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SLEEP DURATION/SLEEP QUALITY

A 30-Minute, but Not a 10-Minute Nighttime Nap is Associated with Sleep 
Inertia
Cassie J. Hilditch, BSc (Hons); Stephanie A. Centofanti, BPsych (Hons); Jillian Dorrian, PhD; Siobhan Banks, PhD
Centre for Sleep Research, University of South Australia, Adelaide, South Australia, Australia

Study Objectives: To assess sleep inertia following 10-min and 30-min naps during a simulated night shift.
Methods: Thirty-one healthy adults (aged 21–35 y; 18 females) participated in a 3-day laboratory study that included one baseline (BL) sleep (22:00–07:00) 
and one experimental night involving randomization to either: total sleep deprivation (NO-NAP), a 10-min nap (10-NAP) or a 30-min nap (30-NAP). Nap 
opportunities ended at 04:00. A 3-min psychomotor vigilance task (PVT-B), digit-symbol substitution task (DSST), fatigue scale, sleepiness scale, and self-
rated performance scale were undertaken pre-nap (03:00) and at 2, 17, 32, and 47 min post-nap.
Results: The 30-NAP (14.7 ± 5.7 min) had more slow wave sleep than the 10-NAP (0.8 ± 1.5 min; P < 0.001) condition. In the NO-NAP condition, PVT-B 
performance was worse than pre-nap (4.6 ± 0.3 1/sec) at 47 min post-nap (4.1 ± 0.4 1/sec; P < 0.001). There was no change across time in the 10-NAP 
condition. In the 30-NAP condition, performance immediately deteriorated from pre-nap (4.3 ± 0.3 1/sec) and was still worse at 47 min post-nap (4.0 ± 0.5 
1/sec; P < 0.015). DSST performance deteriorated in the NO-NAP (worse than pre-nap from 17 to 47 min; P < 0.008), did not change in the 10-NAP, and 
was impaired 2 min post-nap in the 30-NAP condition (P = 0.028). All conditions self-rated performance as better than pre-nap for all post-nap test points 
(P < 0.001).
Conclusions: This study is the first to show that a 10-min (but not a 30-min) nighttime nap had minimal sleep inertia and helped to mitigate short-term 
performance impairment during a simulated night shift. Self-rated performance did not reflect objective performance following a nap.
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INTRODUCTION
Napping is an important fatigue management strategy for shift 
workers. This countermeasure is often used on night shifts, 
which are associated with increased sleepiness, performance 
impairment, and risk of workplace injury and errors.1–10 Nap-
ping can alleviate the buildup of homeostatic sleep pressure 
across the night11,12 and, depending on timing, remove workers 
from safety-critical tasks during a period of low circadian 
alertness (i.e., 02:00–06:00).13,14 Although the methodology 
and operational settings vary, most napping studies from the 
laboratory,11,15–19 and field,12,20–26 have observed benefits to per-
formance and subjective alertness following night shift naps.27

A potential downside to on-shift napping, however, is the 
possibility of sleep inertia following the nap. Sleep inertia re-
fers to the brief period of reduced alertness and impaired cog-
nitive performance experienced immediately after waking.28 
Human error attributed to sleep inertia has been a causal factor 
in several major incidents across many industries including 
aviation, military, and maritime.29–32

Some studies suggest that sleep inertia can be exacerbated 
by the amount of slow wave sleep (SWS) in the prior sleep 
period, or by waking from SWS.33–35 In order to minimize 
sleep inertia, studies have investigated brief naps (≤ 30 min) 
to reduce the chance of entering, and waking from, SWS.36,37 
Brief naps are also more operationally feasible for night shift 
workers who only have short breaks.20,25,38 A series of studies 
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Significance
Short, 10-min naps taken in the afternoon have been shown to produce immediate benefits to performance without the side effect of sleep inertia. This 
study is the first to investigate the effectiveness of a 10-min nap taken at night during a simulated night shift. The findings from this study are important 
for informing recommendations for napping on-shift. The key messages include: a 10-min nap at night is not as effective as during the day; a 30-min nap 
at night can result in sleep inertia lasting nearly an hour; and workers may not be aware of their own performance impairment following a nap at night. 
Future research should look to trial 10-min naps in a workplace setting.

investigating brief naps during the afternoon showed that al-
though a 30-min nap resulted in sleep inertia lasting between 
5–35 min, a 10-min nap did not cause sleep inertia.36,37 Instead, 
a 10-min nap afforded immediate performance benefits (5 min 
post-nap), and these benefits were observed for at least 35 min 
after waking.36,37

Despite the demonstrated benefits of a 10-min nap in the 
afternoon, no studies have investigated a 10-min nap at night. 
It is unknown whether 10-min naps will behave the same way 
during a simulated night shift when the homeostatic and cir-
cadian pressure for sleep is greater.13 Evidence suggests that 
under these conditions, sleep inertia is likely to be more severe 
due to time of day34,39,40 and prior sleep loss.34,41 The sleep ar-
chitecture of the nap may also differ from afternoon studies, 
which report little to no SWS in 10-min naps.36,42 Naps on night 
shift often follow periods of extended prior wakefulness and 
high homeostatic pressure.43 Therefore, a shorter onset latency 
of SWS in night naps may be expected,44,45 and this may, in 
turn, affect sleep inertia.33–35

Studies of 30-min naps during the night are also scarce. 
Fewer still have comprehensively measured performance and 
sleepiness during the first hour after waking, focusing instead 
on the potential for the nap to sustain performance toward the 
end of the shift.12,22 Previous studies of 30-min nighttime naps 
therefore offer limited insight into the effects of sleep inertia 
due to methodological issues such as only having one post-nap 
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testing point,12,22,26 or not testing until at least 10–15 min after 
waking.11,26 From the limited data available from these studies, 
it appears that sleep inertia associated with 30-min nighttime 
naps tends to be of short duration (< 15 min) and any improve-
ments in performance relative to no-nap conditions are typi-
cally delayed until at least 60 min after the nap.11,12,26 These 
observations might suggest that there are longer-lasting inertia 
effects in the intermediary period (15–60 min post-nap), which 
mask the eventual benefits from the nap. The current study has 
been designed to address this gap by including multiple, fre-
quent testing points to determine the time course of any poten-
tial inertia during the first hour after waking.

The aim of this study is to systematically investigate, for the 
first time, performance and subjective sleepiness immediately 
following a 10-min and a 30-min nap ending at 04:00. We hy-
pothesized that under the conditions of biological night and 
extended wakefulness, a 10-min nighttime nap would lead to 
short-lasting sleep inertia. Further, we predicted that a 30-min 
nap would lead to sleep inertia of a greater magnitude and du-
ration than the 10-min nap.

METHODS

Participants
Thirty-two healthy adult volunteers were recruited for the 
study. One participant withdrew due to illness part-way 
through the study and was not included in the analyses. The 
mean age (± standard deviation) of the 31 participants analyzed 
was 24.3 ± 3.4 y (range: 21–35 y; 18 female). The average body 
mass index (BMI) of the group was 22.2 ± 3.0 kg/m2.

Participants habitually obtained a minimum of 7 h of sleep 
per night, with bedtime before midnight and rise time before 
09:00. This was assessed during a telephone screening inter-
view and confirmed with a sleep diary, actigraphy, and time-
stamped messages in the week before the study. During this 
week, participants were not allowed to nap or consume caf-
feine nor alcohol.

The following exclusion criteria were applied (as assessed 
by self-report, as well as other measures where indicated): 
smoking; drinking more than two cups of caffeinated drinks 
or two standard drinks of alcohol per day; transmeridian travel 
in the past 3 mo; shift work in the past 2 y; regularly taking 
more than one nap per week; BMI above 30 kg/m2; current 
medication or recreational drug use (other than oral contra-
ception); absence of illicit drugs confirmed by urine test; and 
any medical disorders, psychological disorders (Beck Depres-
sion Inventory46), or sleep disorders (Pittsburgh Sleep Quality 
Index47). Blood chemistry was conducted to confirm general 
health. Participants were intermediate type on the Composite 
Scale of Morningness-Eveningness.48

The study was approved by the University of South Aus-
tralia Human Research Ethics Committee. Participants gave 
written, informed consent and were financially compensated 
for their time.

Study Design
Participants resided in a windowless and sound-insulated sleep 
laboratory for 3 consecutive days (2 nights). Ambient room 
temperature was maintained at 22 (± 1)°C. Light intensity 
was set to < 50 lux at head height (dim light) during all wake 
periods of the protocol, and < 0.03 lux (darkness) during all 
scheduled sleep periods.

Figure 1 illustrates the study protocol. Participants spent 2 
nights and 3 days in the sleep laboratory: 1 day for adaptation 
and training, 1 baseline day and night, 1 experimental night of 
sleep deprivation, and 1 recovery day. Participants arrived at 
the laboratory at 13:00 and spent the adaptation day practicing 
various performance tasks. They had a 9-h sleep opportunity 
between 22:00 and 07:00 on the baseline night. The second 
night involved a simulated night shift in which participants 
were randomly assigned, in a between-subjects design, to one 
of three conditions: a control condition (NO-NAP; n = 11, 7 
females); a 10-min “on-shift” nap (10-NAP; n = 10, 5 females); 
or a 30-min “on-shift” nap (30-NAP; n = 10, 6 females). Both 

Figure 1—Schematic of the study protocol. Each row represents 24 h. TIB is represented by filled black blocks. Black circles indicate a test bout. Dotted 
section is expanded to show all three conditions during that time period. TIB, time in bed; BL, baseline.
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naps ended at 04:00. On the final day of the study, participants 
were allowed a 6-h daytime recovery sleep opportunity be-
tween 10:00 and 16:00.

During wake periods, participants performed neurobehav-
ioral test batteries approximately every 2 h and were permitted 
to read books, play card/board games, watch DVDs, interact 
with each other and study staff, or listen to music between test 
sessions. Participants did not have access to clock-bearing or 
telecommunication devices, but were allowed access to their 
mobile phones for 10 min at the start of a 90-min free-time 
period (09:30) on the baseline day to make a short call or send a 
text. They were not allowed to access the Internet. Participants 
were not allowed to perform any vigorous activities during the 
study.

Neurobehavioral Testing
In order to capture the time course of the dissipation of sleep 
inertia, an 8-min inertia test battery was performed pre-nap 
(03:00) and 2 min, 17 min, 32 min, and 47 min after the nap 
ending at 04:00 (lights on).

The inertia test battery was conducted on a computer po-
sitioned next to the bed in each participant’s room. At the 
scheduled time of awakening, the lights were turned on, and 
participants immediately moved from bed to a computer chair 
adjacent to their bed. Throughout the 1-h period after sched-
uled awakening, participants remained seated at the computer; 
they were not allowed to stand or leave the room. During the 
7-min intervals between test bouts, participants sat quietly and 
were not allowed to chat, read, or listen to music.

The sleep inertia test battery included the following objec-
tive tasks and subjective scales, in order of presentation: a brief 
psychomotor vigilance task (PVT-B, 3 min); the Samn-Perelli 
Fatigue Scale (SP-Fatigue); the Karolinska Sleepiness Scale 
(KSS); a digit-symbol substitution task (DSST, 3 min), and a 
Likert-type scale of self-rated performance.

The PVT-B is a validated,49 3-min version of the well-estab-
lished 10-min PVT, a measure of behavioral alertness50 that 
has no significant learning curve.7 The PVT-B requires partici-
pants to press a button on a handheld device as soon as a visual 
stimulus is presented. Participants are instructed to react as 
quickly as possible without making false starts. The interstim-
ulus interval was randomized and varied between 1 sec and 4 
sec. The outcome measure from the PVT-B presented here is 
response speed (the mean of reciprocal reaction times).

The DSST is a 3-min computerized version of a task in-
cluded in the Wechsler Adult Intelligence Scale.51 It is a self-
paced task that requires participants to match numbers 1–9 to 
a series of randomly presented symbols (e.g., #, *, = ) based on 
a code displayed at the top of the screen. The pairings of the 
digits and symbols were randomized for each test. At the start 
of each test, 10 symbols were presented with feedback to the 
participant; these pairings were not included in the analysis. 
Participants were instructed to respond accurately and quickly 
to correctly match as many symbols as possible. The outcome 
measure from the DSST presented here is number of correct 
responses.

The Samn-Perelli Fatigue Scale (SP-Fatigue) is a 7-point 
Likert-type scale with scores ranging from 1 (“fully alert, wide 

awake”) to 7 (“completely exhausted, unable to function effec-
tively”).52 The Karolinska Sleepiness Scale (KSS) is a 9-point 
Likert-type scale with scores ranging from 1 (“extremely 
alert”) to 9 (“extremely sleepy, fighting sleep”).53 Participants 
were also asked to self-rate their performance after each test 
bout on a 7-point Likert-type scale ranging from 1 (“extremely 
good”) to 7 (“extremely poor”).

Polysomnography
Sleep was recorded using polysomnography (PSG). The elec-
trode montage included derivations C3/A2, C4/A1, F3/A2, F4/
A1, O1/A2, two-channel electrooculogram (EOG), electro-
myogram (EMG), and electrocardiogram (ECG). PSG was 
recorded to a data acquisition, storage, and analysis system 
(Grael; Compumedics, Melbourne, Australia). A trained sleep 
scorer, blinded to the experimental aims, used Rechtshaffen 
and Kales rules54 to score all sleep periods. Sleep variables 
analyzed include: total sleep time (TST), sleep efficiency (SE;  
TST / time in bed * 100), sleep onset latency (SOL), wake after 
sleep onset (WASO), amount of stage 1, 2, 3, 4 and rapid eye 
movement. Sleep stage at lights on was defined as the sleep 
stage (or wakefulness) scored in the 30-sec epoch immediately 
prior to lights on.

Statistical Analyses
One-way analysis of variance tests (ANOVAs) were used to 
compare demographics between conditions.

In order to test the effect of a nap on neurobehavioral out-
comes during the sleep inertia measurement period, a fully 
saturated, linear mixed-effects ANOVA55 with a between-
subjects fixed effect of condition (NO-NAP, 10-NAP, 30-NAP) 
and a within-subject fixed effect of time (pre-nap, 2, 17, 32, 47 
min) and a random intercept over participants was used. Simple 
planned contrasts (pre-nap versus each post-nap test point) 
were conducted to further investigate significant interaction 
effects within conditions. Within-condition comparisons were 
chosen in order to minimize the influence of individual differ-
ences. As a secondary analysis, between-conditions compari-
sons were also assessed for each time point.

To compare baseline sleep variables between groups, a one-
way ANOVA was used with a between-subjects fixed effect 
of condition (NO-NAP, 10-NAP, 30-NAP). Sleep variables 
during the nap opportunity were analyzed using a one-way 
ANOVA with a between-subjects fixed effect of condition (10-
NAP, 30-NAP).

Correlations were used to assess the relationship between 
sleep and neurobehavioral variables. The neurobehavioral 
outcome measure used in the analysis was the change from 
pre-nap to the first test point (2 min after waking). The sleep 
variables of interest were TST and SWS.

A Satterthwaite correction was applied to the denominator 
degrees of freedom. However, these values have been reported 
to the nearest whole number.

RESULTS
There were no significant differences between conditions in 
terms of age (F2,30 = 0.297; P = 0.745), BMI (F2,30 = 2.932; P = 0.07), 
or morningness-eveningness scores (F2,30 = 0.9; P = 0.418).
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Sleep
There were no significant differences between conditions for 
any sleep variables at baseline (Table 1).

Table 2 shows the distribution of sleep stages for the 10-min 
and 30-min nap. All participants obtained physiologically de-
fined sleep during the napping opportunity according to stan-
dardised criteria.54 The 10-NAP group had significantly less 
TST (8 min versus 26.4 min in the 30-NAP group; P < 0.001), 
Stage 2 (4.8 min versus 8.4 min; P = 0.002), and SWS (0.8 min 
versus 14.7 min; P < 0.001) than the 30-NAP condition.

With regard to sleep stage at lights on, the majority of partic-
ipants in the 10-NAP condition woke from Stage 2 (80%); the 
majority of participants in the 30-NAP condition woke from 
SWS (80%) (Table 2). Two participants in the 30-NAP condi-
tion were awake at lights on, for a maximum of 60 sec. One 
participant in the 10-NAP condition woke from SWS. Three 
participants in the 10-NAP condition entered SWS during 
the nap; all participants (n = 10) in the 30-NAP condition 
entered SWS.

Neurobehavioral Measures
Figure 2A shows response speed data for the PVT-B. There 
was a significant main effect of condition (P = 0.032), time 
(P < 0.001) and their interaction (P = 0.002; Table 3). In the 
NO-NAP condition, performance deteriorated across time 
and was significantly worse than pre-nap at 47 min post-nap 
(P < 0.001). There was no change across time in the 10-NAP 
condition. In the 30-NAP condition, all post-nap testing 
points were significantly worse than pre-nap performance 
(P < 0.015). There was no difference between conditions 
at pre-nap. The 30-NAP condition was significantly worse 
than NO-NAP and 10-NAP at 2, 17, and 32 min after waking 
(P < 0.04). The right-side panel of Figure 2A highlights 
the slope of the post-nap testing points for each condition. 
PVT-B performance in the NO-NAP condition continued to 
deteriorate across time, whereas there was no change in the 
10-NAP condition. The 30-NAP condition improved across 
testing points following the initial decrease in performance 
immediately after waking.

Table 1—Baseline sleep variables.

Variable NO-NAP 10-NAP 30-NAP F2,28 P
TST (min) 438.7 (70.2) 472.6 (31.7) 479.7 (27.8) 2.192 0.130
SOL (min) 28.5 (19.0) 14.3 (9.6) 17.3 (8.2) 3.315 0.051
WASO (min) 69.0 (56.8) 50.9 (35.7) 43.0 (23.6) 1.080 0.353
SE (%) 81.3% (13.1) 87.5% (5.7) 88.7% (5.2) 2.091 0.142
Stage 1 (min) 26.0 (8.7) 26.1 (11.2) 26.7 (11.8) 0.014 0.986
Stage 2 (min) 197.7 (52.4) 201.5 (32.2) 229.5 (33.4) 1.841 0.177
SWS (min) 111.7 (33.7) 116.2 (21.4) 107.8 (29.1) 0.214 0.809
REM (min) 103.3 (36.3) 128.9 (26.0) 115.8 (18.8) 2.132 0.138

Data are presented as mean (standard deviation). 10-NAP condition had a 10-min nap opportunity; 30-NAP condition had a 30-min nap opportunity. Both 
napping opportunities ended at 04:00. REM, rapid eye movement sleep; SE, sleep efficiency; SOL, sleep onset latency; SWS, slow wave sleep; TST, total 
sleep time; WASO, wake after sleep onset.

Table 2—Nap sleep variables.

Variable 10-NAP 30-NAP F1,18 P
TST (min) 8.0 (1.4) 26.4 (2.7) 358.533  < 0.001
SOL (min) 2.0 (1.4) 3.1 (2.2) 1.758 0.201
WASO (min) 0.1 (0.2) 0.6 (1.4) 1.502 0.236
SE (%) 80.0% (14.1) 87.8% (9.1) 2.156 0.159
Stage 1 (min) 2.5 (1.4) 2.2 (1.4) 0.236 0.633
Stage 2 (min) 4.8 (1.5) 8.4 (2.8) 12.796 0.002
SWS (min) 0.8 (1.5) 14.7 (5.7) 55.223  < 0.001
REM (min) 0.0 (0.0) 1.2 (2.7) 1.976 0.177
Stage at lights on (n)

Wake 0 2 – –
Stage 1 1 0 – –
Stage 2 8 0 – –
SWS 1 8 – –

Data are presented as mean (standard deviation). 10-NAP condition had a 10-min nap opportunity; 30-NAP condition had a 30-min nap opportunity. Both 
napping opportunities ended at 04:00. Significant differences between nap conditions are highlighted in bold. REM, rapid eye movement sleep; SE, sleep 
efficiency; SOL, sleep onset latency; SWS, slow wave sleep; TST, total sleep time; WASO, wake after sleep onset.
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Figure 2B shows number of correct responses on the DSST. 
There was a significant main effect of time (P < 0.001) and 
a significant condition*time interaction (P = 0.005; Table 3). 
In the NO-NAP condition, performance was significantly 
worse than pre-nap at 17 min, 32 min, and 47 min post-nap 
(P < 0.008), with a continual decline across post-nap testing 
points (see post-nap slope). Despite a downward trend, there 
was no significant change pre-nap to post-nap for the 10-NAP 
condition. The 30-NAP condition was significantly worse 
than pre-nap at 2 min and 47 min post-nap (P < 0.034). There 
were no differences between conditions at pre-nap, or any 
post-nap testing points.

Figure 3 shows the scores for each subjective scale. For SP-
Fatigue there was a significant main effect of time (P = 0.001) 
and a significant condition*time interaction (P = 0.010; Table 3). 
SP-Fatigue in the NO-NAP condition was significantly worse 
than pre-nap at 32 min and 47 min post-nap (P < 0.023). In the 
10-NAP condition, SP-Fatigue was significantly better at 2 min 
and 32 min post-nap compared to pre-nap (P < 0.035). There 
was no change across time for the 30-NAP condition. There was 
no difference between conditions at any time point. After the 
nap, SP-Fatigue worsened across testing points in all conditions. 
The NO-NAP condition had the steepest slope, followed by the 
10-NAP and 30-NAP conditions, respectively (Figure 3A).

The pattern of KSS ratings resembled SP-Fatigue; however, 
there were no significant main or interaction effects (Table 3). 
After the nap, sleepiness worsened across testing points in the 
NO-NAP and 10-NAP conditions, but was relatively stable in 
the 30-NAP condition (Figure 3B).

There was a significant main effect of time (P < 0.001) for self-
rated performance such that all post-nap time points were signifi-
cantly better than pre-nap (P < 0.001; Table 3). Participants rated 
their performance as worsening across post-nap testing points in 
the NO-NAP condition. The 10-NAP condition group thought 
they had slightly improved, and the 30-NAP condition group re-
ported no change across the post-nap testing period (Figure 3C).

Sleep and Neurobehavioral Measures
Table 4 displays the results of the correlational analyses be-
tween each neurobehavioral variable and sleep (TST and SWS). 
Significant relationships were found for PVT-B response speed 
in the 30-NAP condition with better performance associated 
with less TST (r = −0.784, P = 0.007) and less SWS (r = −0.689, 
P = 0.027) (Figure 4).

DISCUSSION
This is the first study to have investigated whether brief naps 
ending at 04:00 result in sleep inertia. Results suggested that 

Figure 2—Mean (± standard error of the mean) for cognitive performance tasks. (A) Psychomotor Vigilance Task-B Response Speed; (B) Digit-Symbol 
Substitution Task Number of Correct Responses. Higher values represent better performance. Left-side panels display data per condition across pre- and 
post-nap testing points. Marker shading in the left-side panels matches column shading in the right-side panels for each condition. To assist the reader in 
clearly identifying the post-nap slopes for each group, the bars on the right simply represent the slope of the mean points as displayed in the left panel.
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a 10-min nap was associated with minimal sleep inertia, and 
mitigated the decline in performance observed in the NO-
NAP condition at 47 min post-nap. The 30-min nap, however, 
was associated with substantial sleep inertia as measured by 
a decrease in performance after waking. Performance on the 
PVT-B was also slow to recover across the 47-min post-nap 
period. Based on these results, if safety critical tasks requiring 
rapid responses to stimuli are scheduled between 04:00–05:00 
during a night shift, a 10-min nap ending at 04:00 would be 
recommended over a 30-min nap. The 10-min nap attenuated 
continuing performance impairment from cumulative hours 
of wakefulness, while avoiding the pitfall of sleep inertia fol-
lowing the nap.

In workplace scenarios where there are long rest break op-
portunities (> 1 h), a longer nap may provide immediate and 
long lasting benefits. For example, Kubo et al.15 found minimal 
sleep inertia following 2-h naps taken at night. However, long 
breaks are often not available in many workplaces.38,56 The 
costs and benefits of short naps are therefore relevant to many 
operational situations.

Based on previous studies,11,12,22,26 we hypothesized that 
sleep inertia would dissipate within half an hour following 
the 30-min nap. Response speed, however, did not recover to 
pre-nap levels after 47 min post-nap. Furthermore, long-term 
benefits of the 30-min nap were only observed for subjective 
measures of alertness, with no benefits to objective perfor-
mance.57 Previous studies of 30-min naps during the night 
reported that objective measures of sleep inertia dissipated 

within 15 min of waking,12 or were not significantly different 
to a no-nap condition up to 45 min post-nap.11 However, in the 
first case, no further testing points were used to determine 
whether performance continued to improve, and there was no 
pre-nap test for reference.12 In the latter case, the first testing 
point was not until 15 min post-nap and a 2-h prophylactic nap 
was taken in the afternoon, which may have affected nap sleep 
and subsequent performance.11

Afternoon studies of 10-min naps reported immediate and 
sustained improvement relative to pre-nap values.36,37 Our re-
sults, however, suggest that at night, under greater homeostatic 
and circadian sleep pressures, a 10-min nap was only able to 
maintain pre-nap performance levels and attenuate the per-
formance impairment seen in the no-nap condition. This still 
shows a value for 10-min naps at this time, although their ef-
ficacy appears to be reduced compared to when taken in the 
afternoon.

Similar patterns in performance were seen for both PVT-B 
and DSST. On both tasks, the no-nap condition showed con-
tinued deterioration of performance as hours of wakefulness 
extended, the 10-min nap condition showed no change across 
time, and the 30-min nap resulted in an immediate decrease 
in performance. However, following the 30-min nap, perfor-
mance impairment observed for the DSST was shorter and less 
severe than on the PVT-B.

Different findings between these tasks may be explained by 
learning effects, which are much stronger for DSST.7,58 How-
ever, Lovato and colleagues11 measured both PVT and DSST 
after a 30-min nap ending at 03:00, and reported no inertia ef-
fects for either task. This may have been due to reduced sleep 
pressure from an afternoon nap opportunity prior to the simu-
lated night shift. The PVT-B used in this study, however, may 
be a more sensitive measure of sleep inertia than the standard 
10-min PVT or the DSST. The PVT-B is a 3-min version of 
the 10-min PVT but has shorter interstimulus intervals (1–4 
sec compared to 2–10 sec) to increase the number of stimuli 
presented in the shorter time frame.49 Therefore, it could be 
argued that this task has a higher attentional load as there are 
more stimuli presented per minute, which consequently re-
quires a greater number of responses, with less recovery time 
in between.59 The DSST, however, is a self-paced task so the 
workload is set by the participant. Therefore, during the inertia 
period, participants may be better able to maintain a steady 
pace, or respond to stimuli with enough time in between, but 
are unable to handle rapid processing of information. Santhi 
et al.60 found that lower order tasks including the 10-min PVT 
were most sensitive to sleep inertia, whereas Burke et al.61 
reported low effect sizes for the 10-min PVT and high effect 
sizes for higher order tasks such as spatial configuration. Given 
this contrast in the literature, further research is needed to de-
termine the relative sensitivity of different performance tasks 
(including the 3-min and 10-min PVT) to sleep inertia effects.

The current study is the first to have reported a scale of 
self-rated performance during a sleep inertia period. Our re-
sults show that despite significant impairment following the 
30-min nap, and no change in performance after the 10-min 
nap, both groups rated their performance as significantly better 
following the naps. Similarly, subjective ratings of sleepiness 

Table 3—Results from the linear mixed-effects analysis of variance for 
neurobehavioral outcomes.

df F P
PVT-B 

Condition 2,27 3.901 0.032
Time 4,108 6.423  < 0.001
Condition*Time 8,108 3.415 0.002

DSST
Condition 2,27 0.134 0.875
Time 4,108 5.774  < 0.001
Condition*Time 8,108 2.992 0.005

SP-Fatigue
Condition 2,27 0.164 0.850
Time 4,108 5.272 0.001
Condition*Time 8,108 2.692 0.010

KSS
Condition 2,27 0.405 0.671
Time 4,108 1.368 0.250
Condition*Time 8,108 1.255 0.275

Subj. Performance
Condition 2,28 0.990 0.384
Time 4,112 15.642  < 0.001
Condition*Time 8,112 1.525 0.156

Significant effects are in bold. DSST, digit-symbol substitution task; 
KSS, Karolinska Sleepiness Scale; PVT-B, 3-min psychomotor vigilance 
task; SP-Fatigue, Samn-Perelli Fatigue Scale.
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and fatigue did not match objective performance. This dis-
connection between subjective perceptions of performance 
or alertness and actual performance has been found in other 
studies of sleep loss,17,62–64 and highlights the need to educate 
safety-critical workers about the potential for overestimating 
performance following nighttime naps.

This study was not designed to differentiate between the in-
dependent influences of SWS and nap duration. Nevertheless, 
our results are in line with previous studies that show that a 
greater amount of SWS in the prior sleep bout is associated 

with greater sleep inertia.33–35 In the 30-min nap condition, 
which resulted in significant sleep inertia, participants slept for 
an average of 26.4 min, with 14.7 min spent in SWS. This du-
ration is in keeping with previous studies of 30-min nighttime 
naps between 03:00 and 05:00, which have reported TST in 
the range of 16.2–33.2 min, with SWS ranging from 0.5–17.8 
min.11,12,22,26 In our 10-min nap opportunity, participants slept 
for 8 min with only 0.8 min spent in SWS, and no sleep in-
ertia was observed. Neither napping condition negatively af-
fected daytime recovery sleep.65 Thus, although it is unclear 

Figure 3—Mean (± standard error of the mean) for subjective scales. (A) Samn-Perelli Fatigue Scale; (B) Karolinska Sleepiness Scale; (C) Self-Rated 
Performance Scale. Scales are reversed for presentation, with better ratings higher on the y-axis. Left-side panels display data per condition across pre- 
and post-nap testing points. Marker shading in the left-side panels matches column shading in the right-side panels for each condition. To assist the reader 
in clearly identifying the post-nap slopes for each group, the bars on the right simply represent the slope of the mean points as displayed in the left panel.
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from our data whether the amount of SWS per se was the pri-
mary influencing factor,18 30-min naps containing more SWS 
resulted in greater sleep inertia than 10-min naps. Correlations 
investigating the association between TST, SWS, and neurobe-
havioral outcomes revealed that in the 30-min nap condition, 
response times slowed with both increasing SWS and TST. A 
clear effect of SWS independent of TST was therefore not ob-
served. It should also be noted that our small sample size limits 
the interpretation of these findings.

In further support of the idea that waking from a deeper 
stage of sleep leads to greater sleep inertia,33–35 eight partici-
pants in the 30-NAP condition woke from SWS, compared 
to only one in the 10-NAP condition. However, given the low 
numbers in this study, we were unable to statistically analyse 
this relationship. Lovato et al.’s study11 found no objectively 
measured sleep inertia following a 30-min nighttime nap de-
spite 91% of participants waking from SWS, and Signal et al.18 
found no relationship between sleep stage at waking and the 
degree of sleep inertia. This suggests that the relationship be-
tween sleep stage at waking and sleep inertia is not straightfor-
ward and requires further investigation.

In contrast to studies of brief after-
noon naps,36,42 in our nighttime study, 
30% of participants entered SWS 
within 10 min of lights off. This is 
likely due to increased homeostatic 
sleep pressure from an extended 
period of wakefulness before the 
nap.44,45 However, our participants 
were otherwise well rested before the 
simulated night shift, as confirmed 
by actigraphy and sleep diaries the 
week before the study, and an av-
erage baseline night sleep of 7.7 h. In 
a real shift work population, workers 
are likely to have a sleep debt.43,66 
Therefore, the homeostatic drive for 
sleep before a nighttime nap may be 
greater in the shift work population. 
Shift workers may be more likely to 
enter SWS within 10 min of lights off, 
spend more time in SWS, and wake 
from SWS. As discussed previously, 
changes in SWS may increase the 
potential for sleep inertia following 
the nap, although the relationships 
between these factors have not been 
consistently demonstrated.18,34,44,45

There is greater heterogeneity in 
the workforce compared to our thor-
oughly screened participant sample 
of healthy, young adults. Individual 
differences such as age or illness may 
influence sleep inertia by altering the 
total sleep time and proportion of 
SWS obtained in a nap opportunity.67 
Shift workers also often develop 
strategies to manage fatigue that are 

unavailable in the laboratory, for example, the use of caffeine 
or face washing.68,69 Hence, the results presented here may be 
exacerbated, or mitigated, in real-world situations.

Our study was conducted in a controlled sleep laboratory 
with nap opportunities taken in an environment conducive 
to sleep. It is unknown how our findings would translate to 
the real world in which napping environments on shift can be 
noisy, hot, brightly lit, or uncomfortable.38 Another consider-
ation is that under conditions of reduced homeostatic sleep 
pressure (e.g., on a night shift following daytime sleep), longer 
sleep onset latencies may limit the amount of sleep in a 10-min 
nap opportunity. However, if the nap is taken during the period 
low in circadian alertness, then sleep propensity is still likely 
to be high.70 In addition, SOL in the afternoon following sleep 
restriction similar to that experienced by night shift workers 
between shifts,71 is only 2–4 min.36,37,72 Therefore, as we ob-
served in our study, provided the sleeping environment is suit-
able, a 10-min nighttime nap opportunity should allow for at 
least 6–10 min of sleep.

Our results add to the current debate in the literature as to 
which performance tasks are most sensitive to sleep inertia. 

Table 4—Correlations between the change in neurobehavioral outcomes from pre-nap to 2 min post-
nap and sleep.

Variable
TST SWS

10-NAP 30-NAP 10-NAP 30-NAP
PVT-B −0.022 −0.785 −0.276 −0.689
DSST −0.189 −0.250 0.178 −0.125
SP-Fatigue 0.207 0.217 0.206 −0.413
KSS 0.050 −0.165 0.144 −0.335
Subjective performance 0.402 −0.020 0.337 −0.081

Significant correlations are highlighted in bold. Given the low numbers in this analysis, significance 
should be interpreted with caution. DSST, digit-symbol substitution task; KSS, Karolinska Sleepiness 
Scale; PVT-B, 3-min psychomotor vigilance task; SP-Fatigue, Samn-Perelli Fatigue Scale; SWS, slow 
wave sleep; TST, total sleep time.

Figure 4—Scatterplots for change in psychomotor vigilance task-B response speed at first wake-up 
test point (+2 min) compared to pre-nap against total sleep (left panel) and SWS (right panel). Trend 
lines are shown for each condition (10-NAP: striped circles, dashed lines; 30-NAP: white circles, solid 
lines). SWS, slow wave sleep; TST, total sleep time.
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However, although these laboratory tasks are often validated 
as objective measures of sleepiness, they do not necessarily 
reflect performance on real-world tasks. This presents a case 
for future research to employ workplace tasks, preferably in 
operational settings, in order to understand the effect of sleep 
inertia in real-world scenarios.

The current research is the first to contribute to our under-
standing of sleep inertia associated with 10-min naps during 
a simulated night shift. This study found that a 10-min nap 
ending at 04:00 can help, in the short term, to ameliorate the 
effects of extended wakefulness without significant sleep in-
ertia effects. A 30-min nap at this time, however, resulted in 
significant, sustained sleep inertia on a simple task. A greater 
amount of, and higher rate of waking from, SWS in the 30-min 
nap is likely to have contributed to this difference, although 
the influence of SWS independent of nap length, is unknown. 
Finally, it is important to note that participants were unaware 
of their performance impairment and consequently overesti-
mated performance during this period. These findings can be 
used to inform fatigue management guidelines for napping on 
shift to promote optimal cognitive performance and safety.

ABBREVIATIONS
10-NAP, 10-min nap condition
30-NAP, 30-min nap condition
ANOVA, analysis of variance
DSST, digit-symbol substitution task
ECG, electrocardiogram
EMG, electromyogram
EOG, electrooculogram
KSS, Karolinska sleepiness scale
NO-NAP, total sleep deprivation condition
NSD, no significant difference
PRE, pre-nap test bout
PSG, polysomnography
PVT-B, 3-min psychomotor vigilance test
REM, rapid eye movement sleep
SD, standard deviation
SE, sleep efficiency
SEM, standard error of the mean
SP-Fatigue, Samn-Perelli fatigue scale
SOL, sleep onset latency
SWS, slow wave sleep
TST, total sleep time
WASO, wake after sleep onset
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