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Abstract

Objective: The need for sleep is universal and its function is not
completely clarified. Daytime alertness decreases after midday and one
of the ways of preventing this decrease is daytime napping. The aim
of this study is to investigate the effects 60-minutes appetitive daytime
napping on cognitive performance.

Materials and Methods: This study was carried out at Dokuz Eylil
University Faculty of Medicine, Department of Biophysics Sleep Dynamics
Research Laboratory. Participants who came to the sleep laboratory
in two different days slept one day and the other day were included
in the control group. A total of 14 healthy individuals between age of
19-24 (5 male; mean age: 21.86+1.23 years) without any neurological,
psychological, chronic diseases, or sleep disorders were included in
the study. Participants slept on their regular sleep pattern before both
conditions. Various cognitive tests were administered to participants
before sleep recordings. Electroencephalography was used on the
purpose of following the sleep/wakefulness situation while sleeping. At
the end of 60-minutes, the participants were woken up and after then
same tests were performed again. On the control day, without sleep
recording, determined questionnaires were applied to the participants.
The resting period was set 60-minutes as it was during the sleeping
period.

Results: Cognitive performances of 14 participants on napping and
control conditions were measured. The average duration of sleep was
57.3 (£3.57) minutes. Participants’ scores of N-Back, Psychomotor
Vijilans test, and Timewall tests on both conditions were examined.
Although there were differences in the scores they were not significant.
Conclusion: Daytime napping has different effects on cognitive
functions. In future studies, it is aimed that the evaluation of the
replacement and appetitive daytime napping in terms of the behavioral
and sleep stages as electrophysiologically.
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Amacg: Uyku ihtiyact evrenseldir ve islevi tam olarak acikiga
kavusturulmamustir. Giindiiz uyarilmislik hali 6gleden sonra duslse gecer.
Bu distsi onlemenin yontemlerinden biri de glindiiz uykusudur. Bu
arastirmanin amaci, ikram uykusu olarak uygulanan 60 dakikalik glindiiz
uykusunun biligsel performans UGzerindeki etkilerinin incelenmesidir.
Gere¢ ve Yontem: Calisma, Dokuz Eylil Universitesi Tip Fakiiltesi,
Biyofizik Anabilim Dali Uyku Dinamigi Arastirma Laboratuvar’nda
gergeklestirilmistir. Farkli iki giin laboratuvara gelen katimcilar bir giin
uyumus diger giin ise kontrol grubuna dahil edilmistir. Calismaya 19-
24 yas arasinda norolojik, psikolojik, kronik hastaligi olmayan ve uyku
bozuklugu tanisi almamis toplam 14 saglikh birey (5 erkek; ortalama yas:
21,86%1,23 yil) katilmistir. Katilimailar her iki kosul dncesinde normal
uyku dizenlerinde uyumuglardir. Uyku kaydinin 6ncesinde katilimcilara
cesitli biligsel testler uygulanmistir. Uyku sirasinda ise uyku/uyaniklk
durumunu takip etmek amaciyla elektroensefalografiden yararlanilmistir.
Altmis dakikanin sonunda katiimcilar uyandiriimis ve sonrasinda tekrar
ayni testleri yapilmistir. Uyku kaydinin yapilmadidi kontrol giiniinde ise
katihmcilara belirlenen anketler uygulanmistir. Dinlenme siiresi uyku
stiresinde oldugu gibi 60 dakika olarak belirlenmistir.

Bulgular: Arastirmada 14 saglkl bireyin giindiiz uykusu ve kontrol
glinlerindeki bilissel performanslar Slctlmustir. Katiimcilar ortalama
57,3 (£3,57) dakika uyumuslardir. Katihmcilarin glindiiz uykusu ve
kontrol giinlerindeki N-Back, Psikomotor Vijilans testi ve Timewall testleri
skorlari incelendigine uyku sonrasi farkhlasma goriilse de anlamli fark
bulunamamistir.

Sonug: Giindiz uykusunun bilissel fonksiyonlar lzerinde farkli etkileri
bulunmaktadir. ilerleyen arastirmalarda yedekleme ve ikram gindiz
uykusunun davranissal ve uyku evreleri agisindan elektrofizyolojik olarak
degerlendirilmesi hedeflenmektedir.

Anahtar Kelimeler: lkram giindiiz uykusu, biligsel fonksiyonlar, tepki
siiresi, performans

Introduction

The need for sleep is universal and since its function is not fully
clarified the research on sleep is so extensive (1). However,

sleep is not limited to night sleep alone. Daytime sleep, which
is normal for babies and children in the life cycle, is also found

in the daily routine for adults (2).
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Performance and arousal decrements and also drowsiness occur
between 14:00 and 16:00, especially after lunch (3). Daytime
napping is one of the methods that prevents this decrement
(4). Daytime napping is defined as a sleep which is much
shorter than the normal sleeping period commonly lasting from
30 to 90 minutes (5).

In the related literature, three types of daytime napping are
defined. The first type is replacement naps and is taken in
response to sleep deprivation and if people feel tired (6). This
type of sleep generally reduces the effects of sleep deprivation
in shift workers, it also enhances the cognitive functions and
psychomotor performance and it also improves the cognitive
functions -e.g. short-term memory-, psychomotor performance,
and mood (5). The second type is prophylactic naps and taken
mostly by shift workers prior to sleep loss as a “back-up” sleep
(7). The third type is appetitive naps which are taken without
sleep deprivation or fatigue (6). These sleeps form a two-phase
sleep cycle with night sleep.

In daytime napping studies conducted without night sleep
deprivation, Takahashi et al. (8) found a significantly lower
P300 latency in the text translation task in 15 minutes napping
condition compared to 45 minutes napping and no nap
condition. They also reported the positive effect of appetitive
naps on attention and performance (8). In another study of
Takahashi et al. (8), they reported positive effects on perceived
alertness following a 15 minutes napping. However, in terms
of response time, they found no significant difference between
daytime napping and no-nap condition (9).

The main aim of this study is to investigate the effects of 60
minute appetitive daytime napping on cognitive performance.

Materials and Methods

The research was performed in Dokuz Eylil University Faculty
of Medicine, Sleep Dynamics Research Laboratory. The study
has been approved by the Clinical Ethical Committee of Dokuz
Eylil University no: 2017/18-44. Participants were informed
about the study and their written informed consents were
collected prior to protocols. In order to determine participants’
sleep habits and current sleepiness status Pittsburgh Sleep
Quality index (10) and the Epworth Sleepiness scale (11) were
used respectively. The Symptom Checklist-90- Revised (SCL-
90R) (12) forms were used to determine previous diagnosis
of any neurological or psychiatric disorders and The State-
Trait Anxiety Inventory State form (STAI-TX1) (13) in order
to determine anxiety levels. Participants with neurological,
psychiatric, chronic diseases, sleep disorders and/or on any
medication were excluded from the study. Participants came to
the laboratory on two different days.

In order to get rid of order effect, half of the participants
attended the sleep group first at the first day and control group
on the second day. Other half of the participants had reverse
order.

Fourteen healthy individuals between age of 19-24 (5 male;
mean: 21.86+1.23 years) were recruited for the study.
Participants were asked to avoid foods and drinks that would
affect sleep/wakefulness statuses the night before the tests and

28

the day the tests were administered. In the cases where alcohol,
drug or another substance use were detected within the time
period that would affect the recordings, participants’ recordings
were postponed to another day. Also, participants were asked
to sleep in their normal sleep patterns the night before the
recordings.

Participants slept in an electromagnetically isolated room for 60
minutes. Their sleep condition was defined as appetitive daytime
napping since their previous night sleep was not restricted.
The recording room walls were also insulated with acoustic
material to prevent noise from outside. Communication with
the participants was provided by the audio system between the
recording and observation rooms. All subjects were recorded by
video during their sleep with their consents.

Participants’ sleep duration was determined to be 60 minutes
and sleeping hours were determined as 14.30-15.30. At the end
of this period participants were awakened.

Psychomotor Vigilance Test (PVT), N-Back, and Timewall tests
were administered prior to sleep which were selected based
on the cognitive functions they are intended to evaluate.
Electroencephalography (EEG) was used during sleep to
monitor sleep/wakefulness status. Evaluation of EEG data for
sleep stages was made according to the American Academy of
Sleep Medicine scoring system. The same tests were repeated
15 minutes after the participants awakened.

On the control days, where participants were on no-nap
condition, the same forms and tests were administered. The
period between tests were determined as 75 minutes as in
daytime napping condition.

PVT measures psychomotor vigilance, alertness, sustained
attention and simple reaction time (14). Timewall test is a visual
spatial perception test and measures the time perception (15).
The N-Back test evaluates vigilance, sustained attention, visual
memory, executive functions and short-term working memory.
The Psychology Experiment Building Language battery was
used for the administration of cognitive tests and they were
selected based on the cognitive functions they intended to
evaluate.

Statistical Analysis

SPSS 22.0 was employed for the statistical analysis. Shapiro-
Wilk test was used for controlling the normal distribution of
the data groups. Wilcoxon signed-rank test was performed to
compare pre-post differences of test performances in different
days.

Results

In this present study, the cognitive performances of 14
healthy participants on appetitive daytime napping and control
conditions were measured.

Mean value of night sleep time for all participants was 7.1
(£0.96) hours. Participants had an average sleep time of 57.3
(£3.57) minutes during daytime napping condition. All of
the participants had Stage-1 and Stage-2 during their sleep.
12 participants had Stage-3 and only two of them had rapid
eye movement (REM) sleep. Average stage durations of the
participants are given in Table 1.
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Table 1. Average stage durations of the participants in daytime
napping condition

Duration (minute)
Sleep stages Mean SD
Wake 12.11 11.79
Stage-1 9.61 7.11
Stage-2 14.25 6.06
Stage-3 19.93 12.08
REM 1.14 4.00

SD: Standard deviation, REM: Rapid eye movement
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Figure 1. Comparison of condition effect (daytime napping and
control) and test administration time (pre, post) of N-Back test
response time

Six participants awakened themselves and eight were awakened
by the operator at the end of 60 minutes. One, four, and three
participants were in Stage-1, Stage-2, and Stage-3, respectively
when they were awakened.

Participants’ response times in the N-Back test are given in Figure
1. A Wilcoxon signed-rank test was conducted to examine the
effect of condition (daytime napping, control) on N-Back test
response times. No statistically significant effect of condition on
test scores was found. Although the participants reacted faster
following daytime napping condition, the difference was not
statistically significant (z=-1.648, p=0.099).

Participants’ correct answer scores in the N-Back test are given
in Figure 2. A Wilcoxon signed-rank test was conducted to
examine the effect of condition (daytime napping, control) on
N-Back test correct answers. No statistically effect of condition
on test scores was found. Although the participants had lower
correct answer scores following daytime napping condition, the
difference was not statistically significant (z=-1.026, p=0.305).
Participants’ response times in the PVT test are given in Figure
3. A Wilcoxon signed-rank test was conducted to examine the
effect of condition (daytime napping, control) on PVT test.
No statistically significant effect of condition on test scores
was found. Although the participants reacted slower following
daytime napping condition, the difference was not statistically
significant (z=-0.973, p=0.331).

Participants’ accuracy rates in the Timewall test are given
in Figure 4. A Wilcoxon signed-rank test was conducted to
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Figure 2. Comparison of condition effect (daytime napping and
control) and test administration time (pre, post) of N-Back test
correct answers
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Figure 3. Comparison of condition effect (daytime napping and
control) and test administration time (pre, post) of Psychomotor
Vijilans test response time
PVT: Psychomotor Vijilans test
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Figure 4. Comparison of condition effect (daytime napping and
control) and test administration time (pre, post) of Timewall
test accuracy rates

examine the effect of condition (daytime napping, control) on
accuracy rates in the Timewall test. No statistically significant
effect of condition on test scores was found. The accuracy
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rates are higher in the post-test condition, but the difference
between condition and time was not statistically significant (z=-
0.408, p=0.683).

Discussion

This study has provided data on the effects of appetitive
daytime napping on cognitive performance.

In the related literature both positive and negative effects
of daytime napping have been reported. This effect varies
depending on whether the daytime napping is habitual, the
length of daytime napping, the time of day nap is taken,
the amount of daytime sleepiness, and the stage and/or the
condition the individual is awakened from daytime napping (6).
In a study Hayashi et al. (4) conducted, they investigated the
effect of 20 min. daytime napping in non-habitual nappers for
five consecutive days. They found that although not significant,
the performance enhancements of a 20 min. nap occur after
the third day (4).

Hayashi et al. (3) reported positive effects of only a 20 min nap
on the emotional state, performance, and EEG activity.

In a study restricting the nocturnal sleep, participants were
awakened from different sleep stages (Stage-1, Stage-2). The effects
of sleep stages on performance and vigilance were examined. The
performance of participants who had naps including Stage-2
improved (16). Evans et al. (1) and Dinges et al. (17) reported
that appetitive nappers have more Stage-1 sleep, also have more
transition between sleep stages.In addition, for both replacement
and appetitive naps, no REM stage was found. However, Mednick
et al. (18) reported a positive effect of appetitive naps which
includes slow wave sleep and REM sleep on learning. On the other
hand, Hayashi et al. (3) reported that the increase in performance
after daytime napping was not always due to slow wave sleep.
In our study, although the data of sleep stages were present for
participants, due to low number of participants in each group no
statistical comparison was performed.

Conclusion

In the related literature, it has been reported that people suffer
from inertia after having daytime napping. However, this period
of inertia does not exceed 15 minutes (6). In the light of this
knowledge, in our study tests were administered 15 minutes
after awakening. Consistent with the aforementioned study,
there were no significant vigilance differences between the
sleep and control group. But a decrease in vigilance (decrease in
reaction time in PVT) was observed. This decrease might be the
result of individual differences in sleep inertia recovery period,
i.e. some of participants had not recovered from sleep inertia
during the tests.

In the future studies it is aimed to investigate differences
between replacement naps with restricted night sleep and
appetitive naps in terms of the behavioral changes and
electrophysiologically evaluated sleep stages in participants
who have completed the sleep cycle rather than daytime naps
with predetermined period.
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