EFFECT OF A DAYTIME NAP ON PRIMING AND RECOGNITION TASKS IN PRESCHOOL CHILDREN
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Study Objectives: The beneficial effect of sleep on memory consolidation is widely accepted in the adult population and has recently been shown
in children. However, the few available data almost exclusively refer to school-aged children. Here we explore the effect of a daytime nap on
memory consolidation in a sample of preschool children.

Design: Subjects performed both a figures recognition task and a priming task, in order to differentiate effects on explicit and implicit memory.
Setting: Nursery school.

Participants: Twenty-three children (mean age: 52.6 + 8 mo; 13 males) participated in the study.

Intervention: After a study phase in which children had to name 40 pictures of objects and animals, each subject either took an actigraphically
monitored nap or stayed awake. At retest, children were administered both an implicit and an explicit memory task.

Measurements and Results: The implicit memory task consisted of naming 40 pictures presented at eight ascending levels of spatial filtering. The
explicit memory task consisted of judging 40 pictures as old or new. The number of correct answers at the explicit recognition task was significantly
higher in the nap compared to the wake condition, whereas priming effects did not differ between conditions.

Conclusions: A positive role of sleep in explicit memory consolidation, similar to the one observed in the adult, was detected in our sample of

preschool children. In contrast, our data suggest that implicit perceptual learning, involved in priming tasks, does not benefit from sleep.
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INTRODUCTION

Memory is considered as a multicomponent system.
According to Tulving,' four systems of long-term memory—
procedural memory, the perceptual representation system
(priming effects), semantic and episodic memory—can be
observed in humans. Whereas the concept of declarative (or
explicit) memory refers to semantic and episodic memory,
procedural memory and priming effects are usually labeled
as nondeclarative (or implicit) memory.? As proposed by Voss
and Paller,® implicit memory includes all those neurocogni-
tive processes that support memory “without the concomitant
awareness of memory retrieval”. The same stimuli can simul-
taneously be processed (and then retrieved) in an implicit and
explicit manner as shown both in healthy subjects* and in path-
ological conditions.’

A well-known approach to assess implicit learning is the
study of the priming effect. Priming refers to facilitative changes
in the ability to identify, generate, or process an item because of
a prior encounter with this item or a similar stimulus.* The most
common type of priming test measures perceptual priming
(also called repetition priming or item-specific priming), which
is believed to express facilitated or more fluent perceptual
processing of the physical features of repeated items.*
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As suggested by Rauchs and colleagues,” priming and
procedural skills, both of them implicit forms of memory, may
differ in the nature of the stored representation and in its neural
substrates. In perceptual priming tasks, stored information
usually corresponds to items (i.e., drawings or words) presented
only once, whereas in procedural memory tasks the acquisition
process takes place over several training sessions. Moreover,
priming and procedural memory refer to different memory
systems, as suggested by the occurrence of neuropsychological
dissociations (e.g., those appearing in subcortical dementias®),
and are subserved by different brain areas, as highlighted by
neuroimaging studies (subcortical areas such as the striatum for
procedural memory’ versus neocortical areas for priming®).

In the adult human, the so-called sleep effect—i.e., the facili-
tating role of sleep, relative to wakefulness, on consolidation
of newly acquired material—has been widely shown for both
explicit and implicit memory.”!* It is acknowledged that sleep’s
unique properties, in addition to creating the ideal circum-
stances for memory storage to take place (i.e., by protecting
learned material from interference), actively engage consolida-
tion processes through reactivations of memory traces.'' In the
past two decades, the debate in sleep memory research has been
intensively focused on trying to enlighten which sleep features
play the greater role in sustaining memory consolidation.
Although we are not going to discuss details with this issue,
which is the object of extensive literature and of two systematic
reviews of ours,”!? it is worthwhile to note that many authors,
as also commented on by Rauchs et al.,” have investigated how
different types of explicit and implicit memories might benefit
from different types of sleep. In the explicit domain, according
to the tasks used, consolidation of episodic memory would
depend on nonrapid eye movement (NREM) sleep,'? slow wave
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sleep (SWS),*"5 rapid eye movement (REM) sleep,'®!” or on
a combination of SWS and REM sleep,'® whereas semantic
learning appears to rely on REM sleep.”” As for implicit
memory, perceptual motor skills would mainly be linked to
NREM sleep and its neurophysiological features,”®*! whereas
REM sleep would be involved in learning more complex cogni-
tive skills (such as those required to solve the Towers of Hanoi
Task)* and in the perceptual representation system,'>* whereas
sensory-perceptual skills would rely more consistently on a
combination of SWS and REM sleep.?*%

Much less is known concerning sleep-memory relationships in
early development. In 15-mo-old babies, Gomez and colleagues®
found that the learning of an artificial language significantly
benefitted from sleep. As for childhood, it has been shown that
declarative tasks are enhanced by sleep in the 9-12 y*” and in
the 68 y age ranges.?® In comparable age ranges, with regard to
procedural memory, no postsleep improvement was found for a
finger sequence tapping task,”® and a worsening of performance
was even shown by Fischer et al.?? using a Serial Reaction Time
Task. Research in the preschool age range (4—6 y.) is surpris-
ingly very scarce. The only study, carried out by Wilhelm and
colleagues,* found evidence that sleep dependent improvements
in procedural memory may be obtained provided that presleep
performance level is enhanced through extended training.

The effects of sleep on priming are also poorly investigated
and the few studies are limited to the adult. Plihal and Born's
used a word stem completion task to assess the effects of
partial sleep deprivation on a priming task. The authors found
that subjects who had slept during the second half of the night
produced, in the test phase, significantly more items belonging
to the initial list than those who had slept during the first half,
proposing a role of REM sleep for the consolidation of implicit
information. Likewise, using the same partial sleep deprivation
paradigm, Wagner and colleagues'” found that priming effects in
recognition of unknown faces were stronger when the retention
interval was dominated by REM sleep (late night sleep). Never-
theless, in a more recent study, Rauchs and colleagues®! did not
confirm a beneficial effect of sleep on perceptual priming. In
this study, priming effects seemed instead affected by circadian
factors (i.e., they were stronger during the day than at night).

We believe that priming could be particularly interesting to
study in childhood because (1) the tasks used to show priming
effects do not require awareness in the learning and retrieval
phase; and (2) the development of implicit memory precedes
that of explicit memory. Notable dissociations in the devel-
opmental trajectories of the priming system compared to the
explicit memory system were already remarked by Tulving
and Schacter.* Converging evidence indicates that cognitive
processes that mediate perceptual priming are operative by 4 y of
age and do not undergo significant developmental changes over
the school years, whereas the intentional component of recogni-
tion performance does improve with increasing age.*** Despite
the relevance of the implicit memory system in the early years,
to our knowledge, there has not been any research carried out so
far in children on the relationships between sleep and priming.

Given the paucity of data on sleep and memory in the preschool
age, the aims of this study are to explore the effect of sleep on
memory consolidation, through a daytime nap model, in a sample
of 3- to 5-y-old children, through both a figures recognition task
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and an identification (priming) task. This will allow us to differ-
entiate between effects on explicit and implicit memory.

METHODS

Subjects

Twenty-three children (mean age: 52.6 + 8 mo; age range:
38-70 mo, 13 males) participated in the study. Inclusion criteria
were: (1) the absence of any sleep disturbance; (2) no intake of
medications acting on the central nervous system, with partic-
ular regard to tranquilizers, antiepileptic drugs, antihistamines;
(3) the absence of any type of cognitive impairment because of
genetic syndromes or other pathologies, as reported by parents
and/or teachers, as well as an 1Q higher than 90 on the Italian
versions of Wechsler Preschool and Primary Scale of Intel-
ligence (WPPSI) (Orsini A, Picone L. WPPSI. Contributo alla
taratura Italiana [WPPSI. Contribution to Italian standardiza-
tion]. Organizzazioni Speciali, Florence, Italy, 1996).

Memory Tasks

Children were individually tested in a dimly lit and quiet
room, sitting in front of a computer screen at a distance of 57
cm. For each subject, stimuli consisted overall of 160 black-
and-white photographs of real-life objects and animals, taken
from a standardized pool with equal perceptual complexity
and familiarity, divided into two sets (A and B) of 80 figures
(40 animals and 40 objects), each one used for a single experi-
mental condition, wake (W) versus sleep (S). In order to control
for the difficulty of stimuli sets, the association between stimuli
set (A and B) and condition (W and S) was also balanced.

In the study phase, children were asked to name 40 pictures
(20 animals and 20 objects) presented in random order on the
LCD screen of a laptop. Each figure was presented with canon-
ical orientation for 1000 ms, with a variable interstimuli interval
(IST) depending on the time required by the child to give his
answer. All stimuli were centered on a white background and
subtended a visual angle of between 5° and 8°. In the test phase,
a priming and a recognition task were performed in counterbal-
anced order within subjects (sleep and wake conditions) and
between subjects. Furthermore, to control for the difficulty of
items, two additional sets were created (A2 and B2), whereas
stimuli presented as new in the set A and B became old and
vice-versa. Stimuli sets (A, B, A2, B2) were presented in
counter-balanced order in both memory tasks.

Identification Task (Priming)

In the priming task, 40 pictures (10 animals and 10 objects
presented in the study phase plus 10 new animals and 10 new
objects) were subjected to seven different levels of spatial
filtering, following a coarse-to-fine order that gradually inte-
grated spatial information, as shown in Figure 1.

The low-pass filtering process was achieved using a Gaussian
digital filter applied to the bidimensional array representing
the original image scanned at a resolution of 300 dpi.*® Each
picture was presented in an ascending sequence of eight frames
starting from the most blurred and adding new ranges of high
spatial frequencies up to its complete version (Figure 1). Each
filtered image was shown for a duration of 700 ms. Children
were asked to name each picture, at each level of filtering, and
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STUDY PHASE

TEST PHASES

Identification task

Recognition task

study phase or not.

Figure 1—Schematic illustration of study and test phases. Study phase: images of animals and tools were presented in their complete form (a lion as an
example). Test phase: in the identification task (i.e., priming task), subjects were asked to name each picture, presented in an ascending sequence of nine
levels of filtering (see text for details); in the recognition task, old and new images were displayed asking subjects whether they had been presented in the

feedback on identification accuracy (“‘right” or “wrong’’) was
given. If children were not able to name the picture, they were
not prompted to guess, but encouraged to describe the functions
(for objects) and characteristics (for animals).

Recognition Task (Explicit Memory)

In the recognition task, 40 pictures (10 animals and 10
objects presented in the study phase plus 10 new animals and
10 new objects) were presented. Each picture was presented in
its complete version for 500 ms. Children were asked to judge
whether each picture was old or new (Figure 1).

Sleep Assessment

Daytime naps were recorded at school by means of actig-
raphy, using Actiwatch-Plus actimeters (Cambridge Neurotech-
nology Ltd, Pampisford, Cambridge, UK).

Through the analysis of activity levels (Sleep Analysis Soft-
ware, Copyright Cambridge Neurotechnology Ltd, Version 3.24),
we were able to determine the following sleep measures: bedtime,
rise time, sleep latency (SL), total sleep time (TST), duration of
wake after sleep onset (WASO), and sleep efficiency (SE).
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The parents were interviewed about children’s habitual sleep
schedules in order to control that the nighttime sleep episodes
preceding the days of experimental sessions did not differ from
each other or from habitual sleep in duration or quality.

Vigilance Assessment

To rule out that children’s performances were affected by a
vigilance trough because of the lack of the habitual nap in the
wake condition, or by sleep inertia effects, a reaction time test was
performed in both conditions (wake, W and sleep, S) both before
the study (RTtask1) and before the test phase (RTtask2). Stimuli
for the reaction time task consisted of 20 ghosts appearing on the
laptop screen and subjects were instructed to press the keyboard
space bar as soon as possible at the ghost’s appearance.

Design and Procedure

The study was carried out during wintertime in a public
Nursery School located in Florence, whose staff had expressed
its availability and where all children were accustomed to take
a nap during the afternoon in the context of their daily school
routine.
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The headmaster of the selected school was first contacted
through a formal letter, introducing the research and the
professionals involved. All the procedures, instruments, and
aims of the study were explained in a meeting, extended to
teachers and parents’ representatives. A final meeting served
to illustrate the study to all the children’s parents and to
collect their informed consent. The study was approved by the
Ethical Committee of the Department of Psychology, Univer-
sity of Naples II.

The parents were interviewed about their children’s habitual
sleep schedules in order to control that the night sleep preceding
the days of the experimental sessions did not differ from
habitual sleep in duration or quality. All experimental sessions
started at approximately 12:00, when subjects began to wear
the actimeter. After administration of the reaction time task, the
study phase started at about 12:30.

Each subject underwent two conditions, (S and W) separated
by an interval of at least 1 w. In S, subjects went to bed imme-
diately after the study phase and were allowed to spontaneously
wake up from the nap until max 15:30, when the teacher was
instructed to wake them up. The test phase was carried out 10 min
after final awakening, to allow dissipation of sleep inertia. In W,
after the study phase children had to stay awake in the retention
interval (playing and/or drawing with the experimenter). The W
condition always followed S, so that children could undergo the
test phase after a time interval corresponding to the one obtained
in the sleep condition (sleep duration + 10 min).

Data Analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS, version 16.0; SPSS Inc,
Chicago, IL, USA).

Reaction times were submitted to repeated-measures anal-
ysis of variance (ANOVA) with two within-subjects factors:
time (two levels: before study phase and before test phase) and
condition (two levels: S and W).

The priming effect was tested separately for S and W. In
each condition, the percentages of correct identification for
each filtering level were calculated and compared by means of
repeated-measures ANOVA with two within-subjects variables:
priming (two levels: old versus new) and levels of filtering (eight
levels). In order to assess the presence of a sleep effect on priming,
the percentages of correct identifications for each filtering level
for old items were compared between S and W through repeated-
measures ANOVA with two within-subjects variables: condition
(two levels: S versus W) and levels of filtering (eight levels).

Concerning explicit memory, we have preliminarily calcu-
lated the percentages of correctly identified old stimuli (hits)
versus the percentage of the unrecognized ones (misses), as well
as the percentage of correctly rejected new stimuli (correct rejec-
tions) versus the percentage of those wrongly judged as already
presented (false alarms). Afterward, for both S and W, measures
of old/new discrimination (Pr) and response bias (Br) were
computed, according to Snodgrass and Corwin,*” as follows:
Pr=[p(hit)-p(false alarm)]; Br = [p(false alarm)/1-Pr]. Measures
of Prprovide an unbiased estimate of the accuracy in the response
to old and new items, with higher values corresponding to more
accurate recognition memory. Br indicates the overall tendency
to respond “old” or “new”, regardless of accuracy.
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All dependent variables were compared between S and
W through ¢ tests for paired samples. Significance was set at
P<0.05.

RESULTS

Sleep Measures
Results from sleep recordings are summarized in Table 1.
By means of the interviews carried out with the children’s
parents, it was ascertained that no subject showed different
sleep patterns between conditions or compared to the habitual
ones during the nights preceding each experimental session.

Vigilance

At the RTtaskl, mean reaction time was 500.66 + 86.7 ms
in the S condition and 492.31 + 87.5 ms in the W condition; at
the RTtask2 mean reaction time was 513.03 = 104.4 ms in the
S condition and 534.96 + 99.8 ms in W. ANOVA revealed a
significant effect of time (F, 5, = 7.49, P=0.01), whereas condi-
tion and the interaction time X condition were not significant
(respectively: F,,, = 0.19, ns; F,,, = 1.25, not significant [ns]).

Priming Effect

In S, the analysis revealed a significant main effect of
priming (F,,, = 33.93, P < 0.001), a significant effect of levels
of filtering (F, 5, = 16.81, P < 0.001), and a significant interac-
tion between the factors (F, 4, = 4.03, P = 0.005). As shown in
Figure 2A, a greater number of old items were correctly identi-
fied compared to new ones. Post hoc analysis revealed a signifi-
cant difference at level of filtering 1 (t=2.6, df =22, P=0.01),
2 (t=4.67,df=22,P<0.001), 3 (t=2.65,df =22, P=0.01)
and 7 (t=2.51,df =22, P=0.01).

In W, the ANOVA displayed a significant main effect of
priming (F, ,, = 44.80, P < 0.001), a significant effect of levels
of filtering (F, 5, = 19.66, P < 0.001), and a significant interac-
tion between the factors (F, 5, = 2.83, P = 0.023). As shown
in Figure 2B, a greater number of old items were correctly
identified compared to new ones. Post hoc analysis revealed
a significant difference at level of filtering 1 (t = 3.48, df = 22,
P=0.002),2 (t=2.71,df=22,P=0.01)and 3 (t=3.10, df =22,
P =0.005).

Sleep Effect on Implicit Memory

The analysis revealed a significant main effect of levels
of filtering (F,,s, = 22.26, P < 0.001), whereas the effect of
condition (F,,, = 0.21, ns) and the interaction between factors
(F,04 = 0.34, ns) were not significant.

Sleep Effect on Explicit Memory

As shown in Figure 3, Pr at test phase turned out to be signifi-
cantly higher when the retention interval was spent in S than in W
(t=12.89, df = 22, P =0.008). Instead, no significant differences
between S and W were observed in Br (t = 1.12, df =22, ns).

Furthermore, children achieved a significantly higher
percentage of hits (and a lower percentage of misses) when
the retention interval was spent in sleep rather than in wake
(S: 87.4% hits, 12.6% misses; W = 77.4% hits, 22.6% misses;
t=2.37,df =22, P=0.02). Instead, no significant differences
between S and W were observed with regard to the percentage
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Table 1—Sleep Measures (means + SD)
SS Bedtime Get up time TST WASO SE (%) SL
1 13:03 15:00 00:56 00:02 47.9 00:32
2 13:16 14:36 00:51 00:00 63.8 00:26
3 12:51 15:06 01:25 00:14 63.0 00:29
4 12:55 14:29 01:00 00:04 63.8 00:28
5 12:59 15:31 02:13 00:04 87.5 00:14
6 12:51 15:10 01:53 00:03 81.3 00:23
7 13:06 14:08 00:29 00:33 46.8 00:00
8 12:50 13:56 00:22 00:03 33.3 00:41
9 12:46 15:03 01:38 00:04 715 00:34
10 13:02 15:14 01:25 00:04 64.4 00:42
1" 13:15 15:08 01:31 00:02 80.5 00:15
12 13:14 15:11 01:14 00:02 63.2 00:35
13 13:.08 15:08 01:37 00:04 80.8 00:15
14 13:.07 15:14 01:22 00:05 64.6 00:36
15 13:09 15:29 01:58 00:14 84.3 00:08
16 13:03 14:30 00:18 00:01 20.7 01:08
17 13:08 14:38 00:47 00:09 52.2 00:07
18 12:59 15:15 01:53 00:05 83.1 00:09
19 13:05 15:19 01:31 00:08 67.9 00:29
20 13:08 14:41 00:56 00:04 60.2 00:24
21 13:10 14:59 01:23 00:02 76.1 00:21
22 13:04 14:46 01:02 00:03 60.8 00:16
23 13:10 15:14 01:20 00:01 64.5 00:22
Mean 13:02 14:56 01:15 00:06 64.4 00:25
SD 00:08 00:24 00:30 00:06 16.42 00:14
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Figure 2—Cumulative percentages (mean + standard error) of correct identification obtained in the priming task at each level of filtering, in both the S (A)
and the W (B) conditions.

of false alarms and correct rejections (S: 86.3% correct rejec-
tions, 13.7% false alarms; W: 84.8% correct rejections, 15.2%
false alarms; t = 0.41, df = 22, ns).

Through Pearson correlation analysis, we verified that hits
did not significantly correlate with reaction times, either in S
(RTtaskl: r=0.19, ns; RTtask2: r = 0.24, ns) or in W (RTtask1:
r=0.25, ns; RTtask2: r=0.33, ns), thus ruling out the possibility
that memory performance was affected by sleepiness levels.

DISCUSSION
In our study, we decided to investigate the sleep effect on
learning processes addressing both explicit (recognition task)

SLEEP, Vol. 37, No. 6, 2014

and implicit (priming task) memory, in a sample of preschool
children (3-5 y old), thus focusing on an age range that had been
almost totally neglected in the past.

Our results show a significant sleep dependent facilitation of
explicit memory, as children in our sample correctly recognized
a higher number of the images presented before the retention
interval when this was spent in S relative to W. Interestingly,
this piece of evidence replicates what is shown in a number
of nap studies on adults for both declarative and procedural
memory,*® and suggests that short daytime sleep episodes can
play a meaningful role even in early development. If this is the
case, this beneficial effect of daytime sleep for certain kinds of
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Figure 3—Performance accuracy at the explicit memory task, in the
sleep and wake conditions, expressed as Pr values (proportion of hits
minus proportion of false alarms).

Sleep

learning processes may obviously have an applicative fallout
when conceiving school timetables and schedules. It goes
without saying that support to the link between the sleep episode
and the explicit memory enhancement would be provided by
the finding of significant correlations between memory perfor-
mance and sleep parameters. In the current study, actigraphic
measures were not sufficient to this aim because they do not
include those sleep features believed to play the crucial role
in the sleep effect (such as sleep states amount, cycles number
and duration, sleep spindles density). Future polysomnographic
studies are recommended to further explore this issue.

Conversely, no sleep dependent enhancement was found
for children’s performance at the priming task. This finding
might seem counterintuitive with regard to the centrality of
implicit memory in childhood and to the differential trajec-
tories of implicit and explicit memory during early develop-
ment. According to the relative immaturity of the explicit
memory system as compared to the implicit one at this age,****
we might have expected a greater effect of sleep on implicit
memory. However, a few possible explanations of this result
should be taken into account.

First, as we propose in a very recent review,'® sleep seems
to be more effective for the process of “memory reshaping”—
i.e, the formation of connections between related items of
knowledge—than for the mere strengthening of rote memories.
Because perceptual priming concerns the automatic storage of
items as they were perceived in their original form and does not
involve specific reelaboration, we can speculate that this partic-
ular ability does not require further enhancement through sleep
dependent consolidation mechanisms. This hypothesis could
explain the apparent disagreement between our finding and that
of Gémez and colleagues, the only other research published
so far on sleep and implicit memory in early development,
showing a positive effect of sleep on this type of memory in
infancy.” In fact, in addition to the different age range selected
(15-mo-old babies in Gomez et al.), there is an important differ-
ence in the tasks used, although both referable to the general
category of “implicit memory”. In Gémez et al.’s study, the
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children were familiarized with an artificial language, whose
learning involved relating words in auditory strings applied to
stimuli that were similar but not identical to those from famil-
iarization. Therefore, it cannot be ruled out that, although sleep
does not facilitate the elementary memory processes pertaining
to the perceptual representation system, it could instead exert
a positive role for a task that requires the extraction of abstract
relationships among stimuli by reshaping memory traces, as
in Gomez et al.?® In this perspective, the differential effect of
sleep on explicit and implicit learning emerged in our study is
not surprising. In fact, even though the explicit task we used
does not overtly put in evidence a reorganization of knowledge,
we cannot exclude that the memory process activated by sleep,
that which allowed performance enhancement, was based on
the integration of the learned images in preexisting knowledge
networks, thus on a reconstructive memory process. This would
also represent a plausible explanation of why the facilitating
role of sleep is exerted, as shown by the separate analysis of
hits and correct rejections, on the correct identification of old
stimuli (i.e., what can be integrated in networks of preexisting
knowledge) rather than on the ability to detect new stimuli.

Furthermore, as shown by studies performed in patients with
neurological diseases,’ the neural circuits of implicit learning,
and specifically those of visual perceptual memory, are per se
more stable and resistant than those underlying other types of
memory. Thus, the functional improvement that sleep exerts on
different types of memories might not be useful or necessary
for this memory system, which would maintain its effectiveness
independently from the individual’s behavioral state.

Therefore, it should be noted that evidence of a dissociation
of the sleep effect on memory, depending on the tasks used and
the memory system involved, is not surprising. It is largely
accepted that different types of learning processes are served
by distinct neural correlates.’ In some studies,® these have been
explored using event-related brain potentials (ERPs) and func-
tional magnetic resonance imaging (fMRI). A common finding
from these studies is that distinct neurocognitive events are
responsible for implicit and explicit memory. In light of our
results, we can hypothesize that neural substrates underlying
explicit memory take advantage from sleep to a greater extent
than neural substrates underlying implicit memory.

We must acknowledge, however, that the lack of sleep depen-
dent enhancement on priming observed in our study could
possibly be because the task used was not sensitive enough
to detect an effect of sleep. Because no normative data have
been produced so far in the considered age range, we cannot
exclude that children of our sample already performed, in the
W condition, at the highest possible level, thus leaving no room
for improvements related to the memory enhancing effects of
the sleep episode.

Finally, an alternative explanation is that sleep features
expressed in daytime naps, which are often quite different from
those of night sleep (in terms of reduced amount of SWS and
REM sleep, as well as of reduced NREM-REM cycles), could
not be fully adequate to achieve a facilitating effect on priming.
Also, as previously mentioned, actigraphic measures are not
able to discriminate different sleep states within the nap, so we
cannot rule out that the reported lack of sleep effects on priming
could be because of the scarcity of certain sleep components,
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such as REM sleep or complete NREM-REM cycles. As a
matter of fact, when examining the literature on the sleep effect
on priming in adults, we find one negative®' and two positive
results.'>? The latter claim that the sleep effect on the priming
task should be attributed to REM sleep.

This limitation in sensitivity of measures, however, is coun-
terbalanced by the strength of our methodological choices in
terms of feasibility and of ecological validity. The choice of a
nap model and of actigraphic rather than polygraphic record-
ings allowed us experimental access to a very young popula-
tion, in a specific context (a nursery school) where daytime
naps were already part of the daily school schedule. In that
particular environment, we deemed the use of actigraphy more
suitable, as a noninvasive recording method, than standard
polysomnography.

In conclusion, a daytime nap in preschool children appears
able to improve the consolidation of explicit memories,
confirming the existence of a nap effect on explicit learning
also at that age. Instead, priming does not benefit from sleep in
3- to 5-y-old children, but further studies are needed to repli-
cate these results with a night-sleep paradigm. Also, it has to be
kept in mind that our results on priming are not automatically
generalizable to all implicit tasks, and that much research is still
necessary to obtain a clear and comprehensive picture of the
role of sleep on the implicit domain in children.
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