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bouts of wake longer than 3 minutes within the Sleep Period and 
Smoothed Wake Minutes, the number of minutes of the Sleep Pe-
riod scored as wake within Smoothed Wake Bouts.

Data Analysis

 Individual nights were not scored as usable data if the child 
was sick or taking medications, the child slept with another per-
son for the entire night, the actigraph was off or not working for 
all or part of the night, the diary indicated unusual external mo-
tion that would mask sleep (such as sleeping in a car or swing), 
the diary was not completed properly, or the actigraph data did 
not correspond sufficiently with the mother’s diary to identify 
sleep start and end times. At least 5 nights were scored for 91% of 
participants; 76% had at least 6 nights scored. No participant had 
fewer than 4 nights scored.
 Nightly data for each actigraph and diary measure were aver-
aged over nights for individual children for each measure. These 
individual weekly means were the units of analysis in multivariate 
analyses of variance with age group and sex as between-subject 
factors, followed by posthoc t tests. Alpha was set at .05. We first 
report the data obtained from the mothers’ diaries, followed by 
data from the actigraph recordings. Group mean values for data 
described below are presented in Tables 1 to 2 and Figures 2 to 4. 
In some instances, we also report lowest and highest individual 
mean data to illustrate the range of values in this sample. 

RESULTS

Diary Measures

 We found significant main effects for age group for reported 
Bedtime, reported Time in Bed, Number of Naps, and Nap Sleep 
Minutes (Table 1 and Figure 2). Sex was not a significant main-
effect source of variance for any of the diary measures. An age-
group-by-sex interaction was significant for reported Bedtime. 
 The age-group main effect for reported Bedtime and Time in 
Bed are accounted for by earliest average bedtimes and longest 
average Time in Bed for 12-month-old children versus children 
at 24, 30, 48, and 60 months (from posthoc t tests, P ≤ .05). Bed-
times and Time in Bed for children 18 months and older did not 
differ on average. The significant age-group-by-sex interaction 
reflects later Bedtimes for 12- and 48-month-old girls than boys 
(P < .02). For individual children, the earliest individual mean 
Bedtime (averaged across all nights) was 6:30 PM in a 36-month-
old girl; the latest individual mean Bedtime was 10:50 PM in a 
12-month-old girl. 
 We did not find age group, sex, or interaction differences for 
Rise time reported by the mothers. The overall mean Rise time 
was 7:24 AM, and average Rise time was not different among the 
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Table 1—Diary Report Measures According to Sex and Age Group 

Diary Measure Sex    Age Group, mo
  12 18  24  30  36  48  60 
Bedtime, PM*,† Boys 7:53 (35) 8:43 (44) 9:09 (91) 8:46 (20) 8:52 (47) 8:31 (41) 8:47 (41)
 Girls 8:41 (54) 8:40 (47) 8:42 (33) 9:00 (47) 8:40 (70) 9:17 (46) 8:35 (20)
Rise Time, AM Boys 7:19 (85) 7:38 (59) 7:32 (29) 7:11 (46) 7:20 (34) 7:24 (28) 7:11 (44)
 Girls 7:22 (50) 7:35 (64) 7:19 (44) 7:34 (48) 7:19 (68) 7:47 (35) 7:25 (35)
Time in Bed, h‡  Boys 11.4 (1.4) 10.9 (.9) 10.4 (.6) 10.4 (.9) 10.5 (.8) 10.9 (.5) 10.4 (.6)
 Girls 10.9 (.9) 10.9 (1.0) 10.6 (.5) 10.6 (.6) 10.6 (.5) 10.5 (.6) 10.8 (.4)

Data are presented as mean (SD). Significant effects from analysis of variance; significant differences from posthoc tests.
*Age group (F6,155 = 2.27, P = .04); 12 mo < 24 mo, 30 mo, 48 mo, 60 mo
†Sex-by-Age-group interaction (F6,155 = 2.84, P = .01); 12-mo girls > 12-mo boys; 48-mo girls > 48-mo boys
‡Age group (F6,154 = 2.27, P = .04); 12 mo < 24 mo, 30 mo, 48 mo, 60 mo

Figure 2—Measures of napping from maternal diary reports. Vertical 
lines depict SD. Mothers filled in 30-minute “bubbles” (see Figure 
1) to indicate times the child was asleep during naps outside of the 
nighttime sleep period. Data were averaged over days for individual 
children. Mean number of naps (top panel)(F6,124 = 26.8, P < .001) 
and mean duration of naps (bottom panel) (F6,124  = 22.2, P < .001) 
differed significantly between age groups for children whose mothers 
reported naps.  The pattern of differences was 12 months > 18 months 
and 24 months; 18 months > 24 months; 36 months > 48 months.
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age groups. Wide individual differences on this measure are evi-
dent in the large variability, as reflected in the SD. The earliest in-
dividual mean Rise time was 5:22 AM in a 12-month-old boy; the 
latest individual mean Rise time was 10:42 AM in an 18-month-
old girl.
 Mothers’ reports of night waking were low at all ages. Only 45 
mothers (27%) reported episodes of Wake during any night; only 
13 mothers (8%) reported episodes of Wake on more than 1 night. 
For children between 1 and 3 years old, 71% of mothers reported 
no night waking on any night. For 5-year-old children, 82% of 
mothers reported no night waking. No significant age group, sex, 
or interaction effects were found for reported amount of night 
waking for children whose mothers reported night waking (n=45); 
their average reported night waking was 12 ± 10 minutes, which 
represents less than one 30-minute interval per night.
 Daytime naps reported by mothers showed significant age-
related patterns (Figure 2). A monotonic decrease in diary-re-
ported daytime naps occurred across age groups. This finding 
was evident for both Number of Naps and Nap Sleep Minutes. 
Posthoc comparisons indicated significant decreases between 12, 
18, and 24 months, then again between 36 and 48 months for 
both measures. The number (percentage) of mothers for each age 
group who reported naps decreased over age groups (12 months 
= 23 [96%]; 18 months = 29 [100%]; 24 months = 22 [100%]; 
30 months = 20 [95%]; 36 months = 17 [81%]; 48 months = 15 
[62%]; 60 months = 12 [43%]). Furthermore, 82% (95) of chil-
dren older than 18 months were not taking any naps on some (65 
children) or all (30 children) days. 

Actigraph Measures

 The main effect for sex was not significant for any actigraph 
variable (Table 2 and Figure 3). We found significant age-group 
effects for Sleep Start Time, Sleep Period Time, number of Wake 
Bouts during the night, Sleep Efficiency, and Longest Continu-
ous Sleep episode. The only significant interaction was found for 

Sleep Start Time. 
 The major feature of the age-group difference for Sleep Start 
Time was a later average time in the 18-month group versus the 
12-month group but no additional differences among the older 
groups. The significant sex-by-age-group interaction reflects 
Sleep Start Times that are later for girls at 12 and 48 months (P < 
.02) than boys. The earliest individual mean Sleep Start was 6:43 
PM in a 36-month-old girl; the latest individual mean Sleep Start 
was 11:00 PM in a 36-month-old girl. 
 Sleep Period Time differed by age group. Posthoc analysis in-
dicated no difference between 12- and 18-month-old children, a 
significant decrease between 18 and 24 months, and no differ-
ences among groups of children aged 24 months and older. No 
main effects or interactions were found for Sleep End Time or 
nocturnal sleep time. The overall mean Sleep End Time was 7:08 
AM. Mean nocturnal Sleep Time for the entire sample estimated 
from activity data indicated that children slept an average of 8.7 
hours nightly. The shortest individual mean nocturnal Sleep Time 
was 7 hours in a 12-month-old girl; the longest individual mean 
Sleep Time was 10.4 hours in a 30-month-old girl. 
 Unsmoothed and smoothed nocturnal Wake Minutes were 
strongly correlated (r = .99, P < .001), with the same pattern of 
differences over age groups (See Figure 3). Smoothed estimates 
of nocturnal Wake were lower than the unsmoothed estimates (by 
about 12 minutes on average) as would be expected, but differ-
ences between the 2 measures were not significant (from t tests) 
for any age group or over the entire sample. Actigraph-estimated 
nocturnal Wake (unsmoothed) decreased from about 2 hours on 
average in the 12-month group to a low of 53 minutes in the 24-
month-old children and then increased to reach stable mean val-
ues greater than 1 hour in the 30-month and older groups (group 
mean values: 30 months = 65 minutes; 36 months = 82 minutes; 
48 months = 73 minutes; 60 months = 69 minutes). Mean activity 
counts also differed by age group, with a similar pattern to Wake 
minutes (Figure 3).
 As noted above, mothers reported night waking in the dia-
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Table 2—Actigraph Measures According to Sex and Age Group

Actigraph Measure Sex    Age Group, mo
  12 18 24 30 36 48 60 
Sleep Start Time, PM*,† Boys 8:04 (34) 8:57 (44) 9:28 (31) 8:50 (43) 9:12 (43) 8:59 (36) 9:10 (44)
 Girls 8:51 (55) 9:04 (49) 9:02 (41) 9:22 (47) 9:10 (80) 9:43 (41) 9 :02 (26)
Sleep End Time, AM  Boys 6:52 (70) 7:14 (53 ) 7:16 (29) 6:51 (43) 7:02 (32) 7:07 (27) 6:54 (52)
 Girls 7:02 (52) 7:17 (55) 7:02 (49) 7:26 (49) 7:10 (65) 7:31 (33) 7:04 (44)
Sleep Period Time, h‡ Boys 10.8 (1.0) 10.3 (.7) 9.8 (.4) 10.0 (.8) 9.8 (.6) 10.1 (.2) 9.7 (.6)
 Girls 10.2 (.8) 10.2 (.8) 10.0 (.5) 10.1 (.6) 10.0 (.7) 9.8 (.6) 10.0 (.5)
Sleep Time, unsmoothed Boys 8.5 (.8) 8.8 (.6) 8.9 (.6) 8.8 (.9) 8.4 (.8) 9.0 (.7) 8.6 (.8)
 Girls 8.4 (.9) 8.8 (.5) 9.1 (.6) 9.0 (.8) 8.7 (.7) 8.5 (.8) 8.9 (.8)
Wake Bouts, smoothed§ Boys 7.6 (2.0) 5.3 (1.9) 3.8 (1.4) 4.3 (2.6) 4.6 (1.7) 4.4 (2.2) 4.8 (1.7)
 Girls 5.6 (2.0) 4.6 (1.6) 3.5 (1.4) 3.9 (1.1) 4.8 (1.8) 4.6 (1.0) 4.3 (1.5)
Sleep Efficiency, %║ Boys 79.5 (6.2) 85.9 (4.5) 91.3 (3.4) 88.5 (7.7) 85.8 (5.3) 88.7 (6.4) 87.9 (4.9)
 Girls 82.8 (7.0) 86.6 (5.5) 91.0 (3.7) 89.8 (5.6) 87.0 (4.6) 86.9 (4.7) 88.6 (4.5)
Longest Continuous  Boys 104 (26) 149 (43) 184 (57) 179 (80) 156 (53) 153 (48) 143 (35)
Sleep, min¶ Girls 142 (48) 155 (62) 205 (43) 183 (50) 167 (52) 158 (36) 153 (35)

Data are presented as mean (SD). Significant effects from analysis of variance; significant differences from posthoc tests.
*Age group (F6,155 = 3.64, P = .002); 12 mo < 18 mo
†Sex by Age group interaction (F6,155 = 2.34, P = .03); 12-mo girls > 12-mo boys; 48 mo girls > 48 mo boys
‡Age group (F6,155 = 2.91, P = .01); 18 mo > 24 mo
§Age group (F6,155 = 6.77, P < .001); 12 mo > 18 mo, 24 mo; 18 mo > 24 mo
║Age group (F6,155 = 7.98, P < .001); 12 mo < 18 mo, 24 mo; 18 mo < 24 mo
¶Age group (F6,155 = 5.24, P < .001); 12 mo > 18 mo, 24 mo; 18 mo < 24 mo; 24 mo > 36 mo, 48 mo, 60m; 30 mo > 36 mo, 48 mo, 60 mo




