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Objectives: To describe sleep-wake patterns in kinder-
garten children by measures derived from question-
naire, diary, and actigraphy and to report rates of agree-
ment between methods according to Bland and Altman.

Design: Cross-sectional study, data from 7 nights of ac-
tigraph recordings and sleep diary and from a question-
naire.

Setting: Children studied in their homes.

Participants: Fifty children, aged 4 to 7 years.

Main Outcome Measures: Sleep start, sleep end, as-
sumed sleep, actual sleep time, and nocturnal wake time
derived from different methods.

Results: Differences between actigraphy and diary were
±28 minutes for sleep start, ±24 minutes for sleep end,
and ±32 minutes for assumed sleep, indicating satisfac-
tory agreement between methods, whereas for actual sleep

time and nocturnal wake time, agreement rates were not
sufficient (±106 minutes and ±55 minutes, respec-
tively). Agreement rates between actigraphy and ques-
tionnaire as well as between diary and questionnaire were
insufficient for all variables. Sex and age of children and
socioeconomic status did not influence the differences
between methods for all variables.

Conclusions: Actigraphy and diary may be interchange-
ably used for the assessment of sleep start, sleep end, and
assumed sleep but not for nocturnal wake times. The di-
ary is a cost-effective and valid source of information about
children’s sleep-schedule times, while actigraphy may pro-
vide additional information about nocturnal wake times
or may be used if parents are unable to report in detail.
It is insufficient to collect information by a question-
naire or an interview asking about children’s normal sleep
patterns.
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T HE EVALUATION OF CHIL-
dren’s sleep-wake patterns
is essential for the identifi-
cation and management of
sleep problems, which

affect 20% to 30% of children 1 or more
times during childhood.1 The assessment
of sleep-wake patterns in children is also
an important procedure in basic and clini-
cal pediatric sleep research.

A frequent approach to assess the child’s
sleep-wake patterns is simply to ask the par-
ents as part of the interview. Additional data
may be collected either by questionnaires
or sleep diaries, which visualize sleep pat-
terns over time. Other methods include
actigraphy, providing a reliable and objec-
tive estimation of sleep times and interrup-
tions over multiple days,2,3 and polysom-
nography, tracking the microstructure of
sleep in the laboratory over 1 or 2 nights.

These most commonly used methods are
different in terms of duration, effort, cost,
and source of information. Interview pro-
cedures, questionnaires, and diaries are
based on parental reports (subjective in-

formation), whereas actigraphy records ob-
jective measures of the child’s sleep-wake
patterns derived from movements. The
source of information (subjective vs objec-
tive) in the evaluation of sleep-wake pat-
terns has been a topic in several studies with
different populations (adults vs children,
normal vs clinical samples) and different
devices.4-8 It has been repeatedly demon-
strated that subjective, compared with ob-
jective, reports are limited by the re-
stricted and biased knowledge that parents
have about children’s sleep.7 However, pa-
rental reports remain a time- and cost-
effective way of collecting data in research
and clinical settings.

We note that previous investigations
have primarily focused on infants9,10 and
adolescents11 while attention has been less
strong on school-aged children. In fact, to
our knowledge, only a single study as-
sessed sleep patterns using different meth-
odological techniques in kindergarten chil-
dren.8 However, none of the previous
reports provides the clinician or sleep re-
searcher with information about the in-
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terchangeable use of different methods.12 Do parents re-
port on their child’s sleep accurately? How well do
actigraphy, diary, and questionnaire data agree? Can these
methods be used interchangeably?

Authors most often reported reliability estimates, com-
parisons of mean values, and correlations between meth-
ods, which do not provide appropriate information about
agreement or disagreement between methods. Correla-
tions generally indicate whether 2 methods are measur-
ing the same underlying quantity.13 In fact, the validity
of comparing measurements (ie, reflected by high cor-
relations) is an essential requirement to compare differ-
ent methods. A more suitable approach is to calculate
mean differences between measurements on the same sub-
ject estimated by t tests. However, t tests do not provide
an interval in which 95% of the differences between mea-
surements are expected to lie (limits of agreement).13 Bland
and Altman13 proposed such limits of agreement for the
interchangeable use of methods (with a 5% probability
of error). Whether these limits are acceptable for the in-
terchangeable use of compared methods needs to be an-
swered from a clinical point of view.

The aims of this study are to (1) describe sleep-wake
patterns in a nonclinical sample of healthy kindergarten
children by measures derived from questionnaire, di-
ary, and actigraphy and (2) report rates of agreement be-
tween methods according to Bland and Altman.13,14 We
hypothesized, according to the previous literature,7,8 that
for sleep start, sleep end, and sleep duration actigraphy
and diary data would agree well, while questionnaire data
may differ substantially when compared with actigra-
phy but less so with diary data; we expected a lower agree-
ment between methods in respect to nocturnal waking.

METHODS

PARTICIPANTS

A total of 50 kindergarten children (aged 4-7 years) partici-
pated in the study. Children were recruited from 34 of 270 kin-
dergarten schools (13%) in the greater Zurich, Switzerland, area.
Overall, 660 families of kindergarten children were invited to
participate in the study. All families received a letter including
a description of the study and registration details. Sixty-eight
families (10%) agreed to participate. Eighteen of the 68 fami-
lies were dropped from the study for a variety of reasons, in-
cluding insufficient language skills and deregistration (n=9),
child’s refusal to wear the actigraph (n=3), technical prob-
lems (n=4), and actimeter loss (n=2). Fifty of the 68 children
(74%) were included in the final data analysis. Three of the 50
families had 2 kindergarten children; both children took part
in the study, but only 1 child was included in the data analy-
sis. All children were recruited sequentially from May 2006 un-
til July 2007 (winter, n=9; spring, n=18; summer, n=8; and
autumn, n=15).

MEASURES

Actigraphy

Each child was home-monitored with an actigraph (Acti-
watch Plus AW4; Cambridge Neurotechnology, Cambridge, En-
gland) for 6 to 8 consecutive nights and days (mean, 7). Data

were analyzed in 1-minute epochs and translated into sleep mea-
sures by software (Actiware 5; Cambridge Neurotechnology),
using the scoring procedure described by Acebo et al.4 The scor-
ing interval was defined as 30 minutes before the reported bed-
time and 30 minutes after the reported rising time. Data were
evaluated by medium sensitivity. Actigraphic sleep measures
for the agreement analysis included (1) “sleep start time,” de-
fined as the first minute of at least 3 consecutive minutes of
scored sleep within the scoring interval; (2) “sleep end time,”
the last minute of at least 5 consecutive minutes of scored sleep
just prior to the end of the scoring interval; (3) “assumed sleep”
(“nocturnal sleep period”), the difference between sleep end
time and sleep start time, (4) “actual wake time,” the amount
of time scored as wake during the nocturnal sleep period; and
(5) “actual sleep time” (“true sleep time”), the difference be-
tween assumed sleep and the amount of time scored as wake
during the nocturnal sleep period. Children were the acti-
graph continuously on their nondominant wrist, removing it
only during times when it could get wet. They were only moni-
tored during school time, including 1 weekend, but not dur-
ing school vacation.

Diary

Parents were requested to complete a detailed sleep diary
(15-minute intervals) during the actigraph monitoring days
and to indicate bedtime by a “greater than” sign and estimated
sleep start and estimated sleep end by a continuous line
(Figure 1). Wake phases during the nights were indicated by
breaks in the continuous line. This diary has been in clinical
use at our center for several years. Measures derived from the
diary for the agreement analysis included (1) “sleep start,”
defined as the beginning of the continuous line in the evening;
(2) “sleep end,” the ending of the continuous line in the morn-
ing; (3) “assumed sleep” (“nocturnal sleep period”), the dif-
ference between estimated sleep start and sleep end without
excluding nocturnal wake time; (4) “nocturnal wake time,”
the time of indicated wake time during the nocturnal sleep
period; and (5) “actual sleep time,” the difference between
assumed sleep and nocturnal wake time. Parents were also
instructed to write down the kindergarten timetable, any kind
of child’s illness, and car drives during the child’s nighttime
sleep period.

Actigraphy and Diary

To match the amount of days and nights, individual actigra-
phy and diary nights were discarded in both methods if the child
was sick (1 of 362 nights), if the actigraph was off for all or
parts of the night (3 of 362), if parents had forgotten to fill out
the diary (5 of 362), and if the diary indicated unusual exter-
nal motion that would mask sleep (eg, sleeping in the car, 2 of
362). Data for each actigraph and diary measure were aver-
aged over all nights, weekdays, and weekend days. These in-
dividual weekly means were the units of analysis. All public
vacation days were counted as weekend days; weekend days
ranged from 1 to 3 (median, 2). Three children (6%) had only
1 weekend day, which was taken as the unit of analysis. The
total number of monitored and logged nights was 351.

Sleep-Schedule Time Questionnaire

Normal wake up time, get up time, bedtime, time of lights
off, sleep latency, and potential nap duration were obtained
through a self-constructed questionnaire (SSTQ). The ques-
tions were phrased as follows: “When does your child nor-
mally wake up?”, “When does your child normally get up?”
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“When is your child ready to fall asleep (lights turned off )?”
“How long does your child take to fall asleep (after lights
turned off )?” and “For how long does your child nap?” For
all questions no answer categories were presented and infor-
mation was collected separately for weekdays and free days.
This distinction has also been used in other studies and is
considered an important differentiation.15 Measures derived
from the SSTQ for the agreement analysis included (1)
“sleep start,” defined as sleep latency added to the time of
lights off, (2) “sleep end,” defined as the time when children
wake up, and (3) “assumed sleep,” (“nocturnal sleep
period”) defined as the difference between sleep end and
sleep start. Time awake during the night was not obtained.

Interview

Sleep-relatedvariableswereassessedbyastandardized interview.
Parents were asked about different aspects of behavioral sleep
problems (eg, struggles at bedtime, difficulties falling asleep, and
night waking). The questions were phrased as follows: (1) “Does
your child normally resist or delay going to bed?” (2) “Does your
child normally have difficulties falling asleep?” and (3) “Does
your child normally wake up during the night?” Responses were
rated by the interviewer as “no” if normally no sleep problems
occurred during the week, “rarely” if sleep problems occurred
once to twice per week, “sometimes” for 3 to 4 times per week,
and “often” for 5 to 7 times per week. Answers to these ques-
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Figure 1. Actigraphy (AC) and diary (DI) data of 1 child (female, aged 6.1 years).
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tions including “sometimes” and “often” were defined as “poor-
sleeping” children.

Additional information was obtained for the time of assess-
ment and history of medication, physical complaints, and surgi-
cal interventions (yes/no). Child’s sleep quality was rated by the
parents on a 10-point Likert scale ranging from very bad (1) to
very good (10).

Socioeconomic Status

Socioeconomic status (SES) was estimated by means of a sum
score of 2 strictly defined 6-point scales of paternal occupation
and maternal education. The scale of paternal occupation ranged
from nonskilled (1) to highly skilled, including an occupation
with a university degree (6). The scale of maternal education
ranged from nonattendance of the obligatory school time (1) to
university degree (6). The sum scores ranged from 2 (lowest SES)
to 12 (highest SES). Three social classes were defined as fol-
lows: SES scores 2 to 5, lower class; SES scores 6 to 9, middle
class; and SES scores 10 to 12, upper class. This measure has been
used in previous studies and has been shown to be a reliable and
valid indicator of SES in our community.16,17

PROCEDURE

The study was approved by the local research ethics committee
and was performed according to the Declaration of Helsinki. Par-
entswere informedabout thestudybyletterandassessedbyastan-
dardized interviewandquestionnaires. Informedwrittenconsent
was received by all parents. The SSTQ was answered before the
interview.The interviewwasconductedbyapsychologist (H.W.)
in the parents’ homes. Actigraphy and diary data were collected
following the interview,anddiariesandactigraphsweresentback
by surface mail. Each family was rewarded with a voucher.

STATISTICAL ANALYSES

Descriptive results are presented as mean (SD). Differences be-
tween weekdays and weekend days were examined using t tests
for dependant samples. Pearson and Spearman correlations were
calculated to measure associations between child’s sleep and
various other variables. The degree of agreement between dif-
ferent methods was quantified using the 95% limits of agree-
ment by Bland and Altman,13,14 estimated by mean difference
±1.96 SD of differences. Simple regression and analysis of vari-
ance were used to describe the relationship between sleep and
demographic variables (age, sex, and SES).

All analyses were performed with 2-sided tests and a value
of P� .05 was considered significant. SPSS (14.0J for Windows;
SPSS Inc, Chicago, Illinois) was used for all statistical analyses.

RESULTS

SAMPLE CHARACTERISTICS

Mean age at time of assessment was 5.9 years (range, 4.5
to 7.3 years). There were 28 boys (56%) and 22 girls
(44%); sex was nearly equally distributed (�2=0.40;
P� .05). Parents reported bedtime struggles in 16% of
the children, difficulties falling asleep in 14%, and night
waking in 26% (answers including “often” and “some-
times”). Parents of 15 children (30%) indicated having
difficulties in only 1 of the 3 behaviors; parents of 5 chil-
dren (10%), in 2; and parents of only 1 child (2%), in all
3 behaviors. Children’s sleep quality ranged from 3 to 10
(mean [SD], 8.98 [1.5]), with 50% of the children reach-

ing the highest score. Parents reported neither organic
sleep disorders nor any sleep medication taken at the
time of assessment or any surgical intervention in the
last month that potentially could influence their child’s
sleep.

The children were mostly from 2-parent families
(mean SES score, 9.6 [range, 6-12]), with 50% in
middle- and 50% in upper-class SES; the lower class
was not represented. Forty-four children (88%) lived
with both parents and only 6 children (12%), with only
1 parent. Additional sample characteristics are pre-
sented in Table 1.

OVERVIEW OF SLEEP VARIABLES
ASSESSED BY THE DIFFERENT METHODS

Mean (SD) of sleep start, sleep end, assumed sleep,
actual sleep time, and nocturnal wake time assessed by
the different methods are presented in Table 2. Chil-
dren delayed their sleep start and sleep end from
weekdays to weekend days only about half an hour
but did not significantly sleep longer on weekends,
although some inconsistencies exist between the dif-
ferent measures.

Kindergarten started mainly between 8:15 AM and 8:30
AM (mean [SD], 8:24 [0:12] AM) and was directly re-
lated to the children’s sleep end on weekdays (P� .05 for
all methods) (Table 3). Children woke up about 1 hour
before kindergarten started. Fifty percent of the chil-

Table 1. Sample Characteristics

Variable %

No. of children per family, mean (SD) [range] 2.2 (0.8) [1-4]
Birth order of child, mean (SD) [range] 1.5 (0.7) [1-3]

Of which first born 60.0
Sex

F 44
M 56

Age of children, y, mean (SD) [range] 5.9 (0.7) [4.5-7.3]
Age of mothers, y, mean (SD) [range] 38.6 (4.4) [29-49]
Age of both parents, y, mean (SD) [range] 39.9 (4.3) [32-54]
Nationality of parents

Both parents Swiss 62
1 Parent Swiss 30
Both parents non-Swiss 8

Employment of parents
Mother and father employed 58
Father employed 36
Mother employed 6

Kindergarten duration per day, hour, mean (SD) 3:42 (0:30)
Bedtime struggles (total) 22

Rarely 6
Sometimes 4
Often 12

Difficulties falling asleep (total) 22
Rarely 8
Sometimes 6
Often 8

Night waking (total) 36
Rarely 10
Sometimes 6
Often 20
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dren were awakened by a family member; 46%, by self;
and 1 child, by an alarm clock, and data for 1 child were
missing. Only 3 children napped on weekdays (2 on week-
end days).

No significant effects of children’s sex and SES were
found for sleep start, sleep end, assumed sleep, actual sleep
time, and nocturnal wake time consistently for all 3 meth-
ods. On the other hand, there was a significant relation
between age and sleep start (analysis of variance; F1=10.6;
P=.001) and assumed sleep (F1=12.6; P=.002); older chil-
dren had a later sleep start and a reduced sleep duration.

AGREEMENT RATES BETWEEN
ACTIGRAPHY AND DIARY

To assess the agreement between actigraphy and diary, lim-
its of agreement according to Bland and Altman13,14 were
obtained. We calculated mean (SD) of the differences
AC−DI, where AC represents actigraphy and DI repre-

sents diary, over actigraphy monitored and logged days
for each sleep measure (sleep start, sleep end, assumed
sleep, actual sleep time, and nocturnal wake time).
Then we calculated the mean difference ± (1.96�SD).
On the basis of the assumption of normally distributed
differences, we would expect 95% of the differences to
lie between the limits. Limits of agreement were calcu-
lated separately for all days, weekdays, and weekend
days (Table 4). Bland-Altman plots13,14 of the differ-
ence (AC–DI) against the mean [(AC�DI)/2] were pre-
sented for our 5 parameters (Figure 2). The differences
for sleep start and sleep end were not normally distrib-
uted, but the deviations were not strong (Q-Q plots not
presented). A priori we defined a satisfactory agreement
if differences were smaller than 30 minutes. This
requirement was essentially satisfied for 3 of our 5 para-
meters, for which differences were ±28 minutes, ±24
minutes, and ±32 minutes for sleep start, sleep end, and
assumed sleep, respectively. This requirement was not
satisfied for actual sleep time and nocturnal wake time,
whose differences were ±72 minutes and ±55 minutes
(all days). For weekdays and weekend days, the differ-
ences were larger. Sex and age of the children, the age of
parents, and SES did not significantly influence the dif-
ferences between actigraphy and diary for all 5 para-
meters (P� .05).

AGREEMENT RATES BETWEEN
ACTIGRAPHY AND QUESTIONNAIRE

Limits of agreement were also calculated for actigraphy
and questionnaire data (AC−QU) as indicated earlier and
reported in Table 5. A prior defined satisfactory agree-
ment of 30 minutes was not reached for any parameters.
Again, there were no significant sex, age, or SES effects
on the differences (P� .05).

AGREEMENT RATES BETWEEN DIARY
AND QUESTIONNAIRE

Limits of agreement were also calculated for diary and
questionnaire data (DI−QU), and results presented for
sleep start, sleep end, and assumed sleep separately for

Table 2. Overview of Sleep Variables Assessed by Actigraphy, Diary, and Questionnaire

Time, Mean (SD)

Actigraphy Diary Questionnaire

All Days Weekdays
Weekend

Days
P

Valuea All Days Weekdays
Weekend

Days
P

Valuea
All

Days Weekdays
Weekend

Days
P

Valuea

Sleep start 21:00 (0:39) 20:54 (0:42) 21:24 (0:48) � .001 20:48 (0:42) 20:46 (0:42) 20:54 (0:42) .36 NA 20:42 (0:42) 21:00 (0:54) � .001
Sleep end 7:12 (0:30) 7:00 (0:30) 7:36 (0:48) � .001 7:18 (0:24) 7:18 (0:30) 7:24 (0:36) .21 NA 7:12 (0:36) 7:54 (0:54) � .001
Assumed

sleep
10:12 (0:30) 10:06 (0:30) 10:12 (0:36) .33 10:30 (0:30) 10:30 (0:30) 10:30 (0:42) .92 NA 10:30 (0:42) 10:54 (0:42) � .001

Actual sleep
time

8:42 (0:36) 8:36 (0:42) 8:46 (0:42) .07 10:24 (0:30) 10:24 (0:31) 10:24 (0:36) .98 NA NA NA NA

Nocturnal
wake time

1:29 (0:26) 1:30 (0:29) 1:36 (0:26) .42 0:02 (0:06) 0:02 (0:06) 0:02 (0:06) .63 NA NA NA NA

Abbreviation: NA, not applicable.
aPaired t test between weekdays and weekend days.

Table 3. Pearson Correlation Between Sleep Variables
Assessed by Actigraphy, Diary, and Questionnaire
and Children’s School Start

r (P Value)

Actigraphy Diary Questionnaire

Sleep start
Weekdays 0.150 (.30) 0.141 (.33) 0.131 (.37)
Weekend days 0.100 (.49) 0.042 (.77) 0.025 (.87)

Sleep end
Weekdays 0.283 (.046) 0.309 (.03) 0.347 (.007)
Weekend days 0.246 (.08) 0.176 (.22) 0.135 (.35)

Assumed sleep
Weekdays 0.076 (.60) 0.107 (.46) 0.144 (.32)
Weekend days 0.170 (.24) 0.117 (.43) 0.198 (.17)

Actual sleep time
Weekdays 0.145 (.32) 0.043 (.77) NA
Weekend days 0.233 (.10) 0.069 (.64) NA

Nocturnal wake time
Weekdays −0.114 (.43) 0.277 (.52) NA
Weekend days −0.117 (.42) 0.110 (.45) NA

Abbreviation: NA, not applicable.
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weekdays and weekend days (Table 6). A prior de-
fined satisfactory agreement of 30 minutes was not sat-
isfied for any of the 3 parameters for weekdays or week-
end days. Again, there were no significant sex, age, or
SES effects on the differences (P� .05).

COMMENT

This cross-sectional analysis of sleep-wake patterns pre-
sents agreement rates of the most commonly used meth-
ods in basic sleep research and clinical pediatric sleep
medicine (questionnaire, diary, and actigraphy) by the
statistical approach proposed by Bland and Altman13,14

and describes various parameters within the different
methods in healthy kindergarten children. Our study pro-
vides normative data for agreement rates in a nonclini-
cal sample of middle- and upper-class children.

The results are consistent with our hypothesis, indi-
cating that the agreement between actigraphy and diary
regarding sleep start, sleep end, and assumed sleep is sat-
isfactory. On the basis of our clinical experience, we de-
fined an acceptable agreement between the methods if
differences between measures were smaller than 30 min-
utes (notably, the diary intervals were 15 minutes). Both
actigraphy and diary are approximations of the true value
of a child’s sleep patterns and we believe that a mean dis-
agreement of 30 minutes between methods is insignifi-
cant for diagnosing and evaluating children’s sleep dif-
ficulties. Thus, we conclude that actigraphy and diary can
be interchangeably used for sleep start, sleep end, and
assumed sleep, but not for variables related to nocturnal
wake times.

The agreement for actual sleep time and nocturnal
wake time between actigraphy and diary data was not suf-
ficient. This result is entirely in line with previous other

studies (also in different age groups3,7,18) and may be ex-
plained by the parents not always being aware of the sleep
behavior of their child. For example, when the child does
not signal during the night, parents may not realize that
their child is awake. A child’s signaling may lead to higher
awareness of a child’s nocturnal waking.19 Therefore, the
lack of agreement in night waking in our study may be
because children in the study were awake during the night
and did not alert their parents. The diary recording of
sleep-wake pattern in 15-minute intervals could also have
affected the findings. However, collecting diary data in
15-minute intervals was seen to be most practical for the
families in terms of adherence. Another explanation for
the disagreement between actual sleep time and noctur-
nal wake time is that actigraphy and the diary measured
different things (ie, nocturnal motor activity and sub-
jective recollections of sleep).6

The agreement rates between actigraphy and the
questionnaire as well as between the diary and ques-
tionnaire were not sufficient for any measure variable.
This may be because the questionnaire did not ask
about the last few days that diary and actigraphy data
had been collected. The agreement rates between the
questionnaire and actigraphy or diary may be lower the
less recent the period covered by the questionnaire is
because the answers may be influenced by memories,
experiences, and expectations (recall bias). We also
know that answers of parents are often vague and inac-
curate, with statements such as “it depends on the situa-
tion” and with reporting to the nearest half hour or even
full hour. Thus, we believe that exclusive information
from a questionnaire or interview asking about general
sleep times is insufficient. The validity of a questionnaire
may be improved by asking about a recent period (eg,
the last week).

Table 4. Mean (SD) and Limits of Agreement (Actigraphy Minus Diary)

Time, h, Mean (SD) Mean − (1.96 � SD) Mean � (1.96 � SD) Range, mina P Valueb

Sleep start
All days 0:09 (0:14) −0:19 0:37 ±28

� .001Weekdays 0:01 (0:22) −0:41 0:44 ±43
Weekend days 0:25 (0:36) −0:45 1:36 ±71

Sleep end
All days −0:10 (0:12) −0:34 0:14 ±24

� .001Weekdays −0:19 (0:17) −0:52 0:14 ±33
Weekend days 0:10 (0:35) −0:59 1:17 ±68

Assumed sleep
All days −0:14 (0:16) −0:51 0:13 ±32

� .001Weekdays −0:21 (0:21) −1:02 0:20 ±41
Weekend days −0:14 (0:41) −1:34 1:05 ±80

Actual sleep time
All days −1:46 (0:37) −2.57 −0.34 ±72

� .001Weekdays −1:48 (0:42) −3:10 −0:26 ±82
Weekend days −1:40 (0:46) −3:11 −0:10 ±91

Nocturnal wake time
All days 1:26 (0:28) 0:31 2:21 ±55

� .001Weekdays 1:26 (0:30) 0:28 2:25 ±59
Weekend days 1:25 (0:28) 0:30 2:20 ±55

aRange in minutes=SD�1.96�60.
bPaired t test between all days of actigraphy and diary data.
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Limitations of this study are the population including
predominantly white, middle- and upper-class children in
urban and suburban Zurich and the low participation rate,
which may be explained by the time-consuming proce-
dure. The issue whether parents from a lower SES class
would less reliably fill out the diary cannot be answered
by our study. In our population, the agreement rates be-
tween the methods were not influenced by SES, sex, or age
of the children or the parent. The finding that preschool-
aged children already show a delay of their sleep phase with
later sleep start and sleep end during weekends20 high-

lights the need for collecting data for weekdays and week-
end days separately.

Overall, the sleep-wake diary is a valid and inexpen-
sive source of information about a child’s sleep-
schedule variables. The diary is an important baseline tool
for the health care professional when evaluating and at-
tending to children with behavioral sleep problems and
is also a valuable instrument for the pediatric sleep re-
searcher. Additional information about nocturnal wake
times may be collected by actigraphy, which can also be
used if parents are unable to report in detail.
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Figure 2. Plot of difference against mean for sleep start (A),
sleep end (B), assumed sleep (C), actual sleep time (D), and
nocturnal wake time (E).
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We are not aware of any other study in the sleep field
using the statistical approach proposed by Bland and Alt-
man13,14 for comparing different assessment techniques
of sleep variables. In contrast to previous reported cor-
relations and comparisons of mean differences, the es-
timation of limits of agreement proposed by Bland and
Altman allows a statement regarding the interchange-
able use (with a 5% probability of error) of different meth-
ods. We encourage others to apply this statistical method
in other age groups and clinical populations to further
answer the question of which methods may be inter-
changeably used. Such information will be very helpful
for the clinician.
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Announcement

Submissions. The Editors welcome contributions to
Picture of the Month. Submissions should describe
common problems presenting uncommonly, rather than
total zebras. Cases should be of interest to practicing
pediatricians, highlighting problems that they are likely
to at least occasionally encounter in the office or hospi-
tal setting. High-quality clinical images (in either 35-mm
slide or electronic format) along with parent or patient
permission to use these images must accompany the sub-
mission. The entire discussion should comprise no more
than 750 words. Articles and photographs accepted for
publication will bear the contributor’s name. There is no
charge for reproduction and printing of color illustra-
tions. For details regarding electronic submission, please
see: http://archpedi.ama-assn.org.
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