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ABSTRACT 

The present study assessed the differential effects of three manipulations of the sleep

wake schedules of college students on their levels of daytime sleepiness as measured by 

daily subjective ratings. The study was longitudinal and prospective. Following a 

baseline period (12 days), three experimental conditions were introduced. In the first 

group students were asked to sleep at least 7.5 hours at night and to avoid taking naps. In 

the second group, students were asked in addition to follow a regular sleep wake 

schedule. In the third group students were asked to sleep at least 7 hours at night and to 

take daily naps. The experimental phase lasted four weeks and overall, compliance was 

good. A follow up phase (one week) began five weeks past the termination of the 

experimental phase. The findings indicate that when nocturnal sleep is not deprived, 

regularization of the sleep-wake schedules lead to reduced sleepiness and improved 

psychological and cognitive functioning. Subjects in the regular schedule condition 

experienced greater and longer lasting improvements in their alertness compared with 

subjects in the other two groups combined. Napping was not found to produce any 

change in daytime sleepiness, but subjects who had greater increases in the regularity of 

nap frequency experienced greater decrease in daytime sleepiness. Subjects with 

evening tendencies benefited most from regularizing their sleep schedules whereas 

subjects with morning tendencies benefited most from taking naps. 
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INTRODUCTION 

The present study evaluated the relationship between daytime sleepiness and sleep-wake 

schedules among college students. Daytime sleepiness is common in this population 

(Levine et al., 1988; Strauch & Meier, 1988). Both objective and subjective measures of 

sleepiness indicate that high prevalence rates of daytime sleepiness begin in the mid to 

late teen years and continue through the college years (Carskadon & Dement, 1987). The 

most common objective measure of daytime sleepiness is the MSLT (Multiple Sleep 

Latency Test). It is computed as the avemge time it takes an individual to fall asleep in a 

dark quiet room on 4 different occasions during the day (Carskadon & Dement, 1977). 

The MSLT scores of normal college students, are usually above clinical levels (defined 

by scores less than five minutes) but are significantly lower than those of adults thirty 

years or older (Levine et aI., 1988). Carskadon and Dement (1987) reported that about 

60% of their adolescent and young adult subjects had mean MSLT scores between 5 and 

15 minutes, though about one third of the subjects fell asleep in less than 5 minutes on at 

least one of the four opportunities during the MSLT. Similarly, Levine et al. (1988) 

report that the average MSLT score for the college students they sampled was 9.9 

minutes and that 40% of the subjects in this age group had mean MSLT of less than 5 

minutes. 

The effects of sleepiness on performance are evident in sleep deprivation studies. 

Individuals who are deprived of one or two nights of sleep show marked reductions in 

alertness and performance levels on tasks that require attention, memory, cognitive skills, 

and motor skills (e.g., Carskadon & Dement, 1979). These reductions in performance 

appear to result from a very high level of sleepiness. Individuals who experienced short 

sleep episodes during the performance of these tasks tended to exhibit the sharpest 
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reductions in performance levels. Similar effects were observed in young college 

students who were allowed to sleep only five hours per night for seven nights (Carskadon 

& Dement, 1981). 

Many factors are known to be relevant to sleepiness during the day but only a smaller 

subset of these factors appear relevant to the nonclinical, yet disturbing, levels of daytime 

sleepiness that so many adolescents and young college students report. For example, 

some medications, such as sedative hypnotics, and some sleep and medical disorders, 

such as sleep apnea, narcolepsy, restless leg syndrome, and chronic fatigue syndrome, are 

associated with excessive daytime sleepiness. But these disorders and medication use 

are far less common in the college age group than it is in older age groups and could not 

explain the high prevalence of sleepiness in college students. Similarly, although poor 

sleep at night often leads to daytime sleepiness, it is unlikely to be the main source of 

daytime sleepiness among young college students. Two studies support this assertion. 

First, Strauch & Meier (1988) found litde association between the subjective 

retrospective reports of daytime sleepiness and difficulties initiating and/or maintaining 

sleep in their longitudinal study of adolescents and young adults. Second, Price et al. 

(1978) reported that in the late teen years, about a third of good sleepers say that they feel 

tired most of the time. In general, the relationship between sleepiness and sleep on the 

previous night is rather complex and in some cases counter intuitive. For example, 

higher efficiency and better quality of sleep were found to be associated with lower 

(sleepier) scores on the MSLT (e.g. Levine et al., 1988; Roth et al. 1993). Disruptions in 

sleep architecture including sleep fragmentation (Stepansky et al, 1984) are additional 

sources of sleepiness in the general population. The most likely sources of alteration in 

sleep structure in young individuals are depression, circadian rhythm disorders, and drug 

and alcohol abuse. The contribution of these factors to daytime sleepiness in young 
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college students is unknown and although it might be very relevant, it remains beyond the 

scope of the present study. 

The present study focused on two factors that appear to be particularly relevant to 

sleepiness in the college student population. They are insufficient sleep durations and 

irregular sleep wake schedules. The relevance of these factors to clinical levels of 

daytime sleepiness was suggested by Billiard et aI. (1987) who found that the frequency 

of daytime sleep attacks among military draftees in France was related to use of 

hypnotics, sleep difficulties, irregular sleep-wake schedules, and short sleep durations. 

There is also ample data supporting the assertions that inadequate amounts of sleep 

contribute to elevated levels of sleepiness during the day and that college students do not 

receive adequate amounts of sleep. A large body of literature documented the significant 

increase in daytime sleepiness following sleep restriction as well as sleep extension (e.g. 

Carskadon, et aI., 1989: Levine et al., 1988). Research in the past 15 years showed that 

during the second decade of life there are marked reductions in total sleep time. The 

average sleep time declines from about 10 hours before puberty, through 8.5 hours in 

midadolescence, to 7 hours in the late teen years (Carskadon & Dement, 1987). In 

particular, the transition from high school to college was found to be associated with a 

reduction of two hours in total sleep time (Carskadon & Davis, 1989). A series of cross 

sectional and longitudinal studies on sleep and daytime sleepiness in the second decade of 

life, suggests that the reduction in total sleep time is unlikely to be due to a reduced need 

for sleep. It showed that, under controlled laboratory conditions, daytime sleepiness 

peaked in midpuberty and remained at the higher level through the rest of the second 

decade of life despite the fact that sleep duration were kept constant (Anders, Carskadon, 

& Dement, 1980). These findings suggest that the habirual short sleep durations during 

the college years might lead to chronic sleep deprivation. 
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The second focus of the present study is on the irregularity of the sleep schedules of many 

young college students. Short sleep durations are difficult to maintain for a long period 

of time and it is a common practice among college students to attempt to catch up on the 

lost sleep when their schedule of activities allows it, most commonly on weekends. 

Afternoon wakeup times on weekends are not rare among college students. In one survey 

of 18-22 years old in Germany, it was observed that whereas the average sleep duration 

during the week was 7.7 hours it was 9.4 hours on weekends and even longer (10 hours) 

on vacation (Strauch & Meier, 1988). In the third decade of life sleep duration during the 

week remained short but sleep on both weekends and vacation time was about 9.5 hours. 

In another survey of thousands of young adults in France it was found that about 46% of 

the subjects had irregular sleep-wake schedule (Billiard & Alperovitch, 1988). 

Few studies have examined the relationship between irregular sleep patterns and levels of 

daytime sleepiness. In a series of studies Taub and his colleagues shifted the sleep of 

regular sleepers and examined the effects of this schedule manipulation on mood and 

performance. They demonstrated that both a delay and an advance of sleep by 2 - 4 

hours resulted in increases in levels of fatigue, decrements in performance, and 

deterioration in mood (Taub & Berger, 1973). On the other hand, Bonnet and Alter 

(1982) found no improvement in performance when sleep schedules of irregular sleepers 

was regularized. These researches did not measure the effect of their manipulation on 

daytime sleepiness. Surveys of adolescents and college aged students found an 

association between irregular sleep patterns and elevated levels of sleepiness. For 

example, Billiard & Alperovitch (1988) found that daytime sleep episodes were more 

prevalent among subjects with irregular sleep-wake schedules (6.4%) than among 

subjects with regular sleep-wake schedules (2.2%). Strauch & Meier (1988) found that 
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individuals who expressed need for more sleep practiced irregular sleep patterns more 

frequently than individuals who stated that they get enough sleep. If one interprets an 

expressed wish for more sleep as a measure of sleepiness then the study of Strauch and 

Meier further supports the assertion that irregular sleep-wake schedule contribute to 

daytime sleepiness. 

Like many other physiological functions, such as body temperature and hormone 

secretion, sleep-wake cycle follow daily circadian rhythm. The biological clock that 

regulates sleep-wake behavior also effects the times of day in which we tend to feel more 

sleepy and the times in which we feel most alert. Studies of the circadian rhythm in time

free environments fmd a biphasic temperature rhythm. Two "sleep gates" (primary and 

secondary), in which sleep propensity reaches a peak, and two "forbidden zones" for 

sleep, during which sleep propensity is lowest, were identified (La vie, 1989). The 

primary sleep zone indicates timing of nocturnal sleep, the secondary sleep zone indicates 

a midaftemoon nap zone, and the two forbidden zone are in the early evening hours and 

in mid morning. These zones also correspond to timing of peaks and troughs in 

sleepiness and alertness and are reflected in sleep wake behaviors in the natural 

environment. For example, Dinges et aI. (1981) found that the median ofhabituaI 

timing of nap in the college population is approximately 8 hours after the median of 

nocturnal sleep offset (8:30 am). The two main factors that effect the rh~ include 

light exposure, and the timing of sleep (both nocturnal sleep and naps). Research has 

found that the circadian rhythm can be altered by bright light exposure and by schedule 

manipulation (Dagan, et al. 1991; Lewy et aI. 1984; Hoelscher, et at, 1992; Rosenthal et 

al.1990). 
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Thus, both the amount of sleep and its schedule are relevant to optimal alertness. Of 

these two factors, it is the total amount of sleep that is more primary as is evident from 

partial sleep deprivation studies. Even when the amount of sleep deprivation per night is 

small, its cumulative effects are substantial. In a recent study Manber & Bootzin (1991) 

found that irregular sleepers who regularized their sleep schedules but suffered sleep loss 

in the process, experienced an increase in daytime sleepiness. In the present study it was 

hypothesized that when nocturnal sleep is at least 7.5 hours irregular sleepers will 

improve their alertness by regularizing their sleep schedules. 

Although, as suggested above, 7.5 hours are not likely to be sufficient amounts of sleep 

for this age group, it is also not likely that young college students will be able to 

consistently maintain longer nocturnal sleep durations. It may be easier for college 

students to reduce daytime sleepiness by supplementing their nocturnal sleep with daily 

naps. Dinges et al. (1981) found that college students tended to nap on days that were 

preceded by reduced sleep durations. This might suggest that college students take naps 

because naps help them cope with daytime sleepiness that follows a night of reduced 

sleep. Although the fmt 15 minutes following awakening from a nap are often 

experienced as "sleep drunkenness" characterized by grogginess and confusion, shortly 

thereafter there is enhanced alertness, improved mood and improved performance 

(Dinges, 1989). The subjective perception of enhanced alertness following afternoon 

naps is coupled with objective increases in alertness as measured by sleep latency tests. 

Could afternoon naps have negative effects on nocturnal sleep that follows? There is no 

clear answer to this question. Although Kleitman (1937) found that napping has "no 

effect on the ease of going to sleep, nor on motility during, or length of (nocturnal) sleep" 

others have suggested that napping is not consistent with proper sleep hygiene because, 

for example, afternoon naps reduce slow wave sleep during the night that follows 
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(Karacan et al., 1970) and thus alter nocturnal sleep architecture. In the present study it 

was hypothesized that when nocturnal sleep is at least 7 hours irregular sleepers will 

improve alertness by taking daily naps. 

The purpose of the present study was to test the two hypothesis above. Two 

manipulations of sleep schedules were introduced and their effects on subjective levels of 

daytime sleepiness were assessed. The two manipulations were regularizing sleep 

patterns and napping, each coupled with a lower bound on nocturnal sleep durations. A 

third experimental condition, that provided a lower bound for nocturnal sleep duration 

with no other manipulation of the sleep schedule, was introduced. Its introduction 

allowed the assessment of benefits from schedule manipulation beyond the benefits that 

might be gained from normative sleep duration alone. 

The central dependent variable, daytime sleepiness, was measured subjectively in the 

present study. No objective measures of sleepiness were used in the present study 

primarily because the experimenter wished to minimize demands placed on subjects in 

the interest of a large sample size. It appears that a subjective rating of sleepiness 

measures a different aspect of sleepiness than that measured by the MSLT. Whereas the 

MSLT measures daily sleep propensity, subjective rating of sleepiness do not (Dement & 

Carskadon, 1982). Subjective perception of sleepiness is influenced by such factors as 

motivation, psychological state of mind, ways of coping with a feeling sleepy, and 

attribution styles. Thus the two measures should be viewed as complementary. 
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METHODS 

Design. 

The present study was longitudinal and prospective. It consisted of a baseline period (12 

days), followed. by an experimental phase in which one of three experimental conditions 

were introduced (4 weeks), and a follow-up phase (one week) that began five weeks past 

the termination of the experimental phase. All measures were subjective and based 

primarily on daily recordings in sleep-wake diaries. Subjects were randomly assigned 

into the three groups and stratified for gender and levels of daytime sleepiness as 

reflected in the first week of baseline recordings. 

Three types of manipulation of sleep-wake schedules were introduced during the 

experimental phase resulting in three experimental groups. The description of these 

manipulations follows and is summarized. in Table 1. Subjects in Group 1 were asked to 

sleep at least seven and a half hours each night and to avoid naps during the day. 

Subjects in Group 2 were given the same instructions as subjects in Group 1 and an 

additional instruction to maintain a regular schedule by going to bed and waking up 

during pre-assigned one hour time-windows. Subjects in Groups 3 were asked to sleep at 

least seven hours per night and to take daily naps lasting between 30 and 60 minutes. 

The time windows for subjects in Group 2 were based on habitual sleep-wake schedules 

as reflected. in the responses to the first week of diary and in consultation with each 

subject All subjects were asked to expose themselves to daylight upon awakening and 

to engage in stimulating activities immediately after getting out of bed. Instruction for 

light exposure was based on the documented effects of exposure to bright light on the 
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circadian rhythm (Dagan, et al. 1991; Lewy et aI. 1984; Rosenthal et al. 1990) and on 

sleepiness (Murphy et al., 1991), indicating that it might help individuals adjust to their 

sleep-wake schedules. Finally, all subjects were asked to keep their consumption of 

caffeine at baseline levels so as to avoid possible effects on change in sleepiness levels. 

Baseline levels of caffeine consumption were computed as the average caffeine 

consumption during the fIrst week of baseline as reflected in the diary records. Individual 

levels of caffeine consumption thus calculated were given to each subject at the 

beginning of the experimental phase. 

Group 1 Group 2 Group 3 

Nocturnal sleep, at least 1.5 hrs 1.5 hrs 1 hrs 

Nap No No Yes 

Regularity No Yes No 

Table 1 - Experimental groups. 

Subjects 

The subjects of the present study were recruited from an introductory psychology course. 

The subjects earned course credit points for their participation in the study. A screening 

questionnaire (Appendix 1) was administered to about 1000 students enrolled in the 

course. It contained a sleepiness subscale (items 3 to 1 in Appendix 1), open ended 

questions about sleep schedules, and a checklist of symptoms that are known to be related 

to high levels of sleepiness. Selection criteria included a high score (in the upper half of 

the range) on the sleepiness subscale, an irregular wake up time as reflected by a 

variability of at least 2 hours in wake-up time or total sleep time. Exclusion criteria were 

designed to minimize the influence of a number of factors known to effect daytime 

sleepiness. A decision to exclude a subject was based on responses to the symptom 
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checklist in the screening questionnaire as well as on a brief telephone interview 

clarifying the responses to some of the items in the checklist. Exclusion criteria were: 

frequent use of drug or alcohol, use of medications that effect sleepiness, symptoms that 

suggested sleep apnea or restless leg syndrome, and frequent nightmares. Subjects who 

met these inclusion and exclusion criteria were recruited by phone and were asked to 

agree ahead of time to participate in the experiment regardless of the experimental 

condition to which they would be assigned. 

Procedure. 

Figure 1 summarizes the details of the procedure used in the study. Throughout the 

experimental phases subjects recorded information in a sleep-wake diary* twice each day, 

once at bed time and once upon awakening in the morning and recorded their sleepiness 

level once a day around 3 p.m. in a separate sleepiness log (Appendix 2). Both the diary 

and the daily sleepiness log were collected once a week. Bed time recording in the diary 

included ratings of daytime parameters. Morning recording in the diary included 

information on the previous night's sleep. Diaries were reviewed as they were turned in 

and subjects were contacted when problems in diary recording or compliance issues 

arose. Subjects called every morning and left a message on one of four answering 

machines. The daily messages included information on select items from the diary 

(wake up time, bed time, sleepiness levels the from previous day, and time of call). 

These morning calls were designed to increase adherence with the experimental 

instructions and to increase the probability that subjects would indeed complete the 

diaries daily. In addition, each subject was assigned to a research assistant whom they 

could contact with problems and questions and who was responsible for reviewing the 

*' A copy of the diary can be obtained from Rachel manber, Department of Psychology. University of 
Arizona, Tucson, AZ 85721. 



daily phone logs and the weekly sleep diaries and for contacting subjects who did not 

appear to follow the instructions properly. 

pre-study baseline experimental phase follow up phase 

dayS 1-11 day 12 dayS 13-39 day 40 day 1 
-screening -Diary -Diary -Diary -Diary -Diary 
·SQ -sleepiness- -group- -sleepiness- -sleepiness -sleepiness-
·phone- log instructions log - log 
interview log -FQ 
·consents -SQ 
-Ow]JLark ·SAQ 
-instructions 

Figure 1 - Experimental Procedures: SQ-Sleepiness questionnaire; SAQ - Subjective 
Assessment Questionnaire (post experimental phase); FQ - Follow up questionnaire. 

davs2-7 
-Diary 
-sleepiness-
log 

Following the subject selection phase, all subjects attended an orientation meeting and 

were given a brief description of the study and its procedures. signed consent forms, 
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completed an Owl/Lark Questionnaire (Smith, Reilly, & Midkiff, 1989), and were 

instructed how to record information in the diaries and sleepiness iogs. At the end of the 

baseline phase subjects in each group were given instructions according to their assigned 

experimental condition. At the end of the experimental phase all subjects completed a 

questionnaire (Appendix 3) that included questions regarding their perceived cbange in 

quality of sleep, latency to sleep onset, and levels of sleepiness, daytime functioning, and 

well being. This questionnaire also included the sleepiness subscale of the screening 

questionnaires and items addressing the ease of following the experimental instructions, 

and the likelihood that these instructions will continue to be followed in the future. A one 

week follow-up phase began five weeks past the termination of the experimental phase. 

At the beginning of the follow up week subjects responded to a brief questionnaire 

addressing their adherence with the experimental instructions since the termination of the 

experimental phase. During the follow up week subjects kept records in the sleep-wake 
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diaries and the daily sleepiness logs. Upon completion of the follow up phase subjects 

received a water bottle as a token of appreciation for their participation in the study. 
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Measures 

All measures, except the OwIlLark tendency and the sleepiness subscale of the sleep 

questionnaire, were based on daily recordings. Four values were computed for each of 

the measures: a baseline value, a midpoint value, a post test value, and a follow up value. 

Each of the four values was computed as the average of a given diary measure over the 

corresponding time period. The mid point and post-test values were based on the first 

two weeks and the last two weeks of the four-week experimental phase, respectively. 

The central outcome measure, day-time sleepiness, was recorded twice every day, once in 

mid day, in a sleepiness log, and once at bedtime. Additional measures of sleepiness 

were included in the daily diaries. These measures addressed the frequency of dozing off 

in different settings including classroom, car, watching TV, reading, etc. Four sleepiness 

variables were analyzed: a. SLPY - the over all sleepiness level as rated at bedtime in the 

diaries; b. SLPYD- the sleepiness level rated in the afternoon in the sleepiness log; c. 

SLPYG- the average of SLPY and SLPYD; and d. DOZE- the number of times an 

individual dozed off without planning to. In selecting an overall subjective measure of 

sleepiness, issues of compliance in a natural environment were weighed against the 

possible increase in Validity resulting from periodic rating of sleepiness as a state 

throughout the day. Unfortunately, confusion regarding the mid-day sleepiness logs 

were expressed by subjects and, as a result, the analysis below is based primarily on the 

overall rating of sleepiness recorded at bedtime (SLPY). 

Other day-time functioning measures included concentration levels, negative mood (an 

average rating of mood swings and depressed mood), and irritability (an average of 4 

diary items addressing irritability and anxiety). These measures of sleepiness and 

daytime functioning were rated on a Likert scale of 1 to 5. 
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Sleep parameters were recorded every morning upon aWakening. They included bedtime, 

wake-up time, time out of bed, time to sleep onset, sleep quality, time awake after sleep 

onset, difficulty waking up in the morning, and feeling alert and refreshed in the morning. 

Nap parameters were recorded at bedtime and included the number of planned naps, 

length of longest nap, time of day of longest nap, and total time spent napping (planned 

and unplanned). Two measures of total sleep time were computed from the diary data -

total nocturnal sleep time and total sleep time per 24 hours period. Total nocturnal sleep 

time is the difference between time spent in bed and time spent awake while in bed 

(including time to sleep onset and time awake in the middle of the night). Daily sleep 

time is computed as the sum of total nocturnal sleep time and the time spent napping the 

following day. Four measures of regularity of sleep schedule were computed: regularity 

of bed time, regularity of wake up time, regularity of nap frequencies and regularity of 

the timing ()f naps. These four regularity measures were computed as the standard 

deviation of each of the fom variables over the corresponding four time periods (baseline, 

midpoint, post-test, and the follow up week). 

Three Nap variables were analyzed. Nap frequency, nap regularity, computed as the 

standard deviation of nap frequency. and nap duration. Additional measures included 

daily caffeine and alcohol consumptions and light exposure. It should be noted that 

subjects' estimates of the amount of light exposure is a very crude one. The primary 

reason for the inclusion of this measure was to assess compliance with instructions of 

morning light exposure. 

Circadian rhythm differences were measured by an Owl/Lark scale. The Owl/Lark scale 

measures the time of day during which an individual reports peak functioning. The 
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version used in the present study was developed by Smith et al., (1989) who integrated 

two Ow1/Lark scales (Horne & Ostberg, 1976 and Torsvall & Akerstedt, 1980) and 

adapted them for use with a college population. The scale has 13 items. The scores 

range between 13 and 55 with a higher score reflecting morning tendency and a lower 

score reflection evening tendency. In the present study OwllLark scores ranged between 

17 and 44 with an average of 30.84, standard deviation of 6 and a median of 30. The 

coefficient alpha of the scale is .83 and its validity as measured by its correlation with one 

of its widely used parent questionnaires (Horne & 0 Ostberg, 1976) is .95 (Smith et al., 

1989). This measure was included in the present study because it was believed that it 

could help explain differential responses to the experimental manipulation. It was 

hypothesized that individuals with Owl tendencies would be more prone to maintain 

irregular sleep wake schedules and might respond to an experimental manipulation of 

sleep wake schedules differently than individuals with Lark tendencies. 

The sleepiness subscale of the sleep questionnaire consisted of 5 items (items 3 to 7, 

Appendix 1). Score range for the entire population was 0 to 17 and for the select sample 

of the present study scores ranged between 7 and 15. Average score for the sample 

during screening was 9.6 with a standard deviation of 2.1. 

Analysis 

Fifteen of the 82 subjects who began the study dropped out prior to assignment to 

experimental groups. An additional 5 subjects (2 from Group 2 and 3 from Group 3) 

dropped out during the initial part of the experimental phase. The values of the central 

sleep and sleepiness measures for these subjects lay within one standard deviation from 

the mean values for their respective groups. Participation of three subjects (one from 

each group) in the study was terminated during the active experimental phase because 



24 

they were not compliant with the instructions. These three subjects were excluded from 

the analysis. A total of 59 subjects (23 males and 36 females) completed the 

experimental phase of the study and 53 completed the follow up phase. Subjects' age 

ranged between 11 and 22 with an average of 18.8 (s=.9). One subject who completed 

all phases of the experiment had begun taking Prozac before the beginning of the study 

but after the screening process. This fact would have excluded him from the study 

during the subject recruiting phase. His exclusion from analysis of variance of the central 

variables did not affect the results and it was decided to maintain the homogeneity of the 

sample with regard to the selection criteria and to exclude him from the final analysis. 

Another subject in Group 2 deviated from his assigned sleep wake windows by an 

average of over one hour. His deletion from the analysis did not affect the results and it 

was decided to include him in the analysis. As a result, the analysis below is based on 58 

subjects who completed the experimental phase of the intervention and 52 subjects who 

completed the follow up phase. There were no significant group by gender effects with 

regard to daytime sleepiness or sleep parameters. As a result, males and females were 

pooled together in the analysis. 

The assessment of the differential effects of the three interventions was conducted via a 

series of 4x3 repeated measures ANOVAs (4 points in time, 3 groups). Presence of main 

effects and interaction effects guided further orthogonal hypothesis checking. For the 

most part the hypothesis that Group 2 differed from Groups 1 and 3 combined was tested. 

On a smaller set of analyses pertaining to nap behavior and its effects, the hypothesis that 

Group 3 was different than Groups 1 and 2 combined was tested instead. Because fewer 

subjects completed the follow up phase, a separate series of 3x3 repeated measures 

ANOV As were carried out to assess differential change through the end of the active 



intervention phase, excluding the follow up phase. The results of these analyses are 

reported whenever they provide further information. 
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To assess the process of change relative to baseline, a series of ANCOV As with values at 

baseline as covariants were conducted Analysis of covariance provides a more 

conservative measure of change than analysis of variance of the change scores because it 

corrects for error of variability associated with the change scores. Here again, the results 

are reported only when they provide information beyond that provided by the 

corresponding ANOV A. 

Finally, each of the three experimental groups was further split into two groups, using the 

median of the Owl/Lark score on the whole sample as the point of reference. This 

resulted in a subdivision of each experimental group into a subgroup with Owl tendencies 

and a subgroup with Lark tendencies. A series of analyses of variance were conducted to 

identify the effect of Owl and Lark tendencies on compliance and outcome. 

Correlational analyses were conducted to identify factors related to change in daytime 

sleepiness. Correlations at baseline were based on the full sample (n=58). Correlations 

in later points in time were thought to be confounded by the interventions. As a result, 

correlations were computed for each group separately and pooled together using the 

Fischer-z' conversion. The primary measure of sleepiness used in the correlational 

analysis was SLPY. 
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RESULTS 

Baseline 

At baseline the three groups did not differ significantly on any of the variables related to 

the experimental manipulations including wake time, bed time, regularity of bed time, 

regularity of wake up time, total sleep time, total nap time, frequency of naps, regularity 

of nap frequencY',light exposure, or caffeine consumption. The groups were also not 

significantly different on the measures of daytime sleepiness. The groups were 

significantly different at baseline on four variables suggesting that subjects in Group 1 

rated their sleep as less refreshing and of poorer quality than did subjects in the other two 

groups (p<.05). Subjects in Group 1 also felt less alert upon awakening in the morning 

(p<.01), and reponed more negative mood (p<.OOl) than subjects in Groups 2 and 3 

combined. 

At baseline, higher levels of daytime sleepiness correlated significantly (p<.05) with 

more irregular bedtimes, feeling less rested and refreshed upon awakening, greater 

difficulty waking up in the morning, and less total sleep time (both nocturnal and 

diurinal), and with lower sleep quality (Table 2.). In addition, near significant 

correlations of higher levels of daytime sleepiness with Owl tendencies and with higher 

levels of alcohol consumption were noted at baseline (Table 2.). Daytime sleepiness at 

baseline was highly correlated with irritability, negative mood, and poor concentration 

levels (p<.OI) (Table 12.). 



Owl- bed night- diurinal sleep rested diff alcohol iritab- neg-
Lark rel!: sleep sleeD Qualitv @wake waking rutv mood 
-.26# .27* -.38** -.31* -.35** -.59** -.53** .26# 58** .48** 

~ - Correlations of sleepiness with other variables at baseline. n=58. Superscriprs 
denote significance level. Here and throughout the paper # denotes near significance, * 
denotes p<.05, and ** denotes p<.01. 

Compliance 
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cancen 
-tration 
-.75** 

Although there was individual variability in the degree to which subjects followed the 

instructions during the experimental phase, over all, subjects in all three groups appeared 

to have followed their respective instructions. The results of the analysis of compliance 

are discussed below. 

Total sleep time. There was a significant (p<.OS) main time effect on total nocturnal 

sleep. Even though no significant group by time effects were found, there were different 

within group changes whereby significant increase in total sleep was noted only in Group 

1 (Table 3). There was, however, a significant group by time interaction (p<.OOl) on 

total diurinal sleep (the sum of nocturnal sleep and naps). Group 3 differed significantly 

from Group 1 and ~roup 2 during the active experimental phase. Subjects in Groups 3 

(who were instructed to nap) spent significantly more time asleep per 24 hour period 

during the experimental phase compared to baseline (p<.OS) and decreased their total 

sleep per 24 hours from the end of the experiment to follow up (p<.Ol) back to baseline 

levels. On the other hand, subjects in Group 2 (who were instructed to regularize their 

sleep pattern) spent less time asleep per 24 hours during the experimental phase 

compared to baseline (p<.05) and returned to baseline levels at follow up. Subjects in 

Group 1 did not change their total sleep per 24 hour significantly throughout the study 

(Table 3). 
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Regularily. There was a significant (p<.05) main group effect and a near significant 

group by time effect (p<.06) on regularity of bedtime from baseline throughout the 

experimental phases (3x3 ANOV A). Subjects in Group 2 had significantly (p<.05) more 

regular bedtimes during the active experimental phases than subjects in the other two 

groups combined. There were also a near significant main group effect (p=.051) and 

group by time interaction effect (p=.053) on regularity of wake up time. Subjects in 

Group 2 were significantly different than subjects in the other two groups combined. 

Whereas regularity of wake up time remained unchanged throughout the study for 

subjects in Groups 1 and 3, subjects in Group 2 became significantly more regular in the 

time they woke up in the morning during the frrst half of the experimental phase 

compared to baseline (p<.Ol) and they had significantly more regular wakeup times 

during the experimental phase than subjects in the other two groups (p<=.05) (Table 4.). 

total nocturnal sleep (hours) total diurinal sleep (hours) 
Grpl Grp2 Grp3 All Grpl Grp2 Grp3 All 
(19) (17 (16) (52) (19) (17) 116) 1(52) 

baseline 7.2 1.4 7.2 7.3 7.8 7.8 7.7 7.8 
(.68) (.58) (,86) (.7) (.71) (.63) (.73) (.681 

mid 7.6* 7.5 7.5 7.5 7.9 7.6* 8.5** 8** 
(.69) (.45) (.99) (.73) (.6§) {.S) (.87) (.77) 

post 7.8** 7.5 7.5 7.6 7.9 7.6* 8.5 8*** 
(.68) (.5) (.9) (.7) (.61) (.5) (.87) (.75) 

follow up 7.7 7.6 7.2 7.5 8.1 7.8 7.7 7.9 
(1.26) (.64) 11.31 (1.0J (1.1) (.66) (1.3) (1.04) 

time effect 1><.05 os os 1)<.05 ns os lK=.OOl os 
other group effect: os group effect: os 
effects jUOUD x time effect: os jUOup x time effect: p<~OOl 

Table 3 - Total sleep. Superscripts on group cell values indicate significance levels of 
differences relative to baseline. Superscripts in the column All indicate significance level 
of group difference at the corresponding phase. Please see Table A for values associated 
with superscripts. 



Bedre (hours) Wakeregul arity (hours) 
Grpl Grp2 Grp3 All (58) Grpl Grp2 Grp3 All (58) 

.(20) (19) (19) (201 (9) (9) 
baseline 1.06 1.06 1.09 1.07 1.22 1.31 1.32 1.28 

(.43) (.55) (.4) (.46) (.5) (.43) (.46) (.46) 
mid 1.21 .82* 1.26 1.1** 1.29 .98** 1.41 1.22** 

(.46>- .(.33) J.41) (.48) (.431 (.28) (.49) (.44) 
post 1.28* .93 1.28# 1.16* 1.27 1.1# 1.4 1.26* 

(.55) (.39) (.37) (.47) (.34) (.34) J.49t (.37) 
time effect ns ns ns ns ns 1K.05 ns ns 
other group effect p<.05 group effect p=.051 
effects groUP x time effect 1)=.057 ~up x time effect 1>=.053 

~ - Regularity Superscripts on group cell values indicate significance levels of differences 
relative to baseline. Superscripts in the column All indicate significance level of group difference 
,at the corresponding phase. Please se<: Table A for values associated with superscripts. 
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Nru2,. The results of the analyses of variance on nap variables are summarized in Table 5. 

As instructed, subjects in Groups 1 and 2 significantly reduced the number of naps and 

the time they spent napping during the experimental phases (p<.OOl) and continued to 

nap less frequently and to spend significantly less time napping during the follow up 

week as compared to baseline (p<.05). Subjects in Group 3 significantly increased the 

frequency and total amount of time spent napping during the experimental phase 

compared to baseline (p<.Ol), but they returned to baseline levels at follow up. 



Nap frt quency Total nap time R~IDlari!rofna)fteq 
Grpi Grp2 Grp3 All Grpi Grp2 Grp3 All Glpi Grp2 Grp3 All 
(19) i(l7 116) (5~ Jl~ ~Ii) JI6) _(521 ~I~ Lin ~16) (52) 

baseline .35 .2 .3 .29 .6 .44 .52 .52 .5 .33 .41 .41 
(.23) (.18) (.28) (.24) (.36) (.31) (.43) (.371 1.231 1.~ J.2Sl _(,24.1 

mid .os .02 .83 .29 .24 .1 .94 .41 .16 .06) .38 .19 
(.14) (.03) (.22) (.39) (.32) (.14) (.43) (.4S) (.22) (.12) (.22) (.23) 
*** *** *** *** *** *** *** *** *** *** *** 

post .06 .02 .89 .3 .17 .1 1.0 .4 .12 .07 .26 .15 
(.14) (.06) (.19) (.41) (.23) (.15) (.39) (.48) (.22) (.17) (.26) (.23) 
*** *** *** *** *** *** ** *** *** *** * * 

follow up .14 .11 .34 .19 .34 .17 .53 .34 .23 .16 .41 .26 
(.lS) (.19) (.3) (24) (.35) (.28) (.48) (.38) (.26) (.27) (.17) (.26) 
*** * *'" '" * **'" * ** * '" time pc: pc: pc: pc: pc: pc: pc: pc: pc: pc: ns P 

effect .001 .001 .001 .001 .001 .001 .001 .05 .001 .001 dXll 

other group effect pc:.OOl group effect pc:.OOl group effect pc:=.OOl 
effects group x time effect pc:.OOl group x time effect pc:.OOl group x time effect p<.05 

~ -~ Superscripts on group cell values indicate significance levels of 
differences relative to baseline. Superscripts in the column All indicate significance level 
of group difference at the corresponding phase. Please see Table A for values associated 
with superscripts. 
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Caffeine. There was a significant main time effect on caffeine consumption (p<.Ol). 

Subjects in all three groups consumed significantly less caffeinated beverages during the 

experimental phases (p< .01) and increased their caffeine consumption back to baseline 

levels at follow up (Table 6). Changes in levels of caffeine consumption were not 

correlated with changes sleepiness levels (p>.2). 

Daylight exposure. There was a gradual and significant increase in exposure to daylight 

from baseline through the following three phases of the study (p<.05). There were no 

significant group differences on this measure (Table 6). 
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caff light ale active arousal ready waso qual prompt wkdif alert 
baseline 1.51 .56 .4 .17 .75 .91 .11# 3.6* 1.01 2.96 2.69** 

(.99) (.36) (.71) (.18) (.68) (.14) (.11) (.67) (.67) (.65) 
mid 1.2 .65 .44 .17 .68 .94 .11 3.59* .82 2.8 

(.69) (.47) (.75) (.19) (.68) .(.03) f.l2) (.55) (.4>- (.64) 
post 1.26 .67 .39 .18 .59 .96 .097 3.73 .88 2.64 

(.82) (.51) (.73) (.21) (.74) (.08) (.12) (.58) (.38) (.63) 
follow up 1.55 .74 38 .15 .39 .95 .063* 3.5 .85 2.71 

(1.07) (.57) 1.81 (.17) (.48) (.1) (.097) (.67) (.42) (.64) 
time p<.ol p<.05 ns ns p=.OOI p<.05 p<.OI ns p<.01 p<.01 
effect 

~ - Time effects. Superscript indicate significance level of group differences at the 
corresponding point in time. 

Daytime sleepiness 

(.59) 
2.64 
(.67) 
2.47 
(.66) 
2.51 
(.74) 
p<.05 

The results of analyses of variance of measures of daytime sleepiness are summarized in 

Table 7. There were a significant main group effect (p<.05) and a significant time effect 

(p<.01) on SLPY. Comparison of Group 2 to the other two groups combined revealed 

that following the baseline period, sleepiness levels (SLPY) were significantly lower in 

Group 2 starting at the beginning of the interventions and including the follow up phase 

(p<.05). 

Analysis of covariance with SLPY at baseline as a covariate resulted in near significant 

(p=.058) main group effect indicating group differences in the change in sleepiness 

relative to baseline. Although this is only a near significant effect, further hypothesis 

testing of this changes was carried out. It revealed that the change in sleepiness from 

baseline was different for subjects in Group 2 compared to subjects in the other two 

groups combined (p<.05). This was particularly noticeable for change from baseline to 

the end of the experiment and to the end of the follow up phase. 

Repeated measures analyses of variance for each of the three groups revealed a 

significant effect on SLPY and SLPYG (p<.01) in Group 2 and no such effect in the 
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other two groups. There were no significant changes in SLPYD (daytime sleepiness 

log). There was a significant main time effect on the frequency of unplanned sleep 

episodes (p<.OOl). All subjects, regardless of group affiliation, experienced significantly 

fewer unplanned sleep episodes in general and sleep episodes during class time in 

particular, as time went by. There were too few occurrences of unplanned sleep episodes 

during other activities to allow for a meaningful analysis of variance. The histogram in 

Appendix 4 summarizes dozing behavior. 

SLPY SLPYG 
Grpl Grp2 Grp3 AJl(52) Grpl Grp2 Gm3 All (52) 
(19) (17) (16) (19) (17) (16) 

baseline 3.18 2.95 2.97 3.04 2.99 2.82 2.74 2.87 
(.48) . (.52) .(.43) (.48) (.53) (.53) (.52) (.53) 

mid 3.01 2.73 3.02 2.92 2.87 2.61* 2.88 2.81 
.(.46) _(.52) (.42) (.49) (.48) (.42) (.48) (.47) 

post 2.96 2.5* 2.97* 2.81* 2.87 2.49** 2.78 2.73 
(.47) (.58) (.66) (.6) (.48) (.48) (.52) J.52) 

follow up 3.03 2.51 2.9* 2.82 2.87 2.48* 2.69 2.68 
(.49) (.67) (,81) (.68) {.42) (.63) (.54) (.52) 

time effect ns J)<.Ol os 1><.01 ns J)<.Ol ns p.;.05 
other group effect p<.OS group effect p=.057 
effects group x time effect ns groJll) x time effect os 

~ - Sleepiness Superscripts on group cell values indicate significance levels of 
differences relative to baseline. Superscripts in the column All indicate significance level of 
group difference at the corresponding pbase. Please see Table A for values associated with 
superscripts. 

Other daytime parameters 

Three daytime parameters were analyzed: irritability, negative mood, and concentration 

levels (Table 8). Analyses of variance showed a significant main group effect (p<.05) on 

all three variables. Analysis of covariance with the value of each variable at baseline as a 

covariate indicates near significant group effects for irritability and concentration levels 

(p=.052 and p=.072 respectively). Test of hypothesis comparing Group 2 to the other two 

groups combined found a significant group effect on the change over time on irritability 

and concentration (p<.OS). Subjects in Group 2 reported greater reduction in irritability 



and greater improvements in concentration than subjects in the other two groups 

combined. 
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Correlational analyses revealed that levels of daytime sleepiness were significantly 

correlated with irritability, negative mood and poor concentration in all phases of the 

study (Table 8). Moreover, the greater the decrease in daytime sleepiness the greater the 

improvement on these three parameters. However, there were no significant correlations 

between these daytime parameters and night time parameters including total sleep time 

(nocturnal or diurinal) or sleep efficiency. 

Two other daytime parameters were analyzed, consumption of alcohol and activity level. 

There were no significant group or time effects on theses two measures (Table 6). Levels 

of consumption of alcohol were significantly correlated with delayed bedtimes and wake 

times throughout the study (r=.33 p<.05; and r=.38 p<.Ol respectively). In addition, 

before the intervention, alcohol consumption levels were significantly correlated with 

more irregular bedtimes (r=.37, p<.01), with decreased concentration levels (r=.27, 

p<.05), and with increased sleepiness (r=.26, p<.05). Moreover a greater decrease in 

alcohol consumption from baseline to the end of the experimental phase was significantly 

correlated with a greater change to earlier bedtime (r=.4, p<.01), a greater increase in 

regularity of bedtime (r-.29, p<.05) and with greater increases in concentration (r=.36, 

p<.Ol) and in sleepiness (r=.34, p<.05). 



:Iilt!m a -Daytime functioning. Superscripts on group cell values indicate significance levels of 
differences relative to base1ine. Superscripts in the column All indicate significance level of group 
difference at the corresponding phase. Please see Table A for values associated with superscripts. 

~ - Correlations of sleepiness with daytime functioning measures. The first 
four rows indicate correlation with sleepiness levels at the corresponding time. 
The last row indicates correlations between change in sleepiness level from 
baseline to post test with changes in the corresponding variable in each column. 

Sleep parameters 
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There was a significant main time effect (p<.OOl) and a significant group by time 

interaction (p<.05) on sleep efficiency (Table 10). In general, sleep efficiency increased 

through the study but whereas subjects in Group 2 experienced an increase in sleep 

efficiency from the early stages of the intervention, subjects in Group 3 had no significant 

change until follow up and subjects in Group 1 had no significant change in sleep 

efficiency whatsoever. There were no significant changes in bedtime from baseline 

through the experimental phase, though subjects in Group 2 went to bed earlier during the 
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first part of the experimental phases (p=.057). There was, however, a significant overall 

delay in bedtime at follow up compared to baseline that was most pronounced in Group 3 

(p<.01) (Table 10). There was a significant main time effect (p<.01) as well as time by 

group interaction (p<.05) on wake time that suggest a progressive delay in wake time 

from baseline through the end of the study (Table 11). 

There were a significant main time effect and a significant group by time interaction on 

sleep latency reflecting the fact that latency to sleep onset was significandy shorter at 

follow up than at baseline (p<.O 1) for all subjects and that subjects in Group 2 had a 

significant reduction in time to sleep onset during the experimental phases, whereas 

subjects in the other two groups did not have a significant change in these parameter 

(Table 10). In addition, there was a significant main time effect (p<.OS) on readiness to 

go to bed (READY). All subjects appeared more ready to go to sleep at bedtime as the 

study progressed. There was a significant (p<.Ol) main time effect on number of arousals 

from sleep (AROUSALS) and on time awake after sleep onset (W ASO) reflecting a 

significant reduction in these variables from baseline to follow up for all subjects (Table 

6). There were no significant time effects on perceived quality of sleep, but there was a 

significant main group effect (p<.05) that reflect the fact that subjects in Group 1 rated 

their quality of sleep as significandy lower than subjects in the other two groups 

combined (p<.01). 



Sleep efficiency (%) Latency to sleep onset (hours) 
Grpl Grp2 Grp3 All Grpl Grp2 Grp3 All 
(2) (17 (16) (52) (19) (17) (16) (52) 

baseline 94.8 95.0 94.9 94.9 .27 .31 .28 .29 
(2.3) (2.5) (3.2) (2.6) (.18) (.18) (.16) (.17) 

mid 95.4 95.4 93.6 94.8 .27 .27* .37 .3 
(26) (2.9) (4.4) (3.4) (.18) (.16) (.18) (.18) 

post 95.8 96.5** 95.0 95.8 .22 .2*** .31 .24 
(2.7) (2.4) (3.8) (3.0) (.14) (.18) (.23) (.17) 

follow- 95.4 96.3* 97.0*** 96.3 .27 .24# .18** .23 
up (3.2) (2.3) (2.1) (2.7) (.19) (.15) (.14) .(.16) 
time ns p=.01 p<.01 p<.OOI ns p<.01 p<.05 ~p<.01 

effect 
other group effect ns group effect ns 
effects group x time effect J)<.05 group x time effect 0<=.01 

Table 10 - Sleep efficiency and sleep latency Superscripts on group cell values 
indicate significance levels of differences remtive to baseline. Superscripts in the 
column All indicate significance level of group difference at the corresponding 
phase. Please see Table A for values associated with superscripts. 

Bed time Wake time 
Grp1 Grp2 Grp3 AU (52) Grpl Grp2 Grp3 
(19) (17 (16) (19) (17) (16) 

baseline .87 .93 .85 .88 8.46 8.71 8.42 
Jl.l1) _(1.13) -<1.07) J1.09) 0.2) Cl.O(j) (l.01) 

mid .74 .711t .83 .76 8.75 8.52 8.86 
(1.27) (.94) (1.33) (1.17) (1.38) (1.13) (1.09) 

post .75 .88 .88 .83 8.85* 8.69 8.8** 
(1.28) (.91) (t.07) (1.09) 0.43) (1.02) (.9) 

follow up .93 .9 1.49** 1.09 9.02# 8.76 8.9 
(1.29) (1.1) (1.27) (1.22) (1.86) (1.06) (1.18) 

time effect ns ns .J)<.01 .J)<.01 as ns as 
other group effect ns group effect p<.01 

All (52) 

8.53 
(1.09) 
8.71 
(1.2) 

8.78** 
(1.14) 
8.91** 
(1.41) 
0<.01 

effects group x time effect ns group x time effect J)<.05 

Table 11 - Bedtime and wake time. Superscripts on group cell values indicate 
significance levels of differences relative to baseline. Superscripts in the column All 
indicate significance level of group difference at the corresponding phase. Please see 
Table A for values associated with superscripts. Values of bedtimes are measured as 
time elapsed since midnight. 
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Morning difficulty 

There was a main time effect (p<.OOl) on number of prompts needed to wake up in the 

morning. This number was significantly (p<.05) lower from baseline at each of the other 

three points in time (Table 6). There was also a significant (p<.01) main time effect on 

the difficulty waking up in the morning. On the average, subjects in all groups found it 

easier to wake up in the morning and felt more alert at the end of the experimental phase 

and during the follow up phase compared to baseline (Table 6). No significant group 

differences were noted on the above measures of morning parameters. 

Factors related to cbange 

Correlational analysis were conducted to assess the relation between the change in 

daytime sleepiness (SLPY) and the change in a the variables that were manipulated 

during the experimental phase. These variables included total sleep time (both nocturnal 

and diurinal), total nap time, frequency of naps and regularity of nap taking behavior, 

and regularity of bed time and of wake time. Of these variables only the degree of 

reduction of the variability of bedtime was related to the degree of improvement in day 

time sleepiness (r=.26, near significance). 

Correlational analysis was also carried out for each group separately to assess whether 

reduction in sleepiness levels were correlated with changes in the most salient variable 

manipUlated by the experiment in the corresponding experimental condition. The results 

indicate that in Group 3 (the nap group) reduction in sleepiness was significantly 

correlated to the degree of reduction in variability of nap frequency (r=.7S, p<.01 ) but 

was not significantly correlated to changes in total nap time. Moreover, test of difference 

of correlations in the three groups using Fischer-z' conversion indicates that Group 3 was 
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significandy different than the other two groups in that regard (p<.01). The results also 

suggest that in Group 2 reduction in sleepiness was significandy correlated to the degree 

of reduction in variability of bedtime (r=.52, p<.Ol) and that this correlation is 

significantly (p<.05) different from that found in Group 3. However, in Group 1, changes 

in total sleep time were not significantly correlated with changes in levels of sleepiness 

Table 11). 

The Owl/Lark scores appeared to be correlated with changes in the dependent variables 

as well as with changes in the variables manipulated by the experiment. The results of 

correlations with the Owl/Lark scores are summarized in Table 12. Of particular interest 

is the fact that improvement in sleepiness was significantly correlated with the Ow1JLark 

scores both in Group 2 and in Group 3 but in opposite directions. That is, whereas 

subjects with Owl tendency tended to benefit most from regularizing their schedule, 

subjects with Lark tendencies tended to benefit most from naps. 

Correlations between Owl/Lark scores and changes in variables manipulated by the 

experiment reveal that regularity variables were the only ones that reached significant 

values. Although over all the correlation between OwllLark scores and change in 

regularity of wake time was not significant, it was significant for subjects in Group 1. 

That is, subjects in Group 1 who had Lark tendencies experienced a greater increase in 

the variability of their wake time (r=.56, p<.05). In addition, in Group 1, both subjects 

with morning tendency and subjects with evening tendency significandy increased their 

total sleep time at night during the experimental phase compared to baseline. However, 

there was a significant difference between theses two subgroups of subjects in the degree 

to which they continued to sleep more at follow up than at baseline. More precisely 

repeated-measures split-median analysis of variance of total nocturnal sleep found a 

significant group by time interaction on total sleep time where the groups were split along 
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the median of the Owl/Lark score for the entire sample (p<.05). It found that whereas 

individuals with morning tendencies continued to increase total nocturnal sleep from the 

end of the experiment to follow up, individuals with evening tendencies sharply reduced 

total sleep time back to baseline levels. Similarly, repeated-measures split-median 

analysis of variance on regularity of wake up time supported the results of the 

correlational analysis yielding a significant (p<.05) group by time effect. 

SLPYpp SLPYpre SLPYpost WAKEREGp NAPREGpp 
p 

GrQ!g!1 .4 -.47(~O5) -.043 .56(0<.05) -.38 
GroUD2 .48 (IK.05) -.43 .131 -.21 -.1 
GroUD3 -.55 (IK.OI) .101 .488 (IK.05) .069 -.5(0<.05) 

Table 12 - Correlations with OwllLark scores. The suffIX pp indicates change scores from 
pre to post. 

The level of significance of the correlation between change in regularity of nap frequency 

and Owl/Lark scores reached significance only in Group 3 (r=.5, p<.05), suggesting that 

individuals with higher morning tendencies in that group had a greater increase in the 

regularity of their nap taking behavior. When the group correlations were pooled 

together, there was a significant correlation between the change in regularity of nap 

frequency and the Owl/Lark scores over all (r=.33, p<.01). 

Sleep questionnaires and subjective evaluation of the intervention 

The sleep questionnaire used for subject selection was re-administered at the end of the 

experimental phase. Analysis of variance indicated a significant time effect on the scores 

of the questionnaire but not group differences. There was a significant reduction in the 

sleepiness level as measured by the questionnaire. Moreover, at the end of the 

experimental phase, about 64% of the subjects had scores below the cutoff for subject 
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selection and there were no group differences on the percentage of subjects who 

improved below cutoff level. At the end of the experimental phase subjects were asked to 

assess the change they experienced on sleep quality, sleepiness, daytime functioning, 

latency to sleep onset, and general well being. There were no significant correlations 

between these subjective assessments and the change on these variables as reflected in the 

diary. There were also no group differences on any of these variables. These 

questionnaire ratings were however correlated with each other. 
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DISCUSSION 

The main finding of the present study is that when nocturnal sleep is not deprived, 

regularization of the sleep-wake schedules lead to reduced sleepiness and improved 

psychological and cognitive functioning. In a previous study (Manber & Bootzin, 1991) 

we found that a change to more regular wake up times alone produced significant chronic 

sleep deprivation in college students and induced an increase in daytime sleepiness. In 

the present study more regular wake up times coupled with more regular bedtimes (i.e. no 

compromise in total sleep time) led to improvements in daytime sleepiness. There was 

an overall significant reduction in daytime sleepiness for all subjects, but subjects who 

maintained regular bed times and wake up times (Group 2) had greater and longer lasting 

improvements in daytime sleepiness. This group of subjects also experienced greater 

improvements in concentration levels through the active intervention phase. Moreover, 

greater reductions in the variability of bed time were associated with greater reductions in 

sleepiness. A possible explanation for why regularity of wake up time was not a 

significant factor in reducing sleepiness levels is that more regular wake up times tended 

to be earlier as well, and both psychological and physiological adjustment to earlier 

wakeup times are difficult for college students. It is conceivable that, with time, 

individuals may adjust better to earlier bedtime and experience further improvements in 

daytime sleepiness and functioning. This possibility awaits further investigation. 

The observed improvement in subjective rating of concentration with increased regularity 

of sleep patterns complements the result of a series of studies by Taub and colleagues 

(Taub & Berger 1973; 1974; 1976) that examined the relationship between regularity of 

sleep pattern and perfonnance scores on tasks that required attention and concentration. 
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These researchers found that regular sleepers whose sleep schedules were altered 

experienced performance losses relative to baseline and that irregular sleepers had lower 

performance scores than regular sleepers. On the other hand, Bonnet & Alter (1982) 

found no significant change in performance scores on tasks that required attention and 

concentration when sleep schedules of irregular sleepers were manipulated to produce 

very regular schedules. This finding is inconsistent with a natural prediction that 

improvement in concentration levels, as observed in the present study, should lead to 

improvements in the type of performance tasks used by Bonnet and Alter. There are two 

possible explanations for this inconsistency. First, performance measures and subjective 

rating of concentration are likely to measure different constructs. Second, the study of 

Bonnet and Alter led to a sharp and dramatic increase in regularity of bedtime (from a 

standard deviation of 1.3 hours before treatment to a standard deviation of .11 during 

treatment) and of wake time (from.77 hours before intervention to .06 hours during the 

intervention). This was a result of strict sleep schedules monitored in the laboratory that 

led to earlier bedtime and wake times. It is conceivable that adjustment to such a sharp 

change in regularity coupled with the possibly difficult change to earlier wakeup time 

requires more time than the 38 days in their study. It is thus possible that the trend 

toward improved performance with increased regularity found in their study might have 

eventually led to significant improvements in performance. In contrast, the present study 

produced much milder increases in regularity of bedtime (from 1.06 hours to .88 hours) 

and of wake time (from 1.31 hours to 1.02 hours) for 28 days with much milder advances 

of bedtime and waketime (about .2 hours). It might be easier to adjust to such mild yet 

significant change to a more regular sleep schedules and hence observable improvement 

in concentration might be more likely. 
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The results of the present study do not support the hypothesis that irregular sleepers will 

improve alertness by napping. Subjects in the nap group experienced no significant 

change in sleepiness. However, the results of the correlational analysis for subjects in 

the nap group revealed that reductions in sleepiness levels were closely associated with a 

reduction in the variability of nap frequency. In other words, those subjects who had 

greater increases in their nap frequency experienced greater improvements in alertness. 

The results of this study support the hypothesis that individuals with Owl (evening) 

tendencies respond differently to the experimental manipUlation of sleep-wake schedules 

than individuals with Lark (morning) tendencies. Whereas subjects with evening (Owl) 

tendency tended to benefit most from regularizing their nocturnal sleep schedule, subjects 

with morning (Lark) tendencies tended to benefit most from taking more naps. This 

difference could be a result of the fact that individuals with evening tendencies also tend 

to have more irregular sleep wake schedules and as a result are more likely to benefit 

from a change to a more regular schedule. Indeed the results of this and other studies 

(Webb & Bonnet, 1978; Smith et al. 1989) indicate that morning tendencies are 

significantly correlated with more regular sleep wake schedules. Thus, it appears that 

individuals with morning tendencies, that is, those who are more likely to maintain rather 

regular sleep schedules, gain further reduction in daytime sleepiness by taking daily naps. 

Moreover, for subjects in the nap condition (Group 3) greater reductions in the variability 

of nap frequency were associated with greater reductions in daytime sleepiness. 

To better illustrate the effects of the experimental manipulations on sleep parameters, 

changes in sleep from baseline, through the end of the experiment are reviewed for each 

of the experimental groups separately. As instructed, subjects in Group 1 increased their 

nocturnal sleep time from about 7.2 hours per night at baseline to the instructed level of 
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7.5 hours per night and decreased their napping so that total sleep per 24 hours remained 

unchanged. The increase in total nocturnal sleep time was achieved through later wake 

times. These changes in sleep schedules resulted in no changes in any of the sleep 

parameters. 

SUbjects in Group 2 did not change the total amount of sleep at night but reduced the time 

they spent napping. As a result they slept less per 24 hours during the intervention 

compared to baseline. In addition, these subjects increased the regularity of their 

nocturnal sleep schedules. and this change was most pronounced during the first part of 

the intervention. These changes in sleep schedules resulted in decreased latency to sleep 

onset and increased sleep efficiency. These changes in sleep might be a result of the 

reduction in total amount of sleep per 24 hours. An alternative mediating factor might be 

the circadian rhythm. It is conceivable that the change to more regular sleep schedules 

had a stabilizing effect on the circadian rhythm leading to improvements in sleep. This 

possibility awaits further research. Unlike the present study, Bonnet and Alter (1982) 

found no significant change in objective measures of the above two sleep parameters 

following regularization of sleep schedules. The correlations between EEG and diary 

measures of sleep parameters is, in general, substantial (Carskadon et aI. 1976). Thus. 

further explanation of the discrepancy between the objective and subjective measures of 

sleep onset and sleep efficiency are needed. It is possible that no significant relationship 

between regularity of schedule and sleep parameters was found by Bonnet and Alter 

because only two nights, one in each regularity condition, were compared resulting in 

type II error. 

Subjects in Group 3 did not change total nocturnal sleep but increased napping. As a 

result they increased the total amount of sleep per 24 hours. Contrary to popular belief 



that naps may interfere with nocturnal sleep, no significant changes in any sleep 

parameters were observed. There were however nonsignificant increases in latency to 

sleep onset and decreases in sleep quality during the initial phase of the experiment. 

There appeared to be no significant correlation between frequency of naps or total nap 

time and these sleep parameters during the experimental phases. 
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Instructions given at the beginning of the experimental phase addressed total sleep time, 

napping behavior, regularity nocturnal sleep schedule, caffeine consumption, and light 

exposure. Although, as indicated by group averages, all instructions were followed 

during the experimental phase, only two instructions were followed beyond the 

experimental phase. One was morning light exposure that continued to stay above 

baseline levels at follow up and the other was napping behavior. However, whereas 

subjects in the no-nap conditions continued to nap less at follow up compared to baseline, 

subjects who were instructed to increase napping returned to baseline napping levels at 

follow up, demonstrating a sharp decrease in naps from the end of the experimental phase 

to follow up. One might speculate that subjects in the no nap conditions did not return to 

baseline nap levels because they no longer fell the need for a nap. Incidentally, although 

caffeine levels were individually assigned to be the average caffeine consumption at 

baseline, there was a significant reduction in caffeine consumption during the 

experimental phase. It could be the act of monitoring consumption while keeping a limit 

in mind lead to actual reductions in consumption. 

Finally, of note is the close association found in the present study between levels of 

daytime sleepiness and other measures of daytime functioning. Higher levels of daytime 

sleepiness were significantly correlated with irritability, negative mood, poor 

cOlllcentration, and higher levels of alcohol consumption. Moreover, greater reductions in 
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sleepiness level were significantly correlated with greater improvements in all four 

parameters. This relationship between subjective measures of sleepiness and mood 

variables was also found by Johnson and his colleagues (Johnson et al. 1990) who also 

found that no such relationship existed between objective measures of sleepiness and 

mood variables. This difference between subjective and objective measures of sleepiness 

probably reflects on the difference in the constructs. It has been suggested that subjective 

sleepiness is a "sort of a mood itself' (Johnson et al., 1990) and that it is more sensitive 

to external and motivation factors and is less stable over time than the MSLT (Carskadon 

and Dement, 1982). For example, individuals who report feeling sleepy and anxious may 

not be able to fall asleep readily on an MSLT because anxiety is also associated with 

internal arousal that is not conducive to sleep. Indeed, Gokcebay et al (1993) reported 

inverse correlation between MSLT measures and anxiety levels in their sample of young 

adults. 

In conclusion, college students who maintain irregular sleep wake schedules and who 

suffer from elevated levels of daytime sleepiness are likely to feel more alert and better 

able to function if they get at least 7.5 hours of sleep and adhere to more regular sleep 

wake schedules. Individuals with regular and sufficient sleep may further decrease 

sleepiness levels by taking naps regularly. This latter statement awaits further 

investigation. 

The present study has several limitations, most notable is the lack of objective measures 

of sleep and sleepiness. Use of activity monitors could provide more objective measures 

of sleep latency, total sleep, wake after sleep onset, and sleep efficiency. Multiple sleep 

latency tests (MSLTs) and Wake maintenance tests (WMT) (Mitler et al. 1982) on select 

days may provide an important complement to daily subjective reports of sleepiness. In 



addition, inclusion of performance tests could complement subjective ratings of 

concentration. 
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A second limitation of the study is that it did not include a regular nap condition, whereby 

naps are taken about the same time every day. The present study showed that the greater 

the increase in frequency of napping the greater the benefit to alertness. It is conceivable 

that additional benefits will result from regular timing of the nap. This fourth 

experimental condition was originally proposed for the present study but a smaller than 

expected sample size led to the elimination of the proposed regular nap condition in the 

interest of increased power. 

The present study proVides only limited insight into the mechanism by which regularizing 

sleep schedules improves alertness. It suggests that circadian rhythm factors (e.g. 

OwIILark tendencies) may be related to the observed change in sleepiness levels. Other 

studies found that Owls and Larks have different distribution of their body temperature 

(Home and Ostenberg, 1976). Bonnet and Alter (1982) suggested that the temperature 

curve of irregular sleepers is likely to be flatter than that of regular sleepers and that a 

change in the curvature of the temperature rhythm following a regularization of sleep 

schedules might take longer than the time needed for a phase shift. Further studies of the 

changes in the circadian rhythm associated with changes in the regularity of sleep wake 

schedules are needed. 
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APPENDIXl 

Sleep Questionnaire 

1. On school days I wake up between ___ and ___ " and sleep a total of about ____ hours. 

2. On Weekends I wake up between ____ and ___ ,. and sleep a total of aboul ____ hours. 

Rate to what degree you agree with the following statements. 

3. I am excessively sleepy during the day. 

a. Strongly disagree b. disagree c.Neutral d.Agree e. Strongly agree. 

4. How often do you feel very tired and have to struggle to stay awake? 

a. Never b.Rarely c. Occasionally d. Often e. Very often 

S. How often do you feel the need for a nap? 

a. Never b.Rarely c. Occasionally d.Often e. Very often 

6. How often do you feel that your perfonnance is affected by you sleepiness? 

a. Never b.Rarely c. Occasionally d. Often e. Very often 

7. How great a problem do you have with sleepiness (feeling sleepy I struggling to stay awake) during the day? 

a. No problem b.Mild c.Moderate d. Pretty bad e. Severe 

8. Do you take any medication that makes you sleepy or affects your sleep? 

Include allergy medications, antidepressants, sleeping pills, and stimulants. 
If you are not sure please write clearly the name of the medication. 

Yes (specify), ___ _ 
No. 

9. Where you diagnosed with any medical condition that can explain your level of alertness during the day? 

Yes (specify), ____ _ 
No 

Include narcolepsy, depression, chronic fatigue syndrome, sleep apnea, or other. If you are not sure, 
please specify what the diagnosis might be. 

10. Do you snore loud enough that people complain? Yes No 

11. Where you ever observed to gasp for air during the night? Yes No 

12. Do you experience a need to move your legs when you lie down or during sleep? Yes No 

13. Do you have nightmares more than 4 times a week? Yes No 
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14. How often do you drink alcohol? 

a. Never h. Occasionally c. No more than twice a week d. More than twice a week 

15. Do you take any kind of drugs (smoking, sniffing, pills. injections)? 

a. Never h. Less than once a month c. Once or twice a month d. More than twice a month. 
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APPENDIX 2 

Sleepiness Diary 

Please record in this diary every day, at around 3 p.m •• , in the appropriate box below. 
Keep this diary with you every day. If you have a programmable watch please use it to 
remind you to record in this diary. Otherwise use other cues. 

Record the time of day and a number that best describes how you felt today using the 
scale below. 

sleepy 1 2 3 4 5 alert 

2-4 2-5 2-6 2-7 2-8 2-9 2-10 

rating 

time of 
day 

Drop this diary alone; wjth your sleep-wake diary on aHl(!!) jn the box marked 
experiment #7 in room 210 in the psycboJoe;y buildine;. If you drop the diary before 3 
p.rn. on 2-10 record your sleepiness level for 2-10 in appropriate box of the next page. 
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APPENDIX 3 

Subjective Assessment Questionnaire 

Please answer the following questions: 

1. Compared to 4 weeks ago I think that the quality of my sleep has: 

a. Deteriorated a lot b. Deteriorated c. Stayed the same d.Improved c. Improved a lot. 

2. Compared to 4 weeks ago, the level of my daytime sleepiness has: 

a. Decreased a lot 
lot. 

b. Decreased c. Stayed the same d. Increased e. Increased a 

3. Compared to 4 weeks ago the level of my functioning during the day has: 

a. Deteriorated a lot 
10l 

b. Deteriorated c. Stayed the same 

4. Compared to 4 weeks ago the time it takes me to fall asleep at night has: 

d.Improved c. Improved a 

a. Decreased a lot b. Decreased c. Stayed the same d. Increased e. Increased a lot. 

5. It was difficult to live with the schedule imposed by the experiment. 

a. Strongly disagree b. disagree c.Neutral d.Agree e. Strongly agree. 

6. I believe that the schedule imposed by the experiment has improved my general well being. 

a. Strongly disagree b. disagree c. Neutral d. Agree e. Strongly agree. 

7. I will continue to maintain a sleep-wake schedule similar to the one imposed by the experiment. 

a. Strongly disagree b. disagree c.Neutral d.Agree e. Strongly agree. 

8. Check all that apply. To cope with daytime sleepiness in the past 4 weeks I 

a. drank more caffeinated beverages b. went to bed earlier c. took more naps 
d. ate more than usual e. exercised more f.otber ______ _ 

9. I am excessively sleepy during the day. 

a. Strongly disagree b. disagree c.Neutral d.Agree e. Strongly agree. 

10. How often do you feel very tired and have to struggle to stay awake? 

a. Never b.Rarely c. Occasionally d.Often e. Very often 

11. How often do you feel the need for a nap? 

a. Never b.Rarely c. Occasionally d.Often e. Very often 
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12. How often do you feel that your performance is affected by your sleepiness? 

a. Never b.Rarely c. Occasionally d.Often e. Very often 

13. How great a problem do you have with sleepiness (feeling sleepy I struggling to stay awake) during the 
day? 

a. No problem b.Mild c.Moderate d. Pretty bad e.Severe 
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APPENDIX 4 

DOZING BERA VIOR 

Dozing behavior at baseline 
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