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The purpose of this study was to determine the minimum number of days of accelerometry required to estimate
accurately MVPA and total PA in 3- to 5-year-old children. The study examined these metrics for all days,
weekdays, and in-school activities. Study participants were 204 children attending 22 preschools who wore
accelerometers for at least 6 hr per day for up to 12 days during most waking hours. The primary analysis
considered the intraclass correlation coefficient (ICC) for each metric to estimate the number of days required
to attain a specified reliability. The ICC estimates are 0.81 for MVPA-all days, 0.78 for total PA-all days, 0.83
for MVPA weekdays, 0.80 for total PA-weekdays, 0.81 for in-school MVPA, and 0.84 for in-school total PA.
We recommend a full seven days of measurement whenever possible, but researchers can achieve acceptable
reliability with fewer days, as indicated by the Spearman-Brown prophecy: 3—4 days for any weekday measure

and 5-6 days for the all-days measures.

Keywords: reliability, Actigraph, objective measurement, reliability, young children

Obesity and associated comorbidities in American
children have increased dramatically in recent decades,
and this alarming trend has been documented in children
as young as preschool age (25). Researchers studying the
pediatric obesity epidemic have examined the contribu-
tions of low levels of physical activity and high levels of
physical inactivity to increased body fatness in young
children (25,31) and to early onset of diseases such
as atherosclerosis, reduced vascular function (38) and
Type 1I diabetes (8,20). Although many people believe
that preschool-age children are highly physically active,
available data suggest that today’s young children are
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not nearly as active as parents believe or as experts rec-
ommend (4,19,28,37). Indeed, available studies using
self-report and objective measurement systems have
consistently found that most preschool-age children do
not meet the various national guidelines (e.g., 22 to 3 hr
physical activity per day [10,24]) deemed necessary for
health benefits (1,4,15,32,37). Because more than 4 mil-
lion American children attend formal preschools or child
care centers, studies in this setting may identify strategies
to increase physical activity in 3-to 5-year-old children.

Researchers recommend using objective measures
of physical activity in young children because of their
intermittent activity patterns and limited ability to recall
physical activity reliably (4,27). However, objective
measurement of physical activity in this population is
challenging, especially for unstructured activity. While
direct observational systems (3) provide valuable contex-
tual information about physical activity, these systems
are labor intensive and therefore not practical for larger
samples. Pedometers can be used as a surrogate indica-
tor of physical activity, but they measure only a limited
range of movement and do not account for the intensity
of the activity. Accelerometers, therefore, are the objec-
tive instrument of choice for measuring young children’s
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physical activity (12,26,31,35). Various investigators have
evaluated measurement protocols for using accelerom-
eters in adult populations (6,14,17,21,22) and in popula-
tions of elementary-aged children (11,40). Penpraze et al.
(29) studied the number of days needed for acceptable
reliability by examining accelerometry counts per minute
in 5-year-olds. However, to the best of our knowledge, no
studies to date have investigated how many days of wear
time are needed for accurate measurement of moderate-
to-vigorous and total physical activity (MVPA and total
PA) over the total day and while in preschool in 3- to
5-year-old children.

The purpose of this study was to determine the
minimum number of days of accelerometry monitor-
ing required to estimate accurately MVPA and total PA
in 3- to 5-year-old children. The study examined these
metrics for in-school activity, weekday activity, and all-
days activity.

Methods
Participants and Settings

Study participants were children enrolled in the Chil-
dren’s Activity and Movement in Preschools Study
(CHAMPS) study. The overall goal of CHAMPS was to
describe physical activity behavior in preschool children
to inform the development of policies and practices
related to children’s physical activity in preschools. The
sampling frame for CHAMPS involved community-based
programs in the metropolitan area of Columbia, South
Carolina. Twenty-two preschools with enrollment of at
least 45 children aged 3-5 years were recruited. Eligible
preschools were categorized into one of three program
types: (a) commercial childcare centers, (b) faith-based
preschools, and (c) Head Start programs. Then, a strati-
fied random sample of schools was selected based on a
representative number of preschools from each of the
three program types. We invited preschool directors to
participate and, if a director declined, invited the direc-
tor from the next randomly-selected program. Once the
preschools were recruited, we invited all parents of 3-,
4-, and 5-year-old children enrolled in the preschools to
participate in CHAMPS. Written informed consent was
obtained from each child’s parent or guardian before col-
lection of data. The study was approved by the University
of South Carolina Institutional Review Board. The final
sample for the analyses presented here included children
from 22 preschools.

We collected study information between August
2003 and January 2006, with two independent waves
of data collection in each preschool separated by 13—19
months. The number of participants per preschool ranged
from 14 to 33 children. From the original pool of 297
study participants who had complete accelerometer
data for at least 1 in-school day, we constructed three
analytic samples: the all-days sample included 150 chil-
dren with at least 6 total days (at least 4 weekdays and
at least 1 weekend day) of valid accelerometry data, the

weekdays sample included 204 children with at least 4
total weekdays of valid accelerometry data, and the in-
school sample included 199 children with at least 4 in-
school days of valid accelerometry data. Accelerometry
data were used if at least 6 hr of data were available for
total-day activity, or at least 4.9 hr of data for in-school
activity; these criteria were based on the empirical dis-
tributions of wear time. Reasons for exclusion included
noncompliance with wearing instructions and occasional
equipment failure.

Physical Activity Measurement

Children wore ActiGraph accelerometers (model 7164;
ActiGraph, Pensacola, FL) over a 2-week period to
measure physical activity and sedentary behavior. The
ActiGraph is a uniaxial accelerometer that measures
acceleration in the vertical plane. The instrument is small
(2.0 x 1.6 x 0.6 inches), light (1.5 0z), and unobtrusive.
For the current study, the monitors were initialized to save
data in 15-s intervals to detect the short bursts of activity
that are characteristic of 3- to 5-year-old children (5,9,41).
Participants wore the accelerometers on an elastic belt
on the right hip (anterior to the iliac crest) for up to 12
consecutive days, including one weekend. Parents were
instructed to remove the accelerometer only during water
activities (e.g., bathing or swimming) and when the child
went to bed at night. Accelerometers were replaced before
the weekend and again on the following Monday. Data
were linked according to child. Sixty minutes of consecu-
tive zero values were considered as nonwear time and
deleted before analysis. For analyses, data were reduced
according to previously-published methods (39).

Trained data collectors recorded preschool arrival
and departure times for each child, using sign-in and
sign-out sheets that had been completed by the parent
or guardian. Days on which a child was absent from
preschool were not included for either the in-school
or total-day activity. Occasional missing entry and exit
times were imputed based on the child’s other data (usual
times entered on the consent form, entry and exit times
on other days, and school average entry and exit times),
using a SAS (SAS Institute, Cary, NC) algorithm devel-
oped by the researchers that weighted the child-specific
data more heavily than the school-level data. Subjects
for whom we were unable to identify accurately the time
arriving at or departing the preschool were deleted for
the in-school analysis.

Accelerometer data were reduced using cut points
developed specifically for 3- to 5-year-old children
(27,30) to identify intervals of MVPA (2420 counts per
15-s interval) and total PA (200 counts per 15-s interval).
Activity measured over the total day and for in-school day
was then calculated by using each child’s wear time for
total day and in-school day, respectively, as the divisor.
For the current study, the following were analyzed: 1) in-
school MVPA (minutes MVPA per hour while in school),
2) MVPA-weekdays (minutes MVPA per hour anytime on
weekday), 3) MVPA-all days (minutes MVPA per hour



anytime), 4) in-school total PA (minutes total PA per hour
while in school), 5) total PA-weekdays (minutes total PA
per hour anytime on weekdays), and 6) total PA-all days
(minutes total PA per hour anytime).

Analysis

The magnitude of the intraclass correlation coefficient
(ICC) is a key determinant of how many days of mea-
surement are needed to provide a reliable measure of
physical activity. Therefore, ICC was calculated using
variance components from repeated measures analysis
of variance (ANOVA) as ICC = (MS-MSE)/MS (MS
= mean square for subject, MSE= mean square error),
for the six respective analyses of MVPA and total PA.
In addition, these components of variance were used to
estimate 1-day and 4-day ICC values (34) and to apply
the Spearman-Brown prophecy formula (36) for days
required to attain a specified reliability. Finally, the reli-
abilities were explored using 2- or 3-day combinations
of available data.

Results

Approximately half of the children were male and 48%
were black (Table 1). Mean age and BMI were 4.1 years
and 16.3 kg/m?, respectively, with 26% of the children
classified as overweight/obese (above age and sex-spe-
cific 85" percentile of CDC growth curves, http://www.
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cdc.gov/growthcharts). Children wore the accelerometer
on average 8.2 hr per day while in preschool (child’s mean
wear time 4.9-10.8 hr) and 12.2 hr per day total (child’s
mean wear time 6.3—17.5 hr).

Table 2 displays results of the mean minutes per hour
of daily MVPA and total PA used to construct the MVPA-
all days, MVPA-weekdays, in-school MVPA, total PA-all
days, total PA-weekdays and in-school total PA metrics.
Analyses were repeated including only subsamples of
children who contributed the full seven measurements
for the all-days metrics (83 of 150 children) and those
who had 5 days for weekday (154 of 204) and in-school
(124 of 199 children) activity metrics. However, results
for the subsamples were very similar across all six metrics
and therefore are not presented. The means and variabil-
ity were similar across samples for each day, although
variability for weekend activity was slightly greater than
for weekday activity, and in-school activity was more
variable than total-day activity, especially on Monday
and Friday. No time by sex interactions were significant
in any of the samples; therefore, sex was pooled. Within
the all-days sample, children exhibited more MVPA on
weekend days than on weekdays. The average MVPA on
Saturday differed significantly from every weekday; total
MVPA between Wednesday and Thursday and between
Sunday and Thursday also differed in the all-days sample.
Activity levels for weekday and in-school MVPA did not
vary significantly by day of the week; none of the total
PA metrics varied by day of week.

Table 1 Characteristics of Preschool Children
Total Day School Day
Weekday Sample  All-Days Sample  In-School Sample
Characteristic (n =204) (n =150) (n =199)
Age, years 4.2 (0.7) 4.1 (0.6) 4.2 (0.6)
BMI (kg/m?) 16.3 (1.8) 16.3(1.9) 16.3 (1.8)
Overweight/obese? 26.5% 26.0% 26.1%
Sex, percent males 48.0% 48.7% 49.8%
3 years 42.6% 45.3% 42.2%
4 years 46.6% 43.3% 46.7%
5 years 10.8% 11.3% 11.1%
Black 47.1% 48.0% 47.7%
Other® 11.3% 12.7% 11.6%
White 41.7% 39.3% 40.7%
Monitor wear (hr) 122 (2.7) 12.1 (2.7) 8.2(1.4)

Note. Weekday sample = 4-5 weekdays of data, all-days sample = 67 days of data, in-school sample

=4-5 days of data. Mean (SD) or percent

a0verweight/obese defined as above age and sex-specific 85%ile of CDC growth curves (http://www.

cdc.gov/growthcharts/)

Other race includes Hispanic, Asian, two or more races, and unknown.
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Table 2 Descriptive Statistics for MVPA and Total PA (Min/Hr) by Day

MVPA Total PA
All days? Weekdays In-school All days Weekdays In-school
Mean Mean Mean Mean Mean Mean
N (SD) N (SD) N (SD) N (SD) N (SD) N (SD)
Monday 134 7528 172 7527 172 13(3.6) 134 14.1(3.9) 172 1423.9) 172 13.0(5.7)
Tuesday 146  7.3(2.7) 200 7428 195 73(@3.5) 146 139(39) 200 1404.00 195 13.0(5.2)
Wednesday 148 7.62.6) 197 75@2.5) 194 176(@3.1) 148 14.2(3.5) 197 142@3.5) 194 1344.7)
Thursday 148 7.02.7) 194 7227 188 73(3.5) 148 13.5@3.8) 194 13.7(3.8) 188 129(5.3)
Friday 135 7.6(29) 177 7.7(2.9) 171 79 @4.1) 135 14239 177 144@.0) 171 13.8(5.7)
Saturday 133 8.4 (3.5) 133 16.0(5.0)
Sunday 139 7934 139  15.0(4.9)
Mean 150 7.6(2.1) 204 7521 199 7527 150 144 2.8) 204 14129 199 13.24.3)

aBased on repeated-measures ANOVA, MVPA-all days varies by day of week (p < .001). None of other metrics vary significantly by day of week.

ICCs and the number of days of monitoring to
achieve certain levels of reliability are presented in Table
3. For MVPA-all days, the ICC was 0.81 using the 150
children with six or seven days of data (average 6.55
days). The calculated 1-day ICC was 0.39, while the
4-day ICC was 0.72 for MVPA-all days. The Spearman-
Brown prophecy suggested that 4.7 days of monitoring
are needed for a reliability of 0.75 to estimate MVPA-all
days. For MVPA-weekdays, the ICC was 0.83 using the
204 children with at least 4 days of weekday physical
activity data (average 4.75 days). The 1-day ICC was
0.51, while the 4-day ICC was 0.81. The Spearman-
Brown prophecy suggested that 2.9 days of monitoring
are needed for a reliability of 0.75.

Similarly, for total PA-all days, the ICC was 0.78
using the 150 children with 6 or 7 days of data. The
calculated 1-day ICC was 0.36, while the 4-day ICC was
0.69 for total PA-all days. The Spearman-Brown prophecy
suggested that 5.5 days of monitoring are needed for a
reliability of 0.75 to estimate total PA-all days. For total

PA-weekdays, the ICC was 0.80 using the 204 children
with at least 4 days of weekday physical activity data.
The 1-day ICC was 0.46, while the 4-day ICC was 0.78.
The Spearman-Brown prophecy suggested that 3.5 days
of monitoring are needed for a reliability of 0.75.

For in-school MVPA, the ICC was 0.81 using 199
children with 4 or 5 days of data (average 4.62 days).
The calculated 1-day ICC was 0.48, while the 4-day
ICC improved to 0.79. Based on the Spearman-Brown
prophecy, 3.3 days of monitoring are needed to attain a
reliability of 0.75. For in-school total PA, the ICC was
0.84 using the same 199 children. The calculated 1-day
ICC was 0.53, while the 4-day ICC improved to 0.82.
Based on the Spearman-Brown prophecy, 2.6 days of
monitoring are needed to attain a reliability of 0.75. To
achieve a reliability of 0.90, at least eight days of data
collection would be needed for any of the six metrics.

While collecting a full week of data is clearly pref-
erable for measuring any of the total-day or in-school
PA metrics, there are circumstances for which this is

Table 3 Reliability Outcomes for Days of Monitoring, and the Number of Days Needed to Achieve

Acceptable Reliability

ICCs for 1 and 4 days

Number of days? to achieve ICCs

Physical Activity Metric n ICC 1 Day 4 Day 0.7 0.75 0.8
MVPA-all days 150 0.81 0.39 0.72 3.62 4.65 6.21
MVPA-weekdays 204 0.83 0.51 0.81 2.28 2.93 3.90
In-school MVPA 199 0.81 0.48 0.79 2.54 3.26 4.35
Total PA-all days 150 0.78 0.36 0.69 4.24 5.45 7.26
Total PA-weekdays 204 0.80 0.46 0.78 2.68 3.45 4.60
In-school total PA 199 0.84 0.53 0.82 2.04 2.62 3.50

aSpearman-Brown prophecy calculation.



not practical. We therefore explored the reliability of
measuring any 2 or 3 days for the metrics. When limited
to any combination with 1 weekday and 1 weekend day,
the ICC estimates based on 2 days of monitoring were
unacceptably low for both MVPA and total PA. Using
the sample of 204 children with at least four weekdays
of data, the highest ICCs for 2-day monitoring used to
estimate MVPA-weekdays were Monday—Tuesday (ICC
=0.75), Tuesday through Wednesday (ICC = 0.70) and
Wednesday through Thursday (ICC = 0.75); ICCs for
other combinations of 2 weekdays ranged from 0.54 to
0.69. The Monday—Tuesday combination had the highest
ICC for in-school MVPA (0.72), with other pairs of days
having ICCs from 0.51 to 0.69.

The highest ICCs for 2-day monitoring used to esti-
mate total PA-weekdays were Monday—Tuesday (ICC =
0.70) and Wednesday through Thursday (ICC = 0.72),
with ICCs from 0.53 to 0.66 for other combinations.
Similarly, for in-school total PA, the best combination was
Monday-Tuesday (ICC =0.76) with other combinations
ranging from 0.56 to 0.74.

The 3-day ICCs for MVPA-weekdays ranged from
0.71 to 0.79, with the 3 consecutive weekday combina-
tions not including Friday each having an ICC of 0.79.
The combinations of weekdays that included Friday had
ICCs between 0.71 and 0.74. As with the 2-day ICCs, the
3-day ICCs for in-school MVPA were consistently lower
than for the corresponding MVPA-weekdays, ranging
from 0.64 to 0.76, because of the greater variability in
in-school MVPA than total-day activity. For total PA-
weekdays, the 3-day combinations not including Friday
had ICCs between 0.75 and 0.77; those combinations
with Friday had ICCs between 0.67 and 0.71. ICCs for
in-school total PA were slightly higher, between 0.78
and 0.80 for 3-day combinations not including Friday
and between 0.70 and 0.76 for combinations including
Friday. Across all six metrics and both 2- and 3-day
combinations, those combinations with consecutive days
excluding Friday tended to have slightly higher reliabili-
ties than combinations of nonconsecutive days.

Discussion

This study was among the first to determine the number
of days of measurement required to accurately estimate
MVPA and total PA using accelerometry in 3- to 5-year-
old preschool children. Based on the analyses, we recom-
mend that accelerometry data be collected for a full 7 days
in 3- to 5-year-old children to maximize the likelihood
of acquiring sufficient data for any metric. However, for
practical applications, a key finding is that researchers can
achieve acceptable reliability (ICC > 0.75) with a mini-
mum of 5 days of monitoring for MVPA-all days, 6 days
of monitoring for total PA-all days, 3 days of monitoring
for MVPA-weekdays or in-school total PA, and 4 days of
monitoring for in-school MVPA or total PA-weekdays.
This information will aid researchers in determining the
best methods for objectively measuring physical activity
in 3- to 5-year-old preschool children and assist public
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health officials in developing intervention strategies to
increase physical activity in the preschool setting.

Several previous studies have determined the number
of days of accelerometry needed to measure MVPA reli-
ably ranges from 4 to 5 days to 8 to 10 days for children
and adolescents respectively (11,16,23,29,39,40). A study
by Trost et al. (40) showed less day-to-day variability
in MVPA measured by accelerometry among younger
children (1st—6th grades) than older children (7th-12th
grades), which resulted in a lower number of days of
required to achieve the same level of reliability in young
children compared with older children (4-5 days vs. 8-9
days). A study by Penpraze et al. (29) found that 4 days of
monitoring were necessary to achieve a reliable measure
of accelerometry counts/minute (ICC = 0.84) in young
children (mean age of 5.6 years). Our finding that 5 days
and 3 days of monitoring can be used to measure total day
and total weekday MVPA reliably in preschool children
is consistent with these previous findings and with the
more recent recommendation from Hinkley et al. (15) of
2.7-3.4 days, depending on hours measured per day, for
preschool children in Australia.

Our study is the first to examine physical activity
for the in-school period and for total day separately. We
observed more variability in in-school activity than in
weekday activity, indicating that more days of monitor-
ing may be required to measure in-school than total
weekday activity. This information could have important
implications for public health officials since children
spend a significant amount of time in the school setting,
making it an ideal environment to test the effects of
physical activity interventions. Researchers can apply
this information confidently when determining the best
methods for objectively measuring physical activity in
3- to 5-year-old preschool children, or during intervention
strategies to increase physical activity in the preschool
setting. Future research is needed to validate the number
of days necessary to reliably measure in-school activity
across different populations. Gidlow et al. (13) com-
pared in-school versus out-of-school physical activity
for a sample ages 3—16 and reported that accelerometer
counts were higher for out-of-school activity, suggesting
the importance of promoting physical activity during the
school day. However, preschool children comprised only
a small portion of their total sample, and the difference
between in-school and out-of-school physical activity
was much smaller in that age group.

When deciding which number of days is best for
monitoring purposes, researchers must balance a high
reliability with the practicality of obtaining the measure.
Although all combinations of days could be used, the better
strategy for balancing reliability with practicality is to use
consecutive days (e.g., Tuesday, Wednesday, Thursday)
when measuring physical activity via accelerometry in
3- to 5-year-old preschool children. It is impractical to
place accelerometers on children (or any population) on
nonadjacent days and expect to obtain complete measures
for total day activity. Any combination that included a
Friday decreased the reliability of the measure. This is
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likely due to either greater variability in the preschool
setting on Fridays compared with other school days, or
that excluding Fridays may slightly underestimate physi-
cal activity obtained both in school and over the total day,
if Friday is typically the most physically active weekday
in this population. Because the number of children in our
sample with valid data for Friday was lower, we cannot
determine if the Friday activity is typical or an artifact of
lower attendance/participation.

In addition, estimating MVPA-all days requires
capturing data for both Saturday and Sunday, since each
of these days may be distinct in terms of physical activ-
ity behavior. The 2- and 3-day combinations resulting
in the highest ICC estimates were those with weekdays
only, and thus should be thought of as appropriate for
measurement of MVPA-weekdays, not MVPA-all days.
Our results are consistent with Hinkley et al. (15), who
found greater activity for preschool children on weekend
days compared with weekdays, but contradict one study
that identified greater MVPA on weekdays than weekend
days in a very small group of preschool children (2). In
a large sample of Canadian children and youth (ages
5-19), Craig et al. reported more pedometer steps on
weekdays than weekend days, but the differences were
virtually nonexistent among the youngest subjects (7).
Finally, advantages to capturing a full week of measure-
ment include the potential differences in Monday (first
day back from the weekend) and Friday (day before
the weekend; less formal curriculum and more physical
activity). This is especially critical for in-school activity
and to capture weekend behaviors that may start before
the weekend actually begins.

A major strength of this study is the large sample
size; with the exception of Hinkley et al. (15), most
studies involving young children included 60 or fewer
subjects. Other researchers have documented no differ-
ences in measurement properties across several Actigraph
models (18,33), so our results are relevant to a broad range
of accelerometry research in this population. Compli-
ance is a challenge with accelerometry measurement for
all ages, but perhaps more so for preschool children. A
parent may remove the equipment for several reasons,
after which s/he must remember to reposition the accel-
erometer on the child for subsequent measurement. A
limitation of our study design was the challenge of col-
lecting accurate time-in/time-out data to delimit in-school
activity in some of the preschool settings.

Future studies should strive to duplicate and refine
these results in other preschool populations. Our group
has developed a comprehensive method of direct observa-
tion (3), but further work is needed to integrate acceler-
ometry measurement with direct observation.
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