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BONNET
, M., H. AND ARAND, D., L. The impact of music upon sleep tendency as measured by the Multiple Sleep Latency Test and Maintenance of Wakefulness Test. PHYSIOL BEHAV-Previous work has shown that background noise or music has a small positive impact on performance during sleep deprivation. The current study examined the effect of background music on the ability to fall asleep or remain awake. Twelve normal sleeping young adults took Multiple Sleep Latency Tests and Maintenance of Wakefulness Tests after baseline sleep and one night of total sleep deprivation either with background music or under standard (quiet) conditions.  It was hypothesized that the music would help maintain wakefulness both under baseline and sleep deprivation conditions. The results of the study showed that sleep latencies were increased in both MSLT and MWT tests when music was presented but that this effect occurred primarily before subjects were sleep deprived (a significant Music by Sleep Deprivation interaction). Sleep latencies were 15 and 11 min. on the MSLT (33 and 26 min on the MWT) with Music as compared to Quiet after baseline sleep. Heart rate, used as a measure of physiological arousal, was significantly elevated in MWT and MSLT trials where music was presented. These data support previous work showing that level or arousal has an impact on measured sleep tendency which is independent of that of the sleep system. On a practical level, these data indicate that music may play a small beneficial role in helping to maintain arousal.
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Recent studies have shown that both the ability to fall asleep and the ability to remain awake are dependent upon several factors in addition to length of time awake (degree of sleep deprivation) and circadian time. For example, walking prior to Multiple Sleep Latency Test (MSLT) evaluations resulted in increased sleep latencies compared to watching TV while laying in bed (2). In another study, ability to maintain wakefulness was increased systematically when subjects were spoken to or sat up or stood up (3). Such studies document the role of level of physiological arousal in maintaining wakefulness.

Discrete events may have a somewhat limited impact upon ongoing wakefulness because the immediate impact of events such as standing up and lying down again typically fades rapidly after the event passes. However, stimuli such as light or background noise may be continuous rather than discrete and have the potential to provide long term impact upon alertness. In recent years, several studies have examined the impact of bright light upon alertness and performance. Many of these experiments have used a nocturnal work shift design and shown improved performance and alertness after exposure to bright light (9, 5). However, these studies have been criticized because it is possible that the bright light is shifting the underlying circadian rhythms as opposed to increasing the level of central nervous system arousal (14).

Several studies have also examined the impact of music or noise in helping to improve alertness or performance. Two studies have shown that loud, white noise helped to maintain performance during a 30 min vigilance task during sleep deprivation (8, 22). In a recent study (17), Ss were allowed to listen to a radio while taking a 2.5 hour drive in a driving simulator. Ss had a non significant decrease in 'lane-drifting' while listening to the radio and rated themselves as significantly less sleepy. There was no reliable change in an EEG power measure whether Ss were listening to the radio or not. However, EEG measures are difficult to evaluate in Ss who are sitting up without neck support and involved in visual tasks. In addition, there was no control over what the subjects listened to or the volume of the radio.

In the current study, the use of music as a stimulus to aid in maintaining alertness was examined in a more standard Maintenance of Wakefulness Test (MWT) design. Music was specifically chosen as a stimulus because it can provide arousal both through sound intensity and by providing an interest component. In this study, Subjects provided their own compact disks so that an equivalent interest level was common for all subjects. However, selection of individual songs and CD’s was controlled by lab personnel to limit bias possibly introduced by subjects (for example, choosing loud or fast songs only when sleepy). In addition, MSLT evaluations were performed to determine whether Ss had the ability to attend to the music to help maintain wakefulness when needed but could also ignore the stimulus when asked to fall asleep. In more specific terms, the study tested whether a music stimulus would improve alertness by increasing latency on both MWT and MSLT or whether music would have a differential impact of increasing alertness only when  attention was required. 

Arousal level was measured using heart rate. Studies have shown that heart rate is higher in people who are sitting up (as compared to lying down (10)), standing (13, 19), performing tasks such as mental arithmetic (20, 1) or involved in real world activities varying in difficulty (12, 15). Heart rate has also been significantly correlated with sleep latency in two different paradigms (11, 3). Therefore, in the current study, heart rate was measured during sleep latency tests as an independent indicator of arousal. 

Methods

Subjects: Potential subjects were solicited from the university environment and completed an extensive sleep and medical questionnaire. Selected subjects were required to be healthy, 20- to 39-year-old males or females without significant history of shift work or benzodiazepine use. Potential subjects using more than 250 mg of caffeine were excluded. Selected subjects denied problems with their sleep. Specifically, they reported that their sleep latency was less than 30 min. and that they were not bothered by frequent awakenings or early morning awakening. They reported that they usually did not take naps on weekdays. They reported that their usual time in bed on weekdays was between 7 and 9 hours. Individuals meeting these criteria and expressing an interest in participating in the study were invited to the laboratory to complete a practice session on study tests before being scheduled for the study.

Time: All protocol and nap times cited in this paper were specified for a subject who normally went to bed at 2300 and arose at 0700. For subjects who normally went to bed somewhat later (or earlier), bed time and wake up time were adjusted to approximate normal weekday times. Testing and sleep latency tests were correspondingly moved to maintain similar circadian timing for all Ss on all nights.

Design: Subjects had a laboratory adaptation night and then were scheduled for three consecutive nights and the following days in the laboratory. The first of the three nights was a baseline night of sleep. Ss remained awake in the lab throughout the second night (total sleep deprivation). Ss were allowed to sleep normally on the third night.

During the days, Ss remained at the laboratory, took part in a modified MSLT/MWT protocol, and performed computer tests. The daytime schedule is summarized in Table 1. During the day, Ss were fed standard meals. The daytime protocol was divided into four time blocks (see table). EEG and EKG were recorded throughout all of the blocks. Due to work/school constraints, only nine of the twelve subjects remained in the lab on the day after recovery sleep.

MSLT and MWT: Standard MSLT tests were performed 4 times during each day (see Table 1 for times). Ss were placed lying in bed; standard MSLT calibrations (6), lasting 3-4 min in duration, were performed; lights were turned out, and Ss were asked to fall asleep. Ss were allowed a maximum of 20 min. in bed. However, Ss were awakened earlier and the test terminated at the appearance of any sleep stage other than stage 1. Sleep latency was scored in 30 sec epochs to the onset of any stage of sleep (usually stage 1). Ss performed computer tests between the first two and last two MSLT observations. 

Maintenance of Wakefulness Tests were also performed 4 times during each day (see Table 1 for times). For the MWT, Ss were placed lying in bed with the room light on. Following standard calibrations, Ss were asked to pick a point on the ceiling to watch and were asked to remain awake, without excessive movement, for as long as possible. . Ss were allowed a maximum of 45 min. in bed. Ss performed computer tests between the first two and last two MWT observations. 

Music: Subjects provided a set of CD's that they liked (and in some cases a play list from the CD's) at the beginning of the experiment. The technician controlled the CD player from the monitoring room through a speaker system in the bedroom. The technician randomly presented music from the play list from each subject during each music presentation period. The technician also controlled the volume of the music (which was set to a comfortable level prior to the experiment and not varied during the experiment) and started and stopped the music for the correct intervals. Ss were not permitted to listen to music at times other than that dictated by the experimental protocol. During music presentation, Ss were not allowed to sing or move in time to the music, as this could produce other sources of arousal. Ss were given no instructions concerning how to “use” the music. They were specifically not told to use it as a means of trying to fall asleep or stay awake. Only the standard MSLT or MWT instructions were given. Music was played in the subject's room in two or three blocks across the day (see Table 1 for times) such that all subjects had music presented during half of their MSLT evaluations, half of the MWT evaluations, and half of their computer test segments on each day. The order of music presentation was balanced across subjects. Obviously, the sound characteristics of each musical selection varied somewhat and were a random variable for this experiment. It was considered more important to maintain a similar interest level throughout the experiment by presenting material selected by each subject to be of interest. This contrasts, for example, with a study which looked at alertness levels with subjects listening to the radio (17) because in such a study there was no control for interest level or even type of material (music versus an announcer versus commercials versus news) or studies of white noise, which by definition has no interest level.

All subjects were assigned their own room for the course of the study. Each room contained a standard hospital bed and furniture including a desk with an Apple IIGS computer. Subjects participated in the study in groups of 1-2 individuals. Subjects completed tests and questionnaires at their individual computer workstation under technician observation. Meals and breaks were scheduled in another area of the laboratory, which was also within technician observation. Caffeinated beverages were not available.

Performance and mood were assessed with a battery of measures including the Wilkinson Addition Test (30 min.), subjective sleepiness (10-point visual analog scale),  and oral temperature. 

Sleep recordings (LE - A2, RE - A2, C3 - A2, OZ - A1, V5 - right clavicle, and time code) were made during nocturnal sleep periods, and the MSLT and MWT evaluations. On the adaptation night in the laboratory, airflow, chest movements and leg EMG were also measured so that any subject found to have sleep apnea or periodic leg movements could be excluded from the study. No subjects were excluded for these reasons. All sleep and nap recordings were scored in 30 sec epochs using Rechtschaffen and Kales (16) criteria.

EKG data collection: Throughout the daytime test sessions, EKG data were digitized by a National Instruments NB-MIO-16 AD Board sampling at a rate of 500 samples per second. A time code was digitized by a second channel on the AD board and also printed out on the polygraph paper to allow second by second matching of digitized EKG with sleep stages and events. The EKG and time code data were recorded through a Grass Braintree system running Gamma software. 

After collection, the EKG and time data were visualized and checked for artifacts with the Gamma software and output to a separate peak detection program used to construct the tachogram and associated time code. As indicated earlier, heart rate data were recorded during all computer tests, MWT, and MSLT. Mean heart interbeat intervals for 5-min. periods during the MSLT and MWT will be reported.

Analyses: Data were analyzed by repeated measures ANOVA with terms for Sleep Deprivation (baseline or sleep deprivation), Music (on or off), type of test (MSLT or MWT), and Time of test (two times of day) and interactions. Nine of 12 Ss remained in the laboratory during the day after their recovery sleep and repeated the daytime testing. This data was also analyzed to examine habituation issues. Pairwise comparisons were performed with the Newman-Keuls test at the .05 significance level using the Huynh-Feldt corrected degrees of freedom. All reported results in the text will refer to statistically significant differences (p < .05) except where noted otherwise.

Results

Twelve normal young adults, age 25, (sd 6.0), participated in the study. Four subjects were female. 

Sleep data: EEG data from the baseline night and recovery night  are presented in Table 2. As can be seen from the table, subjects slept well on their baseline night and had expected improved sleep and slow wave sleep rebounds on the recovery night.

MSLT and MWT data: MSLT and MWT data for Music and Quiet conditions from Baseline and Sleep Deprivation nights are plotted in Figure 1. Sleep latencies were longer in the Music versus Quiet condition following the baseline night (Figures 1 and 2). The ANOVA indicated no significant 4-way or 3-way interactions. However, significant 2-way interactions involving Music level and Sleep Deprivation (F(1,71) = 12.10, p < .001) and MSLT/MWT test and Sleep Deprivation (F(1,11) = 47.16, p < .0001) were found. Because there were significant interactions involving Music level, Sleep Deprivation, and type of test, tests for main effects for those variables were not meaningful and will not be reported (the main effect for Time of Day was non-significant). 

To test the Music level by Sleep Deprivation interaction (plotted in Figure 2), latencies for MSLT and MWT across each day were averaged. Baseline means averaged across MSLT and MWT were 24 and 18 minutes respectively (15 and 11 min on the MSLT). Latencies were significantly reduced overall following sleep deprivation to about 4 minutes in both the Music and Quiet Conditions. After sleep deprivation, latencies following the music were no longer significantly longer in the Music condition as compared to the quiet condition. 

In the MSLT versus MWT and Sleep Deprivation Interaction (plotted in Figure 3), sleep latencies were longer in the MWT (versus MSLT) trials following the baseline night (Figures 1 and 3). Baseline means averaged across Music and Quiet were 29 and 13 minutes respectively. Latencies were significantly reduced following sleep deprivation for both MSLT and MWT (to 6 and 2 min respectively), and the difference was still significantly different.

Because the significant interaction between the Music condition and sleep deprivation showing a lack of differences after sleep deprivation could also be interpreted as an effect of habituation, the analysis of variance for the sleep latency data was repeated with the nine Ss who repeated the nap testing after their night of recovery sleep. That analysis of variance was very similar to the one reported above, except that the interaction between Music level and Sleep Deprivation (F(2,80) = 2.90) was no longer statistically significant at the p = .05 level (p was < 0.1). There were no other significant interactions involving the Music condition, so the main effect for Music (F(1,8) = 10.4, p<.02) was meaningful and indicated an experiment wide increase in sleep latency during the Music condition as compared to Quiet. The means for sleep latency for the 9 Ss for the respective Music and Quiet Conditions were: Baseline – 21.8 and 16.2 min; Sleep Deprivation – 3.7 and 3.2 min; Recovery; 11.3 and 8.2 min.

EKG Data: The average interbeat interval from the first  5-min. segment of each MSLT and MWT was entered into a repeated measures ANOVA with terms for Sleep Deprivation (2 levels), Music or Quiet (2 levels), MSLT or MWT (2 levels) and Time of Day (2 levels). These data are plotted in Figure 4. There were no significant interactions. The main effect for Sleep Deprivation was significant (F(1,71) = 30.04, p < .001) and indicated that heart period was increased  (i.e., heart rate was decreased from 70 to 66 beats per minute (BPM)) after sleep deprivation. The main effect for Music was significant (F(1,71) = 10.50, p < .005), and indicated that heart period was decreased (heart rate increased from 67 to 69 BPM) when Music was played. The main effect for  MSLT vs. MWT was significant (F(1,71) = 60.12, p < .001) and indicated that heart period was longer (heart rate decreased from 70 to 66 BPM) in MWT versus MSLT observations. The main effect for Time of Day was significant (F(1,71) = 32.90, p < .001) and indicated that heart period was longer (heart rate increased from 66 to 69 BPM) in the morning as compared to the afternoon. Correlations between heart period during the first 5 minutes of each daytime nap and the sleep latency on that nap were also performed for each of the 12 Subjects across the 16 naps (8 each from the baseline and deprivation days). These correlations were negative (i.e., the longer the heart period (and slower the heart rate), the shorter the sleep latency) in 11 of the 12 subjects (p = .0031 by binomial distribution). The average of the 12 correlations was r = -.221.
Performance: In this experiment, Ss completed a subjective sleepiness scale (VAS) and then performed the Wilkinson Addition Test for 30 min periods 4 times each day (between consecutive MSLT tests and between consecutive MWT tests) in a manner such that music continued on after preceding MSLT or MWT observations half of the time and quiet continued for the other half of the tests.  Test order was counterbalanced so that half of all the addition tests given at any time during the day were accompanied by music and half were not. The data were analyzed by a repeated measures analysis of variance with terms for Sleep Deprivation (2 levels), Music or Quiet (2 levels), and Time of Day (2 levels). There were no significant interactions. The respective main effect F-values for the Addition Test for Sleep Deprivation, Music, and Time were F(1,59) = 80.27, p<.001; F(1,59) = 4.36, p<.05; and F(1,59) = 0.087, NS.  Subjects performed 143 correct additions on baseline trials and 115 after sleep deprivation.  Subjects performed 126 correct additions in the Music Condition  and 124 in the Quiet Condition. The respective main effect F-values for the VAS for Sleep Deprivation, Music, and Time were F(1,59) = 48.44, p<.001; F(1,59) = 6.47, p<.05; and F(1,59) = 1.49, NS.  Subjective sleepiness was 5.8 on baseline trials and 2.8 after sleep deprivation. Subjective sleepiness was 4.6 overall during Music and 3.9 during Quiet.

Discussion

As expected, one night of total sleep deprivation had a large and significant impact upon objective sleepiness, objective alertness, and performance. Although significant differences in heart rate are not always found following sleep deprivation, decreases in heart rate were found in the current study after sleep loss in the early parts of MSLT and MWT tests. Typical sleep rebounds were found after sleep deprivation. 

The major purpose of the current study was to examine the impact of continuing external stimulation on the ability to maintain alertness under baseline and sleep deprivation conditions. Interesting music was chosen as a stimulus to limit the effects of habituation during the course of the experiment.

As expected, all sleep latency measures declined significantly after total sleep deprivation. However, the amount of decrease varied between measures in a manner which probably represents a floor effect. The largest numerical decline in latency after deprivation was in the MWT Music condition (a decrease from 33 to 6 minutes) and the smallest decline was in the MSLT quiet condition, which had the shortest latency at baseline (11 min) and declined to 2 min after deprivation. This floor effect probably accounts for the significant interactions between Music, test type, and Sleep Deprivation. 

Because this interaction could also be interpreted as habituation of the Music effect by the second day of the study, recovery data was examined in the 9 Ss who had a third day in the study. In this analysis, the interaction between Music condition and Sleep deprivation was no longer statistically significant, which mediates against the habituation hypothesis. Examination of the group means revealed that the sleep latency means after sleep deprivation were still very close in the 9 Ss (only 0.5 min apart). However, after recovery sleep, the mean difference again increased to 3.1 minutes. This 3.1 min difference was not as great as the baseline difference of 5.6 min. However, all sleep latencies remained somewhat decreased on the recovery day, probably as an indication of incomplete recovery from the sleep loss. It can be noted that the ratio of latencies in the Quiet condition on the recovery day to the baseline day (11.3/21.8 = .52) was virtually the same as the ratio of the latencies in the Music condition on those days (8.2/16.2 = .51). This means that sleep latencies were reduced by the same proportion on the recovery day whether music was played or not. Because latencies were reduced as much when no music was played, the lower values after recovery sleep cannot be secondary to habituation to the music.

Following baseline sleep, latencies during the MSLT were increased from 11 min in Quiet to 15 min when the Music was playing. The MWT values increased from 25 in the Quiet condition to 33 min after baseline sleep with Music. However, after sleep deprivation significant differences in sleep latencies were no longer produced by the Music for either the MSLT or MWT. Other studies suggest that this 4 min change in MSLT is in the same range as the impact of an acute time in bed reduction of 3 or 4 hours, which produced 2.4 and 2.2 minute reductions in MSLT (7; 2). This means that while the change in MSLT or MWT produced by Music is small in comparison to the impact of total sleep deprivation, the change in alertness could still be of practical relevance.

The differences between the MSLT and MWT were also significantly reduced after sleep deprivation. At baseline, MSLT latencies were 13 min, and MWT latencies were 29 min. After sleep deprivation, latencies on both tests were decreased as expected, by the difference between them was also reduced to 4 min (6 min on the MWT vs. 2 min on the MSLT). All of these results probably reflect overwhelming sleepiness rather than decreased sensitivity of the MWT versus MSLT or the impact of music as an arousing stimulus.

Changes in alertness can be measured in many ways. EEG measures such as sleep latency seem to be particularly sensitive to changes in alertness. Traditional psychomotor tests are typically less sensitive to the impact of sleep loss, and that seems to be the case in the current experiment as well. As expected, sleep deprivation produced a robust 20% decrease in correct addition problems in the 30 minute Wilkinson Addition Test. A significant increase in correct additions was found during the presentation of Music, but the less than 2% increase may not be of practical significance.

A group of studies have shown that higher heart rate is related to increased alertness, at least when alertness is measured by sleep latency (11, 3). In the current study, 11 of 12 Ss also displayed longer sleep latencies when their heart rates were higher. The level of correlation was somewhat lower than in previous studies, but this probably reflects decreased variability in heart rate compared to one study (3) and increased circadian variability compared to the other (11). In the current experiment, heart rate was slightly increased in MWT and MSLT trials containing music. This difference would be consistent with the hypothesis that music produced a small increase in level of arousal which then produced an increase in alertness. It is also consistent with the absence of habituation to music after sleep deprivation. An unexpected finding in the current study was the slower heart rates during the MWT as compared to the MSLT (see Figure 4). This difference is problematic because circadian time was not completely controlled in the comparison of the MWT and MSLT data. MSLT was always done earlier in the morning and earlier in the afternoon, and MWT was always done later in the morning and later in the afternoon. However, the normal circadian rhythm of heart rate would generally predict increases in arousal across the day and this would imply that heart rate should have been higher in the MWT observations (because they consistently occurred later in the day). However, heart rate data from MSLT observations across similar daytime periods in groups of both normal and insomnia patients have shown a pattern of higher heart rate after breakfast and lunch (corresponding to the metabolic requirements of digestion) with slower heart rate in late morning and afternoon (see reference 2 , figure 2; and reference 4, figure 2). As a result, the paradoxical finding of slower heart rate in the MWT trials of the current study may be the result of a decline in heart rate secondary to the metabolic demands of breakfast and lunch. For example, in the previous study with normal sleepers, heart rate in the late morning MSLT was 96% of that seen in the earlier MSLT and heart rate in the late afternoon MSLT was 95% of that seen in the early afternoon MSLT. In the current study, the MWT heart rates were respectively 92% and 95% of the earlier MSLT heart rate values. A currently ongoing study involving both MSLT and MWT observations which are correctly counterbalanced for circadian time should provide a better estimate of heart rate differences in MSLT versus MWT tests.

In this study, subjects were not given any instructions related to the music. Presentation of individual selections was randomized by the technician to eliminate possible bias in the results. Subjects were not specifically told to try to attend to the music or to try to use the music to stay awake or fall asleep (except for the standard MSLT and MWT instructions, which ask Ss to either fall asleep as quickly as possible or to stay awake as long as possible). There is some evidence that Ss can fall asleep more quickly when listening to repetitive 800 Hz tones (21), and this result in combination with the current results reaffirms that interest level can help maintain wakefulness.

These data have both practical and theoretical implications. At the practical level, it is clear that ongoing sound, even if pleasant, may mask sleepiness (or enhance alertness) to some degree. Certainly advise to control sound in MSLT or MWT testing environments is appropriate. Background music may be helpful in situations requiring sustained attention without causing apparent decrements in psychomotor performance tasks such as the addition task used in the current study. Reyner and Horne (17) were unable to find significant effects of a radio on the power spectral EEG measures during a driving simulation. It is not clear if the lack of EEG effects in their study was a function of the interference of the visual task with their EEG measure, larger variability in their use of the radio, or an innate difference between the MWT environment and the driving simulator environment. However, because Reyner and Horne did find significant improvement in subjective alertness and a trend toward better driving performance, their study and the current study both suggest some mild benefit of music in maintaining wakefulness.

At a theoretical level, these data, along with other accumulating data continue to suggest that measured sleep tendency and wakefulness tendency are dependent upon a combination of sleep drive and level of central nervous system arousal. Arousal level can be modified both by acute events such as a position change (3) or continuing environmental stimulation as in the present experiment. Several studies have suggested that the MSLT and MWT measure somewhat different aspects of behavior (18). One goal of the present experiment was to determine whether participants could selectively attend to or ignore the auditory stimulation in their environment to help maintain wakefulness when needed (attend) or fall asleep when allowed (ignore). The music appeared to increase arousal level overall to some extent but none of the outcome measures suggested that music could have a differential impact on falling asleep versus staying awake.
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Table 1  Daytime Schedule*

07:10 - 07:30 Breakfast

8:00 - 8:25
Sleep Latency Test 

8:25 - 9:05
Computer Tests

9:15 - 9:40
Sleep Latency Test* 

10:05 -10:55
Wake Maintenance Test*

10:55 -11:35
Computer Tests*

11:45 -12:35
Wake Maintenance Test

12:35 - 13:00 Lunch

13:00-13:25 Sleep Latency Test 

13:25-14:05 Computer Tests 

14:15 -14:40 Sleep Latency Test* 

15:05 -15:55
Wake Maintenance Test*

15:55 -16:35
Computer Tests*

16:45 -17:35
Wake Maintenance Test

* Half of the Ss had Music during the marked events. The remaining Ss had Music in the events not marked (except breakfast and lunch). Wakefulness tests always followed Sleep Latency Tests as indicated.

TABLE 2  Sleep Parameters: Mean values with (standard deviation)






BASELINE

RECOVERY


TOTAL SLEEP (Min)

447
(22)

466
(16)


% STAGE 1


 8.2
(3.7)

 3.9
(2.2)


% STAGE 2


51.2
(4.8)

49.7
(6.7)


% STAGE 3


9.7
(4.0)

11.1
(4.7)


% STAGE 4


5.5
(5.6)

11.1
(9.4)


% REM



21.4
(4.7)

22.5
(4.0)


%WAKE 



4.0
(2.3)

1.7
(1.9)


SLEEP LATENCY (Min)
10 
(8.3)

4.3
(3.3)


SLEEP EFFICIENCY
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Figure 1. Sleep latency and maintenance of wakefulness latency means (with standard error of the mean – SEM – bars) after baseline sleep or sleep deprivation with background Music or Quiet.
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Figure 2. The interaction of sleep deprivation with background Music as measured by Sleep Latency. Latency means (with SEM bars) are presented.
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Figure 3. The interaction of sleep deprivation with MSLT versus MWT measurements. Latency means (with SEM bars) are presented.
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