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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
(Galvan, 2020). Recommendations suggest that adolescents require 9—11 hours
sleep for those under 13years and 8-10hours 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. (20006) carried out a non-systematic review of the literature regarding



Hayes and Bainton 571

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).

WOoE 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.

WOoE 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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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 27

(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 25 25

(high) (medium) (high) (high)
Beebe et al. (2008) 3 2 22 24

(high) (medium) (medium) (high)
Cohen-Zion et al. (2016) 3 222 24

(high) (medium) (medium) (high)
Voderholzer et al. (2011) | 3 2.7 22

(low) (high) (high) (medium)
Asarnow et al. (2014) 2 2 2.3 2.1

(medium) (medium) (medium) (medium)
Gradisar et al. (2008) 3 | 2.3 2.1

(high) (low) (medium) (medium)
Beebe et al. (2009) 3 | 22 2

(high) (low) (medium) (medium)
Anderson et al. (2009) 2 | 2.3 1.8

(medium) (low) (medium) (medium)
Suppiah et al. (2016) | 2 2.3 1.8

(low) (medium) (medium) (medium)
Hysing et al. (2016) 2 | 2 1.7

(medium) (low) (medium) (medium)
Lewin et al. (2017) 2 I 22 1.7

(medium) (low) (medium) (medium)
Dewald-Kaufmann et al. (2013) 2 | 1.5 1.5

(medium) (low) (low) (low)
Ming et al. (2011) | I 22 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".

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.



School Psychology International 41(6)

578

(panunuod)

(9100)
109)49 ON 99 ‘[e 39 ‘uoluuag ‘o7
60 14040 dlWapedy
10° dourwWJIOd dlwspedy VA (£107) ‘|e 31° uma
1999 ON L (1102) "Te 32 Sue|
dasys -6
L9 daays Y6'5—§
vS'l dodjs yg>
+€5°T 9ourwWL.IOMRAd dlwapede J0od 86// (9107) e 1@ BuisAH
(ueds uonetado
€00 pue Supuanbas Jaquinu
00 J9139]) AJowaw SupjIOAA 95 (9107) e 3@ Bueny
(ueds
uone.tado) Atowaw SUPIOAA
3 (8upusnbas usquinu
95" -19233]) Adowaw SujUOAA x| (8007) 'Ie 30 Jesipedy
(€100) e 3@
6§ sapeJd jooydg y6¢€ uuewWyNEY-p[eMaq
€0’ uonouny 8AIN39X3 (9102)
10° paads Buissadoud uonew.oju] I ‘e 39 uolZ-usayod
(340dau-jjas) uoniudoders|y
(340dau juaued) uoniusodeis| 61 (8007) ‘Ie 1 =2qoag
14 9suew.IopRd ZIND 9l (0107) 'Ie 39 °g93g
1999 ON 9 (6007) Te 32 aqeag
39949 ON 00£Z  (¥107) ‘Te 33 mou.esy
3999 ON 9€¢  (6007) '|e 39 uosiapuy
oneu A 4 p N: paJenbs Né paJenbs awonnQ azlIs
SPPO  SJoWEJD  SUdYOD)  SuUdyod €3 B19 [enJed o|dweg

‘paulwexa Sulaq S9|qeLIBA SWODINO0 33 J0j dos|s padnpa./paldlilsad Jo SIzZIs 129y7 °€ d|qel



579

Hayes and Bainton

‘(4 6<) saadeajs quamiyns wouy Apusiayip 3ou Ing ‘(Y g-g) s4adas|s suljusp.loq ueyl asiom pawlopiad (yg>) saadas|s uspiynsul,

(1107)
129y ON 9/ ‘e 19 J49Z|OYJSPOA
30949 ON 4 (9107) "Ie 39 yeiddng
spusoam ay3 Je daajs sanoy />
sape.g jooydg Iv6l (1107) e 0 Suiy
(3501 sanijepow su3ip
JoquiAs) Buissadoud jo paadg
(353 dpawyLIe
|eausw) Suissadoud jo pasdg
L (vIs®3 >2eq-€) UondUN}
'l 9AINJAX3/AJoWwaW SUDJIOAA
L (Is®3 >eq-|) Uonouny
9 9AINJ9X3/AJoWwaWw SUDJIOAA 9G (9107) ‘| 39 BuQ ‘07
oned A 4 p Ui pauenbs NA: paJenbs awomnQ azis
SPPO  SJoWeJD)  sudyoD  suayod €3 €19 [en.ed a|dweg

‘penunuo) °g djqeL



(penunuod)

(moy)
gl

School Psychology International 41(6)

(y3w)
$T

(wnipaw)
C
(wnipaw)
1T

(wnipow)
8l

(Irews)
6€

(Irews)
€010

(Irews)
ST

‘sopeJ3
|[ooyds asdom Ajpuedijiudis Yaim
paieosse (swi das|s [e103 3sa8u0)

03 paJedwod) awn das|s [e10) 1s31I0YS
"9ouew.Iopad Aiowaw
9doUaJRYIp ou Inq ‘@duew.iopiad
UOoMDdUN) DAIINDOXD Pases.ddp ‘paads
Suissadoud uonew.ojul pasea.dul ul
pPa3nsas (450101 40 s3yBiu Jnoj o3

pasedwod) dag|s yg'9—9 jo s3ydiu uno4
‘uopiugodelaw pajiodau
-JuaJed pue -jas asdom Apuedyiusis
ur paynsad (Yo |—6 4o sIy3iu oAl

03 paJedwod) das|s yg'9 jo saysiu aAl4
"WOO.SSE[D paje|nwis & Ul swijly
[euonesnps wouy Suluaes| SuImo||o}
douew.opad zinb usuood Apuesyiudis
ur paaynsad (Yo |—6 Jo sysiu aAy

01 paJedwod) dos|s yg-9 Jo sySiu aAl4
aouewIONRd Alowsw Supjiom
Ul 9JUSJ3YIp B Ul 3NSSJ 10U pIp
(dess yg Ajerewixoudde jo saySiu aAy

01 paJedwod) dos|s yg'9 jo sIySiu aAl4
VdO

aAle|nwnd 321pa.id 1ou pip desjs 1ioys
uondUN) SAINDSXSD

YaIm pareldosse 10ou dasis 11oys

sapeJd jooyds

uondUNy SAIINIAXT
paads
Suissenoud

uoneuwLIoU|

‘uoniugode1d||

souewuopad zInd

Alowaw SupjaopA

vdD

‘uonduny aAIINd3aX3y

39943

329413

39943

30943

129)49 ON

12949 ON

12949 ON

(£107) e 30
uuewyney|-pjlemaq

(9107) e 30
uoiz-uayod

(8007) Ie 30 29239

(0107) 'Ie 3 29299

(6007) 'Ie 32 aqeag
(#107) ‘| 3 mouuesy

(6007) 'Ie 32 uosJapuy

«d 3oM

S3uel
9zIs 199y3

Suipuy

3|qelJeA BWOINO

30943

doas|s paonpaJjuonolisad dasjs jo 13ays sSulpuly Apnig

580

'suije. 9DUSPIAD JO JY3IOM pUB SIZIS 12940

‘s3uipuy Apmis *p 3|qeL



581

Hayes and Bainton

(penunuod)

(wnipaw) uesyusis
L'l Ajreonoead 10N

(Y3) 5T

(wnppaw)
L'l |[eWS

(y3w)
LT Ilews

(wnipaw) (e8urj—winipaw)
1T 695

2loye
Jlwapede Jaldood pue aduewopad
dIWwapede Ja.400d YIIM paleIdossE
sem uoneJnp dag|s y3iudeam Ja1Joys
“jsel
Adowaw 3upjom [equaA xa|dwod
uo 10U INq Ssel Adowaw Supjiom
Jn_dWYILIE pue [equaaA d|dwis uo
aWI} UOIIDEAU 3SJOM Ul NS PIp I
‘Aoeandde djsel Adowaw Supjlaom Iud
~I3yIp ul 3ynsaJ 0u pIp (yg jo sy3u
G 01 paJedwod) dasj|s yg jo sIydiu aAl4
">Isld pasea.dul
e Os[e aJam ¢ Suidaa|s sJuadsajopy
J0U 2J9M SINOY g—§ PUB Sanoy
8-/ ‘sinoy /—9 Buidas|s syusdsajopy
‘9duewIopad djwapede Jood Sulaey
JO [slI paseaJdul ue 3e Jom dasjs jo
sunoy 9-G pue yg> SulAey SIUSISI|OPY
AJe|nqedoA
palpms Jo} @duewLioyiad [[e2aJ pand
Jaiood ur paynsau (Yg say3iu uaaas
01 paJedwod) des|s yg jo say3iu usasg
sJadaa|s Juapdiyns 01 pasedwod jou
Inq skl AJowaw SUPjIOM UO ddueW
-10}49d asuom pey (suadasi|s auljusp
-loq 03 paJedwod) suadas|s 3uaIYNsU|

110443 dIWapedy
douew.Iopad
dlwapedy

Alowaw 3upopA

"9ouewWL.IONMRd
S|Wapede 100y

3ujuaes| Auejnqesop

Aiowaw SupjJopA

03Y3

12949 ON

9943

3139)43

39943

(£107) "o 30 umeT

(1107) e 3@ Suelf

(9107) "Ie 32 SuiskH

(9107) [e 39 Bueny

(8007) ‘e 3@ Jesipeuny

qQ FOM LS8uel
azIs 1993

Buipuy

3|qelJeA BWOINO

310943

doajs paonpaJjuonolisad desjs jo 109y s3uipuly Apnig

‘panunuo) “p djqer



School Psychology International 41(6)

582

B, =€ - pT LWnipaw, = €7 — £'] MO, =9'| — | ‘Q JOM 404,
(8861 ‘UayoD) 33.e|=g( ‘WNIPaW = G0 ‘|[BWS =70,

(wnipaw)
44

(wnipaw)
Ll

(moy)

(y21y)
LT

(y3w)
LT

(84rj—winipaw)
1"1=9

‘Adlowsw
SAIJEJB|DIP JO ddUBWLIOMSd Alowaw
Supjiom uo 129y ou pey (Yg ‘y9 ‘yz
‘4g ‘yg) swn doas|s jo suonendiuew sAl4
"9oueWLIO)Iad
>jse1 AJowaw SUPjIOM UO 103) ou
pey (des|s paidliasaaun jo syy3iu oAl
01 paJedwod) des|s yg/°/ Jo s1y3iu aAl4
"9oueWL.IOad [oOYdS pue
sAep>j2am AJuo UO sunoy /7 ueys ss3|
usamiaq diysuonejpa opN ‘(191399
Jo g a8eJaAR,, UBY) JBYIBJ DSIOM
Jo s7),) @durwJoyad jooyds Jaiood
YIIM PaIBIDOSSE SBM A|UO SPUSY DM
1O SpU|PIM pUE SAEPXd9M UO Sanoy
/ ueyy ssa| jo uoneinp doas|s adeany
'sy|se3 paads Suissadoud
pue SuluonduNy 9ANRNSXS ‘Alowaw
3upjuom uo sduew.oad Jsuood
ur pagnsaJ (Yg Jo say3iu uaass
03 paJedwod) das|s yg jo say3iu usasg
‘uiuaes| a3essed asoud
0} S1$3] |[Bdd. 93} UO ddUBWLIONMSd
129)J9 10U PIpP (Yg JO SIY3Iu USASS
01 paJedwod) dos|s yg Jo say3iu uaAag

AJowsw aAneIEIRQ
Aiowaw SupjJOpA

Aaowaw 3upJopA

sapeJd jooyds

paads 3uissadoud
uonduny SAIINdAXJ
Aiowaw SupJOpA

Suluies)
a8essed aso.y

1949 ON

12949 ON

39943

39943

12949 ON

(1107) 'Te 3@ Jazj0yapop

(9107) ‘e 32 yeiddng

(1107) e 32 Buiy

(9107) "le 38 ‘BuQ ‘0

(9107) Ie 3@ ‘uoluuag ‘o7

od 3oM

S3uel
9zIs 1093

Buipuiy

9|qelJeA SWOoNINO

39943

dos|s paonpaJjuonoliasad desjs jo 129yo :sSulpuly Apnig

‘penunuo) “p djqeL



Hayes and Bainton 583

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 7hours 45 minutes 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 5hours
42 minutes (with an average time in bed of 6.8 hours) and the average total sleep
time of the unrestricted condition was 6 hours 8 minutes (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; Huanget 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.
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