryman, J. I., Lee, T. M., & Carskadon, M. A. (2009). Adolescent

changes in the homeostatic and circadian regulation of sleep. Developmental

Neuroscience, 31, 276–284. https://doi.org/10.1159/000216538
Hale, L., & Guan, S. (2015). Screen time and sleep among school-aged children and ado-

lescents: A systematic literature review. Sleep Medicine Reviews, 21, 50–58. https://doi.
org/10.1016/j.smrv.2014.07.007

Harbard, E., Allen, N. B., Trinder, J., & Bei, B. (2016). What’s keeping teenagers up?

Prebedtime behaviors and actigraphy-assessed sleep over school and vacation. Journal
of Adolescent Health, 58, 426–432. https://doi.org/10.1016/j.jadohealth.2015.12.011

Harrison, Y., & Horne, J. A. (2000). The impact of sleep deprivation on decision making: A

review. Journal of Experimental Psychology. Applied, 6, 236–249. https://doi.org/10.
1037//1076-898x.6.3.236

Hobson, J. A., & Pace-Schott, E. F. (2002). The cognitive neuroscience of sleep: Neuronal

systems, consciousness and learning. Nature Reviews. Neuroscience, 3, 679–693. https://
doi.org:/10.1038/nrn915

Hodge, D., Parnell, A. M. N., Hoffman, C. D., & Sweeney, D. P. (2012). Methods for
assessing sleep in children with autism spectrum disorders: A review. Research in Autism

Spectrum Disorders, 6, 1337–1344. https://doi.org/10.1186/1866-1955-6-44
Horner, R. H., Carr, E. G., Halle, J., McGee, G., Odom, S., & Wolery, M. (2005). The use

of single-subject research to identify evidence-based practice in special education.

Exceptional Children, 71, 165–179. https://doi.org/10.1177/001440290507100203
Huang, S., Deshpande, A., Yeo, S.-C., Lo, J. C., Chee, M. W. L., & Gooley, J. J. (2016).

Sleep restriction impairs vocabulary learning when adolescents cram for exams: The need

for sleep study. Sleep, 39, 1681–1690. https://doi.org/10.5665/sleep.6092
Hysing, M., Harvey, A. G., Linton, S. J., Askeland, K. G., & Sivertsen, B. (2016). Sleep and

academic performance in later adolescence: Results from a large population-based study.
Journal of Sleep Research, 25(3), 318–324. https://doi.org/10.1111/jsr.12373

Jiang, F., VanDyke, R. D., Zhang, J., Li, F., Gozal, D., & Shen, X. (2011). Effect of chronic

sleep restriction on sleepiness and working memory in adolescents and young adults.
Journal of Clinical and Experimental Neuropsychology, 33, 892–900. https://doi.org/10.

1080/13803395.2011.570252
Johansson, A. E. E., Petrisko, M. A., & Chasens, E. R. (2016). Adolescent sleep and the

impact of technology use before sleep on daytime function. Journal of Pediatric Nursing,
31, 498–504. https://doi.org/10.1016/j.pedn.2016.04.004

Kelley, P., Lockley, S. W., Foster, R. G., & Kelley, J. (2015). Synchronizing education to

adolescent biology: ‘Let teens sleep, start school later’. Learning, Media and Technology,
40, 210–226. https://doi.org/10.1080/17439884.2014.942666

Kopasz,M., Loessl, B., Hornyak,M., Riemann, D., Nissen, C., Piosczyk, H., & Voderholzer,

U. (2010). Sleep and memory in healthy children and adolescents – A critical review. Sleep
Medicine Reviews, 14, 167–177. https://doi.org/10.1016/j.smrv.2009.10.006

Krause, A. J., Simon, E. B., Mander, B. A., Greer, S. M., Saletin, J. M., Goldstein-

Piekarski, A. N., & Walker, M. P. (2017). The sleep-deprived human brain. Nature

Reviews. Neuroscience, 18, 404–418. https://doi.org/10.1038/nrn.2017.55

592 School Psychology International 41(6)

https://doi.org/10.1037/a0030936
https://doi.org/10.1016/j.sleh.2016.03.003
https://doi.org/10.1159/000216538
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.smrv.2014.07.007
https://doi.org/10.1016/j.jadohealth.2015.12.011
https://doi.org/10.1037//1076-898x.6.3.236
https://doi.org/10.1037//1076-898x.6.3.236
https://doi.org:/10.1038/nrn915
https://doi.org:/10.1038/nrn915
https://doi.org/10.1186/1866-1955-6-44
https://doi.org/10.1177/001440290507100203
https://doi.org/10.5665/sleep.6092
https://doi.org/10.1111/jsr.12373
https://doi.org/10.1080/13803395.2011.570252
https://doi.org/10.1080/13803395.2011.570252
https://doi.org/10.1016/j.pedn.2016.04.004
https://doi.org/10.1080/17439884.2014.942666
https://doi.org/10.1016/j.smrv.2009.10.006
https://doi.org/10.1038/nrn.2017.55


Kreutzmann, J. C., Havekes, R., Abel, T., & Meerlo, P. (2015). Sleep deprivation and
hippocampal vulnerability: Changes in neuronal plasticity, neurogenesis and cognitive
function. Neuroscience, 309, 173–190. https://doi.org/10.1016/j.neuroscience.2015.04.053

Landmann, N., Kuhn, M., Piosczyk, H., Feige, B., Baglioni, C., Spiegelhalder, K., . . .
Nissen, C. (2014). The reorganisation of memory during sleep. Sleep Medicine

Reviews, 18, 531–541. https://doi.org/10.1016/j.smrv.2014.03.005
Lewin, D. S., Wang, G., Chen, Y. I., Skora, E., Hoehn, J., Baylor, A., & Wang, J. (2017).

Variable school start times and middle school student’s sleep health and academic per-
formance. Journal of Adolescent Health, 61, 205–211. https://doi.org/10.1016/j.jadoh
ealth.2017.02.017

Lo, J. C., Bennion, K. A., & Chee, M. W. L. (2016). Sleep restriction can attenuate prior-

itization benefits on declarative memory consolidation. Journal of Sleep Research, 25,
664–672. https://doi.org/10.1111/jsr.12424

Lo, J. C., Ong, J. L., Leong, R. L. F., Gooley, J. J., & Chee, M. W. L. (2016). Cognitive

performance, sleepiness, and mood in partially sleep deprived adolescents: The need for
sleep study. Sleep, 39, 687–698. https://doi.org/10.5665/sleep.5552

Matricciani, L., Blunden, S., Rigney, G. A., Williams, M. T., & Olds, T. S. (2013).
Children’s sleep needs: Is there sufficient evidence to recommend optimal sleep for chil-

dren? Sleep, 36, 527–534. https://doi.org/10.1542/peds.2014-2419
Meltzer, L. J. (2017). Future directions in sleep and developmental psychopathology.

Journal of Clinical Child and Adolescent Psychology, 46, 295–301. https://doi.org/10.

1080/15374416.2016.1236727
Ming, X., Koransky, R., Kang, V., Buchman, S., Sarris, C. E., & Wagner, G. C. (2011).

Sleep insufficiency, sleep health problems and performance in high school students.
Clinical Medicine Insights: Circulatory, Respiratory and Pulmonary Medicine, 5, 71–79.

https://doi.org/10.4137/CCRPM.S7955
Paruthi, S., Brooks, L. J., D’Ambrosio, C., Hall, W. A., Kotagal, S., Lloyd, R. M., . . .Wise,

M. S. (2016). Recommended amount of sleep for pediatric populations: A consensus

statement of the American Academy of Sleep Medicine. Journal of Clinical Sleep

Medicine, 12, 785–786. https://doi.org/10.5664/jcsm.5866
Petticrew, M., & Roberts, H. (2003). Evidence, hierarchies, and typologies: Horses for

courses. Journal of Epidemiology and Community Health, 57, 527–529. https://doi.org/

10.1136/jech.57.7.527
Rydzkowski, W., Canale, N., & Reynolds, L. (2016). A review of interventions for adoles-

cents with insomnia and the role of the educational and child psychologist: When sleep

does not come easily. Educational Psychology in Practice, 32, 24–37. https://doi.org/10.
1080/02667363.2015.1090403

Sadeh, A., Pergamin, L., & Bar-Haim, Y. (2006). Sleep in children with attention-deficit

hyperactivity disorder: A meta-analysis of polysomnographic studies. Sleep Medicine

Reviews, 10, 381–398. https://doi.org/10.1016/j.smrv.2006.03.004
Short, M., & Chee, M. (2019). Adolescent sleep restriction effects on cognition and mood.

Progress in Brain Research, 246, 55–71. https://doi.org/10.1016/bs.pbr.2019.02.008
Skeldon, A. C., Derks, G., & Dijk, D.-J. (2016). Modelling changes in sleep timing and

duration across the lifespan: Changes in circadian rhythmicity or sleep homeostasis?
Sleep Medicine Reviews, 28, 96–107. https://doi.org/10.1016/j.smrv.2015.05.011

Stickgold, R., Hobson, J. A., Fosse, R., & Fosse, M. (2001). Sleep, learning, and dreams:
Off-line memory reprocessing. Science (New York, N.Y.), 294, 1052–1057. https://doi.
org/10.1126/science.1063530

Hayes and Bainton 593

https://doi.org/10.1016/j.neuroscience.2015.04.053
https://doi.org/10.1016/j.smrv.2014.03.005
https://doi.org/10.1016/j.jadohealth.2017.02.017
https://doi.org/10.1016/j.jadohealth.2017.02.017
https://doi.org/10.1111/jsr.12424
https://doi.org/10.5665/sleep.5552
https://doi.org/10.1542/peds.2014-2419
https://doi.org/10.1080/15374416.2016.1236727
https://doi.org/10.1080/15374416.2016.1236727
https://doi.org/10.4137/CCRPM.S7955
https://doi.org/10.5664/jcsm.5866
https://doi.org/10.1136/jech.57.7.527
https://doi.org/10.1136/jech.57.7.527
https://doi.org/10.1080/02667363.2015.1090403
https://doi.org/10.1080/02667363.2015.1090403
https://doi.org/10.1016/j.smrv.2006.03.004
https://doi.org/10.1016/bs.pbr.2019.02.008
https://doi.org/10.1016/j.smrv.2015.05.011
https://doi.org/10.1126/science.1063530
https://doi.org/10.1126/science.1063530


Suppiah, H. T., Low, C. Y., Choong, G. C. W., & Chia, M. (2016). Restricted and unre-
stricted sleep schedules of Asian adolescent, high-level student athletes: Effects on sleep
durations, marksmanship and cognitive performance. Biological Rhythm Research, 47,
505–518. https://doi.org/10.1080/09291016.2016.1151102

Tarokh, L., Saletin, J. M., & Carskadon, M. A. (2016). Sleep in adolescence: Physiology,
cognition and mental health. Neuroscience and Biobehavioral Reviews, 70, 182–188.
https://doi.org/10.1016/j.neubiorev.2016.08.008

Thompson, B., Diamond, K., McWilliam, R., Snyder, P., & Snyder, S. W. (2005).
Evaluating the quality of evidence from correlational research for evidence-based prac-
tice. Exceptional Children, 71, 181–194. https://doi.org/10.1177/001440290507100204

Tremblay, M. S., Carson, V., Chaput, J.-P., Connor Gorber, S., Dinh, T., Duggan, M., . . .
Zehr, L. (2016). Canadian 24-hour movement guidelines for children and youth: An
integration of physical activity, sedentary behaviour, and sleep. Applied Physiology,
Nutrition, and Metabolism, 41, S311–S327. https://doi.org/10.1139/apnm-2016-0151

Voderholzer, U., Piosczyk, H., Holz, J., Landmann, N., Feige, B., Loessl, B., . . . Nissen, C.
(2011). Sleep restriction over several days does not affect long-term recall of declarative
and procedural memories in adolescents. Sleep Medicine, 12, 170–178. https://doi.org/10.
1016/j.sleep.2010.07.017

Walker, M. P. (2008). Cognitive consequences of sleep and sleep loss. Sleep Medicine, 9,
S29–S34. https://doi.org/10.1016/S1389-9457(08)70014-5

Wilckens, K. A., Woo, S. G., Kirk, A. R., Erickson, K. I., & Wheeler, M. E. (2014). Role of
sleep continuity and total sleep time in executive function across the adult lifespan.
Psychology and Aging, 29, 658–665. https://doi.org/10.1037/a0037234

Woods, H. C., & Scott, H. (2016). #Sleepyteens: Social media use in adolescence is associ-
ated with poor sleep quality, anxiety, depression and low self-esteem. Journal of
Adolescence, 51, 41–49. https://doi.org/10.1016/j.adolescence.2016.05.008

Author biographies

Ben Hayes is an Associate Professor with the Educational Psychology Group at
University College London and a practising educational psychologist working with
schools in the UK. His research interests include the learning, wellbeing and resil-
ience of children and young people in schools and effective ways to apply psychol-
ogy in schools.

Josie Bainton is a Practising Educational Psychologist working in educational
settings in the UK. Her research interests include supporting healthy sleep in
children and adolescents, social and emotional development, training and profes-
sional development in education and applied educational psychology and
neuropsychology.

594 School Psychology International 41(6)

https://doi.org/10.1080/09291016.2016.1151102
https://doi.org/10.1016/j.neubiorev.2016.08.008
https://doi.org/10.1177/001440290507100204
https://doi.org/10.1139/apnm-2016-0151
https://doi.org/10.1016/j.sleep.2010.07.017
https://doi.org/10.1016/j.sleep.2010.07.017
https://doi.org/10.1016/S1389-9457(08)70014-5
https://doi.org/10.1037/a0037234
https://doi.org/10.1016/j.adolescence.2016.05.008

	table-fn1-0143034320961130
	table-fn2-0143034320961130
	table-fn3-0143034320961130
	table-fn4-0143034320961130
	table-fn5-0143034320961130

