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ABSTRACT

BACKGROUND: Millions of young children attend preschools and other structured

child development programs, but little is known about their physical activity levels

while in those settings. The purpose of this study was to describe the physical activity

levels and demographic and school-related correlates of physical activity in children

attending preschools, using a direct observation measurement system.

METHODS: The Observational System for Recording Physical Activity in Children-

Preschool Version was used to measure physical activity levels and related factors in

four hundred ninety-three 3- to 5-year-old children in 24 preschools. A minimum of six

hundred 30-second observation intervals were recorded for each child. Physical

(height/weight) and demographic data also were collected.

RESULTS: Children engaged in moderate-to-vigorous physical activity (MVPA) during

less than 3% of the observation intervals and were sedentary during more than 80%

of the observation intervals. Boys were more likely than girls to engage in MVPA

(p = .01), and 3-year-old boys were more active than 4- and 5-year-old boys (p = .01).

The preschool that a child attended explained 27% of the variance in activity levels.

CONCLUSIONS: The study indicates that young children are physically inactive dur-

ing most of their time in preschool. The preschool that a child attended was a stronger

predictor of physical activity level than any other factor examined. Additional research

is needed to identify the characteristics of preschools in which children are more

active.
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Preschool-age children often are perceived to be

highly physically active, and previous studies

have shown that 3- to 5-year-olds are more physically

active than children in older age groups. However,

a few studies suggest that very young children are not

as active as many people believe.1-4 In addition,

national surveys show that obesity rates in American

children and youth have increased dramatically in

recent decades,5 and this alarming trend is evident in

preschool children as well as older children and

youth.5,6 Between 1999 and 2004, the percentage of

preschool-aged children (2-5 years old) that was

observed as overweight or obese increased from

22.0% to 26.2%.6 The causes of the population trend

in childhood obesity have not been identified defini-

tively. However, it seems likely that reduced physical

activity and increased participation in sedentary behav-

iors are important contributing factors.7-9

Approximately 5 million American preschool-age

children currently attend preschools and other struc-

tured child development programs, a number which

has increased markedly over the past 2 decades.10 On

average, a child attending a preschool or day care center

will spend 30 hours per week at the facility.10 With the

increase in thenumber of children attending structured

programs and the amount of time they are spending in

these settings, it is likely that the amount of physical

activity children accumulate while in preschools and

child development centers influences energy balance

and risk of overweight.

Relatively little is known about the physical activ-

ity levels of children while they attend preschools or

about how activity levels vary across preschools. Valid

measurement of physical activity in young children is

challenging, in part because much of their activity is

performed in very short spurts.11 One preferred

method for monitoring physical activity in young chil-

dren is direct observation, a technique that allows

detection of these short spurts of activity with minimal

reactivity of the participants and no reliance on partic-

ipant compliance.12 The present study was designed to

employ a direct observation measurement system to

describe the physical activity levels of children attend-

ing preschools. In addition, the study described the

demographic correlates of physical activity in pre-

schoolers and determined the extent to which child-

ren’s physical activity levels varied across schools.

METHODS

Participants
Participants in this study were recruited from 24

preschools in and around Columbia, SC. Preschools

were recruited using a stratified random selection pro-

cedure. The pool of eligible preschools included all

licensed preschools in Richland and Lexington coun-

ties with an enrollment of greater than or equal to

forty-five 3- to 5-year-old children. Each school was

assigned to 1 of 3 strata based on sponsorship and set-

ting; preschools were classified as commercial,

church-based, or Head Start programs. After placing

schools in the 3 strata, a representative number of

schools from each stratum (based on the distribution

of enrollment across the 3 types) were invited to par-

ticipate. If a school refused to participate, the next

randomly selected school in that stratum was invited

to participate. Of the preschools that were invited to

participate, 8 declined participation for reasons that

included lack of interest in the study and school policy

prohibited participating in the study. Data were col-

lected in 12 commercial, 8 church-based, and 4 Head

Start preschools.

Parents of all 3-, 4-, and 5-year-old children who

attended the 24 preschools were invited to enroll their

children in the study. There were 2 rounds of data col-

lection, separated by 13-19 months, at each pre-

school. The study’s participant recruitment protocol

called for including 18 children per preschool in the

first round of data collection and 15 children per pre-

school in the second round. If the parents of more

than the prescribed number of children provided

informed consent, participants were selected at ran-

dom from the pool of consented children. The num-

ber of participants ranged from 14 to 33 children per

preschool, and a total of 539 children (51% males,

55% African American) were enrolled in the study.

This sample was very similar to the population of chil-

dren (51% males, 61% black) in the 24 preschools.

Ninety-one percent of children enrolled in the study

were observed (n = 493). After deletions for race other

than African American or white (n = 38), race

unknown (n = 9), insufficient data (n = 3), or missing

age (n = 5), data from 438 children were available for

analyses. Of this analysis sample, 59% were African

American, and equal numbers were male and female.

Each participating child’s parent or guardian provided

written informed consent. The study was approved by

the University of South Carolina Institutional Review

Board.

Assessment of Physical Activity
The Observational System for Recording Physical

Activity in Children-Preschool Version (OSRAC-P)12

was used to measure physical activity in the preschool

setting. OSRAC-P is a focal child, momentary time

sampling observation system with a 5-second observe

interval followed by a 25-second record interval for

each 30-second observation interval. The observational

system assesses physical activity level and activity type

(eg, running, sitting, walking, and riding), social envi-

ronment (eg, initiator of activity, group composition),

and nonsocial environment (ie, child location and

activity contexts). Files from each child were merged
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and summarized by calculating the frequency of each

activity code across all observation sessions. Physical

activity codes used in theOSRAC-Pweremodified from

the Children’s Activity Rating Scale,13 and activity lev-

els are scored on a1-5 scale,with 1 indicating stationary

ormotionless and5 indicating fastmovement. Intervals

coded as level 1 (stationary) or 2 (stationary with limb

movement) were considered Sedentary activity. Inter-

vals coded as level 3 (slow, easy movement) were con-

sidered Light activity. Intervals coded as levels 4 or 5

were considered Moderate and Vigorous activity,

respectively. The Active category included all intervals

coded as 3, 4, or 5, and moderate-to-vigorous physical

activity (MVPA) included all intervals coded as 4 or 5.

Data were collected in 30-minute sessions, and each

child was observed for 10-12 sessions. Two observation

intervals were coded each minute, for a total of 600-

720 observation intervals per child. The observation

sessions were randomly chosen from the hours that

each child attended preschool and were spread across

10 days.

Each observer had extensive training using the OS-

RAC-Pprior to data collection.12 To assess interobserver

reliability, 2 observers simultaneously codedduring1-3

observation sessions per day. Reliability was assessed

during 12% of the total observations made over the

course of the study (681 reliability sessions/5830 total

observation intervals). Interobserver agreement (IOA)

was good for every observation category (range of 83-

100%), and Kappa scores indicated good interobserver

reliability (range of scores: 0.80-0.95). ThemeanKappa

score for physical activity level was 0.82, and IOA was

91% for all reliability observation sessions. Data were

collected using INTMAN software14 with handheld

Dell Axim X5 computers (Dell World Trade LP, Round

Rock, TX).

Other Measurements
Parents completed a survey which included the

child’s age, gender, and race/ethnicity and the pa-

rents’ level of education. Children were grouped into

2 age categories, with 3-year-olds in 1 category and

4- and 5-year-olds in the other. Height was measured

to the nearest 0.1 cm using a portable stadiometer

(Shorr Productions, Olney, MD). Weight was mea-

sured to the nearest 0.1 kg using an electronic scale

(Seca, Model 770, Hamburg, Germany). The average

of 2 measurements was used for both height and

weight. Body mass index (BMI) was calculated and

expressed as kg/m2.

Statistical Analyses
All statistical analyses were performed using SAS

9.1 software (SAS Institute, Cary, NC). Three-way

analyses of variance (ANOVAs) (sex, race, and age

group) were calculated for main effects using Proc

Mixed with preschool as a random variable and ad-

justing for BMI. Two-way and 3-way interactions

were also tested. Because all the preschools scheduled

a nap during each day, and because children were

required to be sedentary during nap periods, ANOVAs

were run with and without the observations where

the type of activity observed was nap. Regression

analyses (all intervals) were also conducted for

percent of observations that were MVPA and Active

(codes 3-5). Three sets of analyses were performed for

each outcome variable. The first regression model

included age, gender (male = 1, female = 0), BMI, and

race (white = 1, black = 0). The second included the

demographic variables and type of preschool (church-

based or Head Start, with commercial as the reference

group). The third regression model included the demo-

graphic variables and a block of 23 dummy variables

representing the effect of each preschool. Statistical

significance was set at an a level of .05.

RESULTS

Mean age of the children was 4.2 (SD = 0.7) years;

41% were in the 3-year-old group and 59% were in

the 4- to 5-year-old group (Table 1). Over 50% of the

parents were college graduates or higher. Forty-six

percent of the children attended commercial pre-

schools, 21% attended Head Start programs, and 33%

attended church-based preschools.

Table 1. Characteristics of 438 Preschool Children

Characteristic Mean (SD) or Percent

Age 4.2 (0.7)
BMI 16.5 (2.6)
Sex

Males 50.0%
Females 50.0%

Race
Black 58.7%
White 41.3%

Highest parent education
�High school graduate 16.8%
Technical school/some college 29.4%
College graduate or higher 53.8%

24 preschools Range: number = 11-26 students
Observations/student = 594.3-710.8
Sessions/student = 9.9-11.8 sessions

Type of preschool
Commercial
Percent of students 46.1%
Mean observations/student 678.4
Mean sessions/student 11.3

Head Start
Percent of students 20.6%
Mean observations/student 598.7
Mean sessions/student 10.0

Church-based
Percent of students 33.3%
Mean observations/student 655.1
Mean sessions/student 10.9
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Table 2 presents the mean percent of observations

at the 5 levels of physical activity. More than 80% of

the observations were coded as Sedentary. Eight to

ten percent of observations (with and without nap pe-

riods included) were coded as Light activity, and

approximately 3% were coded as MVPA.

Results of the 3-way ANOVA (sex, race, and age

group) are presented in Tables 3 and 4. After remov-

ing intervals that occurred during nap periods, the

percentage of intervals coded as Light, MVPA, and

Active were higher than when intervals including nap

were included. The 4- to 5-year-olds had significantly

more intervals coded as Sedentary and were observed

less frequently in Light, MVPA, and Active codes than

the 3-year-olds. Males were observed in significantly

more MVPA than females and, after removal of nap

periods, males had significantly more observations in

Active codes. An age3 sex 2-way interaction was bor-

derline significant for MVPA for the model with nap

included (Figure 1). Three-year-old males were obser-

ved in more MVPA than 4- and 5-year-olds (3.2% vs.

2.5% of observed time spent in MVPA, respectively;

p = .01), but there was no difference among the

females.

Table 5 presents results of regression analyses to

predict percent of Active and MVPA categories among

preschool children. The first set of models with sex,

age, BMI, and race resulted in R2 of .10 and .08 for

Active and MVPA, respectively. In the second set of

models, type of preschool was added to the model with

commercial as the reference. TheR2 increased to .18 for

Active and to .09 for MVPA. In the third set of models,

individual preschools were added to models after the

addition of the demographic variables. This resulted in

R2s of .37 for Active and .22 for MVPA.

DISCUSSION

This is the first large-scale study to apply a direct

observation system in describing the physical activity

Table 2. Mean (SD) Percent of Observation at Levels of Physical
Activity

Level

Mean (SD) Percent

All Intervals Nap Removed

1 (stationary) 55.6 (12.5) 46.4 (12.5)
2 (stationary with limb movement) 31.7 (9.4) 37.0 (9.1)
3 (slow, easy movement) 8.1 (3.6) 10.5 (4.4)
4 (moderate activity) 0.8 (0.8) 1.1 (1.0)
5 (vigorous activity) 1.8 (1.4) 2.3 (1.9)
Sedentary (levels 1 and 2) 87.3 (5.5) 83.4 (6.9)
Light (level 3) 8.1 (3.6) 10.5 (4.4)
MVPA (levels 4 and 5) 2.6 (1.9) 3.4 (2.5)
Active (levels 3-5) 10.7 (5.1) 13.9 (6.3)

Table 3. Results of 3-Way ANOVA With Preschool as a Random Variable (Main Effects Only) Using All Intervals*

Dependent Variables

Independent Variables

Sex Mean (SE) % Time p Race Mean (SE) % Time p Age Group Mean (SE) % Time p

Sedentary Male 87.1 (0.7) .40 Black 87.8 (0.7) .14 3 86.6 (0.7) .01
Female 87.4 (0.7) White 86.7 (0.8) 4 and 5 87.9 (0.6)

Light Male 8.3 (0.5) .26 Black 7.9 (0.5) .35 3 8.6 (0.5) .003
Female 8.0 (0.5) White 8.4 (0.5) 4 and 5 7.7 (0.5)

MVPA Male 2.8 (0.2) .01 Black 2.5 (0.2) .36 † † †

Female 2.4 (0.2) White 2.7 (0.2)
Active Male 11.1 (0.6) .06 Black 10.5 (0.7) .55 3 11.4 (0.6) ,.003

Female 10.3 (0.6) White 10.9 (0.7) 4 and 5 10.1 (0.6)

*All analyses adjusted for BMI.
†Sex 3 age interaction (see text and Figure 1).

Table 4. Results of 3-Way ANOVA With Preschool as a Random Variable (Main Effects Only) Intervals for Nap Removed*

Dependent Variables

Independent Variables

Sex Mean (SE) % Time p Race Mean (SE) % time p Age Group Mean (SE) % Time p

Sedentary (1 and 2) Male 83.1 (0.8) .45 Black 83.3 (0.9) .95 3 82.3 (0.8) .001
Female 83.5 (0.8) White 83.3 (1.0) 4 and 5 84.3 (0.8)

Light (3) Male 10.7 (0.6) .23 Black 10.6 (0.6) .71 3 11.1 (0.6) .001
Female 10.3 (0.6) White 10.3 (0.6) 4 and 5 9.8 (0.5)

MVPA (4 and 5) Male 3.8 (0.2) .01 Black 3.4 (0.3) .98 3 3.7 (0.3) .01
Female 3.1 (0.2) White 3.5 (0.3) 4 and 5 3.2 (0.2)

Active (3-5) Male 14.4 (0.8) .05 Black 14.2 (0.8) .44 3 14.8 (0.8) .001
Female 13.4 (0.8) White 13.5 (0.9) 4 and 5 12.9 (0.8)

*All analyses adjusted for BMI.
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levels of children attending preschools. More than

400 children in 24 preschools were observed for an

average of more than 5 hours. Our major finding was

that children were engaged in MVPA during only

2.6% of observation intervals. Even after deleting nap

periods, children were observed to perform MVPA

during only 3.4% of the remaining observations. In

contrast, the children were completely stationary dur-

ing 55.6% of observations, and they were engaged in

stationary activity with limb movement during ano-

ther 31.7% of observations. These findings indicate

that young children are physically inactive during

most of their time in preschool.

Given that, on average, children who attend pre-

schools spend 30 hours per week at school, our find-

ings suggest that 25 hours of this time is spent in

sedentary activities and less than 1 hour is spent in

MVPA. A common perception among parents and

teachers is that young children are much more active

than indicated by our data. In a study conducted in

Canada, parents reported that their preschool child

was getting an average 3-4 hours of daily physical

activity.15 In another study, parents indicated that they

thought childrenwere very activewhen in day care but

qualified this by indicating that it depends on the

weather and opportunities provided.16 Given that pa-

rents think that their child is highly active while in pre-

school or day care, parents may be less likely to provide

opportunities for or encourage physical activity behav-

iors in other settings, thus leading to reduced levels of

activity over the total day.

While children were inactive most of the time, we

did find that children’s overall activity levels varied

considerably across the 24 preschools included in the

study. Preschool attended accounted for substantially

Table 5. Results of Regression Analysis for Prediction of Percent Time in Active and MVPA Among Preschool-Aged Children

% Time Active (3-5) % Time MVPA (4 and 5)

b F p Value R2 b F p Value R2

Model 1
Intercept 0 ,.001 0 .01
Gender (0 = female, 1 = male) �.08 2.77 .10 �.13 7.38 .01
Age �.14 8.82 .003 �.09 3.60 .06
BMI .16 12.10 .001 .16 12.27 .001
Race (1 = white, 0 = black) .24 26.78 ,.001 .17 13.99 ,.001
Total model 11.77 ,.001 .098 8.84 ,.001 .076

Model 2
Intercept 0 ,.001 0 .03
Gender (0 = female, 1 = male) �.09 4.30 .04 �.13 8.29 .004
Age �.16 14.03 ,.001 �.10 4.78 .03
BMI .18 16.12 ,.001 .17 13.86 ,.001
Race (1 = white, 0 = black) .33 45.70 ,.001 .21 17.07 ,.001
Preschool type
Religious .18 14.07 ,.001 .09 3.31 .07
Head Start .31 38.08 ,.001 .14 6.62 .01
Total model 15.56 ,.001 .178 7.27 ,.001 .092

Model 3
Intercept 0 ,.001 0 .01
Gender (0 = female, 1 = male) �.08 3.47 .06 �.11 6.13 .01
Age �.11 7.08 .01 �.06 1.35 .25
BMI .17 15.41 ,.001 .14 9.08 .003
Race (1 = white, 0 = black) �.07 0.73 .39 �.14 2.32 .13
Preschool (23) �.27 to .15 7.87* ,.001 �.21 to .18 3.25* ,.001
Total model 9.09 ,.001 .374 4.23 ,.001 .218

*Sum of all preschools.

Figure 1. Sex 3 Age Interaction for MVPA, All Intervals (p = .07)

Adjusted for race, BMI, and with preschool as a random variable.
*p = .01.
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more variance in child-level physical activity than did

demographic characteristics such as gender, age, and

race/ethnicity. Results from this study using direct

observation as the measure of physical activity are

similar to those of a previous study by our group that

measured physical activity using accelerometry.1 In

the current study, preschool accounted for an addi-

tional 27.6% of the variance for Active and an addi-

tional 14.2% of the variance in predicting MVPA. In

the accelerometry study, preschool accounted for an

additional 43.3% and 30.9% of the variance in predict-

ingMVPA andVPA, respectively. Similar to the current

study, Finn et al found that childcare center accounted

for 46% of the variation in activity counts during the

school day and accounted for more than 50% of the

variation in total daily activity.17 Research conducted

with a university preschool and a Head Start program

indicated that children in the university preschool set-

ting were 2.5 times more active than those in Head

Start.18While these differences are probably not attrib-

uted to center type alone, the authors did note the dis-

parity in space allocation between the 2 centers, with

the university preschool having approximately twice as

much classroom and playground space.

Several hypotheses can be advanced regarding why

childcare centers or preschool settings are so influen-

tial in a child’s physical activity levels. Space con-

straints, lack of equipment for physical activity, and

lack of scheduled times for freeplay and outdoor play

may be important factors. Research has shown that

being outdoors is one of the most powerful correlates

of physical activity in children.19 Policies regarding

teacher education and training related tophysical activ-

ity programming and teacher and staff modeling and

encouragement of physical activity are possible staffing

discrepancies that directors should address. Dowda

et al20 found that children in preschools that had more

college-educated teachers spent more time in MVPA

while on the playground compared to children in

schools where fewer teachers had college degrees.

Consistent with previous studies,4,17,21,22 boys were

more active than girls, as indicated by the proportion of

intervals they were engaged in activity in the MVPA

andActive categories. Similar to a previous study inves-

tigating age differences with regard to physical activity,

we found that younger children (3-year-olds) spent less

time in sedentary activities and more time in Light,

MVPA, and VPA compared to older children (4- and

5-year-olds). Although the differences in active time

between boys and girls and older and younger children

were small, the additive effects of slightly higher rates of

activity can lead to significantly higher accumulations

of physical activity over a week. It is hypothesized that

as children get closer to school attendance, the struc-

tured, preacademic activities of the older preschool

child’s classroom outweigh the freeplay typically seen

in classrooms of younger children. Studies of race and

ethnicity in relation to preschoolers’ physical activity

have been limited,23,24 and these previous studies show

inconsistent results.1,4,22 The findings of this paper did

not indicate any race differences in directly observed

physical activity. Hence, these mixed results with pre-

schoolers are at times inconsistent with findings with

older elementary school children, in which black chil-

dren have been less active than their white peers.25,26

This study had several strengths and some limita-

tions that should be noted. First, the study sample was

relatively large, and was racially and socioeconomi-

cally diverse. The use of a reliable direct observation

system to measure physical activity provided informa-

tion regarding the sporadic behaviors of children across

the entire school day with minimal reactivity by the

participants. Most importantly, the preschools from

which the sample was drawn represented a variety of

preschool settings including commercial, religious,

and Head Start programs. The generalizability of the

findings may be limited, however, because all the pre-

schools were located in a single metropolitan area. It

is also possible that the study sample was not perfectly

representative of the population of children who at-

tended the preschools. In addition, the information

provided regarding children’s physical activity is lim-

ited to the school day. No conclusions can be drawn

regarding the total or overall physical activity levels of

preschool-aged children.

In summary, based on analysis of over 2000 child-

hours of systematic, direct observation, we found that

children attending preschools were engaged in MVPA

during only 2.6% of observation intervals. During

over 85% of intervals, children were engaged in

either very light activity or sedentary behaviors.

Though generally low, the physical activity levels of

the children were strongly associated with the school

attended. These findings indicate that there is a need

to increase physical activity levels of young children

while they are in the preschool setting. Further, we

conclude that characteristics of the preschool exert

a greater influence on physical activity of students

than do the students’ demographic characteristics.

Future research should be directed toward identifying

the characteristics of schools that exert the greatest

influence on children’s physical activity.
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