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Running Head:  PROPHYLACTIC VS NOCTURNAL NAPS

It was hypothesized that alertness and performance during an extended work period would be improved by an afternoon nap and the use of caffeine during the night.  Twelve young adults received a 4-hour afternoon nap and caffeine during the night during one session and four 1-hour naps during the night in a second session.  After an afternoon nap, subjects had increased objective and subjective alertness, increased oral temperature and increased performance on complex tasks like logical reasoning and  correct additions when compared to the condition which allowed four nighttime naps.  It was concluded that the specific scheduling of a nap period in preparation for an all-night work shift where sleep would not be allowed could result in increased alertness and performance as well as a less conflicted work situation.
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,In recent years, there has been growing concern about the ability of individuals to maintain adequate levels of performance over long work shifts, particularly when those shifts span nighttime hours (Rubin, Orris, Lau, Hryhorczuk, Furner, & Letz, 1991, Asch, & Parker, 1988).  In hospital settings, where it has been common practice for residents to frequently work 36-hour shifts, legal challenge, legislative input, resident spokesmen and hospital administration have begun a difficult debate concerning work schedules (Vassallo, Chana, Clark, Smith, & Wood, 1992, Godlee, 1992).  Many shift schedules exist and many new schedules have been proposed by these several groups.  However, discussions to date concerning changes in schedules seemingly have not relied significantly on empirical data.

There is a growing consensus, both from applied work in hospital settings and laboratory studies, that significant sleep reduction will lead to decline in ability to perform many tasks.  Empirical studies of young adults suggest that alertness and performance deficits can be measured on the day following a reduction in sleep to 2 - 4 hours per night on an acute basis (Carskadon, Harvey, & Dement, 1981, Hartley, 1974, Wilkinson, 1968, Bonnet, 1994) or to 5 - 5.5 hours on a chronic (2 - 60 days) basis (Wilkinson, 1968, Carskadon, & Dement, 1981, Webb, & Agnew, 1974).  A number of studies have examined sleep, mood, and performance in doctors at various levels of training (reviewed in  Bonnet, 1994, Leung, & Becker, 1992).  Of eleven studies that examined various types of performance or mood in doctors who had slept an average of 2.8 hours compared with recent baseline sleep amounts of 7.1 hours, nine studies reported significantly worse performance on at least one test.  One study that was unable to demonstrate significant changes in performance after reduced sleep did show that mood as measured by the POMS, was made more negative by sleep reduction Engel, Seime, Powell, & D'Alessandri, 1987.  As might be expected, the studies suggested that performance decrement was more likely to be found in doctors with less experience Light, Sun, McCool, Thompson, Heaton, & Bartle, 1989, on reasoning tasks Hawkins, Vichick, Silsby, Kruzich, & Butler, 1985, Poulton, Hunt, Carpenter, & Edwards, 1978, Beatty, Ahern, & Katz, 1977, Deaconson, O'Hair, Levy, Lee, Schueneman, & Codon, 1988 or on non-stimulating tasks Friedman, Bigger, & Kornfeld, 1971, Rubin, et al., 1991.  The performance impact was less than accompanying changes in mood Friedman, Kornfeld, & Bigger, 1973.  Both studies that did not demonstrate changes in performance used small groups and did not control the time of testing closely Engel, et al., 1987, Reznick, & Folse, 1987.  One study indicated that even the reported baseline sleep amounts in doctors were reduced about an hour from their pre-hospital baseline sleep amounts Poulton, et al., 1978.  This implies that the baseline comparison may have included some chronic partial sleep reduction.  As expected from the empirical studies, the reduction of sleep to the three-hour range in the applied medical setting is sufficient to demonstrate a decline in performance.  Studies have not examined physician performance in the 4 - 6 AM time period, where it would be predicted that the maximal impact of sleep loss would be found.  

Despite fairly clear knowledge concerning the impact of reduced sleep and circadian rhythm on performance, relatively few studies have applied that knowledge in an attempt to maintain performance at higher levels.  In hospital on-call situations, it is common for doctors to attempt to sleep for periods of time during the night when their immediate presence is not required.  The amount of sleep possible is widely variable and the ambiguity of the situation, which presumably conflicts the doctor's desire and need for sleep with his patient care responsibilities, is less than ideal.  Because the work/rest schedule is by nature ill-defined, doctors are unlikely to have the option of using caffeine to maintain alertness because caffeine might also interfere with the ability to fall asleep, if an opportunity should arise.  The standard on-call/sleep schedule also is less than ideal because it is the rule that doctors are not awakened until needed.  Performance immediately after arousal from sleep will frequently be poor because it can take up to 30 minutes to overcome the negative effects of "sleep inertia" (Stampi, 1989, Dinges, 1989). During the night, circadian effects add to sleep deprivation to compound sleep inertia.  While this reasoning indicates that individuals allowed relatively short intervals of sleep across an all-night work period should be less alert and should perform more poorly than individuals who have had naps at earlier times, empirical comparisons of such schedules have not been done.

Several recent studies have shown that the placement of sleep periods and the use of caffeine can be beneficial in helping to maintain performance over short periods of sleep loss (up to 52 hours of wakefulness).  Specifically, the placement of a variable-length nap in the late afternoon before a 24 hour continuous operation had a direct linear impact on alertness and performance during that operation (Bonnet, 1991).  Administration of caffeine (4.0 mg/kg) at 2230 had approximately the same beneficial impact on alertness over the following 8-hour period as did a 3.5 hour nap (Walsh, Muehlbach, Humm, Dickins, Sugerman, & Schweitzer, 1990, Sugerman, & Walsh, 1989).  Another study has shown that the combination of caffeine administration and a 4-hr nap resulted in further significant improvement in alertness and performance over a 24-hour test period as compared to a 4-hr nap period matched with placebo administration (Bonnet, & Arand, 1994).  

In the current study a group of normal young adults participated in two continuous work periods.  In one schedule, subjects (Ss) were allowed to take 4 1-hr naps during the nocturnal part of a 24-hour work period.  In the other schedule, Ss took a prophylactic 4-hr nap before the 24-hour operation and received caffeine during the night.  The empirical intent of this design was to compare a simulated on call schedule allowing naps during the night to the empirical schedule that has been shown in the literature to be most effective in maintaining alertness and performance (Bonnet, & Arand, 1994).  It was hypothesized that a prophylactic nap and caffeine would allow maintenance of baseline level of alertness and performance across the night and following day.  It was hypothesized that naps during the night would permit normal circadian drops in temperature, alertness, and performance.

METHOD

Subjects:  Subjects were twelve healthy, 18-30 year-old males without significant history of sleeping problems, shiftwork, or frequent naps.  Subjects were primarily undergraduate students from a nearby state university.  Potential Ss using more than 250 Mg of caffeine equivalent per day were excluded.  All subjects completed an informed consent after the study had been explained to them and were paid for their participation in the study.  Ss also completed a 4-hour session of practice on tests to be used in the study before starting the study. 

Design:  Subjects were scheduled for a laboratory adaptation night, which was preceded by additional test practice.  After the adaptation night, a final 90-minute test practice session was followed by an adaptation nap latency test.  The study proper involved spending three consecutive nights and two days in the laboratory (usually Thursday night through Sunday morning) for two consecutive weeks.  A study timeline is presented in Figure 1.  The initial night was a baseline sleep night scheduled according to the subject's habitual sleep/wake time.  On the following morning, subjects completed baseline testing on all performance and mood measures and had their baseline nap latency test between 0800 and 1200 hours.  On one week, subjects were allowed to leave the laboratory until 1500, when they returned to the lab to be readied for a 4-hour nap, which began at 1600 and ended at 2000.  On the other (counterbalanced) week,  Ss returned to the lab at 1900.  Beginning at 2000, all subjects followed the same schedule of alternating performance test blocks, Multiple Sleep Latency Test (MSLT) observations, and meals/breaks for 24 hours before being allowed a night of recovery sleep scheduled at their normal sleep time.  The differences in conditions were that Ss in the condition that did not have a nap between 1600 and 2000 were allowed to stay in bed for one hour on each of their first 4 MSLT observations while Ss in the other condition were awakened at sleep onset.  For the 1-hr and 4-hr naps, Ss were required to remain in bed for the allotted time even if unable to sleep.  All Ss in both conditions received pills at 0130, 0730, 1330, and 1930.  For Ss in the 4-hr afternoon nap condition, the pills administered at 0130 and 0730 contained 200 mg of Eleveine, a sustained release formulation of caffeine.  All other pills were placebos.  In the condition with four 1-hr naps during the night, all pills were placebos.  Ss were unaware of when caffeine might be administered and reported no consistent expectations about afternoon or evening naps being “better.”

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 1-4 individuals.  Subjects completed all tests and questionnaires at their individual computer workstation in their room under technician observation.  Non-startling procedures, such as calling the subject's name, were used by the technicians to awaken faltering subjects.  Meals and breaks were scheduled in another area of the laboratory, which was also within technician observation.  Caffeinated beverages were not available.  This study was approved by the Hospital Institutional Review Board

Tests:  Performance and mood were assessed with a battery of measures including logical reasoning (a 30 min version of the modified Baddeley task (Baddeley, 1968)), digit span task from the WAIS (Wechsler, 1981), hand tremor (2 min insertion of a stylus into a 4 mm opening with percent of side touching time measured), the digit symbol substitution task from the WAIS (5 min (Wechsler, 1981)), tapping (preferred rate for 10 min), computer modified Williams Word Memory Test of immediate free recall (Williams, Gieseking, & Lubin, 1966), computer modified Wilkinson Addition (60 min (Wilkinson, 1970)), visual vigilance (60 min (Scerbo, Warm, & Fisk, 1987)), subjective Sleepiness/Alertness (10-point analog scale), Profile of Mood States (POMS), and oral temperature.  The tests were administered in repeated batteries across the 24-hour operation.

For all subjects on all measures except MSLT, performance during continuous operations was automatically scored by the computer and output in a format suitable for statistical analysis.  The MSLT was scored for the latency to stage 1 sleep to maximize the sensitivity of the test during the relatively short sleep loss with prior sleep and possible caffeine.

EEG Recordings:  Four-channel sleep recordings (LE - A2, RE - A2, C3 - A2, OZ - A1) were made during nocturnal sleep periods, naps, and MSLT evaluations.  Standard sleep stage percentages were calculated.  Additionally, the number of sleep stage shifts, awakenings, and brief EEG arousals (per hour of sleep) were calculated.  Sleep efficiency was calculated as total time asleep divided by total time in bed minus initial sleep latency.  Ten MSLT evaluations were made during the study proper.  The first occurred at 1000 on the baseline day.  The remaining 9 MSLT tests began at 2200 that night (following the prophylactic nap) and continued at 3-hour intervals until 2200 one day later.

Analyses of performance data:  All performance and physiological variables except sleep EEG values were analyzed and are expressed as the proportion of change from baseline (i.e., observation divided by baseline score) to help control for individual differences.  Data for these variables were analyzed by ANOVA with terms for Condition (1 df), Time of Test (df dependent upon number of administrations of a given test), and interaction.  Pairwise comparisons were performed with the Newman-Keuls test at the .05 level using the Greenhouse-Geisser degrees of freedom.  All reported results in the text will refer to statistically significant differences unless noted otherwise.  Results on the many performance tests were similar.  Therefore only data from MSLT, vigilance, additions, logical reasoning, tremor, subjective Sleepiness/Alertness, POMS subjective fatigue, and POMS subjective vigor will be presented in this report.

Results

Sleep:  Sleep data are presented in Tables 1 and 2.  Table 1 shows baseline sleep stage data.  Significant differences from one baseline week to the next were found for total minutes of wake time during the night (24 vs 11 min) and sleep efficiency (94 vs 98%).  However, these sleep efficiency values are within normal limits (Williams, Karacan, & Hursch, 1974).  Data from the 4 hour nap and the four 1-hour naps are found in Table 2.  While total sleep time in the two 4-hour periods did not differ, there were significant differences in the distribution of sleep stages.  These differences reflected the timing and length of the nap sleep periods.  Fifty-eight minutes of wake during sleep in the 4-hour nap was offset by 4 12-min sleep onset latencies (total of 47 min) in the 1-hr naps.  SWS was increased in the night time naps as compared to the prophylactic nap.  Despite the four hour sleep periods, the recovery sleep demonstrated decreased sleep latency, increased sleep efficiency, and increased stage 4 sleep.  These changes are standardly seen following sleep loss (Bonnet, 1994).  However, there were no statistically significant differences between the 4 hour nap and the four 1-hour nap conditions in the recovery sleep.

Psychomotor Performance:  A summary of performance tests, mood scores, and physiological measures can be found in Table 3.  Statistically significant condition main effects were found for the number of correctly performed logical reasoning problems and the number of correct addition problems but not for vigilance sensitivity, short term memory, or hand tremor (p < .1).  The ANOVAS for logical reasoning and additions were similar (see Figure 2) in showing a significant interaction between condition and time.  For both measures, performance at 2300 was about 15% better following the 4-hour prophylactic nap (and before any caffeine administration) as compared to 1 hour of accumulated nap sleep in the 4 x 1-Hr Nap condition.  Performance on addition problems remained significantly improved until 11 AM on the following morning.  For logical reasoning, performance was improved by at least 15% at 4 of the 5 observation points equally spaced over the 24 hour operation.  Hand tremor was non-significantly increased (p < .1) in the 4-hour prophylactic nap group.  For the 5 performance measures, performance was never less than 85% of the baseline values at any observation points following the 4-hour nap but was less than 85% on 30% of the measures in the 4 x 1-Hr Nap condition.

Mood:  Of the three mood scales analyzed, significant main effects for experimental condition were found for the Sleepiness /Alertness scale and for the Vigor subscale of the POMS (see Table 3).  Vigor and Sleepiness /Alertness were significantly improved throughout the 24-hours following the 4-hr nap as compared to the 4 x 1 Hr Nap condition (main effect).  The average values for both Sleepiness/Alertness and Vigor were at the level of the baseline score following the 4-hr nap, while those averages were 80% of baseline during the 4 x 1 Hr Nap condition.  Minimum values in both conditions were 80% of baseline (4-Hr Nap Condition at the end of the study) and 60% of baseline (4 x 1 Hr Nap condition at 7:00)

Oral Temperature:  Oral temperature data are plotted in Figure 3.  The ANOVA indicated a significant condition by time interaction (Table 3).  Body temperature was significantly greater at 6 of 9 observation points following the 4-hour nap.

MSLT:  A significant condition by time interaction was found for the MSLT (Table 3), and the data are plotted in Figure 4.  Nap latencies were significantly longer at 2200, 0400, and 0700 in the 4-hour nap condition as compared to the 4 x 1-Hr Nap condition.

DISCUSSION

If one must work an all-night shift, the approach to that work shift will be based largely on what is expected during that work period.  If there is a sanction that naps are allowed under some circumstances, then employees will usually plan to be able to take advantage of those opportunities to sleep.  Such "planning" frequently includes elimination of any prophylactic sleep in preparation for the nocturnal shift and avoiding caffeine use during the work shift to allow maximum sleep when an opportunity is presented.  Also, employees inevitably will be put into a situation of moral or ethical conflict of interest.  While it will be in the employee's interest to sleep as long as possible during his/her work period, it may be in the interest of the employer or in the situation of care givers, in the interest of patients, for them to be awake as much as possible.  Furthermore, the relative benefits and costs in terms of alertness and performance of going to sleep versus remaining awake previously have been unknown.  Devising schedules to avoid such dilemmas may be of relevance for both ethical and ergonomic reasons.

The current study was based on the empirical findings that prophylactic naps can improve nocturnal function for up to 54 hours (Dinges, Orne, Whitehouse, & Orne, 1987).  Additionally, if one substitutes a planned prophylactic nap for an equivalent series of unplanned naps, several practical benefits also occur: 1) Employees can plan a normal nocturnal work period without being in a position of internal conflict; 2) Employees can plan on remaining awake and therefore are able to use caffeine if they wish; and 3) The work situation becomes well-defined for everyone.

In addition, the data from the current study indicate that individuals who take a prophylactic nap and use caffeine during their work shift will have significantly increased objective and subjective alertness, increased oral temperature and increased performance on complex tasks like logical reasoning and on general productivity as measured by correct additions.  While the 15% increase in reasoning and addition problems could justify planned prophylactic naps in simple terms of productivity, there is also a decreased potential for a catastrophic event due to increased alertness and ability to make complex decisions.  It would be predicted that the potential for a catastrophic mistake would be the greatest when an employee was awakened and immediately forced to make an important decision.  While such a situation was not explicitly measured in the current study, it is common that individuals allowed to sleep during work situations will be awakened specifically when an emergency occurs.  

The present study could be criticized because a combination of prophylactic nap and caffeine was compared to the nocturnal naps.  This particular combination was chosen a) because the effect of a prophylactic nap versus a prophylactic nap plus caffeine has been previously shown in the same design (Bonnet, & Arand, 1994); b) it is unlikely that an individual working at night, who is allowed to sleep at unspecified times during that night, will ingest caffeine to maintain alertness (i.e., a nocturnal nap plus caffeine condition is not of practical use).  However, it is extremely likely that an individual working at night and not allowed to nap during the night will consume caffeine.

Several studies have indicated that performance is worse immediately after awakenings during nocturnal sleep periods (Dinges, 1989, Stampi, 1989).  Sleep inertia effects are increased after awakenings from SWS (Bonnet, 1983) and have been found in many tasks including simple and choice reaction time (Scott, & Snyder, 1968, Feltin, & Broughton, 1968) and short term memory (Bonnet, 1983, Stones, 1977) and letter substitution (Dinges, Orne, & Orne, 1985).  In the current study, sixty percent of nocturnal naps (versus 10% of prophylactic naps) ended in SWS.  This figure is probably a low estimate for the real world where on-call situations and other stressors typically cause chronic as opposed to acute sleep deprivation.  The high percentage of awakenings from deep sleep implies that individuals in nocturnal on-call situations will frequently suffer from the maximum negative consequences of sleep inertia, sleep deprivation, and declining circadian rhythm.

This study indicates that individuals who nap during the night in their work situation and who frequently are awakened or accumulate less than 4 hours of sleep will perform more poorly than individuals who take an afternoon nap and remain awake during the night.  In addition to the overall 15% performance benefit associated with remaining awake during the night, individuals will avoid larger performance deficits (15-24% or more) associated with immediate performance ability upon awakening from sleep.

There are currently several groups seeking to influence the work scheduling of health care providers.  Unfortunately, few suggestions for schedules are based upon knowledge of biological rhythms.  It is as important that our interest in our own health and our ability to care effectively for patients be based on empirical data as it is that our knowledge of infection and medication be based upon scientific principle.

References

Asch, D. A., & Parker, R. M. (1988). The Libby Zion case:  one step forward or two steps backward. 318, 771-775.

Baddeley, A. (1968). A 3-min reasoning task based on grammatical transformation. Psychon Sci, 10, 341-342.

Beatty, J., Ahern, S. K., & Katz, R. (1977). Sleep deprivation and the vigilance of anesthesiologists during simulated surgery. In R. R. Mackie (Ed.), Vigilance: Theory, Operational Performance, and Physiological Correlates (pp. 511-27). New York: Plenum Press.

Bonnet, M. H. (1983). Memory for events occurring during arousal from sleep. Psychophysiology, 20(1), 81-7.

Bonnet, M. H. (1991). The effect of varying prophylactic naps on performance, alertness and mood throughout a 52-hour continuous operation. Sleep, 14, 307-15.

Bonnet, M. H. (1994). Sleep deprivation. In M. Kryger, T. Roth, & W. C. Dement (Ed.), Principles and practice of sleep medicine (pp. 50-68). Philadelphia: Saunders.

Bonnet, M. H., & Arand, D. L. (1994). The use of prophylactic naps and caffeine to maintain performance during a continuous operation. Ergonomics, 37(6), 1009-1020.

Carskadon, M. A., & Dement, W. C. (1981). Cumulative effects of sleep restriction on daytime sleepiness. Psychophysiology, 18(2), 107-13.

Carskadon, M. A., Harvey, K., & Dement, W. C. (1981). Sleep loss in young adolescents. Sleep, 4(3), 299-312.

Deaconson, T. F., O'Hair, D. P., Levy, M. F., Lee, M. B., Schueneman, A. L., & Codon, R. E. (1988). Sleep deprivation and resident performance. 260(12), 1721-7.

Dinges, D. F. (1989). Napping patterns and effects in human adults. In D. F. Dinges, & R. J. Broughton (Ed.), Sleep and Alertness Chronobiological, Behavioral, and Medical Aspects of Napping (pp. 171-204). New York: Raven Press.

Dinges, D. F., Orne, M. T., & Orne, E. C. (1985). Assessing performance upon abrupt awakening from naps during quasi-continuous operations. Behavior, Research Methods, Instruments, & Computers, 17, 37-45.

Dinges, D. F., Orne, M. T., Whitehouse, W. G., & Orne, E. C. (1987). Temporal placement of a nap for alertness:  Contributions of circadian phase and prior wakefulness. Sleep, 10, 313-329.

Engel, W., Seime, R., Powell, V., & D'Alessandri, R. (1987). Clinical performance of interns after being on call. 80(6), 761-3.

Feltin, M., & Broughton, R. J. (1968). Differential effects of arousal from slow wave sleep and REM sleep. Psychophysiology, 5, 231.

Friedman, R. C., Bigger, J. T., & Kornfeld, D. S. (1971). The intern and sleep loss. 285(4), 201-3.

Friedman, R. C., Kornfeld, D. S., & Bigger, T. J. (1973). Psychological problems associated with sleep deprivation in interns. Journal of Medical Education, 48(5), 436-41.

Godlee, F. (1992). Juniors' hours: is the end in sight? British Medical Journal, 305, 937-40.

Hartley, L. R. (1974). A comparison of continuous and distributed reduced sleep schedules. Q J Exp Psychol, 26(1), 8-14.

Hawkins, M. R., Vichick, D. A., Silsby, H. D., Kruzich, D. J., & Butler, R. (1985). Sleep and nutritional deprivation and performance of house officers. 60(7), 530-5.

Leung, L., & Becker, C. E. (1992). Sleep deprivation and house staff performance. Update 1984-1991. Journal of Occupational Medicine, 34, 1153-60.

Light, A. I., Sun, J. H., McCool, C., Thompson, L., Heaton, S., & Bartle, E. J. (1989). The effects of acute sleep deprivation on level of resident training. 46(1), 29-30.

Poulton, E. C., Hunt, G. M., Carpenter, A., & Edwards, R. S. (1978). The performance of junior hospital doctors following reduced sleep and long hours of work. Ergonomics, 21(4), 279-95.

Reznick, R. K., & Folse, J. R. (1987). Effect of sleep deprivation on the performance of surgical residents. 154(5), 520-5.

Rubin, R., Orris, P., Lau, S. L., Hryhorczuk, D. O., Furner, S., & Letz, R. (1991). Neurobehavioral effects of the on-call experience in housestaff physicians. 33, 13-18.

Scerbo, M. W., Warm, J. S., & Fisk, A. D. (1987). Event asynchrony and signal regularity in sustained attention. Current Psychological Research & Reviews, 5, 335-343.

Scott, J., & Snyder, F. (1968). "Critical reactivity" (Pieron) after abrupt awakenings in relation to EEG stages of sleep. Psychophysiology, 4, 370.

Stampi, C. (1989). Ultrashort sleep/wake patterns and sustained performance. In D. F. Dinges, & R. J. Broughton (Ed.), Sleep and Alertness Chronobiological, Behavioral, and Medical Aspects of Napping (pp. 139-170). New York: Raven Press.

Stones, M. J. (1977). Memory performance after arousal from different sleep stages. Psychophysiology, 68, 177-181.

Sugerman, J. L., & Walsh, J. K. (1989). Physiological sleep tendency and ability to maintain alertness at night. Sleep, 12, 106-112.

Vassallo, D. J., Chana, J., Clark, C. L., Smith, R. E., & Wood, R. F. (1992). Introduction of a partial shift system for house officers in a teaching hospital. British Medical Journal, 305, 1005-8.

Walsh, J. K., Muehlbach, M. J., Humm, T. M., Dickins, Q. S., Sugerman, J. L., & Schweitzer, P. K. (1990). Effect of caffeine on physiological sleep tendency and ability to sustain wakefulness at night. Psychopharmacology, 101, 271-3.

Webb, W. B., & Agnew, H. W. J. (1974). The effects of a chronic limitation of sleep length. Psychophysiology, 11(3), 265-74.

Wechsler, D. (1981). Manual for the Wechsler Adult Intelligence Scale -- Revised. New York: The Psychological Corporation.

Wilkinson, R. T. (1968). Sleep deprivation:  Performance tests for partial and selective sleep deprivation. Progress in Clinical Psychology, 8, 28-43.

Wilkinson, R. T. (1970). Methods for research on sleep deprivation and sleep function. Int Psychiatry Clin, 7(2), 369-81.

Williams, H. L., Gieseking, C. F., & Lubin, A. (1966). Some effects of sleep loss on memory. Percept. Mot. Skills, 23, 1287-1293.

Williams, L., Karacan, I., & Hursch, C. (1974). Electroencephalography of Human Sleep:  Clinical Applications. New York: John Wiley & Sons

.

Table 1  Baseline nocturnal sleep stage means and standard deviations for the 4-hr prophylactic nap and the 4 1-hr nap conditions.  




4 Hr Nap



4x1 Hr Naps
         T
 

P






MEAN

S.D.   
MEAN
   S.D.




Total Sleep Time
439

52

423

58

1.57

NS

% Stage 1

10.3

5.3
9.0

5.5
0.82

NS

% Stage 2

43.1

11

40.7

11

1.32

NS

% Stage 3

7.0

3.0
7.0

2.2
0.00

NS

% Stage 4

16.7

7.8
17.2

8.8
0.49

NS

% Stage REM

19.6

7.9
19.5

5.2
0.10

NS

% Stage Movement
0.8

0.8
0.9

0.9
0.56

NS

Sleep Latency

12.1

7.5
24.5

28

1.41

NS

Wake Time

11.0

19

24.4

30

2.48

.03

Stage Changes

115

25

115

25

0.00

NS

Time in Bed

462

56

472

33

1.27

NS

Sleep Efficiency
.98

.04
.94

.06
2.46

.03

# Wakes


6.

5.7
13.

17

1.85

.1

Latency to REM
108

42

139

66

1.49

NS

Arousal Index

7.5

1.1
7.0

2.0
1.11

NS

Table 2  Total sleep means and standard deviations for the 4-hr prophylactic nap and the sum of the 4 1-hr naps. 




4 Hr Nap




4x1 Hr Naps
 
  T

 P






MEAN

S.D.

MEAN

S.D.




Total Sleep Time
167


57


174

29

0.33

NS

% Stage 1

6.7


3.7

10.2

4.5
3.22
.01

% Stage 2

33.0

16


21.4

9.5
3.14
.01

% Stage 3

7.2


4.9

7.6

4.9
0.3
NS

% Stage 4

14.9

9.0

31.6 

13

5.55
.001

% Stage REM

12.0

8.2

17.4

8.7
2.41
.04

% Stage Movement
.4


0.3

.3

0.4
1.06
NS

Sleep Latency

9.8


7.1

12. 

6.7
1.03
NS












(47 Total)

Wake Time

58


54


20

25

2.14
.06

Stage Changes

56


23


51

16

0.61
NS

Time in Bed

235


15


240

12

0.02
NS

Sleep Efficiency
.74


.24

.91 

12

2.08
.06

# Wakes


15


18


1.2 

2.2
2.58
.02

Arousal Index

5.1


3.2

4.3

2.2
0.71
NS

Table 3  Means, standard deviations, F-values for Condition by Time interactions (with degrees of freedom for significant interactions), and F-values for the main Condition Effect when interactions were not significant (with degrees of freedom for significant main effects) for work shift measures. 


 

4 Hr Nap
 
4 x 1 Hr Naps

F Int



P


F Cond



P


Difference


   

Mean  SD
    
Mean  SD


Logical Reasoning
1.01   .32 

0.83   .28 


3.224,44
.02





Additions Correct

1.16   .07 

0.83   .06 


4.124,44
.01















See Fig. 2


Vigilance P (A)

1.00   .07 

1.01   .05 


1.01



.40

0.46




NS



Memory


0.95   .34
 
0.93   .28 


0.91



.52

0.28




NS


Tremor (N=10)

1.13   .83
 
0.81   .86 


1.24



.31

3.961,45


0.1

Mood


Sleep/Alert


1.01   .65 

0.81   .38 


0.87




.57

12.781,110
.001

4 Hr>1 Hr


POMS Vigor


1.07   .64 

0.79   .27 


1.25




.30

12.191,55

.005

4 Hr>1 Hr


POMS Fatigue


0.88   .67 

0.95   .60 


0.16




.96

0.02





NS

Oral Temperature

1.002  .01 
.998 
 .01 


3.278,88
.003

3.65









See Fig. 3

MSLT


10.0  
 4.5 

8.5    

5.4 


3.489,99
.001















See Fig. 4

Figure Legends

Figure 1  The top section displays the study time line for the 4-hour nap plus caffeine condition, and the bottom section displays the study time line for the 4 1-hour nap condition.

Figure 2  Correct Addition values (proportion of pre-study baseline) for Caffeine and Placebo Groups.  Significant differences are noted (*) in the Figure.

Figure 3  Oral temperature values (proportion of pre-study baseline) for Caffeine and Placebo Groups.  Significant differences are noted (*) in the Figure.

Figure 4  Multiple Sleep Latency Test Values for Caffeine and Placebo Groups.  Significant differences are noted (*) in the Figure.
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