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Abstract

Introduction—Despite children spending long hours in child care centers, it is unknown what 

center characteristics are associated with children’s moderate to vigorous physical activity 

(MVPA) at the center and over the 24-hour day.

Methods—Mixed model ANOVA evaluated associations between 23 center characteristics (e.g., 

policies, facilities, practices, and staff training) and time in MVPA, measured with accelerometers, 

at the child care center and over the 24-hour day among 388 preschoolers from 30 randomly 

selected child care centers in Cincinnati, Ohio. Data collection occurred from November 2009 

through January 2011; data analyses occurred in 2012–2014.

Results—Ninety percent of centers reported scheduling two or more outdoor sessions daily, yet 

only 40% of children had two or more outdoor sessions; 32% had no time outdoors. Eighty-three 

percent of centers reported scheduling ≥60 minutes outdoors; 28% of children experienced this 

during observation. Children spent a mean (SE) of 2.0 (0.06) minutes/hour in MVPA. Children 

with ≥60 minutes outdoor time had 0.6 minutes/hour more MVPA in child care (p=0.001), and 0.5 

minutes/hour over the 24-hour day (p=0.001) than those who did not. Presence of an indoor play 

space, large outdoor playground, portable or fixed play equipment, staff PA training, weather and 

clothing policies, and TV/computer use were not related to children’s MVPA.

Conclusions—Outdoor time occurred less frequently than scheduled. Children with ≥60 

minutes of outdoor time at the center were more active than children without. Centers may 

increase preschoolers’ PA by adhering to the scheduled ≥60 minutes of outdoor time daily.
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Introduction

Daily physical activity (PA) is essential for children’s growth and development. It improves 

cardiovascular and bone health and has been linked to improved mood, attention, and 

cognitive performance.1–5 PA is critical in preventing obesity, especially during the 

preschool years,6,7 yet few preschoolers meet daily PA recommendations.8,9

The majority of U.S. preschoolers (56%) spend time in child care centers.10 Many spend 

long hours in these settings or lack a safe place to play at home, thus children’s only 

opportunity for PA may occur in these settings. PA opportunities vary widely among child 

care centers, with center-level attributes accounting for 27% 48% of the variance in PA 

levels.11–13

Children’s PA in child care centers has been linked to the number and types of portable play 

equipment available (e.g., balls, tricycles)14–16; an outdoor playground that is large, has 

natural elements, and minimal fixed equipment14–18; the presence of an indoor space for 

active play (e.g., gym or muscle room)13,19; less electronic media use in classrooms14,15; 

teacher PA training14,15; and time allotted for outdoor play.13,18,20,21 It remains unknown if 

center characteristics remain predictive of children’s PA levels over the entire 24-hour day, 

as children who are more or less active while at the center may compensate when they get 

home.

The objective of this study was to determine which child care center characteristics are 

associated with preschool children’s moderate to vigorous PA (MVPA) while in the center 

and over the 24-hour day. The authors hypothesized a priori that eight child care center 

attributes would be positively associated with children’s MVPA:

1. ample quantities and variety of portable play equipment outdoors;

2. ample quantities and variety of portable play equipment indoors;

3. indoor space available for active play (henceforward referred to as —muscle 

room );

4. large onsite playground with natural elements and minimal fixed equipment;

5. staff trained in PA promotion;

6. PA-promoting policies and daily schedule;

7. no TV or computer use; and

8. centers providing at least 60 minutes of outdoor play on the day of observation.

Methods

Study Design

The Preschool Eating and Activity Study (PEAS) was a cross-sectional study of center 

environments and children’s 24-hour PA in two randomly selected preschool classrooms in 

30 randomly selected child care centers (N=60 classrooms). All data collection occurred 

during a mutually agreed-upon study week for 1 full day each classroom (first classroom on 
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Tuesday, second on Wednesday) from November 2009 through January 2011, providing 

temperature variation. Assessment materials were adapted from published instruments22,23 

and are available on request from the corresponding author.

Participants

Centers were eligible if they offered full-day care to preschool children. Center directors 

were recruited from a randomly ordered list of all centers in Hamilton County, Ohio. All 

children aged 36–72 months enrolled in each of the randomly selected classrooms for at 

least 1 month, present on the day of observation, and who did not have a disability 

prohibiting MVPA, were eligible to participate. Only one child per family was eligible. 

Center directors and parents provided written informed consent. The IRB at Cincinnati 

Children’s Hospital Medical Center approved the study.

Research staff measured child’s height and weight (in light clothing, no shoes) in duplicate 

using a SECA stadiometer and Health-O-Meter scale. BMI z-scores were calculated using 

age and sex-matched norms.24 A parent was given a self-administered questionnaire 

regarding child’s date of birth, sex, race, ethnicity, eligibility for the Child and Adult Care 

Food Program, receipt of public health insurance, household income, and parental education 

to be completed on the evening the child wore the accelerometer.

Measures

Independent variables were dichotomized at the median value to define PA promoting 

(Table 1). The authors computed three measures of portable play equipment for outdoor and 

indoor sessions: number of balls and pieces of riding equipment, and number of types of 

portable play equipment from a list of 15.16 Muscle rooms were assessed for presence and 

size (5-point scale, very small to very large). Research staff measured playground square 

footage and noted the number of natural elements (e.g., garden, sand play area, trees)17 and 

pieces of fixed equipment from a list of 18.

The percentage of staff reporting specialized training in PA for preschool children was 

assessed by a questionnaire completed by directors and child care providers from the 

observed classrooms (n=149 of 168 eligible staff members). Centers directors also 

completed a telephone interview (ELEPhANTS25) about their weather and clothing policies 

for PA and daily schedules for outdoor and indoor active time25:

1. children permitted outside in temperatures <32°F;

2. children permitted outside in light rain;

3. children permitted outside in snow;

4. children permitted outside with snow on playground;

5. children permitted outside when playground is wet or muddy;

6. children not permitted to wear flip-flops on playground;

7. children not permitted to wear sandals on playground; and

8. directors keep extra clothing (e.g., coats, mittens, socks) for loan.
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Research staff observed the presence of TVs and computers available for child use, and 

recorded the minutes these devices were used by individual children during the day of 

observation. Three child- and center-level variables were computed for any TV, computer, 

or screen (TV or computer) use on either observation day.

Staff recorded the actual time children spent outdoors and in the muscle room on the day of 

observation. The authors hypothesized that ≥60 minutes outdoors, in the muscle room, or 

total active time (outdoors + time in the muscle room) would be associated with higher PA 

levels.26 Research staff recorded precipitation and temperatures during active sessions with 

a portable thermometer placed outdoors in the shade, or checked national weather service 

records at www.ncdc.noaa.gov/.

Research staff placed an Actical uniaxial accelerometer (MiniMitter®, USA) (15-second 

epoch) fitted with an elastic belt on each child’s right hip upon arrival at the center on the 

observation day, and removed it the following morning. Established cut offs for counts per 

minute27 were used to quantify time (minutes/hour) spent in MVPA, light activity, and 

sedentary activity for five periods: the 24-hour day, while at the child care center, while 

outdoors at the center, while in the muscle room at the center, and when home. Sleep and 

non-wear times were removed from these periods. Parents recorded non-wear and sleep 

times at home in a sleep and accelerometry diary; research staff recorded the child’s arrival 

and departure times, nap periods, and active play periods on the playground and muscle 

room while in child care. The authors interpreted 120 consecutive epochs (30 minutes) with 

zero counts as non-wear time.

Statistical Analysis

A mixed model ANOVA was used to evaluate differences in time spent in MVPA by center 

characteristics. All models included the following covariates chosen a priori: age, sex, BMI, 

parental education (treated ordinally with categories listed in Table 2), and child care center, 

the latter treated as a random effect. Independent variables and the timeframe(s) for the 

dependent variables are specified in Table 1. As each child could be exposed to multiple 

outdoor or indoor active sessions, with varying amounts of portable play equipment, 

portable play variables were examined at the session level. Similarly, size of the muscle 

room was evaluated for all children who had an indoor active session, and size and quality 

of the outdoor playgrounds were evaluated during outdoor sessions. All independent 

variables were tested separately to evaluate their association with time spent in MVPA over 

the child care day. Variables significant at p<0.05 in these models were candidates for entry 

in multivariable models (full models). Once these independent candidate variables were 

selected, models were run removing variables one at a time and examining the effect on the 

model. Once the final model was determined, diagnostics were run looking for influential 

observations and assessing residuals. The final multivariable model retained all covariates 

and only independent variables with a p-value of <0.05. Outdoor time and total active time 

(in muscle room or on playground) were evaluated separately owing to collinearity. The 

following were also modeled as continuous variables: weather/clothing score; number of 

balls; pieces of riding equipment; portable play types; pieces of fixed equipment; and 

minutes of TV, computer, and overall screen time for individual children. Results for 
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continuous analyses are presented only if differed from categorical. Data analyses were 

conducted from 2012 to 2014.

Results

Thirty randomly selected child care center directors gave consent to participate (10% refusal 

rate), two classrooms in each center were randomly selected (no refusals), and all children in 

selected classrooms were approached for participation. Of the 579 children potentially 

eligible, 447 (77%) families gave consent to participate, 415 children were present on the 

day of observation, and 27 children were excluded (nine refused to wear an accelerometer, 

one withdrew, 13 did not remain in the child care center for at least 5 hours, three 

accelerometers malfunctioned, and one accelerometer was not returned). Sample 

characteristics of the resultant 388 children are described in Table 2.

Most (80%) center directors reported a typical schedule for going outside twice daily (range, 

twice times/week to four times/day), for a median of 60 (30–107) minutes outdoors daily. 

As observed, 153 (40%) children had two or more outdoor sessions, 109 (28%) children had 

only one outdoor session, and 126 (32%) in eight centers had no outdoor sessions. There 

was a median of 23 (0–167) minutes per day of outdoor time across the 30 centers. There 

was no precipitation during any outdoor session, and the mean (SD) temperature was 73 

(16)°F (range, 29–95°F). It was raining or snowing during 22% of the indoor active sessions 

and the mean (SD) outside temperature was 47 (22)°F (range, 15–96°F). Other conditions 

limiting outdoor play included: playground construction (two centers), no playground (one 

center), snow on playground (six centers), and playground wet and muddy (two centers). All 

30 centers and 378 of 388 children had at least some active time, either indoors or outdoors 

(median, 68 minutes).

Children watched TV at 12 centers for a median of 28.5 (3–184) minutes. Computers were 

available at 22 centers and used by children for a median of 17 (2–72) minutes. A total of 

168 children had any screen time (median, 27 minutes; range, 2–196 minutes). At the child 

level, 78% of children watched no TV, 70% did not use a computer, and 57% had no screen 

use at the center.

Participants wore the accelerometer for a mean (SD) of 23.5 (2.5) hours and spent 8.4 (1.2) 

hours in child care. PA levels are reported in Table 3. Children were most active in the 

muscle room and playground (9.0 and 7.3 minutes/hour, respectively), and least active at 

home (1.6 minutes/hour). Over the average 700 minutes/day (11.7 hours) awake, children 

spent a mean (SE) of 2.0 (0.06) minutes/hours in MVPA.

None of the hypothesized facility variables (portable and fixed equipment, size of active 

spaces, natural elements) were significantly associated with time spent in MVPA on the 

playground or in the muscle room. Table 4 includes all variables that were significantly 

associated with MVPA over the child care or 24-hour day in initial models. In the final 

multivariable model, only >60 minutes outdoors and >60 minutes total active time were 

associated with MVPA in the child care center; these were associated with a 0.5- and 0.6-

minute/hour increase in MVPA, respectively over the child care day. Time spent outdoors in 
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child care and total active time in child care were also associated with time in MVPA over 

the 24-hour day. Children with ≥60 minutes outdoor active time engaged in 0.5 minutes/

hour more MVPA over the 24-hour day than those that did not (p=0.001). Children with ≥60 

minutes any active time (indoors or outdoors) engaged in 0.4 minutes/hour more MVPA 

over the child care day than those that did not (p=0.003). The authors also considered 

whether any of the 23 hypothesized variables were associated with time spent in sedentary 

activity over the child care day or 24-hour day, but none were significant in multivariable 

models (data not shown).

Discussion

In this first study of child care center attributes associated with children’s MVPA over the 

24-hour day, time provided outdoors and total active time were the only two consistent 

modifiable predictors of children’s PA levels. Children with at least 60 minutes of outdoor 

or active time were more active than children without (0.4–0.6 minutes/hour more time in 

MVPA), even after including PA at home. Although this difference is modest in minutes/

hour, over the 24-h day, this would add up to an additional 10–14 minutes spent in MVPA, 

which may help put children over the threshold to achieve the recommended 60 minutes per 

day spent in MVPA.8 These findings of a significant effect of 60 minutes of outdoor time or 

total active time are consistent with other reports20,21 and add support for child care 

guidelines,26 which recommend at least 60–90 minutes of outdoor time daily. The full 24-

hour day is important when evaluating center influences on children’s PA, as it takes into 

account whether children compensate at home for their level of activity in the center. The 

findings that center effects persist when including home activity levels are novel, and 

suggest that what happens in the center has important and lasting effects for children’s total 

daily levels of activity.

Importantly, this study found a difference between scheduled versus observed sessions and 

time outdoors. Outdoor time occurred much less frequently than scheduled. One quarter of 

centers and one third of children had no outdoor time on the day of observation. This 

discrepancy between scheduled and observed outdoor time has been observed in other 

studies,21,28 and underscores the importance of assessing actual practice.

Weather may have been an important factor.29 Outdoor sessions occurred under primarily 

sunny and moderately warm conditions whereas indoor sessions occurred in cooler and 

overcast conditions. The authors previously reported30 that child care providers cite their 

preferences about weather as a barrier to children’s outside time. The present findings 

suggest that the scheduled 60 minutes of active play time outdoors does not occur 

consistently if cold or inclement conditions are common.

Contrary to others,13–19 this study did not find any significant effect of facilities—including 

size of indoor or outdoor play space, natural elements, and fixed equipment—on children’s 

MVPA. It also did not find staff PA training or portable play equipment to be associated 

with PA levels indoors or outdoors. There may have been insufficient outdoor or indoor time 

with portable play equipment to detect an effect in this sample. The literature on the effect of 

portable play equipment is mixed, with those using a measure that combines number and 

Copeland et al. Page 6

Am J Prev Med. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



variety of types of equipment finding significant effects,13–15,31 whereas those who separate 

number and types of portable play equipment finding few16 or no18,32 significant effects. 

Equipment availability is incumbent on teachers, who must retrieve it,30 and children may 

not use it unless teachers prompt them or model its use.33 This study was unable to 

determine teacher’s influence on equipment availability or enticement in this study. More 

research is needed to understand what types and quantities of portable play equipment 

significantly facilitate children’s PA, and how teachers may influence its availability and 

effectiveness.

This study did not find a significant relationship between TV or computer use at either the 

center or child-level and children’s MVPA or sedentary activity, as others have found.14,15 

Overall, TVs were used at 40% of centers for a median of 63 minutes, which is higher 

screen time usage than reported elsewhere.28 This study is among the first to report 

computer usage in child care centers, and found relatively high penetration (73% of centers). 

Though the majority of children did not have any screen time in child care, there were a few 

—super users that accounted for most of the screen time. The negative health, behavioral, 

and cognitive effects of TV among preschoolers has been widely reported,34–38 but the 

effects of computer use are unknown for this age group.

Limitations

The study was limited to a single day of observation in a single county, limiting its 

generalizability. However, the sample was racially and socioeconomically diverse. Though a 

single day of observation is insufficient to determine usual PA levels among preschool 

children, the study was designed to assess center effects on children’s PA across four 

seasons. The inclusion of two winters during data collection likely contributed to lower 

overall PA levels, but these temperatures occur for one fourth of the year. The authors were 

unable to assess home environments or the role teachers may have played in making 

decisions to go outside or use portable play equipment. Lastly, although the study controlled 

for relevant confounders such as parental education and child BMI, sex, and age, there may 

have been residual confounding that affected the results. Future research should test the 

effect of providing two or more sessions of active time totaling 60 minutes to preschoolers 

on days when temperatures or precipitation might otherwise preclude active opportunities. 

An RCT of two additional 30-minute recess periods did not increase MVPA in a temperate 

climate.39

Conclusions

Children in child care centers with at least 60 minutes of outdoor time or active time were 

more active over 24 hours than those without these opportunities. Outdoor sessions occurred 

less frequently than scheduled, particularly during winter and precipitation. This was the 

first study to examine center influences on children’s PA over the full 24-hour day and over 

a wide range of weather conditions. To ensure that children receive adequate opportunities 

to be active, centers that regularly face inclement conditions should make better use of 

indoor spaces and encourage teachers to take children outdoors briefly even on cold days. 

These opportunities may be especially important for children who lack opportunities to be 
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active at home. Findings suggest that child care centers play a pivotal role in children’s PA 

levels.

Acknowledgments

We appreciate the child care center teachers and families who supported and participated in the Preschool Eating 
and Activity Study (PEAS). We are grateful to Karla Foster and Angela Howald Donnelly for their tireless efforts 
in recruitment, data collection, data management, and analysis. We also appreciate Robert Tamer’s assistance with 
data management, programming, and cleaning. The research presented in this paper is that of the authors and does 
not necessarily reflect the official views of NIH or the Robert Wood Johnson Foundation. This study was supported 
by grant number K23 HL088053 from NIH and the Robert Wood Johnson Foundation Physician Faculty Scholars 
Award. Additional support was provided by grant number 8 UL1 TR000077 from the National Center for 
Advancing Translational Sciences of NIH. Drs. Copeland, Khoury, and Kalkwarf each participated in the 
conception and design of the study, analysis and interpretation of the data, and revising the manuscript. Dr. 
Copeland obtained funding, participated in data acquisition, and drafted the manuscript. Dr. Khoury conducted the 
statistical analyses. Dr. Kalkwarf provided supervision and outstanding mentoring throughout the project.

References

1. Sallis, JF.; Owen, N. Physical Activity & Behavioral Medicine. Thousand Oaks, Calif: Sage 
Publications; 1999. 

2. Mahar MT, Murphy SK, Rowe DA, Golden J, Shields AT, Raedeke TD. Effects of a classroom-
based program on physical activity and on-task behavior. Med Sci Sports Exerc. 2006; 38(12):
2086–2094. http://dx.doi.org/10.1249/01.mss.0000235359.16685.a3. [PubMed: 17146314] 

3. Ginsburg KR. The importance of play in promoting healthy child development and maintaining 
strong parent-child bonds. Pediatrics. 2007; 119(1):182–191. http://dx.doi.org/10.1542/peds.
2006-2697. [PubMed: 17200287] 

4. Janssen I, Leblanc AG. Systematic review of the health benefits of physical activity and fitness in 
school-aged children and youth. Int J Behav Nutr Phys Act. 2010; 7:40. http://dx.doi.org/
10.1186/1479-5868-7-40. [PubMed: 20459784] 

5. Timmons BW, Naylor PJ, Pfeiffer KA. Physical activity for preschool children--how much and 
how? Can J Public Health. 2007; 98(Suppl 2):S122–134. [PubMed: 18213943] 

6. Reilly JJ. Physical activity, sedentary behaviour and energy balance in the preschool child: 
opportunities for early obesity prevention. Proc Nutr Soc. 2008; 67(3):317–325. http://dx.doi.org/
10.1017/S0029665108008604. [PubMed: 18700053] 

7. Dietz WH. Critical periods in childhood for the development of obesity. Am J Clin Nutr. 1994; 
59(5):955–959. [PubMed: 8172099] 

8. Beets MW, Bornstein D, Dowda M, Pate RR. Compliance with national guidelines for physical 
activity in US preschoolers: measurement and interpretation. Pediatrics. 2011; 127(4):658–664. 
http://dx.doi.org/10.1542/peds.2010-2021. [PubMed: 21422082] 

9. Sisson SB, Church TS, Martin CK, et al. Profiles of sedentary behavior in children and adolescents: 
the US National Health and Nutrition Examination Survey, 2001–2006. Int J Pediatr Obes. 2009; 
4(4):353–359. http://dx.doi.org/10.3109/17477160902934777. [PubMed: 19922052] 

10. Federal Interagency Forum on Child and Family Statistics. America’s Children in Brief: Key 
National Indicators of Well-Being, 2011. Washington, DC: U.S. Government Printing Office; 
2011. 

11. Pate RR, McIver K, Dowda M, Brown WH, Addy C. Directly observed physical activity levels in 
preschool children. J Sch Health. 2008; 78(8):438–444. http://dx.doi.org/10.1111/j.
1746-1561.2008.00327.x. [PubMed: 18651931] 

12. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M. Physical activity among children attending 
preschools. Pediatrics. 2004; 114(5):1258–1263. http://dx.doi.org/10.1542/peds.2003-1088-L. 
[PubMed: 15520105] 

13. Gunter KB, Rice KR, Ward DS, Trost SG. Factors associated with physical activity in children 
attending family child care homes. Prev Med. 2012; 54(2):131–133. http://dx.doi.org/10.1016/
j.ypmed.2011.12.002. [PubMed: 22178820] 

Copeland et al. Page 8

Am J Prev Med. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1249/01.mss.0000235359.16685.a3
http://dx.doi.org/10.1542/peds.2006-2697
http://dx.doi.org/10.1542/peds.2006-2697
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1186/1479-5868-7-40
http://dx.doi.org/10.1017/S0029665108008604
http://dx.doi.org/10.1017/S0029665108008604
http://dx.doi.org/10.1542/peds.2010-2021
http://dx.doi.org/10.3109/17477160902934777
http://dx.doi.org/10.1111/j.1746-1561.2008.00327.x
http://dx.doi.org/10.1111/j.1746-1561.2008.00327.x
http://dx.doi.org/10.1542/peds.2003-1088-L
http://dx.doi.org/10.1016/j.ypmed.2011.12.002
http://dx.doi.org/10.1016/j.ypmed.2011.12.002


14. Dowda M, Brown WH, McIver KL, et al. Policies and characteristics of the preschool environment 
and physical activity of young children. Pediatrics. 2009; 123(2):e261–266. http://dx.doi.org/
10.1542/peds.2008-2498. [PubMed: 19171578] 

15. Bower JK, Hales DP, Tate DF, Rubin DA, Benjamin SE, Ward DS. The childcare environment and 
children’s physical activity. Am J Prev Med. 2008; 34(1):23–29. http://dx.doi.org/10.1016/
j.amepre.2007.09.022. [PubMed: 18083447] 

16. Gubbels JS, Van Kann DH, Jansen MW. Play equipment, physical activity opportunities, and 
children’s activity levels at childcare. J Environ Public Health. 2012; 2012:326520. http://
dx.doi.org/10.1155/2012/326520. [PubMed: 22811736] 

17. Boldemann C, Blennow M, Dal H, et al. Impact of preschool environment upon children’s physical 
activity and sun exposure. Prev Med. 2006; 42(4):301–308. http://dx.doi.org/10.1016/j.ypmed.
2005.12.006. [PubMed: 16448688] 

18. Cardon G, Van Cauwenberghe E, Labarque V, Haerens L, De Bourdeaudhuij I. The contribution of 
preschool playground factors in explaining children’s physical activity during recess. Int J Behav 
Nutr Phys Act. 2008; 5:11. http://dx.doi.org/10.1186/1479-5868-5-11. [PubMed: 18302741] 

19. Sugiyama T, Okely AD, Masters JM, Moore GT. Attributes of child care centers and outdoor play 
areas associated with preschoolers’ physical activity and sedentary behavior. Environ Behav. 
2012; 44(3):334–349. http://dx.doi.org/10.1177/0013916510393276. 

20. Tandon PS, Saelens BE, Zhou C, Kerr J, Christakis DA. Indoor Versus Outdoor Time in 
Preschoolers at Child Care. Am J Prev Med. 2013; 44(1):85–88. http://dx.doi.org/10.1016/
j.amepre.2012.09.052. [PubMed: 23253655] 

21. Stephens RL, Xu Y, Lesesne CA, et al. Relationship between child care centers’ compliance with 
physical activity regulations and children’s physical activity, New York City, 2010. Prev Chronic 
Dis. 2014; 11:E179. http://dx.doi.org/10.5888/pcd11.130432. [PubMed: 25321630] 

22. Benjamin SE, Neelon B, Ball SC, Bangdiwala SI, Ammerman AS, Ward DS. Reliability and 
validity of a nutrition and physical activity environmental self-assessment for child care. Int J 
Behav Nutr Phys Act. 2007; 4:29. http://dx.doi.org/10.1186/1479-5868-4-29. [PubMed: 
17615078] 

23. Ward D, Hales D, Haverly K, et al. An instrument to assess the obesogenic environment of child 
care centers. Am J Health Behav. 2008; 32(4):380–386. http://dx.doi.org/10.5993/AJHB.32.4.5. 
[PubMed: 18092898] 

24. Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, et al. CDC growth charts: United States. Adv 
Data. 2000; (314):1–27. [PubMed: 11183293] 

25. Copeland KA, Sherman SN, Khoury JC, Foster KE, Saelens BE, Kalkwarf HJ. Wide Variability in 
Physical Activity Environments and Weather-Related Outdoor Play Policies in Child Care Centers 
Within a Single County of Ohio. Arch Pediatr Adolesc Med. 2011; 165(5):435–442. http://
dx.doi.org/10.1001/archpediatrics.2010.267. [PubMed: 21199969] 

26. American Academy of Pediatrics, American Public Health Association, National Resource Center 
for Health and Safety in Child Care and Early Education. Caring for Our Children: National 
Health and Safety Performance Standards; Guidelines for Early Care and Education Programs. 3. 
Elk Grove Village, IL; Washington, DC: American Academy of Pediatrics, American Public 
Health Association; 2011. 

27. Pfeiffer KA, McIver KL, Dowda M, Almeida MJ, Pate RR. Validation and calibration of the 
Actical accelerometer in preschool children. Med Sci Sports Exerc. 2006; 38(1):152–157. http://
dx.doi.org/10.1249/01.mss.0000183219.44127.e7. [PubMed: 16394968] 

28. Lessard L, Lesesne C, Kakietek J, Breck A, Jernigan J, Dunn L. Measurement of Compliance With 
New York City’s Regulations on Beverages, Physical Activity, and Screen Time in Early Child 
Care Centers. Prev Chronic Dis. 2014; 11:E183. http://dx.doi.org/10.5888/pcd11.130433. 
[PubMed: 25321634] 

29. Edwards, NM.; Myer, GD.; Kalkwarf, HJ., et al. Outdoor Temperature, Precipitation, and Wind 
Speed Affect Physical Activity Levels in Children: A Longitudinal Cohort Study. J Phys Act 
Health. 2014. http://dx.doi.org/10.1123/jpah.2014-0125

Copeland et al. Page 9

Am J Prev Med. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1542/peds.2008-2498
http://dx.doi.org/10.1542/peds.2008-2498
http://dx.doi.org/10.1016/j.amepre.2007.09.022
http://dx.doi.org/10.1016/j.amepre.2007.09.022
http://dx.doi.org/10.1155/2012/326520
http://dx.doi.org/10.1155/2012/326520
http://dx.doi.org/10.1016/j.ypmed.2005.12.006
http://dx.doi.org/10.1016/j.ypmed.2005.12.006
http://dx.doi.org/10.1186/1479-5868-5-11
http://dx.doi.org/10.1177/0013916510393276
http://dx.doi.org/10.1016/j.amepre.2012.09.052
http://dx.doi.org/10.1016/j.amepre.2012.09.052
http://dx.doi.org/10.5888/pcd11.130432
http://dx.doi.org/10.1186/1479-5868-4-29
http://dx.doi.org/10.5993/AJHB.32.4.5
http://dx.doi.org/10.1001/archpediatrics.2010.267
http://dx.doi.org/10.1001/archpediatrics.2010.267
http://dx.doi.org/10.1249/01.mss.0000183219.44127.e7
http://dx.doi.org/10.1249/01.mss.0000183219.44127.e7
http://dx.doi.org/10.5888/pcd11.130433
http://dx.doi.org/10.1123/jpah.2014-0125


30. Copeland KA, Kendeigh CA, Saelens BE, Kalkwarf HJ, Sherman SN. Physical activity in child-
care centers: do teachers hold the key to the playground? Health Educ Res. 2012; 27(1):81–100. 
http://dx.doi.org/10.1093/her/cyr038. [PubMed: 21804083] 

31. Vanderloo LM, Tucker P, Johnson AM, van Zandvoort MM, Burke SM, Irwin JD. The Influence 
of Centre-Based Childcare on Preschoolers’ Physical Activity Levels: A Cross-Sectional Study. 
Int J Environ Res Public Health. 2014; 11(2):1794–1802. http://dx.doi.org/10.3390/
ijerph110201794. [PubMed: 24503975] 

32. Olesen LG, Kristensen PL, Korsholm L, Froberg K. Physical activity in children attending 
preschools. Pediatrics. 2013; 132(5):e1310–1318. http://dx.doi.org/10.1542/peds.2012-3961. 
[PubMed: 24127470] 

33. Brown WH, Googe HS, McIver KL, Rathel JM. Effects of Teacher-Encouraged Physical Activity 
on Preschool Playgrounds. J Early Interv. 2009; 31(2):126–145. http://dx.doi.org/
10.1177/1053815109331858. 

34. Christakis DA, Zimmerman FJ, DiGiuseppe DL, McCarty CA. Early television exposure and 
subsequent attentional problems in children. Pediatrics. 2004; 113(4):708–713. http://dx.doi.org/
10.1542/peds.113.4.708. [PubMed: 15060216] 

35. Zimmerman FJ, Christakis DA. Children’s television viewing and cognitive outcomes: a 
longitudinal analysis of national data. Arch Pediatr Adolesc Med. 2005; 159(7):619–625. http://
dx.doi.org/10.1001/archpedi.159.7.619. [PubMed: 15996993] 

36. Zimmerman FJ, Christakis DA, Meltzoff AN. Associations between Media Viewing and Language 
Development in Children Under Age 2 Years. J Pediatr. 2007; 151(4):364–368. http://dx.doi.org/
10.1016/j.jpeds.2007.04.071. [PubMed: 17889070] 

37. Zimmerman FJ, Glew GM, Christakis DA, Katon W. Early cognitive stimulation, emotional 
support, and television watching as predictors of subsequent bullying among grade-school 
children. Arch Pediatr Adolesc Med. 2005; 159(4):384–388. http://dx.doi.org/10.1001/archpedi.
159.4.384. [PubMed: 15809395] 

38. Hancox RJ, Milne BJ, Poulton R. Association of television viewing during childhood with poor 
educational achievement. Arch Pediatr Adolesc Med. 2005; 159(7):614–618. http://dx.doi.org/
10.1001/archpedi.159.7.614. [PubMed: 15996992] 

39. Alhassan S, Sirard JR, Robinson TN. The effects of increasing outdoor play time on physical 
activity in Latino preschool children. Int J Pediatr Obes. 2007; 2(3):153–158. http://dx.doi.org/
10.1080/17477160701520108. [PubMed: 17852547] 

Copeland et al. Page 10

Am J Prev Med. Author manuscript; available in PMC 2017 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://dx.doi.org/10.1093/her/cyr038
http://dx.doi.org/10.3390/ijerph110201794
http://dx.doi.org/10.3390/ijerph110201794
http://dx.doi.org/10.1542/peds.2012-3961
http://dx.doi.org/10.1177/1053815109331858
http://dx.doi.org/10.1177/1053815109331858
http://dx.doi.org/10.1542/peds.113.4.708
http://dx.doi.org/10.1542/peds.113.4.708
http://dx.doi.org/10.1001/archpedi.159.7.619
http://dx.doi.org/10.1001/archpedi.159.7.619
http://dx.doi.org/10.1016/j.jpeds.2007.04.071
http://dx.doi.org/10.1016/j.jpeds.2007.04.071
http://dx.doi.org/10.1001/archpedi.159.4.384
http://dx.doi.org/10.1001/archpedi.159.4.384
http://dx.doi.org/10.1001/archpedi.159.7.614
http://dx.doi.org/10.1001/archpedi.159.7.614
http://dx.doi.org/10.1080/17477160701520108
http://dx.doi.org/10.1080/17477160701520108


A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Copeland et al. Page 11

Table 1

Characteristics of Child Care Centers Hypothesized to Promote Physical Activity

Independent variablea
Sessions

n (%)
Child-sessions

n (%)
Time period(s) of dependent variable 

(MVPA) in modelsb

1. Portable play equipment outdoors Denominator (N) c = 69 outdoor sessions in 22 centers; 437 child-sessions

≥2 balls 31 (45%) 214 (49%) Outdoor sessions

≥2 pieces of riding equipment 32 (46%) 197 (45%) Outdoor sessions

≥4 total types of portable play equipmentd 29 (42%) 193 (44%) Outdoor sessions

2. Portable play equipment indoors Denominator (N) = 71 indoor active sessions in 22 centers; 448-child sessions

≥4 balls 32 (45%) 193 (43%) Indoor active sessions

≥1 piece of riding equipment 32 (45%) 197 (44%) Indoor active sessions

≥6 total types of portable play equipment d 33 (46%) 215 (48%) Indoor active sessions

Independent variable
Centers

n(%)
Children

n(%)
Time period(s) of dependent variable (PA) in 

models

3. Indoor active space (muscle room) Denominator (N) = 30 centers; 388 children

Muscle room present 23 (77%) 295 (76%) Child care day, 24-h day

Large muscle room size 14 (47%) 186 (48%)
Indoor active session.

Child care day, 24-h day

4. Outdoor facilities/playground Denominator (N) = 29 centers with a playground; 377 children

Playground size ≥3,750 sq ft 14 (48%) 184 (49%)
Outdoor session.

Child care day, 24-h day

>1 natural elementse 14 (48%) 175 (46%)
Outdoor session.

Child care day, 24-h day

<9 pieces of fixed equipmentf 13 (45%) 169 (45%)
Outdoor session

Child care day, 24-h day

5. Physical Activity Training Denominator (N) = 30 centers; 388 children

>50% reporting of staff/directors reporting any 
specialized training in children’s physical 
activity 15 (50%) centers 181 (47%) children Child care day, 24-h day

6. Policies Denominator (N) =30 centers; 388 children

>60 min planned outdoor time 14 (47%) centers 191 (49%) children Child care day, 24-h day

≥5 Weather and clothing Policies promoting 
physical activityg 17 (57%) 223 (57%) Child care day, 24-h day

7a. Sedentary Environment in child care: center-level Denominator (N) = 30 centers; 388 children 2 days observation in each center.

No TV viewing on either observation day 18 (60%) 226 (58%) Child care day, 24-h day

No computer use on either observation day 8 (27%) 98 (25%) Child care day, 24-h day

No screen use (TV or computer) on either 
observation day 5 (17%) 65 (17%) Child care day, 24-h day

7b. Sedentary Environment in child care: child-level Denominator (N) = 388 children
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Independent variablea
Sessions

n (%)
Child-sessions

n (%)
Time period(s) of dependent variable 

(MVPA) in modelsb

No TV viewing N/A 302 (78%) Child care day, 24-h day

No computer use N/A 272 (70%) Child care day, 24-h day

No screen use (TV or computer) N/A 220 (57%) Child care day, 24-h day

8. Active time provided on day of observation. Denominator (N)= 30 centers; 388 children

>60 minutes observed outdoor time 9 (30%) 108(28%) Child care day, 24-h day

>60 minutes observed indoor active time 7 (23%) 65 (17%) Child care day, 24-h day

>60 minutes total active time (indoors or 
outdoors) 21 (70%) 224(58%) Child care day, 24-h day

a
Independent variables were dichotomized at the median, as described in the methods. Thus the first column lists the category above or below the 

median hypothesized to increase the time children spend in MVPA.

b
The final column indicates time frame(s) for the dependent variable—minutes per hour spent in moderate to vigorous physical activity (MVPA). 

As described in the methods, each hypothesized independent variable was entered into bivariable mixed model adjusting for age, sex, BMI z-score, 
parental education and child care center as a random effect. The effect of portable play variables were only explored during the corresponding 
active periods (indoors or outdoors). The size and quality of indoor and outdoor play spaces were also evaluated during the corresponding active 
periods. For the all independent variables except portable play variables (which were not evaluated over child care day or 24-h day), significant 
effects over the 24-h day were only explored in bivariable models if the independent variable was significantly associated with MVPA or sedentary 
activity during the child care day.

c
The denominator used for analysis varies by variable, and is listed in the header above each variable. For instance for portable play equipment, the 

denominators are sessions (71 indoor and 69 outdoor) and child-sessions (n=437 indoor and n=448 outdoor). The number of centers (n=22) that 
had at least one outdoor session or indoor session is smaller than the total sample of centers (n=30), as 8 centers had no indoor session and 8 
centers had no outdoor session, as described in the results. For outdoor facilities variable, the denominator is 29 centers and 377 children that had a 
playground, as one center (n=11 children) did not have an onsite playground.

d
Types of portable play equipment included balls, riding toys, art materials, jumping toys, sand/water play toys, hula hoops, push/pull toys, rocking 

and twisting toys, music and twirling toys, blocks, manipulatives, portable balance beam, parachute, hoses, and other

e
Natural elements included: sand play area, grass maze, safe stepping stones, rolling/climbing mound, water play area, flower or vegetable garden, 

easily supervised cozy natural nook, animal habitat, and trees.

f
Fixed equipment included: climber, slide, swings, tire swing, monkey bars, climbing ropes/chains, tunnels, sandbox, other digging area, water/

sensory table, place to sit/quiet activities, dramatic play fixed structure (e.g., playhouse), basketball hoop or other aiming structures, climbing wall, 
fixed balance beam, fixed rocking/twisting toys, fixed easels, and a storage sheds.

g
The weather/clothing score was created as the sum of the total number of the following 8 policies and practices centers employed to promote 

physical activity: children permitted outside in (1) temperatures under 32 degrees Farheniheit, (2) light rain, (3) snow; when (4) snow on 
playground and (5) playground wet or muddy; and children not permitted to wear (6) flip-flops or (7) sandals on playground; and (8) directors kept 
extras of at least three of the following types of clothing for children to borrow if needed: coats, hats, mittens, boots, socks, or general clothes for 
when a child’s clothing becomes soiled. Weather/clothing scores (observed range 2 to 8) were dichotomized at the median, with 5 or more policies/
practices (the median) as promoting of physical activity.
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Table 2

Characteristics of Study Participants and Centers

Variable Mean (sd) or n (%) Na

Child characteristics

Age (y) 4.3 (0.7) 388

Sex (Female) 199 (51%) 388

Hispanic ethnicity 13 (3.5%) 372

Race 374

 White 162 (43%)

 Black, African-American 150 (40%)

 Other and mixed race 62 (17%)

BMI (kg/m2) 16.3 (1.7) 382

BMI z-score 0.45 (1.1) 367

Time in child care on observation day (h) 8.4 (1.2) 388

Time at home (pick-up day 1 to drop-off day 2) on observation day (h) 15.6 (1.6) 382

Family characteristics

Household Income 356

 <$25,000 136 (38%)

 $25K–$50,000 82 (23%)

 $50K–$75,000 32 (9%)

 $75K–$100,000 25 (7%)

 $100K–$150,000 41 (11%)

 >$150,000 40 (11%)

Child eligible for Child and Adult Care Food Program (CACFP) 211 (57%) 370

Child had public insurance 171 (47%) 367

Parent education 372

 Less than high school 10 (3%)

 Graduated high school / GED 60 (16%)

 Some college or Associate’s degree 135 (36%)

 Technical or trade school 18 (5%)

 Graduated college 84 (23%)

 Advanced degree 65 (17%)

Parent marital status 370

 Married/living with partner 195 (53%)

 Single adult household 175 (47 %)

Center characteristics (from director survey) 30

Total enrollment

 Preschool age (3–5 years) 39 (23)

 Toddler age (18 –35 months) 21 (16)

 Infant age (3 –17 months) 13 (14)

Tuition per week for preschool age ($) 174.73 (33.75) 30

Percent of children on subsidized tuition, median [25%–75% IQR] 85 [30 – 96.5] 29
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Variable Mean (sd) or n (%) Na

Percent of children participating in CACFP, median [25%–75% IQR] 77.5 [45 – 96] 26

Center type or affiliation(s) 30

 For-profit 12 (40%)

 Head Start 8 (27%)

 Religious-affiliated 9 (30%)

 Part of an elementary school 1 (3%)

 Montessori 1 (3%)

a
N column indicates number of responses for this item. 375 (97%) questionnaires were returned, some with missing responses for specific items.
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