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Abstract

Research has shown that adolescents have a circadian phase shift for later sleep onset 

time with increasing pubertal maturation (Carskadon, 1999). The purpose of this study 

was to compare adolescents to adults using reaction times, blood pressure, temperature, 

and pulse at scheduled intervals throughout one night where subjects were required to 

stay awake all night. The subjects were nine adolescent high school students and nine 

adult college students. Each group completed the Denver Fatigue Inventory five times 

throughout the night. The Denver Fatigue Inventory measures reaction times and 

cognitive performances and is correlated to stages of sleep. Multivariate analysis of 

variance did not indicate significant differences among the conditions. Physiological 

measures were also recorded for each participant four times throughout the night. 

Analysis of physiological variables showed that temperature declined over the course of 

the night for both groups. Also, pulse rates were significantly higher in adults than 

adolescents throughout the night. Multivariate analysis of variance did not indicate 

significant interaction effects among these conditions. These results are discussed in 

relation to the implications of adolescent sleep cycles on performance and

methodological considerations.
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A Comparison of Adolescent and Adult Circadian Phases Using 

Reaction Time and Physiological Measures

Research has recently demonstrated that adolescents need more sleep time than 

was previously thought. Throughout the adolescent years it appears that the 

physiological need for sleep may be higher for older adolescents than preadolescents 

(Carskadon, 1990). Unfortunately, the demands of our society in terms of school start 

time, extracurricular activities, and academic responsibilities appear to not be in 

synchrony with adolescent sleep cycles. This apparent mismatch may have important 

implications for redesigning social clocks to capitalize on best performance times for 

adolescents during circadian cycles. There are several factors that may have an affect on 

the sleep cycles of adolescents including school start time, parental influence, peer 

influences, and physiological factors. The purpose of this research is to investigate the 

physiological factors that are related to the sleep needs of adolescents.

The Physiology of Human Sleep

Human sleep and waking cycles follow daily rhythms known as circadian 

rhythms. The suprachiasmatic nucleus (SCN) of the hypothalamus is the location of the 

body’s internal master clock. This area of the brain is responsible for maintaining 

circadian rhythms (Morre & Eichler, 1972; Stephan & Zucker, 1972). Melatonin, a 

hormone secreted by the pineal gland in the brain, is secreted at night. Melatonin is 

regulated by the SCN. Electroencephalogram (EEG) recordings provide a general
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measure of overall brain activity. EEG recordings are also used to assess levels of 

wakefulness and sleep. Thus, EEG recordings are useful in analyzing circadian rhythms.

Sleep cycles consist of alternating periods of slow-wave sleep (SWS) and rapid 

eye-movement (REM) sleep. There are four stages of slow-wave sleep: stage 1, stage 2, 

stage 3, and stage 4. Stage 4 is the deepest sleep stage, while stage 1 is when a person 

can be easily woken. After about 90 minutes of SWS, REM sleep occurs. Dreaming 

occurs in REM sleep (Freberg, 2006). A phase shift in the circadian sleep rhythm could 

be detected by analyzing sleep stages, sleep onset time, sleep offset time, or melatonin 

secretion timing. The circadian sleep and wake rhythms of adolescents will be discussed 

in this paper as well as the pubertal influences that may contribute to a shift in this

circadian rhythm.

Adolescent sleep and wake data shows some very significant indications of a 

circadian shift during adolescence. Older adolescents report later bedtimes, later rise 

times, and bigger variations in bed times on weekday nights versus weekend nights 

compared to younger adolescents. A 90-minute difference between weekday and 

weekend bedtimes of thirteen year-olds was reported versus 60 minutes for ten year olds. 

Rise times of three hours later between weekday and weekend for thirteen year-olds were

also reported. Students attempt to recover more sleep on the weekends. This need to 

obtain more sleep on the weekends is an indication of a sleep deficit (Wolfson, 1996).

An average bedtime between 11 pm-12 am has been found for 17 year-olds compared to 

a 10-10:30 pm bedtime for 13 year-olds. Also, peak functioning has been found to be
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greater in the evening than in the morning for many adolescents (Carskadon, 1990). 

Adolescents are not getting the amount of sleep that is necessary for peak functioning. 

Research has suggested that adolescents need over nine hours of sleep a night for peak 

functioning (Carskadon, Wolfson, Acebo, Tzischinsky, & Seifer, 1998). Research on 

adolescents transitioning from 9th to 10th grade indicates a problem with the amount of 

sleep adolescents are receiving. Sixty two percent of 9th graders achieved at least seven 

hours of sleep a night compared to less than half of the 10th graders. These results 

suggest that adolescents are not getting enough sleep on school nights.

A survey described extreme cases of sleep parameters and sleep/wake habits of 

adolescents. There were 3,120 students (between the ages of 13 to 19 years) who 

participated. They completed an eight page anonymous School Sleep Habits Survey. 

School start times ranged from 7:10 a.m. to 7:30 a.m. The results showed problems 

resulting from sleep deprivation. Subjects who attained less than adequate sleep (under 6 

hours of sleep per night) reported that they slept in later during the weekends. They also 

reported increased behavioral difficulties in comparison to adequate sleepers (greater 

than eight hours per night). Shorter total sleep times correlated with more sleep/wake 

behavior problems including arriving late to class because of oversleeping, feeling tired 

or dragged out nearly every day, needing more than one reminder to get up, higher levels 

of depressive mood and greater sleepiness. The results from students with adequate 

sleep habits (greater than 8 hours per night) were more promising. Longer total sleep 

times, small weekend delays, and low weekend over sleeps were reported in adolescents
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with adequate sleep. The sleep habit section of the survey reported that average total 

sleep time decreased by approximately 40 minutes across the four age groups and the 

average school-night bedtimes were about 45 minutes later. These results support a 

possible shift of older adolescents to a later time of sleep onset and this shift may be 

influenced by physiological changes that occur during puberty and not simply 

psychosocial factors (Wolfson & Carskadon, 1998).

Puberty

There is a link between puberty level and circadian rhythms. Several studies have 

found a circadian phase shift for later sleep onset time with increasing puberty level 

(Carskadon, et al., 1998; Carskadon, Vieira, & Acebo, 1993). Stedman's Online Medical 

Dictionary defines puberty as “the sequence of events by which a child becomes a young 

adult, characterized by the beginning of gametogenesis, secretion of gonadal hormones, 

and development of secondary sexual characteristics and reproductive functions. The 

first signs of puberty may be evident at age eight for girls and age ten-twelve for boys” 

(2004).

Circadian Timing Mechanism

An initial questionnaire designed to measure momingness/eveningness (M/E) 

preference and puberty level was distributed to sixth grade students. M/E is a construct 

that was developed to estimate circadian phase tendencies by self-report. The M/E 

questionnaire contained ten questions regarding preferred timing of recess, tests, 

bedtime, and rising time. Momingness is a preference for such things as early bedtimes
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and early rise times. Eveningness refers to a preference for late bedtimes and late rise 

times. The scores of the M/E questionnaire ranged from 14 to 42, with higher scores 

indicating greater momingness. Pubertal development was assessed with a physical 

development questionnaire. A higher score corresponded to greater pubertal maturation. 

The questionnaire also asked questions on birth order, parental influence on bedtime, 

school start time, and peer groups to explore psychosocial factors affecting momingness 

or eveningness. Data indicated that both boys and girls, in more advanced pubertal 

stages, reported preference for later bedtimes and thus greater eveningness. Psychosocial 

data did not suggest any significant influences on momingess/eveningness. These 

findings suggest that there is a biologically mediated phase delay linked to pubertal 

development that likely involves timing mechanisms and not just external factors 

affecting adolescent sleep patterns (Carskadon et al., 1993).

Daytime sleepiness of adolescents has been researched to determine the extent of 

sleep deprivation of older adolescents. Evaluations were performed on adolescent

subjects by use of overnight sleep recordings, multiple sleep latency tests (MSLT), and 

Tanner staging. MSLT tests measure sleep tendency under standard conditions through 

repeated assessments of the speed of falling asleep and the onset of rapid eye movements 

(REM) (Carskadon et al, 1998). Maturational status was assessed using Tanner staging, 

which includes a maturation score from 1-5. Tanner stage 1 is prepubertal; Tanner 2,3, 

and 4 are intermediate pubertal development, and 5 is a fully mature adolescent 

(Carskadon, 1990). The results demonstrated many key findings. The total amount of
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sleep at night remained constant across the Tanner stages. Second, the MSLT showed a 

clear relationship to maturational stage, with a significant increase in sleep tendency 

during the daytime at Tanner stages 3, 4, and 5. The findings were consistent for both 

boys and girls. These findings suggest that older adolescents need more sleep than 

younger adolescents, because they both slept the same amount at night, yet the older 

adolescents fell asleep more easily during the day (Carskadon, Harvey, & Duke, 1980).

Melatonin

Melatonin is a hormone secreted by the pineal gland. Research has indicated that 

there are daily rhythms in secretion of melatonin, in particular due to the depressing 

effect of light on melatonin production. When light passes through the retina in the eyes 

melatonin secretion is suppressed, and it is secreted when there is a lack of light. 

Therefore, melatonin influences the circadian rhythms of animals (Tosini & Fukuhara, 

2003). Research on the circadian rhythms of adolescents suggests that the offset phase 

of melatonin secretion is significantly correlated with age and pubertal stage. A delay of 

melatonin onset time of about 40 minutes was shown when subjects transitioned from 9th 

to 10th grade (Carskadon, Acebo, Richardson, Tate, & Seifer, 1997; Carskadon et al., 

1998).

A link between the brain mechanisms controlling circadian rhythms and pubertal 

timing has been suggested principally due to the inverse relationship of melatonin and 

luteinizing hormone (LH) secretion across pubertal development. Luteinizing hormone 

is responsible for maturation of ova in females and sperm development in males.
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Waldhauser and Steger (1986) found that nocturnal melatonin levels are subject to 

dramatic changes with age. Melatonin levels were highest in early childhood and 

dropped with sexual maturation. Luteinizing hormone levels were found to be low in 

prepuberty and increase with progressive sexual maturation. Melatonin levels are low

during early infancy, and highest concentrations are around 1-3 years old and 

progressively drop by 75% until young adulthood. During adulthood they remain fairly 

stable. These findings need further research, but suggest a direct connection between 

melatonin levels and onset and duration of puberty.

Another factor that may induce a phase shift might be influenced by an increased 

sensitivity by adolescents to light level in the evening, which may delay the onset of 

melatonin secretion (Carskadon, 1999). This delay may influence a shift in the 

circadian rhythms of adolescents.

Combined, these studies suggest that adolescents show a shift in circadian sleep 

cycles as a result of increasing pubertal maturation. Therefore, adolescents may require 

more sleep to perform like adults. Perhaps our adult-led society is imposing standards 

for performance on adolescents that are not in synchrony with adolescent sleep needs. 

Most adolescents and adults have very differing daytime schedules. Adults work during 

the day, while adolescents are required to be at school all day. Adults may have a more 

relaxed schedule compared to the regimented school schedule of adolescents. These

differences could be detrimental to adolescents because the adults decide on school

schedules. This study’s hypothesis is that adults and adolescents have differing circadian
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sleep rhythms and therefore will show differing reaction times, blood pressures, pulses, 

and temperatures throughout an all-night experiment where the subjects are required to 

be awake the entire night.

Methods

Participants

Nineteen volunteers from two different age groups participated in this 

experiment. Nine adolescents (six male and three female) ranged in age from 15 to 18 

years. Ten adults (one male and nine female) ranged in age from 20 to 24 years. The 

adolescents were high school students who were asked to volunteer while they were in a 

psychology class. They were required to have their parents sign a permission form in 

order to participate. The adults were students from a college psychology course and 

they received class credit for participating. All subjects were debriefed after the 

conclusion of the experiment. They were told what the experiment was measuring and 

what the hypothesis was. The participants were asked not to consume any caffeine after 

12:00 pm on the day of the experiment.

Materials

The computerized Denver Fatigue Inventory, created by Dr. Patrick Sherry 

(1998), was used in the study. The inventory is a standardized test, which contains 

several different reaction time tests. Five different tests were used to assess fatigue level. 

The tests are called the Stanford Sleepiness Scale, the Choice RT test, the Serial 

Addition test, the Light Stimulus test, and the Multi Focus test. The first test was the
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Stanford Sleepiness Scale, which requires a 1-5 answer for level of fatigue. Five being 

the most fatigued and one being the least fatigued. In the Choice RT test, the subjects 

observe a number flashing on the computer screen and are required to press that 

corresponding number on the keyboard as fast as they can. In the Serial Addition test, 

two numbers flash on the screen followed by a plus or minus sign. The subjects have to 

add or subtract the two numbers and press the answer on the keyboard. In the Light 

Stimulus Response test, a yellow light flashes on the screen and the subjects press the 

spacebar as quickly as they can. Finally, the Multi Focus test measures reaction times 

using several different parameters. A string of five letters will flash on the screen and 

the subject must memorize the list for further questions. There are three boxes they will 

need to observe during the test. One box sounds a horn, a second box asks whether a 

certain letter is in the original five-letter string, and the third box has a light signal. Each 

box must be clicked whenever the box shows a letter question, or a horn sound, or a light 

signal. All four of the preceding reaction time tests measure the time, in milliseconds, 

that it takes for the subject to respond. It records the time for each reaction to a light, 

number, question, or sound.

In addition to the Denver Fatigue Inventory, blood pressure, temperature, and 

pulse were recorded throughout the experiment. Research assistants in a separate room 

collected these physiological measures.
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Procedure

The subjects reported to a central area in the Carroll College science building 

between 10:00 pm and 10:30 pm on the night of the experiment. The area was set up 

with couches and televisions for entertainment when testing was not being performed. 

Food and refreshments were provided, which included pizza, non-caffeinated beverages, 

and chips.

Practice Session

The subjects were taken to a room with ten computers. The students were 

instructed to type their name into the ID box of the fatigue program and they were told 

they would use the same computer throughout the experiment. Before the data collection 

began, the participants practiced the Choice RT test, the Serial Addition test, the Light 

Stimulus Response test, and the Multi Focus test for thirty minutes. All participants 

were asked if they felt comfortable with the tests and the apparatus at the end of the 

practice session. They all confirmed that they felt comfortable, so the testing began. 

Experimental Sessions

The adolescents started the experimental session in the computer room at 11:00 

pm. The adults stayed in a separate room while their blood pressure, pulse, and 

temperature were taken. The first computer session included the Stanford Sleepiness 

Scale, the Choice RT test and the Serial Addition test (50 repetitions of each). It also 

included the light stimulus test and multi focus test (ten minutes each). The entire trial 

lasted thirty minutes and when the subjects were done they returned to the couch area.

CORETTE LIBRARY CARROLL COLLBQf
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The procedure was identical for the adult subjects. Throughout the night, there were five 

computer sessions and four physiological sessions per group. Data were analyzed using 

a 2(age) x 5(session) design for computer sessions. Data were analyzed using a 2(age) x 

4(session) design for each of the physiological measures. While not participating in the 

testing, the subjects ate, played games, and watched movies to assure that no one fell 

asleep throughout the night. The experiment lasted from 11 pm until 6 am. At the end of 

the experiment, the subjects were told the nature and reason for the experiment.

Results

A multivariate analysis of variance (MANOVA) was performed on changes in 

subject’s reaction time, blood pressure, pulse, and temperature. The MANOVA 

performed on all these tests indicated no significant differences among the conditions. 

The MANOVA performed on pulse and temperature indicated one main effect for each. 

For temperature, a significant difference for the time condition was found, F(3,48) = 

3.18, P< .05. Temperature decreased with increasing time. For pulse a significant 

difference between the two age groups was found, F( 1,16) = 7.65, P< .05. Pulse rate was 

greater with increasing age.

Discussion

The findings of this research fail to support the hypothesis that there are 

differences between adolescents and adults in reaction times and physiological measures 

throughout the night. Previous research has shown that adolescents have a phase shift in 

time of sleep onset with increasing pubertal maturation (Carskadon et al., 1998;
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Carskadon et al., 1993). Because of this phase shift, a difference was expected between

the two groups as a function of time.

There were no significant differences found in any of the four tests performed 

with the adolescents and adults. Reaction time, blood pressure, pulse, and temperature 

showed no interaction effects. Yet, two significant main effects were discovered. There 

was a significant difference in pulse rates between the adolescents and adults. The adults 

had a higher pulse rate than the adolescents throughout the night. There was also a 

significant difference in temperature as a function of time. Both adolescents and adults 

displayed a decrease in temperature as the night progressed. The pulse difference 

between the two groups was somewhat unexpected. The adolescents were much more 

active throughout the night and I would have expected them to show higher pulse rates. 

There have been no studies done that compare adolescent to adult pulse rates. So, further 

work needs to be done to understand these findings. The decrease in temperature 

throughout the night for both groups corresponds with research on body temperature. 

Human body temperature has been found to decrease throughout the night (Song & 

Rusak, 2000).

Perhaps a reason why this research did not show differences in reaction times and 

physiological measures was due to the closeness in age of the two groups. The 

adolescents ranged in age from 15-18 years old and the adults ranged in age from 20-24 

years old. Previous research has shown a difference in adolescent (thirteen year-olds) 

and pre-adolescent (ten year-olds) sleep cycles and sleep tendencies (Waldhauser &
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Steger, 1986; Carskadon, 1990; Carskadon et al., 1993). A significant difference may 

have been found if the adults were older and the adolescents younger. Research 

performed with pre-pubertal adolescents and older adolescents using this current research 

design might demonstrate differences in reaction times and physiological measures.

Also, there could have been a learning curve involved when testing reaction 

times. The subjects may have become faster throughout the night as they became more 

comfortable with the tests and had more opportunities to engage in the testing protocol. 

Their improved performance could have skewed the data. A way to correct this would be 

to provide practice sessions prior to the night of the experiment. This would eliminate 

the development of a learning curve occurring on the night of the experiment.

In summary, although this research failed to support this hypothesis I believe that 

most adolescents want to go to bed later and sleep later because of a biologically 

mediated phase shift. Even though no differences were found between the two groups, 

future research with a similar design might detect this phase shift in sleep patterns of 

adolescents. Several other studies have indicated several negative effects of sleep 

deprivation on the lives of adolescents. Wolfson and Carskadon (1998) found that 

adolescent students with less than adequate sleep had increased behavioral difficulties in 

comparison to adequate sleepers. Shorter total sleep times correlated with more 

sleep/wake behavior problems. These problems include arriving late to class because of 

oversleeping, feeling tired or dragged out nearly every day, needing more than one 

reminder to get up, higher levels of depressive mood and greater sleepiness. Our societal
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expectations of adolescents may be off-track with their sleep needs and intrinsic sleep 

cycles. Research such as this may help to revise societal standards, such as school start

time.



A Comparison 18

References

Carskadon, M.A. (1990). Patterns of Sleep and Sleepiness in Adolescents. Pediatrician,

17, 5-12.

Carskadon, M.A. (January, 1999). When Worlds Collide: Adolescent Need for Sleep 

versus Societal Demands. Phi Delta Kappan, 348-353.

Carskadon, M.A., Acebo, C., Richardson, G.S., Tate, B.A., & Seifer, R. (June, 1997).

An Approach to Studying Circadian Rhythms of Adolescent Humans. Journal of 

Biological Rhythms, 12, 278-289.

Carskadon, M.A., Harvey, K., & Duke, P. (1980). Pubertal Changes in Daytime 

Sleepiness. Sleep, 2,453-460.

Carskadon, M.A., Vieira, C., & Acebo, C. (1993). Association Between Puberty and 

Delayed Phase Preference. Sleep, 16, 258-262.

Carskadon, M.A., Wolfson, A.R., Acebo, C., Tzischinsky, O., & Seifer, R. (1998). 

Adolescent Sleep Patterns, Circadian Timing, and Sleepiness at a Transition to 

Early School Days. Sleep, 21, 1998.

Freberg, L.A. (2006). Discovering Biological Psychology. New York: Houghton 

Mifflin Company.

Moore, R., & Eichler, V.B. (1972). Loss of Circadian Adrenal Corticosterone Rhythm 

Following Suprachiasmatic Lesions in the Rat. Brain Research, 42, 201-206.

Sherry, P. (1998). Job stress and fatigue in railroad dispatchers. Unpublished report.



A Comparison 19

Song, X., & Rusak, B. (2000). Acute Effects of Light on Body Temperature and

Activity in Syrian Hamsters: Influence of Circadian Phase. American Journal of 

Physiology, 278, 369-380.

Stedman's Online Medical Dictionary (27th ed.). (2004). Retrieved April 2, 2005, from 

http://www.stedmans.com

Stephan, F.K., & Zucker, I. (1972). Circadian rhythms in drinking behavior and

locomotor activity of rats are eliminated by hypothalamic lesions. Proceedings 

of the National Academy of Sciences of the USA, 69, 1583-1586.

Tosini, G., & Fukuhara, C. (2003). Photic and Circadian Regulation of Retinal 

Melatonin in Mammals. Journal of Neuroendocrinology, 15, 364-369.

Waldhauser, F., & Steger, H. (1986). Changes is Melatonin Secretion with Age and 

Pubescence. J Neural Tansm, 21, 183-197.

Wolfson, A.R. (1996). Sleeping Patterns of Children and Adolescents. Sleep Disorders, 

5, 561-565.

Wolfson, A.R., & Carskadon, M.A. (August, 1998). Sleep Schedules and Daytime 

Functioning in Adolescents. Child Development, 69, 875-887.

http://www.stedmans.com

