This article was downloaded by: [dennis nolan]
On: 21 February 2012, At: 18:45
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Scandinavian Journal of Educational
Research
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/csje20

School start time, sleepiness and
functioning in Norwegian adolescents
a

a

Øystein Vedaa , Ingvild West Saxvig , Ane Wilhelmsena

b

Langeland , Bjørn Bjorvatn & Ståle Pallesen
a

b

University of Bergen, Norway

b

University of Bergen, Norway, and Haukeland University
Hospital, Norway
Available online: 05 Dec 2011

To cite this article: Øystein Vedaa, Ingvild West Saxvig, Ane Wilhelmsen-Langeland, Bjørn Bjorvatn
& Ståle Pallesen (2012): School start time, sleepiness and functioning in Norwegian adolescents,
Scandinavian Journal of Educational Research, 56:1, 55-67
To link to this article: http://dx.doi.org/10.1080/00313831.2011.567396

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.tandfonline.com/page/terms-andconditions
This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.
The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

Scandinavian Journal of Educational Research
Vol. 56, No. 1, February 2012, 55 – 67

School start time, sleepiness and functioning in Norwegian adolescents
Øystein Vedaa, Ingvild West Saxvig and Ane Wilhelmsen-Langeland
University of Bergen, Norway1

Bjørn Bjorvatn and Ståle Pallesen
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The study’s aim was to investigate how school start time affects sleepiness and
functioning in Norwegian 10th grade students (N ¼ 106). The intervention school
started at 0930 hours on Mondays and 0830 hours the rest of the week. A control
school started at 0830 hours all schooldays. The students were assessed on a reaction
time test as well as with self-report measures of sleepiness, mood and sleep. The
intervention school obtained one hour longer total sleep time on Sunday nights
compared to the control school and performed better on the reaction time test on
Mondays than on Fridays, relative to the control school. Later school start times may
both lengthen nocturnal sleep and increase students’ alertness in early morning classes.
Keywords: school start time, sleepiness, functioning, adolescents

School start time, sleepiness and functioning in Norwegian adolescents
It is estimated that adolescents need between 8.3 and 9.2 hours of sleep per night
(Carskadon, 1982; Carskadon et al., 1980). However, studies show that they obtain only 7.5
to 8.5 hours per night on average (Allen, 1992; Carskadon, 1990b). In a sample of over
3,000 students (age 13 –19) not more than 15% reported that they obtained 8.5 hours or
more, whereas 26.6% reported that they got less than 6.5 hours of sleep on school nights
(Wolfson & Carskadon, 1998). The discrepancy between needed and obtained amount of
sleep may be due to major physiological and psychosocial changes that occur during adolescence. In terms of the physiological changes, studies show that compared to pre-puberty,
puberty is associated with a slower accumulation of sleep need following periods of wakefulness (Jenni, Achermann, & Carskadon, 2005). Hence the homeostatic sleep pressure builds up
at a slower rate in mature adolescents than in children and less mature adolescents. In addition
to the homeostatic factor, sleep is under influence from the circadian rhythm. This rhythm regulates several bodily processes showing a 24-hour oscillation, among them the timing of sleep
and wakefulness (Bjorvatn & Pallesen, 2009). Several studies have shown that physical
Øystein Vedaa, Department of Psychosocial Science, University of Bergen, Norway; Ingvild West
Saxvig and Ane Wilhelmsen-Langeland, Department of Public Health and Primary Health Care, University of Bergen, Norway; Bjørn Bjorvatn, Department of Public Health and Primary Health Care, University of Bergen, Norway, and Norwegian Competence Center for Sleep Disorders, Haukeland University
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maturation in puberty appears to lengthen the endogenous circadian rhythm (Carskadon,
Acebo, Richardson, Tate, & Seifer, 1997; Carskadon, Vieira, & Acebo, 1993; Hagenauer, Perryman, Lee, & Carskadon, 2009). As a consequence it may become more difficult for the adolescent to fall asleep at an appropriate time in the evening, and likewise more difficult for him or
her to get up early in the morning. In modern societies, these biological changes often seem to
interact with different psychosocial processes. For example, adolescents exert more control
over their own bedtimes than younger children (Carskadon, 1990b), which permits the
former group more access to evening activities (Carskadon, 2002). Recently studies have
shown that the use of electronic devices in the bedroom are associated with later bedtime,
increased sleep latency, decreased sleep duration and excessive daytime sleepiness (Calamaro,
Mason, & Ratcliffe, 2009; Choi et al., 2009; Shochat, Flint-Bretler, & Tzischinsky, 2010; Van
den Bulck, 2004, 2007). Furthermore, adolescents are more likely than younger individuals to
engage in part-time work after school (Carskadon, 1990a, 1990b; Carskadon, Mancuso, &
Rosekind, 1989). Studies have shown that part-time work in adolescents is associated with
delayed bedtimes (Carskadon et al., 1989). All the above mentioned changes occur parallel
with an increase in the workload at school (Manber et al., 1995).
One obvious consequence of delayed bedtime is excessive daytime sleepiness, cognitive
and academic difficulties, and mood disturbances (Banks & Dinges, 2007; Fallone, Owens, &
Deane, 2002; Hill, 1994; Wolfson & Carskadon, 2003). One study from Japan found that
33% of the boys and 39% of the girls reported excessive daytime sleepiness (Ohida et al.,
2004). In a study by Carskadon et al. (1998) it was suggested that daytime sleepiness may
be a consequence of early school start times. The investigators evaluated students in the transition from 9th grade in middle school to 10th grade in high school. Start times for the middle
school and the high school were 0825 and 0720 hours, respectively. The study showed that
early school start time was associated with significant sleep deprivation and daytime sleepiness compared to the later start time (Carskadon et al., 1998). The 9th graders obtained on
average 7.15 hours of sleep and the 10th graders 6.8 hours (Carskadon et al., 1998). In
another study by Wolfson and Carskadon (1998), 87% of the subjects (N ¼ 3 000; aged
13-19) reported needing more sleep than they obtained. The result of the same study
showed that adolescents with short sleep periods on weekdays (6 hours and 45 min) reported
higher levels of depressed mood compared to students obtaining longer sleep periods (8 hours
and 15 min). In line with this, studies show that when school start time is delayed the adolescents experience fewer mood disturbances, sleep longer on school nights and report less
daytime sleepiness, and also obtain better grades (Allen, 1992; Dexter, Bijwadia, Schilling,
& Applebauqh, 2003; Epstein, Chillag, & Lavie, 1998; Linck & Ancoli-Israel, 1995; Owens,
Belon, & Moss, 2010; Wahlstrom, 2001, 2002). For example, Wahlstrom (2002) monitored
18,000 high school students when school opening times were changed from 0715 hours to
0840 hours in the morning. Following this change students achieved almost one more
hour of sleep on school nights, class attendance and daily school enrollment improved,
and the students’ grades improved slightly (Wahlstrom, 2002). Several studies indicate
that daytime sleepiness and reduced sleep quality and quantity in students are related to deteriorated neurocognitive functioning and academic performance (Curcio, Ferrara, & De
Gennaro, 2006; Fallone et al., 2002; Kelly, Kelly, & Clanton, 2001; Meijer, Habekothé, &
Van Den Wittenboer, 2000; Wolfson & Carskadon, 1998, 2003). In a recent meta-analysis
the investigators separately looked at the effects of sleep quality, sleep duration and sleepiness on school performance (assessed by questionnaires, standardized tests or grade point
average) (Dewald, Meijer, Oort, Kerkhof, & Bögels, 2010). The authors concluded that
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the variables were significantly related to school performance. Performance was most
affected by daytime sleepiness, followed by sleep quality and sleep duration (Dewald,
Meijer, Oort, Kerkhof, & Bögels, 2010). In one recent experimental study, adolescents
were sleep restricted for five nights (,6.5 hours in bed) before being tested in a simulated
classroom setting. The result showed that, compared to a counterbalanced control session
(five days with 10 hours in bed), sleep restriction reduced attentive behavior, diminished
learning and lowered arousal in the simulated classroom (Beebe, Rose, & Amin, 2010).
All studies of delayed school start times have so far taken place outside Scandinavia and
no study has investigated the effects of delayed school start time for only one day of the week.
In Norway, most junior high schools start between 0800 hours and 0900 hours. In the present
study, one junior high school (intervention group) had a conventional start time at 0830
hours, but had delayed school start time on Mondays to 0930 hours. The intervention
school was compared with a control school that started at 0830 hours on all schooldays
(control group). We investigated whether vigilance (simple serial reaction time) and selfreported sleepiness, sleep and mood would be affected by school start times by assessing
these parameters in students in both schools at 0930 hours both on a Monday and a Friday.

Method
Participants
A total of 106 10th-grade students from two junior high schools (two classes at each
school) in Norway participated in the study. The school that constituted the intervention
group (n ¼ 55) had delayed school start time to 0930 hours on Mondays and started at
0830 hours the rest of the week. This delayed start time at the beginning of the week was
implemented two years before this study was conducted to give the teachers time for a
weekly meeting. Of the 55 students from this school, 25 of them were boys (45.5%) and
30 girls (54.5%). Due to some missing data and students not showing up on both test
days, the number of paired registrations available varied between 29 and 49 in the different
analyses (Table 1). The control group comprised 51 students at another junior high school. In
this group, 18 of the students were girls (35.3%) and 33 were boys (64.7%). Depending on
Table 1
Results from t-test for Independent Means (delta, Saturday – Sunday)
N
(intervention,
control)
Sleep diary
– Total sleep time,
TST
– Bedtime
– Sleep onset
latency, SOL

29, 44
49, 46
49, 45

Intervention
DM (SD)

77.2 (157.8)
2110.3 (73.2)
28.5 (25.9)

Mark: Cohen’s d is given in absolute value.

Control DM
(SD)

152.5 (143.1)
2127.5 (83.3)
223.0 (43.5)

Cohen’s d

df

t-value

p-value

0.50

71

22.11

.04

0.22
0.41

93
92

1.07
2.00

.29
.05
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the variable being analyzed, the number of paired registrations available varied from 36 to 46
(Table 1). The control group started at 0830 hours on all school days.
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Instruments
Karolinska Sleepiness Scale (KSS). The Karolinska Sleepiness Scale (Åkerstedt & Gillberg, 1990) is a sleepiness scale where subjects rate their current degree of sleepiness. The
scale is verbally anchored with the following steps: 1 ¼ “very alert”, 3 ¼ “alert”, 5 ¼
“neither alert nor sleepy”, 7 ¼ “sleepy, but no problem staying awake” and 9 ¼ “very
sleepy, fighting sleep, effort to stay awake”. The intermediate steps (2, 4, 6 and 8) are not
anchored verbally. A score of 7 or more indicates excessive sleepiness.
Reaction time test (RT). Objective measures of vigilance were obtained with a 10minute simple serial reaction time test administered on a Palm handheld computer (Palm
Inc, Santa Clara, CA, USA). The RT is a modified version of similar tests developed by
Lowden, Kecklund, Axelsson, and Åkerstedt (1998). The test task is validated and has
shown good convergent validity when compared with other similar tests (Lamond,
Dawson, & Roach, 2005). The test comprises 100 black squares appearing on the screen
at squarely distributed intervals (4.75–7.25 seconds). The subjects’ task is to press any
key immediately when a stimulus appears. If a response is made before stimulus appears
or faster than 120 ms (false start), the response is rejected and a warning is displayed on
the screen. If no response is given within 1750 ms, a new interval is initiated. The RT software has a time-resolution of at least 0.5 ms. Parameters derived from the RT comprise mean
and median reaction time, and numbers of “lapses” (omissions, .500ms). The RT was administered on a Monday morning (0930) and on a Friday morning (0930).
Positive and Negative Affect Schedule (PANAS). PANAS is a reliable and valid scale
(Watson, Clark, & Tellegen, 1988) measuring positive affect and negative affect. The questions related to positive affect are meant to give a numeric expression of the subject’s feelings
of enthusiasm, pleasure and engagement. A high score reflects a high degree of positive
affect. The questions regarding negative affect reflect distress and other unpleasurable
states such as nervousness and anger. A high score indicates a high degree of negative
affect. For Mondays, the Cronbachs alpha for positive and negative affect were .75 and
.69, respectively. The corresponding figures for Fridays were .89 and .72.
Retrospective sleep diary. The retrospective sleep diary is a subjective rating instrument
that respondents complete retrospectively for three foregoing days. It contains questions of
bedtime, sleep-onset latency, wake after sleep onset, number of awakenings, early
morning awakening (time spent in bed after final wake-up), final wake-up time, get-up
time, and an overall rating of sleep quality (1 ¼ “very restless”, 5 ¼ “very sound”). Based
on the diary, estimates of total wake time (sleep-onset latency + wake after sleep onset +
early morning awakening), total sleep time, and sleep efficiency (total sleep time as a percentage of time in bed) were calculated.
Procedure
The junior high schools that participated in the study had about the same number of students
in the 10th grade. Before the study was carried out the students received both written and oral
information about the project. All students and their parents signed a written consent form. The
data collection took place in February and March. All students were assessed in their classrooms
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both on a Monday morning at 0930 hours and on a Friday morning at the same time. On
Mondays the data collection took place during the first lesson for the students in the intervention
group, and during the second lesson for the students in the control group. On Fridays the data
collection took place in the second lesson for both schools. On the test days (both Monday and
Friday), all students were first asked to complete the KSS before taking the RT, and then to
complete the PANAS and the retrospective sleep diary. On each test day the data collection
lasted about 30 minutes, and was done simultaneously for all students in each class. To rule
out learning effects on the RT-test, the data collection was done in a counterbalanced way,
where students in one class in each school (intervention and control) were first tested on a
Monday and then on a Friday, while students in the other class from each school were tested
in the opposite order. The two classes at each school were randomly assigned to the different
orders. The study was approved by the Norwegian Social Science Data Services (NSD).

Statistics
Data were analyzed by PASW version 18 (PASW Inc, Chicago, IL). In order to retain as
many participants as possible, the analyses were carried out individually for all the variables.
We used t-tests for independent samples to compare the two groups on the relative change in
the different outcome measures between Monday and Friday; and for the variables in the
sleep diary between Saturday night and Sunday night. Each group’s changes between the
two assessments are referred to as delta values. In all analyses the alpha level was set to .05.
Due to the high dropout rate over the test days and some missing data, the number of subjects included in the analyses deviates somewhat from the total number who participated
overall. To preserve as many participants as possible in the analyses, some of the missing
data in the sleep diary was replaced by estimates. This was just the case for the control
group, where missing get-up time on Monday morning was replaced by mean get-up time
for the remaining weekdays. The number of missing data that were replaced comprised
0.26% of the total number of data points. We also calculated effect sizes (Cohens d) for
the difference between the intervention and the control group (Tables 1 and 2). As a benchmark for interpreting such effects, 0.2 is regarded as a small effect size, 0.5 is a moderate
effect size and 0.8 is considered as a large effect size (Cohen, 1988).
Table 2
Results from t-test for Independent Means (delta, Monday – Friday)

Sleepiness, KSS
Positive affect, PANAS
Negative affect, PANAS
RT-test
– Lapses (.500 ms)
– Median RT
– Mean RT

N
(intervention,
control)

Intervention
DM (SD)

Control DM
(SD)

Cohen’s d

df

t-value

p-value

35, 45
31, 36
32, 41

2.5 (2.7)
.7 (8.1)
2.4 (4.3)

.1 (2.2)
21.2 (6.9)
2.5 (4.2)

0.24
0.25
0.02

78
65
71

21.09
1.01
.13

.28
.32
.90

33, 45
33, 45
33, 45

27.3 (18.2)
249.1 (129.0)
273.7 (168.3)

0.56
0.54
0.49

76
76
76

22.48
22.37
22.17

.02
.02
.03

Mark: Cohen’s d is given in absolute value.

1.3 (12.5)
2.5 (58.8)
2.1 (139.9)
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Results
Sleep variables. For the sleep variables, the result from the t-test is shown in Table 1, and
Table 3 presents an overview of the mean values. When comparing the change in total sleep
time (TST) between Saturday night and Sunday night, the intervention group’s delta values
(DM ¼ 77.36; SD ¼ 157.8) were significantly different from that of the control group (DM
¼ 152.47; SD ¼ 143.07), t(71) ¼ 22.11, p ¼ .04. As shown in Table 3, the two groups had
similar TST on Saturday, whereas the intervention group slept more than one hour longer
compared to the control group on Sunday night. There were no differences between the
groups in terms of bedtime delta values (Saturday–Sunday), t(93) ¼ 1.07, p ¼ .29. Nevertheless, a significant difference in sleep onset latency delta values was observed between the
groups, t(92) ¼ 2.00, p ¼ .05. On average, the intervention group fell asleep 11 minutes
faster than the control group on Sunday night (Table 3).
Reaction time test (RT). The findings from the RT-test are shown in Tables 2 and 4, and
in Figures 1 and 2. A total of 78 students (73.6%) were included in the analyses (intervention,
n ¼ 33; control, n ¼ 45). The intervention group showed significantly fewer lapses
(.500 ms) on Mondays than on Fridays (DM ¼ 27.27; SD ¼ 18.23), compared to the
control group (DM ¼ 1.33; SD ¼ 12.47), t(76) ¼ 22.48, p ¼ .02 (Figure 1). On median
reaction time, the intervention group performed significantly better on Mondays than on
Fridays (DM ¼ 249.12; SD ¼ 129.04), compared to the control group (DM ¼ 2.48; SD
¼ 58.77), t(76) ¼ 22.37, p ¼ .02 (Figure 2).
Subjective sleepiness (KSS) and mood (PANAS). In the analysis of KSS (Table 2),
paired data between Monday and Friday were available for 80 students (75.5%) (intervention,
n ¼ 35; control, n ¼ 45). No significant differences were seen between the groups’ delta
values of subjectively reported sleepiness (intervention, DM ¼ 2.46; SD ¼ 2.72; control,
DM ¼ .13; SD ¼ 2.15), t(78) ¼ 21.09, p ¼ 0.28. Nor did we find significant differences
in terms of delta values of positive or negative affect, respectively t(65) ¼ 1.01, p ¼ .32
and t(71) ¼ .13, p ¼ .90 (Table 2). Mean values are shown in Table 4.

Discussion
The present study further supports the notion that later school start times increase the
amount of sleep obtained by adolescents (e.g. Danner & Phillips, 2008; Epstein et al.,
1998; Owens et al., 2010; Wahlstrom, 2002). While one may expect adolescents to go to
Table 3
Variable Overview Saturday vs. Sunday Assessments
Intervention

Sleep diary
– Total sleep time, TST
– Bedtime
– Sleep onset latency,
SOL

Control

Saturday M (SD)

Sunday M (SD)

Saturday M (SD)

Sunday M (SD)

523.1 (123.4)
0147 hours
(100.2 min)
14.6 (14.4)

445.8 (84.8)
2357 hours
(85.4 min)
23.0 (24.6)

532.0 (106.8)
0217 hours
(81.4 min)
11.0 (14.6)

379.5 (101.9)
0009 hours
(78.4 min)
34.0 (42.1)

Mark: The values are given in minutes if not stated otherwise.
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Table 4
Variable Overview Monday vs. Friday assessments
Intervention
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Sleepiness, KSS
Positive affect, PANAS
Negative affect, PANAS
RT-test
– Lapses (.500 ms)
– Median RT
– Mean RT

Figure 1.

Control

Monday M (SD)

Friday M (SD)

Monday M (SD)

Friday M (SD)

4.0 (1.8)
26.9 (6.2)
12.8 (3.4)

4.5 (5.2)
26.3 (7.1)
13.2 (3.1)

5.0 (1.8)
27.4 (6.0)
14.0 (3.7)

4.9 (2.2)
28.6 (9.0)
14.5 (4.7)

7.3 (9.8)
273.0 (56.2)
321.1 (97.7)

14.6 (19.1)
322.1 (140.2)
394.8 (176.4)

11.1 (11.2)
273.1 (61.9)
394.1 (119.2)

9.7 (10.6)
270.6 (53.0)
346.9 (120.8)

Mean delta values of numbers of lapses (Monday –Friday) as a function of group.

bed later when they start school later, a start time delay of one hour on Mondays actually
caused the students to obtain more than one hour longer sleep duration on Sunday nights,
compared to the control group. Longer total sleep time (TST) may also be the reason why
students performed significantly better on the reaction time test (RT) on Mondays compared
to Fridays, relative to the control group. The number of lapses (omissions) was significantly
reduced on Mondays compared to Fridays for students in the intervention group relative to
the control group, suggesting that they were less fatigued (Lee, Bardwell, Ancoli-Israel, &
Dimsdale, 2010). This is in accordance with previous studies using both subjective
(Dexter et al., 2003; Owens et al., 2010; Wolfson & Carskadon, 1998) and objective (Carskadon et al., 1998) measures of sleepiness. Thus, it was surprising that the self-report sleepiness scale (KSS) revealed no significant effects of the delayed school start time. The
intervention seemed to have a significant facilitating effect on the adolescents’ reaction
time. In adults and children, previous studies have demonstrated a slowing in response
times as a result of both total and partial sleep deprivation (Peters et al., 2009; Van
Dongen & Dinges, 2000). The reaction time test administered in the present study was a
simple sustained attention task similar to other tests (e.g. psychomotor vigilance task)
proven as valid predictors of performance and levels of fatigue (Dinges et al., 1997; Lim
& Dinges, 2008). Sustained attention (intrinsic alertness) is probably a prerequisite to
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Figure 2. Mean delta values of median reaction time (Monday –Friday) in milliseconds as a function
of group.

many higher aspects of cognition, which subsequently may decline if a subject is not able to
sustain a sufficient level of alertness during task performance (Lim & Dinges, 2010; Sturm
et al., 1999). Although vigilance appears to be more affected by sleep deprivation than
more complex attention and cognition (Lim & Dinges, 2010), it is still reasonable to
expect optimal academic performance to also require optimal alertness.
It is not clear why no effect of the intervention was observed in the self-reported sleepiness data. Similarly, the delayed start times did not seem to have any effect on the students’
self-reported mood states, which is surprising considering the overwhelming evidence
linking shorter sleep duration to affective complaints (Dahl & Lewin, 2002; Liu, 2004;
Moore & Meltzer, 2008; Owens et al., 2010; Pilcher & Huffcutt, 1996; Wolfson & Carskadon,
1998). There may be several reasons why the mood and sleepiness assessments did not reveal
any differences/changes. For one thing, studies show that when sleep duration is controlled
for, adolescents still report higher daytime sleepiness compared to younger children (Carskadon et al., 2002). Also, as mentioned earlier, contrary to previous similar studies where the
intervention often includes a delayed school start time throughout the whole week, the intervention in the present study pertained only to Mondays. We assessed the students on a
Monday and on a Friday, where the Friday assessments served as a baseline measure for
each group. It may be that later school start time at the beginning of the week gave the students a ‘buffer’ to gradually advance their weekend delayed sleep pattern (e.g Hansen,
Janssen, Schiff, Zee, & Dubocovich, 2005), which consequently had a facilitating effect
on the intervention groups’ assessments on Friday. Also, the students’ ratings on the subjective measures may be sensitive to what day in the week they are assessed. It’s easy to imagine
students being more positive and alert on a Friday morning, knowing that the weekend is
approaching, as opposed to a Monday morning, which is more often associated with the
blues. This phenomenon has been demonstrated within experimental sleep deprivation
studies and is denoted as end-effects (Haslam, 1983).
Another possible explanation for the discrepancy between objective and subjective
measures is that some students may have felt more alert due to the fact that they were participating in an experiment, as opposed to taking part in a normal school lecture. The novelty of
the situation might have stimulated the students’ interest and affected their ratings on the subjective measures.
The fact that we did not find convergence between the different measures is in line with
data on adults, showing that subjective and objective data on sleepiness and mood may be
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unrelated (Franzen, Siegle, & Buysse, 2008). This underlines the complex nature of sleepiness where subjective and objective measures may address different assets of the entity. Also,
it further suggests that even if the students did not subjectively report being sleepy, their
physiological sleepiness may still have been elevated, causing lapses in attention which
may impede school performance and increase the risk of accidents.
In sum, the findings from the present study are similar to those of previous reports (Allen,
1992; Curcio et al., 2006; Dexter et al., 2003; Epstein et al., 1998; Fallone et al., 2002; Linck
& Ancoli-Israel, 1995; Owens et al., 2010; Wahlstrom, 2002; Wolfson & Carskadon, 2003),
and advocate the positive impact of adjusting school schedules to adolescents’ sleep needs. It
should be noted that most junior high schools in Norway already have relatively late start
times (often close to 0830 hours) compared to the schools included in most of the studies
referred to above. It would be reasonable to expect that the effect of delaying start times
would at some point fall off. The positive effects of the intervention on the objective
measures therefore convey an important message. Seen from a practical point of view, the
problems related to functioning in school caused by too little sleep among adolescents can
be solved either by delaying school start times so much that they are able to obtain the
amount of sleep they need and/or by reducing the adolescents’ sleep phase delay. Recently,
investigators have successfully implemented educational programs to enhance students’
awareness of sleep with the intention of improving their sleep habits (Brown, Buboltz, &
Soper, 2006; Cortesi, Giannotti, Sebastiani, Bruni, & Ottaviano, 2004), although not all
seem to have this effect (Moseley & Gradisar, 2009). Certainly, as the input from multimedia
electronic devices will probably only increase, interventions like sleep hygiene education
may be imperative to accommodate adolescents’ sleep deficiency, either as an alternative
or as a supplement to later school start times.

Study strengths and limitations
In this study we used a quasi-experimental design where the allocation of students to the
two different groups was a non-random process. This precluded us from making clear conclusions about cause and effect. To compensate for the lack of randomization we carried out
repeated measures and performed analyses to address each student’s alteration over the two
test days.
Previous reviews have long urged investigators to utilize objective measures of both sleepiness (Fallone et al., 2002) and daytime functioning (Wolfson & Carskadon, 2003). Few
studies, however, have adhered to this appeal (Dewald et al., 2010). In the present study
we accommodated this recommendation by the use of a neurobehavioral measure to assess
daytime functioning.
A major limitation of the present study was that sleep was recorded by use of a sleep diary
that the students completed retrospectively for the three foregoing days. This has drawbacks
in terms of precision (Pallesen, Nordhus, Havik, & Nielsen, 2001). Another limitation pertains to the missing data and the high dropout rate between the two test days, which dramatically reduced the number of possible paired comparisons. The number of dropout students
was higher for the intervention group than for the control group (intervention, ndropout ¼
16; control, ndropout ¼ 7). This difference was due to a communication error with the administrators at the intervention school, where on one of the test days some of the students were
sent off to the school kitchen to prepare a meal. This did however not affect the
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counterbalancing, since we carried out a new round of testing on a small number of students
from the intervention school to equalize the number of subjects exposed to the two test orders.
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Conclusions and future direction
We conclude that a one-hour delay in school start time on Mondays in junior high schools
in Norway both lengthens the students’ total sleep time and makes them more vigilant in early
morning classes on Mondays. It is, however, not clear whether this intervention leads to positive effects on students’ sleep and alertness throughout the whole week. A further exploration
of the effects of delayed start times at the beginning of the week contra the whole week would
be interesting. Still, as interventions like this have a considerable impact on the community,
we encourage further exploration of alternative options such as sleep hygiene educational
programs. Large-scale long-term experimental studies evaluating the impact of both
delayed school start times and sleep hygiene educational programs on a wide range of parameters (sleep, mood, alertness, school performance, behavior and family life) should be conducted before firm recommendations on how to deal with sleep loss in adolescents are
warranted. As also emphasized by others (e.g. Curcio et al., 2006; Wolfson & Carskadon,
2003), future studies should preferably adopt a multi-measure approach when assessing
the effects of sleep loss on students functioning (e.g. neurobehavioral and standardized
tests, grade point average, and self-reports from students, parents, and teachers).
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