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Background: Children transition out of naps in early childhood. However, there is disagreement aboutwhen
this transition should occur.
Aims:Wecomparedmeasures of sleep and behavior in children divided into Frequent, Sometimes, and Rarely
nappers to determine what factors predict when napping should cease. We then examined the effect of an
experimenter-promoted nap on measures of sleep and behavior.
Methods:We studied 133 children (50.4% female; mean= 52.77months) over 16 days. Parents completed
questionnaires, whereas children wore actigraphs. On 1 study day, children were nap-promoted.
Results:Overnight sleep durationwas significantly less for childrenwho napped frequently than those who
rarely napped, yet total 24-hour sleep and other sleep parameters did not differ across napping groups. Ef-
fortful control was marginally greater in those who rarely napped. Nap promotion was 91% successful
across nap groups. When typical sleep was compared with sleep following a promoted nap, frequent
nappers slept more on the nap-promoted night. Total 24-hour sleep increased in all children following

the promoted nap, and other sleep parameters did not differ between groups.
Conclusions: The emergence of self-regulatory behaviors may predict when children should cease napping,
consistentwith the hypothesis that transitioning out of napsmay be related to brainmaturation. Given pre-
viously reported benefits of sleep on cognition and the observed increase in 24-hour sleep following nap
promotion, nap promotion may benefit early education. Further research should explore maturational
cues that illuminate when children are ready to transition out of napping.

© 2015 National Sleep Foundation. Published by Elsevier Inc. All rights reserved.
Introduction

Anumber of recent studies support the benefit of naps on learning
and emotional regulation in preschool children. For instance, we have
reported that declarative memories are consolidated over naps, with
recall of learning from the morning ~10% greater following a nap
comparedwithwhen children stay awake during naptime.1 Likewise,
children are less biased toward emotional stimuli following a nap,2

and emotional regulation is greater following a nap compared with
nap deprivation.3,4 Moreover, naps at this age are rich in sleep spin-
dles and slow wave sleep,1 which are features of sleep associated
with cognitive benefits in children1,2 and young adults.5–8
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Given these benefits, naps may promote the goals of early educa-
tion settings. However, this raises the perennial question of when a
child “grows out” of napping. Nap duration decreases around 3-4
years of age,9–11 which coincides with the commencement of more
adult-like sleep architecture.12,13 The transition from biphasic (2
sleep bouts/day) to monophasic (1 sleep bout/day) sleep patterns
has been suggested to reflect brain maturation.14 Consistent with
this, memory decay over wake is slower in those who do not nap ha-
bitually compared with habitually napping children,1 suggesting
more efficient processing or capacity. Brain development may also
contribute to the maturation of homeostatic processes, thereby
slowing the accumulation of sleep pressure.15

Although assessing brainmaturation remains out of reach for par-
ents and classroom teachers, behaviors may indicate the transition to
monophasic sleep. For example, delayed nap onset may provide indi-
cation that the child has outgrown napping.16 Furthermore, infre-
quent naps were associated with the emergence of effortful control
(EC) and more “adult-like” cortisol patterns in 3-year-old children,
.

school children under typical and nap-promoted conditions, Sleep

http://dx.doi.org/10.1016/j.sleh.2015.12.009
mailto:rspencer@psych.umass.edu
http://dx.doi.org/10.1016/j.sleh.2015.12.009
http://www.sciencedirect.com/science/journal/
http://www.elsevier.com/locate/sleh
http://dx.doi.org/10.1016/j.sleh.2015.12.009


2 R.MC. Spencer et al. / Sleep Health xxx (2015) xxx–xxx
which could reflect brain maturation.17 Habitual daytime napping in
early childhood may also be responsible for immature cortisol level
patterns.18 Alternatively, Ward and colleagues19 suggest that the
length of overnight sleep duration dictates nap habits, with sleep
b10 hours as an indicator of nap need. More recently, a review by
Thorpe and colleagues20 suggested that a specific age (2 years) may
be a marker of when naps become costly, reducing overnight sleep.

It is important to systematically examine what factors influence
whether children nap habitually. In the current study, we examined
whether typical overnight sleep is greater for non–habitually napping
children compared with those who nap habitually or frequently as
suggested by others.19,20 In addition, we assessed whether there
were differences in other sleep parameters (eg, sleep efficiency,
sleep latency) for non–habitually napping children compared with
habitual or frequent nappers, which would support the hypothesis
that naps are detrimental to overnight sleep.20

Second, to elucidate biological factors that predict the cessation of
napping, we examined behavioral measures that reflect brain matu-
ration. Nonhabitual nappers, for example, may exhibit higher EC,17

lower bedtime resistance,16 and higher IQ,14 all of which have been
suggested to reflect maturation of cognitive and homeostatic pro-
cesses, thus reducing the need for a nap.14,15

Finally, to evaluate the consequences or benefits of a nap on over-
night sleep, we compared the child’s sleep parameters following
classroom nap promotion with their typical overnight sleep patterns.
Although there may be reductions in overnight sleep after napping
(eg,20), total sleep duration within a 24-hour period may not
change.19,21 Conversely, the lack of change in total 24-hour sleep du-
ration between napping children and nonnapping children could re-
flect maturational changes in homeostatic processes, which dictate
how quickly sleep pressure accumulates, thereby resulting in the
need for a nap.15

Methods

Participants

Participants were 137 children with ≥5 days of usable actigraphy
data (68 female; mean= 52.77 months; SD= 10.02) recruited from
local preschools in western Massachusetts as part of a larger study of
sleep and cognition. Children were eligible to participate if they met
the following criteria: (a) aged 33-71 months; (b) normal or
corrected-to-normal vision and hearing; (c) no current or past diag-
nosis of a sleep disorder or developmental disability;(d) not using
sleep-effecting or psychotropicmedications; and (e) had not traveled
outside of local time zone in the week before the study.

Measures

Actigraphy
The Actiwatch Spectrum (Philips Respironics, Bend, OR) is a

water-resistant, wrist-worn device with off-wrist detection and tri-
axial accelerometer to measure motion. Data collected by the
actigraph were stored in the internal memory of the device and sub-
sequently downloaded to a computer for analysis.

Child sleep diaries
To aid in actigraphy scoring, caregivers were given a daily sleep

diary to record any nap periods in the home, periods where the
watch was taken off, time the child was in bed, time it took the
child to fall asleep, and wake time. Classroom teachers were given a
nap diary for each participating child and instructed to make note
of whether children napped or not in the classroom during the 16-
day study window.
Please cite this article as: Spencer RMC, et al, Sleep and behavior of pre
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Child Sleep Habits Questionnaire
The Child Sleep Habits Questionnaire (CSHQ)22 was used to pro-

vide a subjective measure of children’s sleep habits during a typical
week. Of interest to the current study were items pertaining to bed-
time resistance, specifically “Child resists going to bed at bedtime,”
“Child struggles at bedtime,” and “Child falls asleep within
20 minutes after going to bed.” Caregivers rated items on a 3-point
scale: Usually (5-7 days per week), Sometimes (2-4 days per week),
and Rarely (0-1 days per week). The CSHQ is a reliable measure of
sleep problems in community and clinical samples (Cronbach’s
alpha = 0.68 and 0.78, respectively; Owens et al., 2000) and has
established clinical utility in preschool children.23

Peabody Picture Vocabulary Test, 4th Edition
The Peabody Picture Vocabulary Test, 4th Edition (PPVT-IV),24 is a

proxy for IQ in children that is thought to be reflective of brain
maturation.14,25 The PPVT-IV is a norm-referenced scale that evalu-
ates vocabulary acquisition by measuring understanding of a spoken
word in standard American English. Children were presented with 4
full-color pictures on a page and asked to point to the picture that
represents a particular word spoken by the experimenter. The
PPVT-IV consists of 228 test items divided into 19 test sets. Children
progressed through each set until committing a certain number of er-
rors. Raw score totals were used for analyses.

Child Behavior Questionnaire
The Child Behavior Questionnaire (CBQ)26 was used to assess

temperament on 3 broad scales. We used an abbreviated form of
the CBQ (ie, CBQ–Very Short Form) comprised of 36 items. Of interest
in this study, items probing EC included: “When drawing or coloring
in a book shows strong concentration”; “Notices it when parents are
wearing new clothing”; and “Approaches places s/he has be told are
dangerous slowly and cautiously.” The EC scale has been shown to
correspond with the development of executive functions, such as in-
hibitory control and sustained attention (eg, go/no-go tasks) in
children.27–29 For each question, caregivers rated the likelihood of be-
haviors occurring within the past 6 months on a 7-point Likert rang-
ing from 1 (Extremely Not True) to 7 (Extremely True). Caregivers
rated items that did not apply to their child as Not Applicable, and
these items were not included when calculating the child’s score for
EC. The CBQ–Very Short Form subscale for EC is significantly correlat-
ed with that reported by the full CBQ (r = 0.83; see Putnam and
Rothbart26). Raw scores for the EC scale were used for analyses.

Procedure

Procedures were approved by the University of Massachusetts
Amherst’s Institutional Review Board. Caregivers provided written
informed consent for their own and their child’s participation, and
child assent was obtained before procedures commenced. On day 1,
actigraphs were distributed to participating children. The actigraph
was fitted to the nondominant wrist, and caregivers and children
were instructed to press a button (an event marker) at the start and
end of daytime and nighttime sleep opportunities. Caregivers were
asked to encourage their child to wear the actigraph continuously
for the subsequent 16 days (15 nights). At the same time, question-
naires and diarieswere given to parents to complete at any point dur-
ing the study. Teachers completed nap diaries for the weekdays that
children were in the classroom, which were used to corroborate
actigraphy-recorded weekday naps.

On1 of the 16 days, childrenwere nap-promoted during the class-
room nap opportunity (approximately 1-3 PM). Children were en-
couraged to nap through verbal encouragement (“Today is nap day.
Try to sleep.”) and typical classroom sleep promotion techniques
school children under typical and nap-promoted conditions, Sleep
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Table 1
Descriptive data for the full sample and groups based on nap frequency.

N Sex, F:M Age, mo (SD)

All 133 67:66 52.77 (10.02)
Nap frequency
Frequent 32 18:14 48.56⁎ (10.83)
Sometimes 88 46:42 53.55⁎ (9.55)
Rarely 13 3:10 57.85⁎ (7.76)

⁎ Frequent b Sometimes, P = .016; Frequent b Rarely, P = .008.

3R.MC. Spencer et al. / Sleep Health xxx (2015) xxx–xxx
(eg, back and foot rubbing). Children laid on their mats/cots, and the
room lightingwas dimmed. Experimenters notedwhether each child
fell asleep and the time of nap and wake onset. The week in which
children were nap-promoted was counterbalanced to avoid order ef-
fects related to when the study experimenters administered the nap
manipulation. Nap-promotion day typically occurred in themiddle of
the week to avoid shifts in sleep schedule due to the weekend.19

Children were given the PPVT-IV in a quiet part of the classroom
on 1 visit during the 16 days. Children were tested individually.
After going through the practice set of items, children went through
the test sets until reaching a predetermined error rate (see Dunn
and Dunn24). On day 16, actigraphs and completed questionnaires
and diaries were collected. Caregivers received monetary compensa-
tion for completing questionnaires, and children received an age-
appropriate book for their participation.

Data analysis

Actigraphy data were scored for sleep or wake in 15-second
epochs using the Actiware software (Philips Respironics, Bend, OR)
default algorithm. This algorithm was applied to portions of the re-
cord identified as sleep through a combination of sleep diaries and
event markers. In the absence of diaries or event markers, sleep
onset was defined as the first of 3 consecutive minutes of sleep, and
wake onset was the last of 5 consecutive minutes of sleep.3,30,31

Sleep episodes were excluded if sleep onset or offset was identified
as off-wrist.

Sleep episodes were calculated for both daytime and nighttime
intervals, and all sleep variables described below were derived from
these episodes. For each sleep variable, an averagewas calculated ex-
cluding data from the days where the child’s napwas experimentally
promoted. Sleep behavior on the days that children were nap-
promoted were examined separately. Sleep variables for analysis in-
cluded: (a) daytime sleep duration: total minutes scored as sleep be-
tween daytime sleep onset and wake time; (b) nighttime sleep
duration: total minutes scored as sleep between nighttime sleep
onset and wake time; (c) wake after nighttime sleep onset
(WASO): totalminutes identified aswake byActiware algorithmdur-
ing a sleep interval; (d) sleep onset time: time of night that the child
falls asleep; (e) variability in sleep onset time: standard deviation of
nighttime sleep onset; (f) wake onset time: time of day that the
child woke up from overnight sleep; (g) variability in wake onset
time: standard deviation of wake onset following nighttime sleep;
(h) sleep onset latency: difference in time (minutes) between the be-
ginning of the nighttime rest period and the beginning of the night-
time sleep period; (i) variability in sleep onset latency: standard
deviation of sleep onset latency; (j) % sleep efficiency (quality of
sleep): (totalminutes scored as sleep−WASO)/totalminutes scored
as rest; and (k) nap frequency: number of naps per week/weekend.
Nap frequency was calculated for both weekdays and weekends.
Weekdays were defined as Monday through Friday, whereas week-
nights were defined as Monday through Thursday (Friday nights
were considered part of the weekend).

Nap habituality was classified according to actigraph-recorded
nap frequency. Given our interest in overnight sleep following suc-
cessful nap promotion, we excluded data from 61 of the initial 198
participants for whom actigraphy data were not available for the
nap promotion day, leaving usable data for 137 children. A further 4
participants were excluded from age-controlled analyses because of
missing age data, resulting in usable data from 133 children. For re-
maining participants, nap opportunities (days for which actigraphy
data were available during the typical nap time [1 PM-4 PM]; off-
wrist data excluded) on nonexperimental days were summed. The
percentage of these days for which a nap was identified in the
Please cite this article as: Spencer RMC, et al, Sleep and behavior of pre
Health (2015), http://dx.doi.org/10.1016/j.sleh.2015.12.009
actigraphy data was calculated, and a percentage of days with a nap
to days where a nap opportunity was present was computed. Those
who napped N70% of available days (≥5 nap days per week) are con-
sidered Frequent nappers. We chose this cut-off because many chil-
dren nap habitually when given time and space (preschool) but
often lack naps on weekends. Those who napped 15%-70% of avail-
able days were classified as Sometimes nappers. Those that napped
b15% (≤1 nap day per week) were classified as Rarely nappers.

Although children and caregivers were encouraged to keep the
Actiwatch on as much as possible over the 16-day interval, the
mean number of days of actigraphy in the 137 qualifying children
was 13.13 days. The number of usable days of actigraphy did, however,
differ across groups. Specifically, Frequent nappers (mean days = 11.03)
had significantly fewer useable actigraphy days than both the
Sometimes nappers (mean days = 13.62; t[40.07] = −5.23, P b .001)
and Rarely nappers (mean days = 14.93; t[44.72] = −4.08, P b .001).
Sometimes nappers also had significantly fewer usable actigraphy days
than Rarely nappers (t[102] =−2.37, P= .02).

All statistical analyses were performed in SPSS Version 20.0 (SPSS
Inc, Chicago, IL). Analyses controlled for age.
Results

Group demographics

Descriptive data for the 3 groups are presented in Table 1. Although
the Sometimes and Rarely napping groups did not differ in age, Frequent
napperswere significantly younger than Sometimes and Rarely napping
children. For this reason, analyses controlled for age.
Does typical sleep vary as a function of nap habituality?

We examinedwhether typical sleep time and qualities varied as a
function of nap frequency. Typical nap length (experimental days and
nap length = 0 excluded) differed significantly across groups (main
effect of group: F2,120 = 3.19, P = .045, η2 = .050), with Frequent
nappers napping longer than Rarely nappers (P = .029, 95% confi-
dence interval [CI] = 3.04-53.08; Table 2). Average overnight sleep
duration also differed significantly between the groups (F2,129 =
5.89, P = .004, η2 = .084; Table 2). Specifically, children who Rarely
napped slept longer than children who Frequently napped (P = .02,
95% CI = −65.52 to −5.83) and marginally more than Sometimes
nappers (P = .055, 95% CI = −44.11 to .51). In contrast, there were
no group differences in other sleep parameters including: % sleep ef-
ficiency (F2,129 = .350, P = .705); WASO (F2,129 = 1.02, P = .364;
Table 2); wake onset time (F2,129 = 1.198, P = .305; Table 3); vari-
ability in wake onset (F2,129 = .204, P = .815); sleep onset time
(main effect of group: F2,129 = 2.73, P = .07); variability in sleep
onset (main effect of group: F2,129 = 1.483, P= .231); sleep onset la-
tency (F2,129 = .394, P = .675); or variability in sleep onset latency
(F2,127 = 1.302, P= .276). Despite differences in overnight sleep du-
ration, there were no significant differences across groups for total
24-hour sleep time (F2,129 = 2.01, P = .138; Table 2).
school children under typical and nap-promoted conditions, Sleep
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Do correlates of brain maturation vary as a function of nap habituality?

Of interest was whether measures posited to reflect brain matura-
tion (ie, EC, IQ, and bedtime resistance) differed between nap groups.
With regard to EC, therewas a small difference in the level of EC exhib-
ited across nap groups, which was marginal (F2,118 = 2.923, P= .058,
η2= .047),with childrenwho Rarely napped exhibiting greater EC than
Frequent nappers (P= .034, 95% CI =−1.24 to− .05) and marginally
more than Sometimes nappers (P = .054, 95% CI = − .67 to − .01;
Table 4). Conversely, IQ—as measured by the PPVT—did not differ be-
tween nap groups (F2,122 = 1.125, P= .328; Table 4).

Finally, we compared responses to questions on the CSHQ that
would reflect bedtime resistance. The main effect of nap group was
not significant for responses to questions “Child resists going to bed
at bedtime,” “Child struggles at bedtime,” or “Child falls asleepwithin
20 minutes after going to bed” (Ps N .80; Table 4).

Does nap promotion differentially alter sleep as a function of
nap habituality?

Nap promotion was successful overall (91% napped when nap
promoted). However, nap promotion success rate was greater for
Frequent nappers (100% success) than for Sometimes (92%) and Rarely
(73%) nappers (F2,180 = 5.40, P = .005, η2 = .057).

When nap-promoted nap length did not differ from typical nap
length (F2,115 = .19, P = .83; Table 2). Overnight sleep did differ
from typical overnight sleep duration when nap-promoted
(F2,129 = 4.90, P= .009, η2 = .071; Table 2), with Sometimes nappers
sleeping significant less the night followingnap promotion (P= .009,
95% CI = 2.92-19.88) and Rarely nappers sleeping marginally more
on the nap-promotion day (P = .068, 95% CI = −31.39 to 1.20).
Yet, there were no differences between a typical night and the nap-
promoted night for other sleep measures including % sleep efficiency
(F2,129 = .280, P = .756; Table 2), WASO (F2,129 = 1.03, P = .360),
wake onset (F2,129= 1.89, P= .155; Table 3), and sleep onset latency
(F2,129 = .132, P = .877). Differences in sleep onset time were mar-
ginal (F2,129 = 3.08, P = .05, η2 = .046), with Frequent nappers
going to sleep 21 minutes earlier on the nap-promoted day (P =
.013, 95% CI = .08-.62). Finally, when 24-hour sleep time for the
nap-promoted day was compared with 24-hour sleep time on a typ-
ical day, there was no significant difference between nap groups
(F2,129 = .164, P = .849; Table 2). Importantly, overall, children got
significantly more total sleep on the day they were nap-promoted
compared with a typical day (t[132] = 9.43, P b .001, 95% CI =
31.81-48.69) regardless of nap group (Table 2).

Discussion

When a child is ready to cease napping is a controversial topic. Al-
though there is evidence that naps benefit learning andmemory1 and
promote emotion regulation2,3 in preschoolers, recent studies sug-
gest that naps may negatively impact overnight sleep.19,20 Therefore,
the main goal of the current study was to investigate factors that
might predict when children should stop napping by comparing
sleep characteristics and behavioral outcomes of habitual and
nonhabitual nappers. The current study further examined the impact
of naps on overnight sleep quality by experimentally manipulating
daytime naps and comparing subsequent overnight sleep with typi-
cal sleep patterns. Our results suggest that, although typical overnight
sleep did differ between nap habituality groups, with Rarely napping
children sleeping more than children who Frequently napped, there
was no difference in total sleep across the 24-hour day. These find-
ings are consistent with previous research, which suggests that
short overnight sleep durations are associated with longer naps30
school children under typical and nap-promoted conditions, Sleep
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Table 3
Descriptive data for typical and nap-promoted sleep variables related to overnight sleep and wake onset.

Sleep onset time Wake onset time Variability in
sleep onset
time (min)

Variability in
wake onset
(min)

Sleep onset latency (min) Variability in
sleep onset
latency (min)

Typical Nap-promoted Typical Nap-promoted Typical Typical Typical Nap-promoted Typical

All 9:39 (61.06) 9:35 (59.67) 7:08c (43.59) 6:56c (46.63) 50.04 (51.55) 38.95 (19.15) 8.26 (10.12) 9.43 (16.42) 10.67 (11.37)
Nap frequency a

Frequent 9:47b (60.00) 9:26b (61.61) 7:00 (44.40) 6:54 (48.71) 43.31 (20.66) 37.72 (24.39) 7.65 (12.04) 7.05 (16.13) 8.28 (11.40)
Sometimes 9:41 (59.40) 9:40 (58.59) 7:12c (40.8) 6:56c (43.67) 55.07 (61.24) 39.68 (18.04) 8.77 (10.06) 10.54 (16.85) 11.79 (11.88)
Rarely 9:09 (70.64) 9:19 (61.39) 6:58 (58.41) 6:56 (62.86) 32.53 (17.05) 37.03 (11.16) 6.37 (3.30) 7.83 (14.51) 9.20 (6.18)

Standard deviations reported in minutes.
a Main effect of group, P = .05.
b Post hoc paired t test typical b nap-promoted, P b .05.
c Typical N nap-promoted, P b .001.
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and that nappingmay be a compensatory mechanism for insufficient
sleep.19 However, in the current study, there was no difference be-
tween Rarely napping children and Frequent and Sometimes nappers
in other sleep measures. This suggests that although children who
nap may sleep less during the night, the overall quality of overnight
sleep is not impacted and total sleep time is preserved regardless of
nap habituality.

It has been proposed that the consolidation of sleep from a biphasic
to a monophasic pattern in early childhood may reflect differences in
sleep homeostatic control.15 Because of maturational brain changes,
younger children may accumulate sleep pressure more quickly during
the day compared with older children, resulting in an increasing need
for daytime naps. As children age, homeostatic sleep pressure may ac-
cumulate more slowly, thereby allowing children to sustain longer pe-
riods ofwakefulness, whichwould result in fewer daytimenaps and an
eventual transition to a consolidated sleep-wake pattern. Although di-
rectlymeasuring brainmaturation remains challenging, evidence using
behavioral and neurocognitive correlates of brain maturation supports
this hypothesis. Specifically, Lam et al14 showed a negative correlation
between vocabulary performance (asmeasured by the PPVT) and day-
time napping in preschool children, whereas vocabulary performance
was positively correlated with nighttime sleep duration. Moreover,
nap and nighttime sleep duration were negatively correlated, suggest-
ing that improvements in cognitive performance that correspond to
the cessation of napping may reflect a developmental milestone in
brain maturation. However, PPVT performance did not differ across
nap groups in the present study possibly because of differences in
methods and groups. This suggests that IQ may not be an appropriate
proxy for brain maturation with respect to the monophasic transition.

Behavioral changes linked to brainmaturation also include chang-
es in temperament, specifically the ability to regulate one’s responses
to external stimuli (ie, EC).32 In the current study, we examined
whether there were differences in EC across nap habituality groups
and found amarginal difference—specifically that childrenwho Rare-
ly napped exhibited significantly more EC than Frequent nappers and
marginally more than Sometimes nappers. Similarly, previous
Table 4
Descriptive data for measures related to brain maturation.

CBQ-EC PPVT C
t

n Mean n Mean n

All 123 5.01 (.80) 126 84.53 (26.92) 1
Nap frequency

Frequent 29 4.72⁎ (.92) 30 78.47 (26.45) 2
Sometimes 81 5.06⁎ (.73) 83 84.24 (26.23) 8
Rarely 13 5.37⁎ (.79) 13 100.38 (28.07) 1

⁎ Rarely N Sometimes, P = .054; Rarely N Frequent, P = .034.
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research found that the emergence of EC correlated with a reduction
in napping behavior in 3-year-old children.18 Moreover, the increase
in EC and decrease in nappingwere associatedwithmore “adult-like”
decreases in cortisol levels frommid-morning tomid-afternoon. This,
in turn, corresponded with the development of self-regulatory be-
haviors. Therefore, the observed differences in EC between nap
habituality groups may reflect underlying brain development. How-
ever, as the difference observed in EC between nap habitually groups
wasmarginal, this interpretation should be approachedwith caution.

We also examined whether bedtime resistance was more preva-
lent in those who rarely napped. Decreased resistance of bedtime
may reflect maturation leading to EC or increased sleep pressure at
bedtime. However, markers of bedtime resistance as measured by
the CSHQ did not differ across nap habitually groups. We posit that
bedtime resistance may emerge from a combination of factors such
as reduced sleep pressure15,33 and/or behavioral phenotypes.34

Moreover, recent evidence35 suggests that bedtime resistance may
emerge because of a dissonance between parent-selected bedtimes
and the child’s circadian physiology. In addition, this dissonance
may actually be greatest in children who habitually nap.36 Thus, the
relationship betweennaphabitually and bedtime resistancewarrants
additional research.

Children are deemed to transition tomonophasic sleepwhen they
no longer nap during naptime. We considered whether rarely nap-
ping children would nap when nap-promoted and the effect of this
nap on subsequent sleep. If children have transitioned out of biphasic
sleep to the extent that a nap disrupts overnight sleep as recently
suggested in a review by Thorpe and colleagues,20 then children
who no longer nap should exhibit shorter and potentially less effi-
cient nighttime sleep following a nap. However, there were only 2
differences observed between the nap-promoted night and typical
nights for any of the actigraphy-based sleep measures: nighttime
sleep, which decreased on the nap-promoted day for Sometimes
nappers and marginally increased for Frequent nappers, and total
sleep time, which increased on the nap-promoted days for all groups.
The lack of any detrimental effects of napping was observed
hild resists going
o bed at bedtime

Child struggles
at bedtime

Child falls asleep
within 20 min

Mean n Mean N Mean

19 2.41 (.61) 116 2.63 (.63) 122 1.53 (.67)

6 2.50 (.51) 25 2.60 (.71) 28 1.36 (.62)
0 2.38 (.64) 78 2.59 (.63) 81 1.62 (.68)
3 2.46 (.66) 13 2.92 (.28) 13 1.31 (.63)
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regardless of nap habituality. Taken together, these results suggest
that not all children who cease to nap have fully matured into an
adult-like pattern of consolidated sleep. Indeed, previous research
has observed variability in the transition to monophasic sleep, with
some children continuing to nap until early school age.10,37 It has
also been demonstrated that environmental factors can influence
when children stop napping. For example, parent discouragement
of napping behavior has been shown to lead to a reduction in naps
in preschool-aged children, regardless of whether or not the child is
ready to cease napping.21 In fact, it has been shown that the majority
of young children will nap if given the opportunity to do so.11,19

Importantly, the hypothesis that naps may be detrimental at a
certain point in early childhood20 is based on the assumption that
nighttime sleep is more important than daytime sleep. This assump-
tion contradicts both behavioral evidence demonstrating cognitive
benefits of naps in children1–3 and physiological evidence indicating
that early childhood naps are rich in slow wave sleep and sleep
spindles,1,2 which have also been shown to benefit cognition in chil-
dren and adults.1,2,4–7 Furthermore, the studies reviewed by Thorpe
and colleagues20 varied in terms of design, sample size, nap duration,
and timing, which may confound interpretations regarding the ef-
fects of naps on overnight sleep. Given the limitations of previous
work and the observed increase in 24-hour total sleep following
nap promotion across nap habituality groups in the current study, it
may be premature to set rigid cut-offs for when children should tran-
sition out of napping.

Despite the numerous strengths of the current study, it was not
without limitations. One caveat is that we were unable to assess dif-
ferences in daytime sleepiness between the nap habituality groups.
The hypothesis that the transition from biphasic sleep tomonophasic
sleep posits that as children age out of napping, homeostatic sleep
pressure accumulates more slowly, thereby reducing the need for a
nap.15 As a result, daytime sleepiness measures might provide addi-
tional evidence to support a brain maturation account for
transitioning out naps. In addition, although the current study exam-
ines the effects of a single experimenter-promoted nap on subse-
quent sleep, we were unable to assess the effects of nap promotion
beyond the nap-promotion day. Future studies should extend the
current study’s paradigm to measure the effects of a prolonged nap-
promotion intervention. The current study was also unable to mea-
sure brain maturation directly and instead relied on indirect behav-
ioral and cognitive measures. Future research should use
neuroimaging techniques, such as structural magnetic resonance im-
aging, to assess whether developmental changes in brain structure
correlate with changes in daytime napping.
Conclusions

Overall, the results of the current study demonstrate that naps do
not negatively impact overnight sleep as suggested by previous re-
search (eg, Thorpe et al20). Instead, our results suggest that promot-
ing sleep in preschool classrooms may, in fact, increase total 24-
hour sleep time. These results, in addition to recently reported
cognitive1 and self-regulatory emotional3 benefits of naps, can
guide policies around napping for early education settings. First,
naps, both typical and promoted, were 60-90 minutes in length. Al-
though not reported here, nap sleep onset latency is typically around
20minutes. This suggests that a nap opportunity of 2 hours should be
provided. Second, in spite of habitual nap patterns, nap promotion
was highly successful. Thus, early education programs should consid-
er whether staff can aid in promoting sleep in the classroom.

Under nap-promoted conditions, a minority of children may not
nap, likely reflecting maturation of neural resources that reduce
Please cite this article as: Spencer RMC, et al, Sleep and behavior of pre
Health (2015), http://dx.doi.org/10.1016/j.sleh.2015.12.009
accumulation of sleep pressure. Future research is essential to aid in
the identification of this critical point.
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