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While there are various theories about the functions of 
sleep, researchers agree that sleep serves multiple 

purposes.1 Some researchers have emphasized physical and 
psychological restoration and recovery,2 memory consolidation,3 
the discharge of emotions and brain functioning,4 while others 
have emphasized biological functions, including the immune 
system.5 However, one major question, so far not investigated, 
is: What is the effect of sleep deprivation on attention, espe-
cially during adolescence.6,7

Many adolescents suffer from a lack of sleep, resulting 
from the combination of biological and environmental 
factors including changes in school starting times, homework 
load, social and extracurricular activities, employment, 
parental influence, and constant use of electronic media. The 
developmental change during adolescence is a shift to a later 
sleep phase, indicated by a preference for later bedtimes and 
later waking-up times. This tendency is often accompanied by 
curtailed sleep during weekdays and by distinct differences 
between weekday and weekend sleep timing and duration.8-12

Previous research has shown a relationship between behavior 
and cognitive performance among adolescents.12-16 More 
specifically, several studies have indicated that the duration 
and the efficiency of sleep affect the cognitive performance of 
attention, memory, learning, and concentration17-19; while partial 
sleep deprivation affects cognitive function and academic 
success in school.18 To date, numerous studies have examined 
sleep duration and academic and cognitive performances and 
the relationship with school starting time among adolescents. 

The present study aims to fill a gap in the research by exploring 
the lack of sleep in adolescents and its effect on their attention 
at school.

Two researchers studied the relationship between sleep-
wake patterns and daily academic and behavioral performance 
among some 13- to 19-year-old students.20 They found that 
students who slept less and had later sleep onset hours produced 
low academic and behavioral performance; in addition, they 
suffered from depressed moods and sleepiness during the day. 
Another study compared performances of younger adolescents 
(10-14 years old) after 5 hours in bed in contrast to a control 
group with 11 hours in bed. The control group scored better 
in creativity and cognition.7 Research indicated that sleep 
deprivation among children and adolescents leads to lower 
cognitive performance; this was manifested in their lack of 
attention, concentration, memory and learning, as well as 

Study Objective: The purpose of the study was to assess 
the attention level of middle-school students by providing a 
group of students with the opportunity for an additional one 
hour of sleep in the morning by delaying school starting time 
by one hour, as compared to another group received no ad-
ditional sleep.
Method: For the first week of the study, the school starting time 
was delayed 1 h for the experimental group (N = 26). In the 
second week, these students returned to their regular school 
schedule. A control group (N = 21) remained on their regular 
schedule for these 2 weeks. Both groups were tested at the 
end of each week with 2 measures to assess their attention.
Results: The results showed that in the first week the 
experimental group slept an average of 55 minutes longer 
each night, for 5 nights (total 275 minutes). Students who slept 

longer performed better in measures of attention as assessed 
by the “Mathematics Continuous Performance Test” and the 
“d2 Test of Attention,” indicating better performance in attention 
level, impulsivity, and the rate of performance.
Conclusions: The study strongly recommends that middle 
schools should consider delaying the school starting time by at 
least one hour. Such a change could enhance students’ cogni-
tive performance by improving their attention level, increasing 
rate of performance, as well as reducing their mistakes and 
impulsivity.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: The purpose of the current 
study was to examine the impact of delaying school starting time by one 
hour on sleep duration and attention performance among 14-year-olds. 
The aim of this study was to assess the effect of sleep duration upon 
attention level with two different instruments. 
Study Impact: The present study strongly suggests that administrators 
of middle schools should consider a change in the time when school 
starts. Such a change could increase sleep duration by approximately 
one hour, improve sustained attention, reduce the number of mistakes 
(of both: attention and impulsivity), and increase the rate of performance.
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control group (N = 21). The school reported that none of the 
participants had suffered major illness or had known attention 
deficit hyperactivity disorder.

Instruments

Actigraph – (Mini-Act, AMA-32, AMI, Ardsley, NY) 
An actigraph is a small device, like a wristwatch, worn on 

the wrist of the non-dominant hand. The device records move-
ments of the wrist; data are collected (in 1-min epochs) and 
analyzed by a computer.

The actigraph was used for objective assessment of sleep 
over a 5-day period; during these 5 days the participants 
completed daily sleep logs to verify use of the actigraph. Use 
of the actigraph for sleep research under natural conditions has 
been found in previous studies to have adequate reliability and 
validity for research.27 Actigraphs were worn throughout the 
5 school nights. Activity data were downloaded and analyzed 
using the ActionW software (Version 2, using Sadeh algorithm 
#20). The actigraph was used to determine the onset of sleep 
(the first min of ≥ 3 consecutive min of sleep as recorded by the 
algorithm) and the end of sleep (the last min of ≥ 5 consecutive 
min of sleep just before the end of the sleep period). Measures 
also included sleep efficiency and duration of sleep.  

MATH-CPT
The MATH-CPT (Mathematics Continuous Performance 

Test)28 is a CPT-type computerized test designed to assess 
sustained attention. The test had 450 simple mathematical 
problems of addition, subtraction, multiplication, and division 
with a solution ≤ 10. There were right and wrong answers in the 
test, (e.g., 1 + 3 = 4, or 4 × 2 = 7). The participants were shown 
one problem at a time on the computer screen and had to decide 
whether the solution to the problem was correct or incorrect by 
pressing ‘1’ for a correct answer or ‘2’ for an incorrect answer. 
The test had no time limit and took between 10 to 20 min. The 
test recorded response time, accuracy of response, standard 
deviation of the response time (a measure of variability of the 
response rate), anticipatory-impulsive responses, and included 
a final overall attention level formula to assess the overall 
attention level of the participant. This formula was the most 
important item as it estimated sustained attention. In this for-
mula a score above ‘0’ indicated difficulty in attention, while 
a score < 0 was considered within the normal range. During 
the construction of this instrument, test-retest reliability after 
one week of testing showed correlations of 0.85 to 0.48 for the 
main measures of the MATH-CPT. During development of the 
MATH-CPT, stepwise discriminant function analysis was used 
to compare a control group with a group of people with ADHD. 
The results showed that the test could identify 91.60% of the 
subjects in both groups.

d2 Test of Attention
The d2 Test of Attention29 is a graphic-motoric test of 

cancellation aimed to assess attention. The test included a task 
of cancelling specific designated letters (p or d) with small 
vertical lines above and/or below the letters. The test had 14 
rows of 47 characters in each row—a total of 658 characters. 
The participants were allowed 20 sec to cancel the designated 

lower motivation, more absences from school, moodiness, and 
depression.6,20,21

Few standardized measures of normative sleep-wake 
patterns, and cognitive performances in healthy children or 
adolescents have been reported. One such study investigated 
the effects of the school starting time on sleep duration and 
fatigue among 572 fifth-grade students; it was based on a 
self-report questionnaire.24 Sleep duration was significantly 
shorter for early risers who complained significantly more than 
the late risers of daytime sleepiness and poor concentration 
at school. Yet another study sought to establish normative 
developmental data of sleep patterns in Israeli children 
in the second, fourth, and sixth grades using actigraphy, 
sleep diaries, and questionnaires based on parent and child 
reports.23 Questionnaire data revealed that, with increasing 
age, there was increased morning drowsiness and a tendency 
for daytime napping.

One study reported that 35 more minutes of sleep affected 
memory, attention, and reaction time among children 9-12 years 
old.19 Similarly, other studies24 found a similar relationship 
among 14-year-olds in their natural environment when their 
sleep was monitored by actigraphy. This preliminary study 
indicated that during the experimental week, when subjects 
went to sleep earlier and slept an average of 38 minutes more 
than during the baseline week, their attention improved. These 
results clearly demonstrated that an earlier bedtime, resulting in 
a longer sleep time, positively affected cognitive functioning. 
O’Malley and O’Malley25 found that after a whole high school 
delayed its starting time, high school students slept 40 minutes 
longer during school nights, without appreciably delaying their 
bedtime. The students in that study reported lower levels of 
daytime sleepiness after the schedule had been changed.

The goal of the current study, therefore, was to examine 
the impact of delaying school starting time one hour on sleep 
duration and attention performance among 14-year-olds, using 
2 measures of attention. The unique contribution of this study 
was a careful scrutiny of the effect of sleep duration upon 
attention level with 2 different instruments. The hypothesis of 
the study was that a delay in school starting time by one hour 
would increase time in bed and sleep duration, and improve 
performance on tasks of attention.

METHODS

Participants
The study was conducted on a group of eighth-grade students 

from the Northern Israel public school of Jezreel Valley. Prior 
to the research, permission was granted by the Ministry of 
Education to conduct the procedures described below. The 
study was approved by the school. All the parents gave written 
consent for their children to participate in the research. Forty-
seven students (mean 13.78 years, SD = 0.28), including 20 
boys and 27 girls participated in the study. Most students 
arrived at school by transportation organized by the regional 
council. Most schools in Israel operate 5 days a week, from 
Sunday to Thursday. As a rule, school starts daily at 07:30. One 
class was chosen at random to be the experimental group (N = 
26), while the other class, also chosen at random, served as a 
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seeing what the other students did. During the second week, the 
test order was reversed to avoid possible order effects.

RESULTS

A 2 × 2 repeated analysis of variance (ANOVA) (by time: 
week 1 vs. week 2; and by group: experimental group vs. con-
trol group) was used to evaluate the effect of the 2 independent 
variables: regular sleep v. longer periods of sleep, on the de-
pendent variables: various measures of attention. It was found 
that throughout the first week the experimental group woke up 
significantly later (mean time = 07:07, SD = 0:16) than the con-
trol group (mean time = 06:27, SD = 0:23), while in the second 
week, there were almost no differences in the waking hours. In 
addition, the experimental group slept significantly longer in the 
first week (mean = 8 h 26 min, SD = 0:13) than the control group 
(mean = 7 h 29 min, SD = 0:11), while in the second week, there 
were much smaller differences between the 2 groups. These 
results reflected the purpose of the study: to have a longer pe-
riod of sleep (the experimental group slept in the first week on 
average 55 minutes longer each night, for 5 nights as compared 
to the second week) and waking up later in the morning (by 55 
minutes) for the experimental group during the first week of the 
experiment. No significant differences were found between the 
2 groups in the measures of the time when sleeping began and 
in sleep efficiency. These results are shown in Table 1, Table 2, 
and Figure 1 (Table 2 is a continuation of Table 1, presented 
separately because of space limitations, and the figure presents 
only the results of the most conspicuous variables).

A 2 × 2 repeated ANOVA of the results of the MATH-CPT 
and the length of time the students slept showed that both 
groups improved their performance in the MATH-CPT main 
measure of attention (�����������������������������������������Overall attention level������������������) due to the prac-
tice effect; this can be seen by the “within” F scores in Table 2 
(“within F” refers to the changes from first trial to second trial 
within each group). However, when the experimental group 
slept more, they performed much better than the control group 
(see Table 3, Table 4, and Figure 2). These results can be seen 
in the significant interaction between the overall attention level 
score and the length of time they slept (mean overall attention 
level = −1.13, SD = 0.64 for the experimental group, mean 
−0.17, SD = 1.03 for the control group, F1,47 = 6.54, p < 0.05; 
in this measure, a lower score indicated better sustained at-
tention). Almost no differences were found when both groups 
started school at the same time in the second week of the ex-
periment (mean overall attention level = −1.37, SD = 0.53 for 
the experimental group, mean −1.18, SD = 0.77 for the control 
group). No significant interaction was found in any of the other 
variables of the MATH-CPT and the length sleep (although the 
experimental group had better performance in 3 other MATH-
CPT variables: these results can be seen in “between subjects 
F,” which refers to the differences between the 2 groups result-
ing from experimental manipulation).

Assessing the results of the d2 Test of Attention showed 
significant interaction of 5 d2 variables with the time the par-
ticipant slept. The 5 variables showing significant interactions 
were: total signs marked, total mistakes, missing correct mis-
takes (considered mistakes of “inattention”), marked wrong 
(considered mistakes of “impulsivity”), and the percentage of 

letter (the letter d) on each row, with 2 small vertical lines 
below and/or above the letter. The task lasted 4 minutes 40 
seconds. Before starting the test, each student was given a full 
explanation and a chance to practice the task in a one-line trial. 
The test assessed attention through using rate of cancellation, 
accuracy, consistency of the work, and the number of mistakes. 
The d2 Test of Attention has been used in many studies to assess 
attention. Qualities of the test included a test-retest reliability > 
0.90 in numerous studies.29 The validation of the d2 test has 
shown significant correlations with other measures of attention. 
Several studies have shown that a population of ADHD scored 
lower than one without ADHD in various measures of the d2 
Test of Attention.30,31

Procedure
The experiment lasted 2 weeks. During these 2 weeks, the 

participants wore an actigraph to record sleep and kept a diary 
of sleep onset, wake-up time, and actigraphic activity. Sleep 
diaries were used by the participants only to validate sleep 
measured by the actigraph and were not used in the statistical 
analysis. Actigraphic data and sleep diaries served as a measure 
to assure that the experimental group slept longer and woke 
up later during the experimental week, while the control group 
maintained normal sleep habit during the 2 weeks the experi-
ment lasted.

The subjects were instructed to go to bed at their normal time 
during the experiment and to be exact about going to sleep at the 
same time, regardless of their waking time. Falling asleep time 
and wake-up time were monitored by actigraphy. Actigraphic 
data were collected for 5 days each week (from Saturday night 
until the following Thursday morning). At the conclusion of 
each week, on Thursday morning, all the participants performed 
the attention level tasks.

The experimental manipulation was conducted only in the 
experimental group in the following way: during the first week, 
transportation from the various settlements was organized 
according to the new timetable (1 h later); this enabled the 
students to start their school day at 08:30 (1 h later than normal). 
During the second week, the experimental group arrived at 
school at the normal time and started school at the regular time, 
i.e., 07:30. Apart from this change, the students were instructed 
to keep to their normal daily routines, as well as going to bed at 
their regular time; this was done to ensure that they gained an 
extra hour of sleep. In addition, the experimental group finished 
school one hour later; this was done in order not to lose school 
study time and to maintain their regular schedule.

The second class served as a control group; there were no 
changes in their daily routine. These students kept their normal 
daily schedule; they started school at 07:30 and kept sleep onset 
on the regular time during the 2 weeks of the experiment. The 
classroom teacher of both groups was responsible for seeing 
that each group kept its planned schedule.

On the last day of each week, (Thursday morning) all 
students completed the 2 attention tasks. The tests were 
performed in 2 classes—the MATH-CPT took place in the 
school computer class, and the d2 Test of Attention was carried 
out in a different classroom. Administration of attention tests 
was counterbalanced between groups and across weeks. Each 
student performed the tasks on his or her own without talking or 
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each night—for 5 nights following the delay in school start time. 
The distinctive contribution of the study to sleep research was 
a careful measure of the effect of sleep duration upon attention 
level using two different instruments assessing attention.

The hypothesis of the study was accepted; when the students 
(i.e., the experimental group in the first week) slept longer, they 
performed better than the control group on tests requiring atten-
tion. The meaning of the six significant interactions found in the 
study is the same: while the experimental group performed better 
during the first week when they slept longer, their improvement 
in the second week, due to practice effect, was marginal. In con-
trast, the control group performed poorer in the first week and 
improved a great deal in the second week due to practice effect.

The differences between the two groups were found in the 
main measure of a computerized test (MATH-CPT): the overall 
attention level, which assesses sustained attention. In the d2 Test 
of Attention there were differences in five variables, indicating 
that the experimental group marked more signs and made fewer 
mistakes. This was seen in four measures of the number of mis-
takes: (1) total mistakes; (2) missing correct answers, which 
measures attention; (3) marking wrong sign, which measures 
impulsivity; and (4) the percentage of errors. In the fifth vari-
able of the d2 Test of attention, assessing speed of responses, 
there was also better performance of the experimental group in 
total signs marked. These results coincide with another study,19 
which found that sleep quantity influences the reaction time.

It is important to note that in both groups there was an im-
provement on most variables of both tests due to practice effect, 
i.e. being tested twice within one week (a phenomenon found in 
many cognitive tests). Nonetheless, the changes reported here 
were beyond this practice effect.

Other studies using a procedure of limiting the period of 
sleep6,7 suggested that a slight lack of sleep could be detected 

errors. Four of these 5 variables were connected to the number 
of mistakes while performing the test, and one assessed rate of 
performance. These results are shown in Table 3, Table 4, and 
Figure 2 (Table 4 is a continuation of Table 3, presented sepa-
rately because of space limitations, Figure 2 presents only the 
results of the most conspicuous variables of the MATH-CPT 
and the d2 Test of Attention).

DISCUSSION

The purpose of this study was to assess the effects of longer 
sleep duration (i.e., one additional hour of sleep for five nights) 
on attention levels among adolescents; this was achieved by de-
laying school start time by an hour. Estimated by actigraphy, 
students obtained more sleep—on average 55 minutes longer 

Table 1—Sleep means (SD) of experimental and control groups measured by actigraphy
Experimental Group Control Group

First Week Second Week First Week Second Week
Variable SD SD SD SD 

Sleep Onset Time1,2 22:41 0:21 22:42 0:35 22:58 0:23 23:04 0:35
Sleep Offset Time1 7:07 0:16 6:13 0:13 6:27 0:23 6:22 0:19
Sleep Duration1 8:26 0:13 7:31 0:19 7:29 0:11 7:18 0:19
Sleep Efficiency3 95.72 2.57 96.94 1.60 92.43 6.65 94.50 3.69

1In hours and Minutes HH:MM; 224 hour clock; 3Sleep efficiency is reported in percentages, using the following formula: (sleep time/time in bed × 100).

Table 2—Continuation of Table 1, with statistical analysis of: sleep measures of the experimental and control groups, measured 
by actigraphy: F-values, F-interaction, partial eta squared, and observed power (experimental group, control group)

Variable
F-Within 
Subject

Partial Eta 
Squared

Observed 
Power

F-Between 
Subjects

Partial Eta 
Squared

Observed 
Power F-Interaction

Partial Eta 
Squared

Observed 
Power

Sleep Onset 0.28 0.02 0.08 2.44 0.13 0.31 0.21 0.01 0.07
Sleep Offset 60.93** 0.78 1.00 5.46* 0.24 0.60 41.18** 0.71 1.00
Sleep Duration 16.14** 0.49 0.97 14.43** 0.50 0.95 6.85* 0.29 0.69
Sleep Efficiency 5.14* 0.23 0.57 2.87 0.14 0.36 0.35 0.02 0.09

*p < 0.05, **p < 0.01. 

6.13
7.07 7.29

8.36

6.22 6.27
7.18 7.31

Sleep Duration, 
Control Group

Sleep Duration, 
Research Group

Wake-Up Time, 
Control Group

Wake-Up Time, 
Research Group

1st Week
2nd Week

Figure 1—Comparison of sleep duration and wake-up time 
of experimental and control groups during the two weeks of 
the experiment (in hours and minutes)
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started school later, reported waking more than an hour later 
on school days and obtained 50 minutes more sleep each night; 
they showed less sleepiness and tiredness than adolescents who 
started school early.

The results of the present study are more striking because it 
was performed within the natural environment of the students 
and with the regular daily schedule of the participants. The 
manipulation of the study was one additional hour of sleep—
something that could be achieved in many schools by changing 
the time at which the school starts in the morning. This allows 
the researchers to assume that middle-school students who are 

by searching for specific measures of cognitive-behavioral vari-
ables that were more sensitive to a lack of sleep. The results of 
the present study indicate that such measures were within the 
realm of attention.

Consequently, the present school schedules can lead to 
insufficient sleep and disturbed sleep patterns and are followed 
by a worsening in health, daytime functioning, and academic 
performance, as well as daytime sleepiness and fatigue 
(especially during the morning). The long-term solution would 
be to change school start time, as suggested by some studies. 
Wolfson et al.26 reported that middle-school adolescents who 

Table 3—Mean (SD) effect of sleep on cognitive measures used in the study
Experimental Group Control Group

First Week Second Week First Week Second Week
Variable SD SD SD SD

MATH-CPT
Total Time (Sec) 767 141 628 111 948 335 822 315
SD Total Time 0.84 0.29 0.58 0.30 1.10 0.55 0.97 0.68
Anticipatory-Impulsive 0.11 0.32 0.16 0.38 0.24 0.56 0.38 0.88
Correct Responses 433 8.21 437 8.10 427 13.87 435 10.68
Overall Attention Levela -1.13 0.64 -1.37 0.53 -0.17 1.03 -1.18 0.77

d2 Test of Attention
Total Signs Marked 396 58 461 74 382 50 422 67
Marked Minus Mistakes 381 55.48 444 76.40 359 43.81 408 65.04
Correct Responses 153 22.22 182 34.72 141 16.96 165 25.98
Total Mistakes 14.47 8.61 17.47 11.65 23.30 15.51 13.95 8.94
Missing Correct 12.94 8.52 13.94 9.26 19.80 13.77 12.60 8.56
Marked Wrong 1.53 1.07 3.53 6.06 3.50 3.91 1.35 1.69
Percentage Errors 3.61 2.18 3.92 2.76 5.91 3.66 3.03 2.08
Concentration Performance 151 21.97 179 37.51 138 17.32 163 26.35

aA lower indicates of a better attention level.

Table 4—Continuation of Table 3 with statistical analysis of effect of sleep on cognitive measures used in the study: F-values, 
partial eta squared, and observed power

Variable
F-Within 
Subject

Partial Eta 
Squared

Observed 
Power

F-Between 
Subject

Partial Eta 
Squared

Observed 
Power

F-
Interaction

Partial Eta 
Squared

Observed 
Power

MATH-CPT
Total Time (Sec) 28.22** 0.45 1.00 5.99* 0.15 0.66 0.07 0.02 0.06
SD Total Time 9.71** 0.22 0.86 5.11* 0.13 0.59 1.04 0.03 0.17
Anticipatory-Impulsive 0.55 0.16 0.11 1.70 0.05 0.25 0.12 0.03 0.12
Correct Responses 15.41** 0.31 0.97 1.97 0.06 0.28 1.41 0.04 0.21
Overall Attention Level 17.38** 0.37 0.98 6.67* 0.18 0.71 6.54* 0.18 0.70

d2 Test of Attention
Total Signs Marked 105.00** 0.75 1.00 1.70 0.05 0.25 6.30* 0.15 0.68
Marked Minus Mistakes 93.95** 0.73 1.00 2.25 0.06 0.31 1.37 0.04 0.21
Correct Responses 88.44** 0.72 1.00 3.54 0.09 0.45 1.15 0.03 0.18
Total Mistakes 2.64 0.07 0.35 0.65 0.02 0.12 9.97** 0.22 0.87
Missing Correct 4.58* 0.12 0.55 0.82 0.02 0.14 8.01** 0.19 0.79
Marked Wrong 0.08 0.00 0.05 0.02 0.00 0.05 5.80* 0.14 0.65
Percentage of Errors 5.84* 0.14 0.65 1.17 0.03 0.18 9.36** 0.21 0.85
Concentration Performance 62.45** 0.64 1.00 3.37 0.09 0.43 0.08 0.02 0.06

*p < 0.05, **p < 0.01. 
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an ABA design would have been a preferable method for such 
research. Although the procedure of selecting the groups at ran-
dom was used to reduce these possible effects, it is suggested 
that in future research a baseline of cognitive abilities should be 
obtained. In future studies, there should be more subjects with 
different age groups and an assessment for gender differences.

REFERENCES
1.	 Rechtschaffen A. Current perspectives on the function of sleep. Perspect Biol 

Med 1985;41:359-90.
2.	 Carlson N. The physiology of behavior (In Hebrew). Tel Aviv: The Open Univer-

sity, 2001.
3.	 Stickgold R. Sleep dependent memory consolidation. Nature 2005;437:1272-8.
4.	 Franzen PL, Siegle GJ, Buysee DJ. Relationship between affect vigilance and 

sleepiness following sleep deprivation. J Sleep Res 2008;17:34-41.
5.	 Malik W, Kaplan J. Sleep deprivation. Prim Care 2005;32:475-90.
6.	 Fallone G, Acebo C, Arndet JT, Seifer R, Carskadon MA. Effects of acute sleep 

restriction on behavior, sustained attention, and response inhibition in children. 
Percept Mot Skills 2001;93:213-29.

7.	 Randazzo AC, Muehlbach MJ, Schweitzer PK, Walsh JK. Cognitive function 
following acute sleep restriction in children ages 10-14. Sleep 1998;21:861-8.

8.	 Carskadon MA, Acebo C, Jenni OG. Regulation of adolescent sleep: implications 
for behavior. Ann N Y Acad Sci 2005;1021:292-3.

9.	 Mindell JA, Owens JA, Carskadon MA. Developmental features of sleep. Child 
Adolesc Psychiatr Clin N Am 1998;8:695-725.

10.	 Crowley SJ, Acebo C, Carskadon MA. Sleep, circadian rhythms, and delayed 
phase in adolescence. Sleep Med 2007;8:602-12.

11.	 Carskadon MA, Wolfson AR, Acebo C, Tzischinsky O, Seifer R. Adolescent 
sleep patterns, circadian timing, and sleepiness at a transition to early school 
days. Sleep 1998;21:871-81.

12.	 Carskadon MA, Vieira C, Acebo C. Association between puberty and delayed 
phase preference. Sleep 1993;16:258-62.

13.	 Millman PR. Excessive sleepiness in adolescents and young adults: causes, 
consequences and treatment strategies. Pediatrics 2005;115:1774-86.

14.	 Taylor DJ, Jenni OG, Acebo C, Carskadon MA. Sleep tendency during extended 
wakefulness: insights into adolescent sleep regulation and behavior. J Sleep 
Res 2005;14:239-44.

15.	 Blunden S, Lushington K, Kennedy D. Cognitive and behavioral performance 
in children with sleep-related obstructive breathing disorders. Sleep Med Rev 
2001;5:447-61.

16.	 Gozal D. Sleep-disordered breathing and school performance in children. 
Pediatrics 1998;102:616-20.

17.	 Sadeh A, Gruber R, Raviv A. The effects of sleep restriction and extension on 
school-age children: what a difference an hour makes. Child Dev 2003;74:444-55.

18.	 Taras H, Potts-Datema W. Sleep and student performance at school. J Sch 
Health 2005;75:248-9.

19.	 Dahl RE. Sleep, learning, and the developing brain: Early-to-bed as a healthy 
and wise choice for school-aged children. Sleep 2005;28:1498-9.

20.	 Wolfson AR, Carskadon MA. Sleep schedules and daytime functioning in 
adolescents. Child Dev 1998;69:875-87.

21.	 Fallone G, Acebo C, Seifer R, Carskadon MA. Experimental restriction of sleep 
opportunity in children: effect on teacher ratings. Sleep 2005;28:1561-7.

22.	 Epstein R, Chillag N, Lavie P. Starting times of school: effects in daytime 
functioning of fifth-grade children in Israel. Sleep 1998;21:250-6.

23.	 Sadeh A, Raviv A, Gruber R. Sleep patterns and sleep disruptions in school-age 
children. Dev Psychol 2000;36:291-301.

24.	 Gasol N, Tzischinsky O, Lufi D. The effect of sleep-wake cycles upon cognitive 
performance among adolescents (in Hebrew). Unpublished manuscript, Jezreel 
Valley College, 2006.

25.	 O’Malley EB, O’Malley MB. School start time and its impact on learning and 
behaviour. In: Ivanenko A, ed. Sleep and psychiatric disorders in children and 
adolescents. New York, London: Information Healthcare Publisher, 2008:28-72.

26.	 Wolfson AR, Spaulding NL, Dandrow C, Baroni, EM. Middle school start times: 
The importance of good night’s sleep for young adolescents. Behav Sleep Med 
2007;5:194-209.

27.	 Acebo C, Sadeh A, Seifer R, Tzischinsky O, Wolfson AR, Hafer A. Estimating 
sleep patterns with activity monitoring in children and adolescents: how many 
nights are necessary for reliable measures? Sleep 1999;22:95-103.

given a chance to sleep an additional hour in the morning could 
perform better in school because of better attention levels. The 
present study could not distinguish whether the positive effect 
of the manipulation was due to extra sleep (lasting on average 
55 minutes longer each night for five nights), or whether these 
results reflected waking up 55 minutes later than usual. The an-
swer to this question was beyond the scope of the present study. 
Practically, it is difficult to make adolescents go to bed earlier; 
but an additional hour of sleep in the morning is more easily 
attainable and coincides with biological changes during ado-
lescence. This aspect should be investigated in future research.

The above results raised the question: Will starting school 
later enhance school performance? Our study joins some other 
research in an attempt to answer the question. In a study per-
formed in Minnesota, it was arranged for a school to start af-
ter 8:30 a.m.32-34 It was reported that the students, their parents, 
and superintendents claimed that delaying the starting time 
positively influenced students’ study habits. In addition, it was 
found that extracurricular activities after school did not suffer 
from the change. A follow-up study of the program indicated a 
benefit from the change regardless of the administrative effort 
and time devoted that such a change requires.35

The present study strongly suggests that middle schools 
should consider a change in the time when school starts, i.e., 
at least one hour later. Such a change could improve the atten-
tion level of the students and increase the rate of performance, 
possibly without interfering with extracurricular activities per-
formed after school. Another byproduct of the present study 
was a suggestion to investigate the potential of additional sleep 
on the attention level among students with attention deficit hy-
peractivity disorder (ADHD).

The study is not without some limitations. Technical limita-
tions of the school did not allow the study to continue longer 
and include more participants. There was also a lack of a 
measurement of pubertal development. This was a field study 
performed in school during school time, a reality that caused 
several practical difficulties. In particular, a baseline of sleep-
ing habits, intellectual ability, and the level of attention of both 
groups before the study started were not established. Probably 

aLower score indicates higher attention level. bHigher score indicates 
more mistakes.
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