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Abstract

Objectives—To develop national sleep norms conditional on age and to examine stratification by 

sex, race/ethnicity, and changes over time.

Design—Secondary analysis of a panel survey.

Setting—The 3 waves (1997, 2002, and 2007) of the Child Development Supplement of the 

Panel Study of Income Dynamics, a nationally representative survey.

Participants—Children from birth to 18 years with time-diary data were included: 2832 children 

in 1997, 2520 children in 2002, and 1424 children in 2007.

Main Exposure—Age.

Main Outcome Measures—Minutes of sleep for daytime and total sleep.

Results—The 10th, 25th, 50th, 75th, and 90th percentiles of the distribution of children’s 

minutes of sleep conditional on age were estimated using a double-kernel estimator that 

incorporates sample weights. Total average sleep was estimated at more than 13 hours a day for 

infants, decreasing steadily throughout childhood and early adolescence, reaching about 9 hours a 

day for 14- to 18-year-olds. The estimated conditional percentiles were higher on weekends than 

on weekdays for older children. The conditional percentiles for the weekend sleep minutes were 

flatter with respect to age than the weekday sleep minutes. The interquartile ranges were greater 

for children younger than 6 years and for teenagers. The medians stratified by race/ethnicity and 

sex were similar for most ages. For different survey years, the estimated medians were within a 

few minutes of each other.

Conclusions—These estimates are consistent with the amount of sleep recommended for 

children, and no evidence was found of racial/ethnic differences.
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Anecdotal evidence—frequently rehashed in popular media—indicates that too many 

children in the United States experience inadequate sleep and that this problem is worsening 

over time. However, little empirical evidence exists to support this claim.1 Poor sleep has 

been associated with behavioral problems, including aggression and attention-deficit/

hyperactivity disorder, as well as with poor sociability, learning disabilities, and obesity.2–12 

Yet despite the tremendous importance of adequate sleep to child health and development, 

and notwithstanding the intense interest of parents and pediatricians about what constitutes 

normal sleep and what are the determinants of inadequate sleep, far more remains to be 

learned about this topic than is reliably understood at present. Although sleep duration 

norms based on random, representative samples of the population have been developed for 

some ages of children in Australia, Zurich, and Rome, there are few comparable data for the 

United States.13–19

This analysis uses time-diary data from the Child Development Supplement (CDS) of the 

Panel Study of Income Dynamics (PSID), a large, nationally representative survey, to 

develop national sleep norms for US children and adolescents. The primary aim of the study 

was to estimate the empirical distribution of minutes of sleep conditional on age in order to 

describe norms of sleep by age. Secondary aims included estimating age-conditional median 

sleep by sex and race/ethnicity and estimating changes over time in the median.

METHODS

STUDY SAMPLE

The PSID is a national sample of US individuals and families that originated in 1968 and is 

directed by the National Science Foundation.20 Families have been followed up continually, 

and as the children in the original families have grown and created their own families, they, 

too, have been followed up. Low-income families were originally oversampled, and in 1997, 

an additional sample of post-1968 immigrant families was added to ensure adequate 

representativeness of these important groups.21

In 1997, the PSID added the CDS, funded by the National Institute of Child Health and 

Human Development.22 During the 1997 wave, as many as 2 children from birth to 12 years 

old were randomly selected from 2705 PSID families; 88% of the families were successfully 

interviewed (3563 children).23 These original respondents, aged 5 to 18 years in 2002, 

whose families were still active in the PSID (3480 children) were re-contacted, with 91% of 

families responding (2907 children).23 By 2007, 1676 of the children who completed the 

2002 wave were eligible for reinterview and 1506 children completed the third wave (90%).
23 The University of Michigan Survey Research Center developed weights for each child to 

account for the complex sampling of the PSID.20 This study sample includes infants, 

children, and youth through age 18 with available time-diary data from the 1997, 2002, and 

2007 waves of the CDS.

The CDS in 1997 was representative of the US population in 1997 when sample weights 

were used.24 A 2012 assessment of the representativeness of the 2007 CDS sample, 

compared with the American Community Survey, found that it provided a good 
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representation of the corresponding populations and covered approximately 97% of the US 

population.25

This study was certified as exempt by the UCLA Institutional Review Board.

VARIABLES AND MEASUREMENT

The CDS covers a large array of developmental outcomes, demographic characteristics, and 

behavioral and cognitive assessments. In addition, it measures time spent in all of a child’s 

activity, including sleeping, using time-diary data.20 For each of 2 randomly chosen days (1 

weekend and 1 weekday) in September and May, participants were asked to keep a 

prospective diary of their child’s activity during a 24-hour period. Time-diary data have been 

used extensively in social scientific research,26–32 have excellent validity compared with 

other methods,28 and are less susceptible than direct observation to a Hawthorne effect.29

Sleep can be accurately measured using electroencephalography, polysomnography, and 

actigraphy, but these methods are not feasible in large-scale population surveys necessary to 

establish sleep norms.33 A comparison of child- and adolescent-reported sleep time to 

actigraphy found high correlations of the 2 measures, but systematic overestimation of sleep 

through self-report, because self-report misses nighttime wakefulness captured by 

actigraphy.34 It is expected that time-diary data would have similar strengths and 

weaknesses: high correlation but systematic overestimation of total sleep.

Including a weekday and a weekend day is important because there is some evidence that 

sleep duration differs in these 2 periods.7 The primary outcome measures are the number of 

minutes of daytime and total sleep for weekdays and weekends. Daytime sleep was derived 

from time-diary entries for naps and resting, including activities such as “dozing.”22

Children in the sample at least 12 years of age were asked to report their race/ethnicity, and 

the primary caregiver reported race/ethnicity for all children. Race/ethnicity was coded as 

white non-Hispanic, black non-Hispanic, Hispanic, or other. The “other” category was 

assigned when the child’s self-report and that of the primary caregiver did not match.

STATISTICAL ANALYSIS

A weighted, double-kernel nonparametric quantile regression was used to estimate the 

conditional quantile functions, with sample weights incorporated in the local-linear kernel 

weights.35–37 This method provides smoothed estimates of conditional quantiles, conditional 

on the child’s age, sex, and race/ethnicity. The analysis used the automatic bandwidth 

selection procedures and median corrections described by Li et al.35 All analyses were 

conducted using statistical code, written in R.38 Bootstrapping was used to appropriately test 

the statistical significance of the differences in median, using the same bandwidth for each 

replicate that was chosen for the original data.39

The 10th, 25th, 50th, 75th, and 90th percentiles of the distribution of the number of minutes 

of sleep were estimated conditional on age for daytime and total sleep. Following previous 

analyses,14 the conditional quantiles for daytime sleep were estimated only for those 

children with positive values. Conditional quantiles were estimated separately for weekday 
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and weekend sleep, and a weighted average of these values was calculated to get an estimate 

of overall sleep patterns for the entire week.

The medians of the distribution of the total number of minutes of sleep were then calculated 

separately for boys and girls and by racial/ethnic group. To test changes in sleep quantity 

over time, the conditional quantiles for the 1997, 2002, and 2007 waves of the CDS were 

estimated separately.

For the development of norms, it is important to have nationally representative estimates. 

Because the population itself changes over time, there is no single set of survey weights that 

will make individual survey waves representative of the population at the time they were 

sampled and of the population at the time of analysis. Any attrition in the sample over time 

will exacerbate this problem. Attrition since that time has been relatively uniform across all 

groups but has been slightly higher among male-headed households and among those in the 

South.20 The approach taken here used sampling weights from the first wave of the CDS, 

inversely weighted by the number of times each child appears in the 1997, 2002, and 2007 

waves.39 Accordingly, these norms are valid for the US population as it existed in 1997. 

Although it would have been preferable to have norms representative of the 2007 US 

population, doing so would place more of the burden for representativeness on the post-

sampling weights rather than on the randomized sampling scheme itself. Using the 2007 

weights would have introduced bias to the extent that the attritted participants were unlike 

the continuing participants in their sleep patterns.

RESULTS

The Table presents the numbers of children in each survey wave with time-diary 

information, along with mean ages, age ranges, race/ethnicity, and sex. Because of the 

survey design, there are more observations of sleep duration in the middle of the age range, 

2088 observations for 9- to 12-year-olds, than for other age ranges: 1083 for children aged 

birth to 4 years, 1478 for 5- to 8-year-olds, 1583 for 13- to 16-year-olds, and 541 for 17- to 

19-year-olds.

Figure 1 shows the estimated percentiles of sleep for weekdays, weekends, and overall. 

Because of the relatively few observations for the ends of the age distribution as well as the 

poor performance of kernel smoothers at the ends of data distributions, figures show the 

results for the middle 95% of the age distribution, although the entire sample was used for 

estimation.

Sleep times are higher on weekends than on weekdays for older children (Figure 1A–B). 

Weekend sleep minutes are flatter with respect to age than the weekday sleep minutes 

(Figure 1A–B). The interquartile ranges are greater for children younger than 6 years and for 

teenagers than for children in the middle of the age range (Figure 1C). There are few 

children in the sample with no daytime sleep at very young ages.

The estimated conditional percentiles for daytime sleep are much higher for infants (Figure 

1D–F). The amount of daytime sleep decreases sharply until approximately the age children 

enter school. The quantiles for daytime sleep for weekend and weekday sleep are similar, but 
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the amount of daytime sleep is higher on weekdays for children younger than 5 and 

generally higher on weekends for all but the 90th percentile for older children (Figure 1D–

E). Figure 1D–F shows the quantiles of daytime sleep for children younger than 5. The 

proportion of infants who have at least some daytime sleep is 96.0%. This proportion 

decreases to 18.7% by age 10 but rises again to peak at 34.1% at age 17. Estimates of the 

duration of these naps for children older than 5 were highly unstable but generally varied 

from 30 to 90 minutes.

The medians by race/ethnicity are similar for most ages (Figure 2A). The median for blacks 

and whites tracks closely until approximately 5 years of age; then the median for black 

children dips below the median for white children by about 10 minutes, with a maximum 

difference of 15 minutes at age 7, until age 12 to 13 before rising slightly above the median 

for white children to a maximum difference of 10 minutes at age 16 (Figure 2A). The 

median for Hispanic children is higher than the medians for black and white children except 

for between the ages of 5 and 8 (Figure 2A). After age 9, Hispanic children average 19 more 

minutes per night of sleep than white children. Although this difference between whites and 

Hispanics is statistically significant for several years, it is quantitatively small. The estimated 

medians for Hispanic children and for all others are less smooth with respect to age than the 

other medians because the sample size is smaller. The medians for girls and boys are 

virtually identical for the entire range and cross each other a few times (Figure 2B). Again, 

the differences are not statistically significant.

The estimated medians for the different survey years are only 15 minutes apart at their 

widest gap (Figure 3). The medians for 2002 and 2007 are higher than the 1997 median for 

the overlapping age range by approximately 1 to 13 minutes; the range of difference 

between 2002 and 2007 is 1 to 15 minutes (Figure 3). These differences are not statistically 

significant.

COMMENT

Although the amount of sleep children need differs by child, recommendations cited by the 

Centers for Disease Control and Prevention are for 12 to 14 hours for children aged 1 to 3 

years, decreasing to 11 to 13 hours for children aged 3 to 5, to 10 to 11 hours for children 

aged 5 to 10, and to 81/2 to 91/2 hours for adolescents.40 The estimates presented here mirror 

this range quite well and suggest that children in the United States are getting an appropriate 

amount of sleep on average. There is no evidence of a decrease in sleep quantity during the 

10-year period of these data and no evidence of clinically meaningful racial/ethnic 

differences in the amount of sleep among children and youth.

Across all ages, the range of estimates is relatively symmetric around the median, which is 

what one would expect from biological differences in need, and this symmetry suggests that 

it is plausible that there are no significant constraints on children’s sleep time. One caveat to 

this conclusion is that there is no evidence of an overall increase in sleep time during 

adolescence, which some authorities have suggested would be appropriate.41
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Both biological and social factors, such as school start times, may be responsible for the 

sleep patterns of adolescents.41 Sleep timing is generally independent of sleep duration.42–44 

Consistent with previous research, this analysis does not find a sex difference in the age-

conditional medians.44,45

Teenagers sleep longer on weekends, which is consistent with other research suggesting that 

adolescents catch up on sleep on non–school nights.46 The decrease in total sleep until age 

16 to 17 is consistent with research45 finding a decrease in melatonin during puberty. These 

estimates are quite similar to a recent study47 using a stratified random sample of births at a 

few hospitals in Cleveland, Ohio, and sleep journals and questionnaires to assess sleep 

duration in children from 8 to 11 years old.

Random-digit telephone surveys conducted by the National Sleep Foundation in 2004 and 

2006 used a parental-report measure of typical sleep.19 Compared with the results here, the 

National Sleep Foundation results suggested less sleep for those younger than 5, as well as 

for adolescents in grades 6 to 12.19 The different sample, data collection instrument, and 

statistical methods may play a role in the different results.

The results here are broadly similar to those of a recent systematic review48 that combined 

data across countries and estimated means and 95% CIs for infants and children aged birth 

to 12. One of the included studies14 used data from participants in the Zurich Longitudinal 

Studies. These estimates are lower for very young children, closer for children 

approximately 8 years of age, and higher for older children. The difference in results may be 

attributable to their smaller sample size (453 children); to the fact that sleep duration in that 

study was calculated on the basis of maternal report of the child’s usual bedtime and wake 

time, reported by 30-minute increments; to cross-country differences; or to change over 

time.14,27,49 That study14 also assumed a normal distribution of sleep duration in the data 

and estimated the mean (SD) of this distribution conditional on age and sex. Given that those 

data, as well as the data used here, do indeed exhibit a symmetric, normal distribution, the 

method used by Iglowstein et al14 is reasonable and statistically efficient. At the same time, 

the method used here is more flexible and may have identified some subtler changes across 

ages.

Research using Internet-based surveys has found cross-country differences in sleep patterns. 

Young children from predominantly Asian countries got less sleep overall than young 

children from predominantly white countries.48–52

There have been a few other quantitative studies using US samples from earlier periods.16–18 

A study published by Terman and Hocking16 in 1913 contained information on 

schoolchildren from California, Oregon, and Arizona. For young children, their estimates 

were longer than the estimates presented here by 45 minutes at most—but the gap narrowed 

to less than 2 minutes for children aged 14 to 15. For children at least 16 years of age, the 

Terman and Hocking estimates are slightly lower than those presented here. A study17 using 

data from 1980 produced results similar to the 1913 Terman and Hocking estimates and also 

did not find a statistically significant difference between boys and girls.
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Differences between the current analysis and studies conducted in the 20th century may 

arise for several reasons. The earlier estimates were not random samples and reflect white 

and generally more affluent populations than the United States as a whole. Because this 

analysis finds very small differences by racial/ethnic group, if the different sample makeup 

is driving the differences in result, it would most likely be related to unobserved, sleep-

related attributes of the sample rather than to racial/ethnic differences. Previous samples 

were smaller so differences could be attributable to random variations. Finally, it is possible 

that sleep durations have shortened modestly for young children and lengthened even more 

modestly for older children compared with 1913 or 1980.

The trend data presented here focus on a relatively narrow time frame: from 1997 to 2007. 

The finding of no trend may reflect that the quantity of sleep that children receive is 

changing slowly enough that a 10-year period is insufficient to estimate these changes or 

that sleep is not decreasing over time.1 The nationally representative estimates presented in 

this article provide a solid nationally representative baseline against which future estimates 

of child sleep may be assessed, helping to clarify any time trends in sleep duration.

There are several limitations to the current analysis. Self-report data tend to overestimate 

total sleep time, and it is expected that time diaries would have a similar weakness. These 

estimates should be interpreted in that light. For clinical communication, however, the 

estimates presented here may be more meaningful to parents and their children precisely 

because the kinds of bias from parental report during clinical encounters are similar to those 

present in these data. Data were collected during the school year and may not necessarily 

reflect sleep patterns during the summer.

In conclusion, the typical school-age child sleeps approximately 10 hours a night. Older 

children sleep a little less and younger children a little more. A typical toddler sleeps 

approximately 111/2 hours a night. These estimates are consistent with the amount of sleep 

recommended for children, and these results present no evidence of racial/ethnic differences 

or changes over time.

These results are presented as norms of sleep in the sense of what normally occurs, not 

necessarily what is healthy. These norms may have several uses.

The empirical conditional distribution of children’s sleep presented here may be used by 

physicians and parents to determine when a child is far from the median of the distribution 

as a signal that that child’s sleep patterns may need further assessment. They may also be 

used to guide further work about the amount of sleep that is optimal for children by 

providing a reference to how much sleep children in the United States are actually getting. 

Finally, these results may be used to inform research on trends in children’s sleep over time.

References

1. Matricciani L, Olds T, Williams M. A review of evidence for the claim that children are sleeping 
less than in the past. Sleep. 2011; 34(5):651–659. [PubMed: 21532959] 

2. Chervin RD, Dillon JE, Bassetti C, Ganoczy DA, Pituch KJ. Symptoms of sleep disorders, 
inattention, and hyperactivity in children. Sleep. 1997; 20(12):1185–1192. [PubMed: 9493930] 

Williams et al. Page 7

JAMA Pediatr. Author manuscript; available in PMC 2018 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



3. Beebe DW, Krivitzky L, Wells CT, Wade SL, Taylor HG, Yeates KO. Brief report: parental report of 
sleep behaviors following moderate or severe pediatric traumatic brain injury. J Pediatr Psychol. 
2007; 32(7):845–850. [PubMed: 17442693] 

4. Stein MA, Mendelsohn J, Obermeyer WH, Amromin J, Benca R. Sleep and behavior problems in 
school-aged children [published online April 1, 2001]. Pediatrics. 2001; 107(4):E60. [Accessed 
September 11, 2012] http://pediatrics.aappublications.org/content/107/4/e60.long. [PubMed: 
11335781] 

5. Gupta NK, Mueller WH, Chan W, Meininger JC. Is obesity associated with poor sleep quality in 
adolescents? Am J Hum Biol. 2002; 14(6):762–768. [PubMed: 12400037] 

6. Weissbluth, M. Healthy Sleep Habits, Happy Child. New York, NY: Ballantine Books; 2003. 

7. Ohayon MM, Carskadon MA, Guilleminault C, Vitiello MV. Meta-analysis of quantitative sleep 
parameters from childhood to old age in healthy individuals: developing normative sleep values 
across the human lifespan. Sleep. 2004; 27(7):1255–1273. [PubMed: 15586779] 

8. Institute of Medicine. Sleep Disorders and Sleep Deprivation: An Unmet Public Health Problem. 
Washington, DC: National Academies Press; 2006. 

9. Ward TM, Gay C, Alkon A, Anders TF, Lee KA. Nocturnal sleep and daytime nap behaviors in 
relation to salivary cortisol levels and temperament in preschool-age children attending child care. 
Biol Res Nurs. 2008; 9(3):244–253. [PubMed: 18077777] 

10. Heim C, Nater UM, Maloney E, Boneva R, Jones JF, Reeves WC. Childhood trauma and risk for 
chronic fatigue syndrome: association with neuroendocrine dysfunction. Arch Gen Psychiatry. 
2009; 66(1):72–80. [PubMed: 19124690] 

11. Padez C, Mourao I, Moreira P, Rosado V. Long sleep duration and childhood overweight/obesity 
and body fat. Am J Hum Biol. 2009; 21(3):371–376. [PubMed: 19189418] 

12. Bell JF, Zimmerman FJ. Shortened nighttime sleep duration in early life and subsequent childhood 
obesity. Arch Pediatr Adolesc Med. 2010; 164(9):840–845. [PubMed: 20819966] 

13. Armstrong KL, Quinn RA, Dadds MR. The sleep patterns of normal children. Med J Aust. 1994; 
161(3):202–206. [PubMed: 8035724] 

14. Iglowstein I, Jenni OG, Molinari L, Largo RH. Sleep duration from infancy to adolescence: 
reference values and generational trends. Pediatrics. 2003; 111(2):302–307. [PubMed: 12563055] 

15. Russo PM, Bruni O, Lucidi F, Ferri R, Violani C. Sleep habits and circadian preference in Italian 
children and adolescents. J Sleep Res. 2007; 16(2):163–169. [PubMed: 17542946] 

16. Terman L, Hocking A. The sleep of school children, its distribution according to age, and its 
relation to physical and mental efficiency. J Educ Psychol. 1913; 4(3):138–147.

17. Weissbluth M, Poncher J, Given G, Schwab J, Mervis R, Rosenberg M. Sleep duration and 
television viewing. J Pediatr. 1981; 99(3):486–488. [PubMed: 7264816] 

18. Foster JC, Goodenough FL, Anderson JE. The sleep of young children. Pedagog Semin J Genet 
Psychol. 1928; 35:201–218.

19. Mindell JA, Meltzer LJ, Carskadon MA, Chervin RD. Developmental aspects of sleep hygiene: 
findings from the 2004 National Sleep Foundation Sleep in America Poll. Sleep Med. 2009; 10(7):
771–779. [PubMed: 19285450] 

20. Insolera, N. The Panel Study of Income Dynamics Child Development Supplement: User Guide for 
CDS-III. Ann Arbor, MI: Institute for Social Research; 2010. 

21. [Accessed September 25, 2010] An overview of the Panel Study of Income Dynamics. Panel Study 
of Income Dynamics website. http://psidonline.isr.umich.edu

22. Institute for Social Research. Panel Study of Income Dynamics, Public Use Dataset. Ann Arbor, 
MI: Institute for Social Research; 2011. 

23. Institute for Social Research. Panel Study of Income Dynamics, Child Development Supplement 
III Documentation. Ann Arbor, MI: Institute for Social Research; 2011. 

24. Hofferth, S., Davis-Kean, PE., Davis, J., Finkelstein, J. Panel Study of Income Dynamics website. 
Ann Arbor, MI: Institute for Social Research; 1997. The Child Development Supplement to the 
Panel Study of Income Dynamics: 1997 user’s guide. http://psidonline.isr.umich.edu/CDS/
cdsi_userGD.pdf [Accessed May 21, 2011]

Williams et al. Page 8

JAMA Pediatr. Author manuscript; available in PMC 2018 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://pediatrics.aappublications.org/content/107/4/e60.long
http://psidonline.isr.umich.edu
http://psidonline.isr.umich.edu/CDS/cdsi_userGD.pdf
http://psidonline.isr.umich.edu/CDS/cdsi_userGD.pdf


25. Duffy, D., Sastry, N. An Assessment of the National Representativeness of Children in the 2007 
Panel Study of Income Dynamics. Ann Arbor, MI: Institute for Social Research; 2012. (Technical 
Series Paper #12-01)

26. Hofferth SL, Sandberg JF. How American children spend their time. JMF. 2001; 63(2):295–308. 
DOI: 10.1111/j.1741-3737.2001.00295.x

27. Hofferth, SL., Sandberg, JF. Changes in American children’s time, 1981–1997. In: Hofferth, S., 
Owens, T., editors. Children at the Millennium—Where Did We Come From, Where Are We 
Going?. New York, NY: Elsevier Science; 2001. p. 193-229.

28. Juster FT, Stafford FP. The allocation of time: empirical findings, behavioral models, and problems 
of measurement. J Econ Lit. 1991; 29(2):471–522.

29. Kitterod RH. Does the recording of parallel activities in time-use diaries affect the way people 
report their main activities? Soc Indic Res. 2001; 56(2):145–178.

30. Sandberg JF, Hofferth SL. Changes in children’s time with parents: a correction. Demography. 
2005; 42(2):391–395. [PubMed: 15986992] 

31. Vandewater EA, Bickham DS, Lee JH. Time well spent? relating television use to children’s free-
time activities. Pediatrics. 2006; 117(2):e181–e191. DOI: 10.1542/peds.2005-0812 [PubMed: 
16452327] 

32. Royston P, Wright EM. Goodness-of-fit statistics for age-specific reference intervals. Stat Med. 
2000; 19(21):2943–2962. [PubMed: 11042625] 

33. Van de Water AT, Holmes A, Hurley DA. Objective measurements of sleep for nonlaboratory 
settings as alternatives to polysomnography—a systematic review. J Sleep Res. 2011; 20(1 pt 2):
183–200. [PubMed: 20374444] 

34. Tremaine R, Dorrian J, Blunden S. Subjective and objective sleep in children and adolescents: 
measurement, age, and gender differences. Sleep Biol Rhythms. 2010; 8(4):229–238.

35. Li Y, Graubard BI, Korn EL. Application of nonparametric quantile regression to body mass index 
percentile curves from survey data. Stat Med. 2010; 29(5):558–572. [PubMed: 20013898] 

36. Jones MC, Yu K. Improved double-kernel local-linear quantile regression. Stat Model. 2007; 7(4):
377–389. DOI: 10.1177/1471082X0700700407

37. Yu K, Lu Z, Stander J. Quantile regression: applications and current research areas. Statistician. 
2003; 52(3):331–350. DOI: 10.1111/1467-9884.00363

38. Li, Y. [Accessed May 21, 2011] Yan Li homepage website. http://people.uwec.edu/liyan/

39. Korn, EL., Graubard, BI. Analysis of Health Surveys. New York, NY: John Wiley & Sons; 1999. 

40. Centers for Disease Control and Prevention (CDC). [Accessed September 25, 2011] Sleep and 
sleep disorders. CDC features website. 2010. http://www.cdc.gov/features/sleep/

41. National Center on Sleep Disorders Research and Office of Prevention, Education, and Control. 
Working Group Report on Problem Sleepiness. Bethesda, MD: National Institutes of Health; 1997. 
http://www.nhlbi.nih.gov/health/prof/sleep/pslp_wg.pdf [Accessed September 11, 2012]

42. Roenneberg T, Wirz-Justice A, Merrow M. Life between clocks: daily temporal patterns of human 
chronotypes. J Biol Rhythms. 2003; 18(1):80–90. [PubMed: 12568247] 

43. Roenneberg T, Kuehnle T, Pramstaller PP, et al. A marker for the end of adolescence. Curr Biol. 
2004; 14(24):R1038–R1039. [PubMed: 15620633] 

44. Roenneberg T, Kuehnle T, Juda M, et al. Epidemiology of the human circadian clock. Sleep Med 
Rev. 2007; 11(6):429–438. [PubMed: 17936039] 

45. Crowley SJ, Acebo C, Carskadon MA. Human puberty: salivary melatonin profiles in constant 
conditions. Dev Psychobiol. 2012; 54(4):468–473. [PubMed: 21953482] 

46. Crowley SJ, Carskadon MA. Modifications to weekend recovery sleep delay circadian phase in 
older adolescents. Chronobiol Int. 2010; 27(7):1469–1492. [PubMed: 20795887] 

47. Spilsbury JC, Storfer-Isser A, Drotar D, et al. Sleep behavior in an urban US sample of school-aged 
children. Arch Pediatr Adolesc Med. 2004; 158(10):988–994. [PubMed: 15466688] 

48. Galland BC, Taylor BJ, Elder DE, Herbison P. Normal sleep patterns in infants and children: a 
systematic review of observational studies. Sleep Med Rev. 2012; 16(3):213–222. [PubMed: 
21784676] 

Williams et al. Page 9

JAMA Pediatr. Author manuscript; available in PMC 2018 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://people.uwec.edu/liyan/
http://www.cdc.gov/features/sleep/
http://www.nhlbi.nih.gov/health/prof/sleep/pslp_wg.pdf


49. Mindell JA, Sadeh A, Wiegand B, How TH, Goh DYT. Cross-cultural differences in infant and 
toddler sleep. Sleep Med. 2010; 11(3):274–280. [PubMed: 20138578] 

50. Kohyama J, Mindell JA, Sadeh A. Sleep characteristics of young children in Japan: Internet study 
and comparison with other Asian countries. Pediatr Int. 2011; 53(5):649–655. [PubMed: 
21199167] 

51. Teng A, Bartle A, Sadeh A, Mindell J. Infant and toddler sleep in Australia and New Zealand. J 
Paediatr Child Health. 2012; 48(3):268–273. [PubMed: 22107168] 

52. Sadeh AVI, Mindell JA, Luedtke K, Wiegand B. Sleep and sleep ecology in the first 3 years: a web-
based study. J Sleep Res. 2009; 18(1):60–73. [PubMed: 19021850] 

Williams et al. Page 10

JAMA Pediatr. Author manuscript; available in PMC 2018 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Age-conditional 10th, 25th, 50th, 75th, and 90th percentiles of the distribution of children’s 

number of minutes of sleep for weekdays, weekends, and overall. A, For weekday total 

sleep; B, for weekend total sleep; C, for overall sleep; D, for weekday daytime sleep through 

age 5; E, for weekend daytime sleep through age 5; F, for overall daytime sleep through age 

5.

Williams et al. Page 11

JAMA Pediatr. Author manuscript; available in PMC 2018 February 15.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Median comparisons of the distribution of children’s sleep by race/ethnicity and sex. A, By 

race/ethnicity; B, by sex.
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Figure 3. 
Median comparison by survey year. This figure shows the age-conditional medians 

estimated by survey year for 1997, 2002, and 2007.
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Table

Descriptive Statistics of Sample Childrena

Variable

Survey Wave, y

1997 2002 2007

No. 2832 2520 1424

Age, mean (SD) 6.2 (3.8) 11.6 (3.7) 14.0 (2.2)

 [range], y [0–13]b [5–19] [10–19]

Race/ethnicity, No. (%)

 White, non-Hispanic 1384 (48.9) 1204 (47.8) 688 (48.3)

 Black, non-Hispanic 1088 (38.4) 1000 (39.7) 555 (39.0)

 Hispanic 206 (7.3) 191 (7.6) 116 (8.1)

 Other 149 (5.3) 118 (4.7) 63 (4.4)

Sex, No. (%)

 Girls 1454 (51.3) 1262 (50.1) 727 (51.1)

 Boys 1378 (48.7) 1258 (49.9) 697 (48.9)

a
This table gives descriptive statistics for children with reported time-diary data in the 3 waves of the Child Development Supplement I, II, and III.

b
One child was 13 at the start of the survey process but turned 14 before it was completed.
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