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Abstract
Background: The study investigates sex differences in sustained attention among children.

Methods: Forty-five children (23 girls) from Grades 2-5 (mean age of 7.47 £ 0.73 years) wore an actigraph for a
continuous five to seven days including school and non-school days. Sustained attention using the psychomotor
vigilance test (PVT) was measured twice a day on two school days and on one non-school day.

Results: No sex differences were found for sleep patterns. However, sex differences in PVT performance were
documented. While boys were faster (shorter reaction time) and showed fewer lapses than girls, they showed higher
number of false starts than girls, on both weekdays and weekends.

Conclusions: The findings suggest that sex differences should been taken into account in studies investigating neu-

robehavioral functioning, particularly, sustained attention across various age groups.
Keywords: Sleep, Actigraph, Children, Psychomotor vigilance test (PVT), Sex differences

Introduction

Sustained attention, also called vigilant attention, refers
to the attention control processes needed to preserve
attention and task engagement over time [1]. It relates to
a collection of cognitive processes which enable individu-
als to organize their behavior in response to current situ-
ational demands and future directions and is an essential
part of executive function. Sustained attention is usually
measured via computerized performance tasks requiring
responses to target signals. The most widely used meas-
ure of sustained attention is the psychomotor vigilance
test (PVT) due to its psychometric advantages over other
cognitive measures [2]. Sustained attention has been
shown to be influenced by the interaction between the
circadian timing system and the homeostatic sleep regu-
latory system [3]. Studies have demonstrated the impact

*Correspondence: efratb@yvc.ac.il

Department of Behavioral Sciences and the Center for Psychobiological
Research, The Max Stern Academic College of Emek Yezreel, Emek Yezreel,
Israel

B BMC

of sleep loss on PVT performance, which causes an over-
all slowing of response time, increasing lapses of atten-
tion, and modestly increasing false starts (e.g., [4]). Apart
from its sensitivity to circadian and homeostatic modula-
tion, sustained attention is also susceptible to the effects
of age [5] and sex [5, 6].

Sex differences in sustained attention have been stud-
ied across various age groups. Venker et al. [7] inves-
tigated sex differences in the mean and median PVT
reaction time (RT) of children aged 6-11. They showed
that boys were faster than girls; however, these differ-
ences tended to disappear with age. Beijamini et al. [6]
evaluated the influence of gender on the PVT perfor-
mance of adolescents. They found that boys were faster
and had fewer lapses than girls. Blatter et al. [5] examined
sex differences in the PVT performance of young adults
(aged 20-31) and older adults (aged 57-74). They found
that men were faster than women, but women were more
likely to avoid false starts. They suggested that these pat-
terns of sex differences may imply the use of different
strategies to achieve optimal results: women aim to avoid
errors, while men aim to be as fast as possible.
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Such a suggestion begs the question of whether sex dif-
ferences in achievement strategies are apparent in early
stages of development, and the present study therefore
chose to investigate sex differences in the sustained atten-
tion of children. Previous studies have found differences
between boys and male adolescents and girls and female
adolescents, showing the former to present shorter reac-
tion times, lower error rates, and higher risk-taking ten-
dencies (e.g., [7-9]). Similar to the premise regarding
sex differences in achievement strategies among adults
[5], it has been suggested that sex differences in perfor-
mance among children correspond to sex differences in
response styles [8]. It has been suggested that girls tend
to adopt a more cautious approach to selecting answers
than boys which, in a limited time frame, would lead to
less accurate response patterns. Studies have provided
support for this assertion by showing that girls display
more conscientiousness [10] and cautiousness [11, 12]
than boys. Further support has come from neuroimaging
studies. For example, Cornblath et al. [13] investigated
the neurobiological basis of sex differences in executive
functions, specifically regarding impulsivity among chil-
dren. They measured sex differences in network control-
lability and impulse control using the false positive rate
in the continuous performance test (CPT) and found
that local sex differences in controllability predict false
positive responses. Furthermore, superior parietal modal
controllability was higher in females and found negatively
associated with impulsivity, leading the authors to sug-
gest that these regions are involved in impulse control in
females.

It is important to note, however, that not all studies
showed consistent findings. Some found no sex differ-
ences (children aged 6-14) (e.g., [14]), and one study
demonstrated that girls had greater attentional capacity
than boys (aged 3-7) [15]. This inconsistency may be due
to the different stimuli used. The most frequent test used
is the PVT, followed by the CPT and its many versions.
It has been suggested that sustained attention may con-
stitute multiple distinct constructs and the PVT and the
CPT are not pure measures of sustained attention [16].
Furthermore, the CPT requires longer duration and most
of the assessment versions were used among adults [17].

Numerous studies have shown that sustained attention
is highly influenced by sleep quality. This is, to the best
of our knowledge, the first study to examine sex differ-
ences in the PVT performance of children by controlling
for sleep quality via objective measurements (actigra-
phy). In the present home-based study, sex differences in
PVT performance were evaluated in a natural setting via
multiple observations (several weeknights and weekend
nights) of 45 children. Only a few studies have addressed
sex differences in the sustained attention of children (e.g.,
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[7, 18]); they did not, however, control for sleep qual-
ity. Given that sustained attention is highly sensitive to
sleep loss, the present study controlled for this variable
through multiple observations of sleep via actigraphic
recording.

Previous studies explored the relationship between
sleep quality and cognitive performance among children.
For example, Astill et al. [19] conducted a meta-analysis
and found a modest association between sleep duration
and cognition among children. They reported that even
sustained attention and memory, both of which are sensi-
tive to poor sleep, showed no significant association with
sleep duration. A possible explanation of these results is
that brain immaturity may prevent children from feel-
ing poor sleep and fatigue. Recently, Short et al. [20]
showed in a meta-analytic review that only a few studies
have examined the association between the sleep dura-
tion and optimal cognitive performance of school-age
children. Both of these meta-analyses demonstrated that
sleep duration is associated with specific cognitive func-
tion but not with others and that sleep duration was not
associated with sustained attention. Sleep duration may
vary between weekend and weekdays nights; however,
given that it was not found associated with attention,
we assumed that the role of sex differences in sustained
attention will not differ between weekend and weekday
nights. The present study therefore looked to measure
sleep patterns but did not expect sex differences in sus-
tained attention to depend on sleep.

Regarding sex differences in sleep patterns and sleep-
related difficulties, data from several studies suggested
that among adolescent, girls tend to report sleep dif-
ficulties more frequently than boys [21-24]. In contrast
to adolescents, the results among children are inconsist-
ent. Whereas some studies observed different sleep pat-
terns between boys and girls with more sleep difficulties
among boys than girls [25], others found no gender dif-
ferences [24] or more frequent difficulties among girls
than boys [26]. Recently, Lewien et al. [27] indicated that
sleep-related difficulties were more frequent among boys
in the child sample and among girls in the adolescent
sample.

The present study therefore hypothesized that: 1. there
are no sex differences in sleep patterns; and 2. there are
sex differences in PVT performance, with boys being
faster (shorter RT) and showing fewer lapses than girls
but showing a higher number of false starts than girls
both on weekdays and at weekends.

Methods
Participants
Study participants included 45 children (23 girls;
mean age 7.43+0.90 years; 22 boys; mean age
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7.50£0.51 years) from normative elementary schools,
Grades 2—5 (most in Grades 3 and 4), in urban and rural
middle-class communities in northern Israel (mean
age 7.47+0.73 years). All participants began school
between 7:45 and 8:50 in the morning, 42.4% had 2 days
off a week (Friday and Saturday), and 57.8% had only
one day off (Saturday). Of all participants, 82.2% did
sport between one and seven times a week and 8.9%
reported drinking coffee during the day. While 15.6%
were diagnosed with ADHD (6 boys, 1 girl), no dif-
ferences were found between children with/without
ADHD in sleep or cognitive measures, and they were
therefore taken as one group.

Materials

Cognitive performance

Participants completed a visual PVT twice a day: in the
morning after wake-up and before bedtime. We exam-
ined their cognitive functioning in the morning and the
evening because sleepiness is affected by the combina-
tion of circadian phase and time awake, as was quanti-
fied in laboratory sleep deprivation studies [28]. In field
studies the daily time course of sleepiness was found to
be U-shaped: moderate levels upon awakening which
decrease and reach a minimum in the early evening and
then increase in the evening hours (before bedtime)
to levels that were higher than those upon awakening
[29]. The PVT task is sensitive to sleep loss and circa-
dian phase [30, 31] and has been employed for the last
30 years as a sensitive test of sustained attention [32].
This simple measure of reaction time (RT) to repetitive
stimuli has become recognized as a highly sensitive and
effective tool for measuring degradation of sustained
attention performance under sleep deprivation or par-
tial sleep deprivation or changes in circadian phases
[30, 31].

The PVT-B (Joggle Research, Seattle, WA) is a three-
minute long sustained attention RT task, which, in the
present study, was performed on an iPad. It is a validated
measure of sustained attention with high test—retest reli-
ability and low learning effects [1]. Participants were
instructed to maintain vigilant attention on a target box
and to respond as quickly as possible to the appearance
of a stimulus while avoiding premature responses. The
outcome measures of the present study were mean RT,
lapses, and false starts. Participants were requested to
press on the screen to stop the counter, responding as
quickly as possible but avoiding pressing on the screen
when the counter was not displayed (i.e., false starts). The
interstimulus interval, defined as the period between the
last response and the appearance of the next stimulus,
varied randomly from 2 to 10 s [33].
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Sleep measures

Objective sleep patterns were measured using an acti-
graph (Mini-Act, AMA-32, AMI)—a small movement
sensor that continuously records body mobility, accu-
mulates movement over one minute, and causes the
sensor signal to cross a fixed reference signal. Sleep/
wake measures were estimated from actigraphy data
using a validated algorithm [34].

Participants wore the actigraph on the wrist of their
non-dominant hand for one week including weekdays
(four—five nights) and weekends (one night before non-
school day) in a natural environment (home). Actigraph
recordings were scored using the event marker button
for subjective sleep and wake times. The analysis of the
actigraph recoding (using the program Action) pro-
vided an estimation of participants’ sleep onset times
and wake-up times, sleep latency, time in bed (from
sleep onset to wake-up time), true sleep minutes (only
minutes of sleep), wake after sleep onset (WASO), and
sleep efficiency.

Procedure
Participants were collected using the snowball method.
The research assistant met with potential participants
and their parents at home. The parents of those chil-
dren who agreed to participate in the study signed an
informed consent. Participants wore the actigraph con-
tinuously for five to seven days, on both school and
non-school days, and completed the PVT for three
minutes. Participants were required to maintain a regu-
lar sleep pattern on school and non-school days.

The ethics committee at Emek Yezreel College (no:
EMEK YVC 2018-48) approved this study.

Statistical analysis

Scores were averaged per individual on weekdays.
PVT measures were not normally distributed and were
therefore subject to a log 10 transformation that nor-
malized their distribution. Independent sample ¢-tests
were calculated for sex differences in actigraph sleep
patterns between weekday and weekend measures.
Bivariate correlations were conducted between sleep
duration (calculated as time in bed multiplied by sleep
efficiency) and PVT measures. Bonferroni corrections
for multiple comparisons were calculated. PVT perfor-
mance tests were analyzed via repeated-measures anal-
ysis of variance (sex x day x time) with age, ADHD, and
mean sleep duration as covariates. For all the ANOVA
tests, whenever Mauchly’s test indicated a violation of
sphericity assumption, Greenhouse—Geisser correc-
tions were used. Effect-size analyses for t-tests were
calculated based on Cohen’s d, whereas effect-size for
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Table 1 Means (SD), F, and r]zp for actigraph sleep measures, boys vs. girls, weekdays and weekends (N =45)
Weekdays (WD) Weekend (WE) F n?,
Boys Girls Boys Girls
Bedtime (hh:mm) 21:19 (0:19) 21:38 (0:32) 23:04 (1:04) 22:37 (1:37) 213 0.06
Wake-up time (hh:mm) 6:53 (0:31) 6:49 (0:25) 7:58 (1:09) 8:18 (1:12) 132 0.04
Time in bed 575.18 (34.33) 551.07 (49.42) 535.70 (66.25) 581.21(80.62) 6.49% 0.16
WASO 2741 (15.87) 24.98 (19.65) 24.58 (14.16) 38.18 (28.58) 3.56 0.10
Sleep latency 19.56 (14.94) 17.24 (9.56) 1523 (10.01) 14.38 (12.96) 0.00 0.00
Sleep efficiency 95.31 (3.00) 95.44 (3.53) 95.24 (2.68) 93.27 (5.13) 212 0.06

WASO minutes of wake after sleep onset
*p<0.05

The correlation did not remain significant after performing Bonferroni corrections for multiple comparisons

Table 2 Correlations between PVT measures and sleep duration
in morning and evening, weekdays and weekends (N=45)

Weekdays (WD) Weekend (WE)

Morning Evening Morning Evening
Mean RTjoq10 0.08 0.23 —0.02 —003
Lapsesiogio 0.04 —001 —0.15 0.14
False starts —0.26 0.14 0.43* 0.09

*p<0.05

The correlation did not remain significant after performing Bonferroni
corrections for multiple comparisons

ANOVA were calculated using partial eta-squared
).

Results

Sleep patterns as measured through actigraph recordings
are presented in Table 1. A series of two-way repeated-
measures ANOVAs with sex (boys, girls) and day (WD,
WE) as the independent variables was conducted. A sig-
nificant sex x day interaction was found for sleep dura-
tion. Further analyses revealed no significant effect of sex
on weekdays [¢ (35)=1.89, p>0.05; Cohen’s d=0.62] or
weekends [t (40)=1.84, p>0.05; Cohen’s d=0.57]. No
other significant interactions were found. No significant
main effect for either sex or day was found for sleep pat-
terns (Table 1).

We also checked for associations between sleep dura-
tion and PVT measures. Bivariate correlations did not
demonstrate significant results (see Table 2).

For PVT measures (mean RT, lapses, false starts), a
series of three-way repeated-measures ANOVAs with
sex (boys, girls), day (WD, WE), and time (M, E) as the
independent variables was conducted, with age, ADHD,
and mean sleep duration as covariates. A signifi-
cant effect of sex was found [F (1, 25) =4.34, p<0.05;
172p:0.16] for mean RT, with boys demonstrating

Table 3 Means (SE) for PVT, weekdays vs. weekend (N=42)

Weekdays (WD) Weekend (WE)

Boys Girls Boys Girls
MeanRTp,  255(002)  257(0.02) 251(004)  265(0.04)
Lapsesiogio 0.91 (0.07) 1.01(0.07) 0.86 (0.06) 1.14 (0.06)
False starts 9.36 (1.14) 8.07 (1.14) 13.77 (1.95) 8.13(1.95)

WD = weekdays; WE = weekend; Mean RTIog10 =log transformed PVT mean RT;
Lapsesjqq10=log transformed PVT number of lapses

shorter mean RTs than girls (see Table 3). A signifi-
cant sex X time interaction [F (1, 25)=8.17, p<0.01;
1721,:0.28] was also found. Further analyses revealed
a significant effect of sex for morning [t (42)=1.70,
p<0.05 1-tailed; Cohen’s d =0.48] with boys (M =2.57,
SD =0.13) being faster than girls (M =2.64, SD =0.16);
no significant difference was found for evening [t
(43)=1.53, p>0.05; Cohen’s d=0.71]. There was no
significant sex x day interaction [F (1, 25)=0.13,
p>0.05; 172p:0.01], day x time interaction [F (1,
25)=0.48, p>0.05; 172p: 0.02], or sex x day x time [F
(1, 25)=2.04, p>0.05; #°,=0.08]. There was no sig-
nificant main effect for day [F (1, 25)=0.33, p>0.05;
n*,=0.01] or time [F (1, 25) =0.00, p > 0.05; 7°,=0.00].

For PVT lapses, a significant effect of sex was found [F
(1, 25)=5.04, p<0.05; 172p:O.18] with boys having fewer
lapses than girls. A significant sex x day interaction [F
(1, 25)=4.48, p<0.05; ;72p:O.16] was also found. Fur-
ther analysis revealed that sex differences in PVT lapses
were found for weekends [F (1, 35)=13.77, p<0.01;
1721, =0.28] with boys having fewer lapses than girls. How-
ever, for weekdays no significant differences were found
[F (1, 37)=0.80, p>0.05; 1°,=0.02]. There was no sig-
nificant sex x time interaction [F (1, 25)=1.10, p>0.05;
}721,:0.05], day x time interaction [F (1, 25)=0.00,
p>0.05; *,=0.00], or sex x day x time [F (1, 25) =3.25,
p>0.05; 7°,=0.12]. There was no significant main effect
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for day [F (1, 25)=0.59, p>0.05; 172p:0.03] or time [F (1,
25)=0.42, p>0.05; °,=0.02].

For PVT false starts, a significant effect of sex was
found [F (1, 25)=3.31, p<0.05 1-tailed; 172p:O.13]. The
average level of false starts was lower among girls than
boys. There was no significant sex x day interaction [F
(1, 25)=2.56, p>0.05; ;72p20.03], sex x time interaction
[F (1, 25)=2.07, p>0.05; 172p20.08], day x time interac-
tion [F (1, 25)=0.01, p>0.05; ;72p20.00], or sex x day X
time [F (1, 25)=3.30, p>0.05; 172p20.13]. There was no
significant main effect for day [F (1, 25)=0.00, p >0.05;
1*,=0.00] or time [F (1, 25)=0.18, p>0.05; 1, =0.01].

Discussion

Based on earlier observations regarding sex differences in
sustained attention across various age groups, we investi-
gated performance differences among children. Further-
more, given that sustained attention is sensitive to sleep
loss, we objectively evaluated sleep quality and time in
bed using actigraphic objective measurements. The time
in bed of weekdays and weekend reflected the recom-
mended time in bed (more than 9.5 h) [35].

Our findings supported the first hypothesis by show-
ing no sex differences in sleep patterns. These findings
are in line with previous reports suggesting no sex dif-
ferences before puberty. For example, Jenni and LeBour-
geois [36] reported no sex differences in sleep EEG power
bands in prepubescent boys and girls, and Feinberg et al.
[37] reported no sex differences in NREM delta power
between ages 9 and 11. The authors suggested that the
emergence of sex differences at puberty are due to sexual
maturation. Furthermore, the authors also suggested that
sex hormone regulatory mechanisms may play a role in
the decline of NREM delta power density.

Next, we examined the association between sleep dura-
tion and PVT performance. In accordance with previous
meta-analyses [19, 20], we did not find any correlation.
While among adults and adolescents sleep loss results in
inattention, among children domains typically sensitive
to sleep loss, such as sustained attention, show no sig-
nificant relationship with sleep duration. Astill et al. [19]
suggested that sustained attention requires activation of
the frontoparietal networks that are compromised fol-
lowing sleep loss among adolescents and adults, whereas
in children this network is still quite immature.

Our second hypothesis regarding sex differences in
PVT performance was also confirmed. Under sleep sati-
ation, boys presented shorter PVT RT and fewer lapses
than girls, while girls showed fewer false starts than
boys. This is in accordance with previous studies which
demonstrated that boys are faster and have fewer lapses
on sustained attention tasks. For example, Lin et al. [18]
examined performance on the continuous performance
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test (CPT) of children aged 6-15, while Venker et al.
[7] examined performance on the PVT of children aged
6—11. Both studies documented sex differences in sus-
tained attention in favor of boys. However, not all stud-
ies yielded this pattern of differences between boys and
girls (e.g. [14, 15]). These two studies, for example, used
different versions of the CPT. Their inconsistency may
be due to differences in the measures of each stimulus
used; for example, the nature of commission errors and
time length of administration for the PVT are different
from the CPT [38]. Recently, Rouse et al. [39] used both
PVT and CPT to evaluate the effects of medication
on attention and other aspects of cognitive function-
ing among children diagnosed with excessive daytime
sleepiness. They found that specific measures of each
test indicated other aspects of improved attention in
the medicated group. Specifically, the PVT false starts
indicated an increase in attention, vigilance, and alert-
ness, and CPT omissions indicated a decrease in the
failure to respond to stimuli while children were medi-
cated. These findings call for further research directly
comparing PVT and CPT among children to deepen
our understanding of the multiple aspects of sustained
attention.

We further found that sex difference in PVT RT was
moderated by the time of day. Sex differences favor-
ing boys were apparent at morning, while no sex differ-
ence was found in the evening. We turned to literature
on individual differences in chronotype to shed light on
these results. A meta-analysis suggested a significant
effect of sex on morningness, with men tending to score
significantly more toward eveningness than women [40].
Other studies focused on the role of chronotype on cog-
nitive abilities. For example, Preckel et al. [41] reported
a positive association between eveningness and cogni-
tive ability, while Roberts and Kyllonen [42] found that
higher scores on eveningness were associated with higher
scores on a working memory task, even though the task
was performed in the morning. These results suggest that
there may be an interaction between sex and chronotype
on cognitive performance. To address this Escribano and
Diaz-Morales [43] examined the role of sex and chrono-
type on sustained attention among adolescents. They
found that boys presented higher attention levels than
girls and that evening type boys tended to perform bet-
ter than morning type boys and evening type girls even
though they were tested in the morning. While the pre-
sent study did not include chronotype, it should, in our
opinion, be considered in future studies. The current
preliminary results among children call for replication
in future studies including variables such as chronotype,
sex, age, and time of day and their interaction exploring
their role in attention performance.
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We also detected sex differences in the number of PVT
false starts, with girls having less false starts than boys.
This finding is consistent with previous studies among
adults, showing that women commit fewer false starts
in vigilance performance than men (e.g., [44]). Blatter
et al. [5] explored sex and age differences in the PVT
and showed that women tended to inhibit their PVT
response to maintain accuracy while men demonstrated
faster RT than women. The authors suggested that
women and men may use different strategies to achieve
optimal results. This is in line with sex differences found
in other cognitive domains. For example, Adam et al. [45]
demonstrated sex differences in choice RT. Participants
performed RT tasks that required a verbal response to a
spatial location target stimulus. Men and women showed
different RT patterns as a function of stimulus location,
and the authors suggested that this may reflect differ-
ences in processing strategy. Support for this assertion
comes from neuroimaging studies that showed increased
activation in temporo-occipital, posterior cingulate, and
cerebellar cortices in females in comparison to males
during cognitive control and sustained attention contrast
tasks [46].

As expected, our results showed sex differences in PVT
measures for weekend and weekend nights. While pre-
vious meta-analyses [19, 20] did not find an association
between sleep duration and sustained attention among
children, they did document an association with other
cognitive domains (e.g., executive function). We there-
fore hypothesized that a sex difference effect would be
found for both weekend and weekday nights regardless
of sleep duration. Investigating differences in sleep pat-
terns in the present sample revealed no significant effect;
in other words, our participants had sufficient sleep dura-
tion [35] on both weekend and weekday nights. As a
result, we had no further opportunity to explore the role
of sleep loss in the association between sex differences
and sustained attention. Future studies should pursue
this objective by including various populations with a
range of sleep duration.

Despite its important findings, certain limitations of
this study should be noted. First, despite the fact that
studies investigating characteristics that may vary sig-
nificantly within populations often require larger sample
sizes, the current study has a small sample size. Inter-
pretations should thus be made with caution. Second,
regarding sample characteristics, the children partici-
pating in the present study were healthy and were good
sleepers. The extent to which our findings can be gener-
alized to other populations is therefore unknown. Third,
the children were recruited from middle-class commu-
nities with sleep regimes that supported sufficient time
in bed on both weekend and weekday nights. Parental
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supervision has been found essential for the mainte-
nance of healthy sleep habits over time [47]. Future stud-
ies should examine other populations to assess the role
of sleep deprivation on sex differences in sustained atten-
tion. Lastly, the present study did not include an exami-
nation of personality traits. A few studies have found a
correlation between sustained attention and personality
traits, such as the Big Five conscientiousness [48]. Fur-
thermore, previous studies exploring sex differences in
cognitive performance and controlling for personality
variables have documented the mediating role of person-
ality traits in the relationship between sex differences and
cognitive performance (e.g., [49]). However, there is, to
the best of our knowledge, no previous report on the role
of personality traits in the association between sex dif-
ferences and sustained attention. We recommend future
studies to explore the mechanisms underlying sex differ-
ences in sustained attention.

Conclusions

This is, to our knowledge, the first home-based study
(field study) to document sex differences in the PVT per-
formance of children using objective measurements to
control for sleep quality. Our study supports previous
suggestions regarding differential cognitive strategies for
girls and boys. Future studies might deepen our under-
standing of the differential strategies used by females
and males across developmental landmarks by also using
neuroimaging to unravel sex differences in activation
patterns throughout development. An understanding of
the mechanisms underlying sex differences in sustained
attention will provide insight into sex-related differences
in other functioning domains, such as recreational and
occupational preferences and functioning. Furthermore,
a growing body of research on sex differences in cogni-
tive performance and sustained attention in particu-
lar, unraveling the similarities and differences between
females and males, will enable the development of dif-
ferential training programs and evaluation methods for
girls and boys, with an emphasis on the strengths and
weaknesses of both sexes based on the principles of brain
plasticity.

Abbreviations

PVT: Psychomotor vigilance test; RT: Reaction time; CPT: Continuous perfor-
mance test; ADHD: Attention deficit/hyperactivity disorder; WASO: Wake after
sleep onset; EEG: Electroencephalogram; NREM: Non rapid eye movement.

Acknowledgements
Not applicable.

Author contributions
OT and EB contributed to the conception and the design of the study; OT and
EB conduced the analyses and drafted the manuscript; OT and EB revised the



Efrat and Orna BMC Psychology ~ (2022) 10:307

manuscript, and OT supervised the entire study process. All authors read and
approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used during the present study are available from the correspond-
ing author on reasonable request.

Declarations

Ethics approval and consent to participate

The study was approved by the institutional review boards (IRBs) of the Max
Stern Academic College of Emek Yezreel. "All procedures performed in the
study involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical
standards".

Informed consent
Informed consent was obtained from a parent for study participation.

Consent for publication

Informed consent was obtained from a parent for study participation. The
present manuscript has not been previously published or simultaneously
submitted elsewhere.

Competing interests

Declare that the authors have no competing interests as defined by BMC, or
other interests that might be perceived to influence the results and/or discus-
sion reported in this paper.

Received: 19 May 2022 Accepted: 30 November 2022
Published online: 15 December 2022

References

1. Unsworth N, Robison MK. Working memory capacity and sustained
attention: a cognitive-energetic perspective. J Exp Psychol Learn.
2020;46:77-103. https://doi.org/10.1037/xIm0000712.

2. Lim J, Dinges DF. A meta-analysis of the impact of short-term sleep dep-
rivation on cognitive variables. Psychol Bull. 2010;136(3):375-89. https.//
doi.org/10.1037/a0018883.

3. Cajochen C, Blatter K, Wallach D. Circadian and sleep-wake dependent
impact on neurobehavioral function. Psychol Belg. 2004;44(1-2):59-80.
https://doi.org/10.5334/pb.1017.

4. Van Dongen HPA, Maislin G, Mullington JM, Dinges DF. The cumulative
cost of additional wakefulness: dose-response effects on neurobehavioral
functions and sleep physiology from chronic sleep restriction and total
sleep deprivation. Sleep. 2003;26(2):117-26. https://doi.org/10.1093/
sleep/26.2.117.

5. Blatter K, Graw P, Minch M, Knoblauch V, Wirz-Justice A, Cajochen C. Gen-
der and age differences in psychomotor vigilance performance under
differential sleep pressure conditions. Behav Brain Res. 2006;168(2):312-7.
https://doi.org/10.1016/j.bbr.2005.11.018.

6. Beijamini F, Silva AGT, Peixoto CAT, Louzada FM. Influence of gender on
psychomotor vigilance task performance by adolescents. Braz J Med Biol
Res. 2008;41(8):734-8. https://doi.org/10.1590/50100-879x20080008000
16.

7. Venker CC, Goodwin JL, Roe DJ, Kaemingk KL, Mulvaney S, Quan SF.
Normative psychomotor vigilance task performance in children ages 6 to
11—the Tucson Children’s Assessment of Sleep Apnea (TuCASA). Sleep
Breath. 2007;11(4):217-24. https://doi.org/10.1007/s11325-007-0103-4.

8. Brocki KC, Bohlin G. Executive functions in children aged 6-13: a dimen-
sional and developmental study. Dev Neuropsychol. 2004;26(2):571-93.
https://doi.org/10.1207/515326942dn2602_3.

20.

AR

22.

23.

24.

25.

26.

27.

28.

Page 7 of 8

Conners CK, Epstein JN, Angold A, Klaric J. Continuous performance test
performance in a normative epidemiological sample. J Abnorm Child
Psychol. 2003;31(5):555-62. https://doi.org/10.1023/a:1025457300409.
Hagekull B, Bohlin G. Preschool temperament and environmental factors
related to the five-factor model of personality in middle childhood. Mer-
rill Palmer Q. 1998;44(2):194-215.

. Gallagher SA. Predictors of sat mathematics scores of gifted male and

gifted female adolescents. Psychol Women Q. 1989;13(2):191-203.
https://doi.org/10.1111/).1471-6402.1989.tb00996 x.

Gallagher A. Gender and antecedents of performance in mathematics
testing. Teach Coll Rec. 1998;100(2):297-314. https://doi.org/10.1177/
016146819810000204.

Cornblath EJ, Tang E, Baum GL, Moore TM, Adebimpe A, Roalf DR, et al.
Sex differences in network controllability as a predictor of executive func-
tion in youth. Neuroimage. 2019;188:122-34. https://doi.org/10.1016/j.
neuroimage.2018.11.048.

Levy F. The development of sustained attention (vigilance) and inhibi-
tion in children: some normative data. J Child Psychol Psychiatry.
1980;21(1):77-84. https://doi.org/10.1111/).1469-7610.1980.tb00018.x.
Sussman J, Tasso AF. The Mesulam continuous performance test (M-CPT):
age-related and gender differences in the sustained attention of elemen-
tary school children. New Sch Psych Bull. 2013;10(2):1-13.
Lawrence-Sidebottom D, Hinson JM, Whitney P, Honn KA, VanDongen H.
different indices of vigilant attention during sleep deprivation: evidence
of multiple vigilance constructs? Sleep. 2020;43(Supplement_1):A114-
A114. https://doi.org/10.1093/sleep/zsaa056.298.

Hajar MS, Rizal H, Kuan G. Effects of physical activity on sustained atten-
tion: a systematic review. Sci Med. 2019;29(2):32864. https://doi.org/10.
15448/1980-6108.2019.2.32864.

Lin CC, Hsiao CK, Chen WJ. Development of sustained attention assessed
using the continuous performance test among children 6-15 years

of age. J Abnorm Child Psychol. 1999,27(5):403-12. https://doi.org/10.
1023/2:1021932119311.

Astill RG, Van der Heijden KB, Van ljzendoorn MH, Van Someren EJW.
Sleep, cognition, and behavioral problems in school-age children: a
century of research meta-analyzed. Psychol Bull. 2012;138(6):1109-38.
https://doi.org/10.1037/a0028204.

Short MA, Blunden S, Rigney G, Matricciani L, Coussens S, Reynolds CM,
et al. Cognition and objectively measured sleep duration in children: a
systematic review and meta-analysis. Sleep Health. 2018;4(3):292-300.
https://doi.org/10.1016/j.sleh.2018.02.004.

Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy
to adolescence: reference values and generational trends. Pediatrics.
2003;111(2):302-7. https://doi.org/10.1542/peds.111.2.302.

Kronholm E, Puusniekka R, Jokela J, Villberg J, Urrila AS, Paunio T, et al.
Trends in self-reported sleep problems, tiredness and related school
performance among Finnish adolescents from 1984 to 2011. J Sleep Res.
2015;24(1):3-10. https://doi.org/10.1111/jsr.12258.

Pallesen S, Hetland J, Sivertsen B, Samdal O, Torsheim T, Nordhus IH.
Time trends in sleep-onset difficulties among Norwegian adolescents:
1983-2005. Scand J Public Health. 2008;36(8):889-95. https://doi.org/10.
1177/1403494808095953.

Schlarb AA, Gulewitsch MD, Weltzer V, Ellert U, Enck P. Sleep duration and
sleep problems in a representative sample of German children and ado-
lescents. Health. 2015;07(11):1397-408. https://doi.org/10.4236/health.
2015.711154.

Uebergang LK, Arnup SJ, Hiscock H, Care E, Quach J. Sleep problems in
the first year of elementary school: the role of sleep hygiene, gender and
socioeconomic status. Sleep Health. 2017;3(3):142-7. https://doi.org/10.
1016/j.sleh.2017.02.006.

van Litsenburg RRL, Waumans RC, van den Berg G, Gemke RJBJ. Sleep
habits and sleep disturbances in Dutch children: a population-based
study. Eur J Pediatr. 2010;169(8):1009-15. https://doi.org/10.1007/
s00431-010-1169-8.

Lewien C, Genuneit J, Meigen C, Kiess W, Poulain T. Sleep-related dif-
ficulties in healthy children and adolescents. BMC Pediatr. 2021;21(1):82.
https://doi.org/10.1186/512887-021-02529-y.

Lo JC, Groeger JA, Santhi N, Arbon EL, Lazar AS, Hasan S, et al. Effects of
partial and acute total sleep deprivation on performance across cognitive
domains, individuals and circadian phase. PLoS ONE. 2012;7(9):e45987.
https://doi.org/10.1371/journal.pone.0045987.


https://doi.org/10.1037/xlm0000712
https://doi.org/10.1037/a0018883
https://doi.org/10.1037/a0018883
https://doi.org/10.5334/pb.1017
https://doi.org/10.1093/sleep/26.2.117
https://doi.org/10.1093/sleep/26.2.117
https://doi.org/10.1016/j.bbr.2005.11.018
https://doi.org/10.1590/s0100-879x2008000800016
https://doi.org/10.1590/s0100-879x2008000800016
https://doi.org/10.1007/s11325-007-0103-4
https://doi.org/10.1207/s15326942dn2602_3
https://doi.org/10.1023/a:1025457300409
https://doi.org/10.1111/j.1471-6402.1989.tb00996.x
https://doi.org/10.1177/016146819810000204
https://doi.org/10.1177/016146819810000204
https://doi.org/10.1016/j.neuroimage.2018.11.048
https://doi.org/10.1016/j.neuroimage.2018.11.048
https://doi.org/10.1111/j.1469-7610.1980.tb00018.x
https://doi.org/10.1093/sleep/zsaa056.298
https://doi.org/10.15448/1980-6108.2019.2.32864
https://doi.org/10.15448/1980-6108.2019.2.32864
https://doi.org/10.1023/a:1021932119311
https://doi.org/10.1023/a:1021932119311
https://doi.org/10.1037/a0028204
https://doi.org/10.1016/j.sleh.2018.02.004
https://doi.org/10.1542/peds.111.2.302
https://doi.org/10.1111/jsr.12258
https://doi.org/10.1177/1403494808095953
https://doi.org/10.1177/1403494808095953
https://doi.org/10.4236/health.2015.711154
https://doi.org/10.4236/health.2015.711154
https://doi.org/10.1016/j.sleh.2017.02.006
https://doi.org/10.1016/j.sleh.2017.02.006
https://doi.org/10.1007/s00431-010-1169-8
https://doi.org/10.1007/s00431-010-1169-8
https://doi.org/10.1186/s12887-021-02529-y
https://doi.org/10.1371/journal.pone.0045987

Efrat and Orna BMC Psychology

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

(2022) 10:307

Akerstedt T, Anund A, Axelsson J, Kecklund G. Subjective sleepiness is a
sensitive indicator of insufficient sleep and impaired waking function. J
Sleep Res. 2014;23(3):240-52. https://doi.org/10.1111/jsr.12158.

Banks S, Dinges DF. Behavioral and physiological consequences of sleep
restriction. J Clin Sleep Med. 2007;3(5):519-28. https://doi.org/10.5664/
jcsm.26918.

Voyer D, Voyer SD, Saint-Aubin J. Sex differences in visual-spatial working
memory: a meta-analysis. Psychon Bull Rev. 2017,24(2):307-34. https://
doi.org/10.3758/513423-016-1085-7.

Palmer MA, Brewer N, Horry R. Understanding gender bias in face rec-
ognition: effects of divided attention at encoding. Acta Psychol (Amst).
2013;142(3):362-9. https://doi.org/10.1016/jactpsy.2013.01.009.
Johnson MP, Duffy JF, Dijk DJ, Ronda JM, Dyal CM, Czeisler CA. Short-term
memory, alertness and performance: a reappraisal of their relationship to
body temperature. J Sleep Res. 1992;1(1):24-9. https://doi.org/10.1111/j.
1365-2869.1992.tb00004 X.

Acebo C, Sadeh A, Seifer R, Tzischinsky O, Wolfson AR, Hafer A, et al.
Estimating sleep patterns with activity monitoring in children and
adolescents: how many nights are necessary for reliable measures? Sleep.
1999,22(1):95-103. https://doi.org/10.1093/sleep/22.1.95.

Hirshkowitz M, Whiton K, Albert SM, Alessi C, Bruni O, DonCarlos L, et al.
National Sleep Foundation’s sleep time duration recommendations:
methodology and results summary. Sleep Health. 2015;1(1):40-3. https://
doi.org/10.1016/j.51eh.2014.12.010.

Jenni OG, LeBourgeois MK. Understanding sleep-wake behavior and
sleep disorders in children: the value of a model. Curr Opin Psychiatry.
2006;19(3):282-7. https://doi.org/10.1097/01.yc0.0000218599.32969.03.
Feinberg I, Higgins LM, Khaw WY, Campbell IG. The adolescent decline
of NREM delta, an indicator of brain maturation, is linked to age and

sex but not to pubertal stage. Am J Physiol Regul Integr Comp Physiol.
2006;291(6):R1724-9. https://doi.org/10.1152/ajpregu.00293.2006.
Harper GW, Ottinger DR. The performance of hyperactive and control
preschoolers on a new computerized measure of visual vigilance: the
Preschool Vigilance Task. J Child Psychol Psychiatry. 1992;33(8):1365-72.
https://doi.org/10.1111/j.1469-7610.1992.tb00956 X.

Rouse JB, Avis KT, Schwebel DC. Influence of stimulant medication on
pedestrian safety for children with excessive daytime sleepiness. Sleep
Med Res. 2021;12(1):44-9. https://doi.org/10.17241/smr.2021.00850.
Randler C, Engelke J. Gender differences in chronotype diminish with
age: a meta-analysis based on morningness/chronotype questionnaires.
Chronobiol Int. 2019;36(7):888-905. https://doi.org/10.1080/07420528.
2019.1585867.

Preckel F, Lipnevich AA, Boehme K, Brandner L, Georgi K, Kénen T, et al.
Morningness-eveningness and educational outcomes: the lark has an
advantage over the owl at high school: morningness—eveningness and
educational outcomes. Br J Educ Psychol. 2013;83(Pt 1):114-34. https://
doi.org/10.1111/j.2044-8279.2011.02059.x.

Roberts RD, Kyllonen PC. Morningness—eveningness and intelligence:
early to bed, early to rise will likely make you anything but wise! Pers
Individ Dif. 1999,27(6):1123-33. https://doi.org/10.1016/50191-8869(99)
00054-9.

Escribano C, Diaz-Morales JF. Daily fluctuations in attention at school con-
sidering starting time and chronotype: an exploratory study. Chronobiol
Int. 2014,31(6):761-9. https://doi.org/10.3109/07420528.2014.898649.
Waldfogle GE, Hagerty-Koller MR, Lane LR, Garibaldi AE, Szalma JL. Explor-
ing sex differences in vigilance performance with knowledge of results.
Proc Hum Factors Ergon Soc Annu Meet. 2019;63(1):1321-5. https://doi.
org/10.1177/1071181319631130.

Adam JJ, Paas FG, Buekers MJ, Wuyts 1J, Spijkers WA, Wallmeyer P. Gender
differences in choice reaction time: evidence for differential strategies.
Ergonomics. 1999;42(2):327-35. https://doi.org/10.1080/0014013991
85685.

Smith AB, Halari R, Giampetro V, Brammer M, Rubia K. Developmen-

tal effects of reward on sustained attention networks. Neuroimage.
2011;56(3):1693-704. https://doi.org/10.1016/j.neuroimage.2011.01.072.
Moore M. Behavioral sleep problems in children and adolescents. J

Clin Psychol Med Settings. 2012;19(1):77-83. https://doi.org/10.1007/
510880-011-9282-z.

Avisar A, Shalev L. Sustained attention and behavioral characteristics
associated with ADHD in adults. Appl Neuropsychol. 2011;18(2):107-16.
https://doi.org/10.1080/09084282.2010.547777.

Page 8 of 8

49. Wigfield A, Battle A, Keller LB, Eccles JS. Sex differences in motivation, self-
concept, career aspiration, and career choice: implications for cognitive
development. 2002]

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1111/jsr.12158
https://doi.org/10.5664/jcsm.26918
https://doi.org/10.5664/jcsm.26918
https://doi.org/10.3758/s13423-016-1085-7
https://doi.org/10.3758/s13423-016-1085-7
https://doi.org/10.1016/j.actpsy.2013.01.009
https://doi.org/10.1111/j.1365-2869.1992.tb00004.x
https://doi.org/10.1111/j.1365-2869.1992.tb00004.x
https://doi.org/10.1093/sleep/22.1.95
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1016/j.sleh.2014.12.010
https://doi.org/10.1097/01.yco.0000218599.32969.03
https://doi.org/10.1152/ajpregu.00293.2006
https://doi.org/10.1111/j.1469-7610.1992.tb00956.x
https://doi.org/10.17241/smr.2021.00850
https://doi.org/10.1080/07420528.2019.1585867
https://doi.org/10.1080/07420528.2019.1585867
https://doi.org/10.1111/j.2044-8279.2011.02059.x
https://doi.org/10.1111/j.2044-8279.2011.02059.x
https://doi.org/10.1016/s0191-8869(99)00054-9
https://doi.org/10.1016/s0191-8869(99)00054-9
https://doi.org/10.3109/07420528.2014.898649
https://doi.org/10.1177/1071181319631130
https://doi.org/10.1177/1071181319631130
https://doi.org/10.1080/001401399185685
https://doi.org/10.1080/001401399185685
https://doi.org/10.1016/j.neuroimage.2011.01.072
https://doi.org/10.1007/s10880-011-9282-z
https://doi.org/10.1007/s10880-011-9282-z
https://doi.org/10.1080/09084282.2010.547777

	Sex differences in the sustained attention of elementary school children
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Participants
	Materials
	Cognitive performance
	Sleep measures

	Procedure
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


