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approximately 25% of minutes monitored were spent in
sedentary behavior. However, the ability to accurately
estimate preschooler’s physical activity remains elusive
until universally accepted cut points for accelerometerderived estimates of physical activity are established
[10, 19]. For this study, we developed Actical
accelerometer thresholds for preschool-aged children
using room calorimetry [20]. Children in full-time
daycare settings do not engage in adequate amounts
of physical activity on a daily basis [11, 21]. Directly
observed physical activity levels in preschool children
reported that children attending preschools engaged in
moderate-to-vigorous physical activity during less than
3% of the observation intervals and were sedentary
during more than 80% of the observation intervals [21].
DuRant and colleagues observed that the mean hourly
activity levels of preschool children remained fairly
constant throughout the day [22]. He also reported that
some of the highest activity levels observed for
preschool children were from 4-7 pm [22] . Our data
showed comparable results in that the highest
percentage of light and moderate activity was between
3-6 pm during the weekdays. The percentage of time
engaged in MVPA during recess time at school
accounted for a small amount of the daily MVPA [23] (<
12%). Studies suggest that school recess time is an
important setting to promote MVPA and contributes to
daily physical activity in young children [17, 24].
Children’s physical activity levels are highly variable
among preschool centers [25], suggesting that
preschool program policies and practices have an
important influence on the overall activity levels of the
children the preschools serve [17, 26-29].
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Abstract: Interventions that can successfully alter the trajectory toward obesity among high-risk children are critical if we
are to effectively address this public health crisis. The goal of this pilot study was to implement and evaluate an
innovative physical activity program with Hispanic-American (HA) preschool children attending Head Start. The Children
in Action (CIA) program was a five month physical activity intervention. This intervention was a pilot study with 3- to 5year-olds enrolled in four HA Head Start centers. After baseline assessment, centers were matched by enrollment and
randomly assigned to either the intervention or the control condition. A total of 295 preschool children were randomly
selected across the four centers. The primary endpoints of this study were favorable changes in physical activity levels
and gross motor skills. Using mixed effect time-series regression models, changes in weight was a secondary endpoint.
We did not observe a statistical difference between intervention and control groups in physical activity levels during the
awake time, gross motor skills, or weight status. Process evaluation data showed that there was adherence to protocols
and the intervention was delivered 92% of the time, four times per week, during the five month intervention. We
demonstrated that it is feasible to conduct the SPARK-Early Childhood (EC) curriculum among preschool children
attending Head Start centers but that an increased dose and/or longer intervention duration will be required to impact
gross motor skills, physical activity levels and weight status during this critical early childhood development stage.
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Regular physical activity is essential to the
maintenance of a healthy weight. Research has
documented that physical activity tends to track in early
childhood [1-4] meaning that those who are physically
active during early childhood are more likely to be
physically active during later childhood. Physical
inactivity, limited playtime outdoors, has been
associated with increased risk of being overweight as
early as 3 years of age [5-7]. The Institute of Medicine
recommends that child care providers should provide
preschoolers with “opportunities for light, moderate,
and vigorous physical activity for at least 15 minutes
per hour while children are in care”[8]. This
corresponds to approximately three hours of physical
activity over a period of 12 waking hours [8, 9]. Several
systematic reviews indicate that preschoolers fail to
achieve national guidelines for daily physical activity
[10-12]. Evidence suggests that 3- to 4-year-old
children spend only 20-25 minutes per day in MVPA
[13-16].
Preliminary data show that preschool children are
spending 27% of their awake time in sedentary
activities [17]. These results are similar to those of
Reilly and colleagues [18], who found that
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The original SPARK (Sports, Play, and Active
Recreation for Kids) program, developed for
elementary school children, resulted in children being
physically active for more time during physical
education classes [24, 32]. The original SPARK
program was based on Social Cognitive Theory and
was used as the foundation for developing the SPARK
Early Childhood (EC) program. The SPARK-EC
program was developed for ages 3-5 to provide early
childhood professionals with the tools necessary to
implement a quality movement program with their
preschool children that will increase physical activity
levels for a basic foundation of lifetime wellness.
Early childhood forms a unique period where
children undergo significant social, intellectual,
emotional, and physical development. Enhancement of
movement skills is believed to play an important role in
the development of children within the physical domain,
with potential carry-over into the social and cognitive
domains
[33].
Body
management
activities,
manipulation opportunities with a variety of equipment,
and both locomotor and non-locomotor activities should
form the basis of a young child’s pre-school movement
experience [34-36].
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Teacher-led structured physical activities integrated
in the preschool curriculum has the potential to
decrease daily sedentary time and increase daily
physical activity in preschool children [30]. The
Children in Action (CIA) program was designed as a
physical activity change intervention targeted at
preschool children. The goal of this pilot study was to
implement and evaluate an innovative physical activity
program (i.e., SPARK-EC) with Hispanic-American
(HA) preschool children in a Head Start (HS) setting.
The physical activity program focused on the
development of motor skills, movement knowledge,
physical activity engagement and development of
social and personal skills at an early age. Active
engagement and practices in a positive, nonthreatening environment are the means for improving
children’s personal enjoyment and physical and social
development, thus increasing physical activity. The
primary endpoints of this study were favorable changes
in levels of moderate-vigorous physical activity (MVPA)
and gross motor skills. Changes in weight were a
secondary endpoint. The two primary hypotheses that
were tested included: 1) children who received the CIA
program would demonstrate increased MVPA
compared to children in the control group and, 2)
children who received the CIA program would
demonstrate increased gross motor skills compared to
children in the control group.
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This intervention was a pilot study with 3- to 5-yearolds enrolled in 4 HS centers (predominantly HA). After
baseline assessment, centers were matched by
enrollment and randomly assigned to either the
intervention (2 centers) or the control condition (2
centers).
For the four HA centers, two centers were randomly
selected to receive the SPARK-EC program
(intervention) and two to receive only supervised
recess (control). All of the centers had five classrooms
each (total n=20; 10 intervention and 10 control). All 10
classrooms in the two intervention centers participated
in the intervention. The control centers received the
SPARK-EC curriculum and the equipment after the
intervention was completed. A total of 295 preschool
children were randomly selected across the four
centers. This study was conducted in accordance to
the guidelines laid down in the Helsinki Declaration [31]
and all procedures involving human subjects were

Fundamental movement skills are basic movement
patterns that can be adapted, combined and refined to
provide a foundation from which more complicated
skills can be established and later applied to lifetime
sporting, recreational, and physical activities [35, 36].
Fundamental movement skill (catch, throw, kick and
the like) competency amongst primary school-aged
children is considered by some to be poor [37, 38].
Because success is a strong predictor of motivation to
participate and persist in sports, it is essential that
young children be provided with opportunities to
establish appropriate movement skill competencies at
an early age [38-40]. Without those competencies
children are less likely to participate in physical activity
as they get older. Okley, Booth, and Patterson [41]
found fundamental movement skill proficiency among
other things, to be significantly associated with
adolescents’ participation in organized physical activity.
Intervention
The CIA study was a five month physical activity
change intervention that utilized the SPARK-EC
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SPARK-EC Curriculum
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SPARK-EC recommends a warm-up period,
beginning with low intensity movement that gradually
evolves into higher intensity engagement in a fun way
(e.g., children can begin by walking in their play area
and then progress to a gallop followed by a slow jog).
The first instructional unit in SPARK-EC is “Movin’
Magic.” In this unit, short, quick songs prepare children
for movement. This unit establishes a positive learning
environment, behavioral expectations of children as
well as management and organizational protocols. This
unit also teaches concepts, principles, and techniques
that provide the foundation of motor development. The
SPARK-EC instructional units and the major
physical/social parameters emphasized in each are
outlined in Table 1.
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SPARK-EC curriculum for preschoolers offered
instruction and practice in a comprehensive program
designed to promote motor development through
increased physical activity. SPARK-EC included only
activities that can be realistically implemented in a
variety of preschool settings, including those that have
limited space, equipment, and supplies. The activities
have been field-tested and researched with preschool
classes. Only activities that were manageable in

diverse settings and produced substantial opportunities
for children to actively engage in learning through
movement were included. The activities could be
conducted either indoors or outdoors.

U

curriculum as the intervention. The SPARK-EC
curriculum was designed to be a quality,
comprehensive physical activity program for the
preschool setting. SPARK-EC focused on the
development of motor skills, movement knowledge,
physical activity engagement (moderate-to-vigorous) to
promote healthy lifestyles, and development of social
and personal skills during the critical early childhood
development stage. The SPARK-EC curriculum, 15-20
minutes per day, three days per week was designed to
be implemented by the HS teachers and aides and one
day a week trained research staff conducted the lesson
by themselves. Research staff members were trained
to be facilitators who provided on site support to the
intervention teachers/aides throughout the intervention.
The intervention centers also received all of the
equipment needed to conduct the lessons.

Nicklas et al.

al

298

ho

r's

Pe

After “Movin’ Magic”, lessons were selected from
different units. A typical 15-20 minute SPARK-EC
lesson consisted of two parts: 1) Good Vibrations
(warm-up) with a transition to a main activity (2-3 min.),
and, 2) Main activity (moderate-to-vigorous physical
activity) with a transition to closure/cool-down (12-18
min.) Good Vibrations were introductory activities
designed to prepare for movement. This type of activity

Table 1: SPARK-EC Instructional Units

Physical and Social Parameters Developed

Movin’ Magic

Body and spatial awareness, locomotor and non-locomotor skills, gross motor coordination, directionality,
laterality, levels, pathways, rates of movement, body identification, creativity, problem-solving

rA

Independent movement choice, locomotor skills, spatial awareness, small and large object manipulation, handeye and foot-eye coordination, throwing, accuracy, agility, fleeing, chasing

Fo

Let’s Play!

ut

Instructional Units

Beanbag Bonanza

Small object manipulation, hand-eye coordination, tracking, fine motor control, grasping, tossing, catching,
accuracy

Hoop Hoopla

Large object manipulation, gross motor coordination, body and spatial awareness, tracking, balance, rhythm

Perpetual Parachute

Group cooperation, listening skills, general coordination, locomotor and non-locomotor skills, strength, creative
movement

Kiddie Stunts

Gross motor coordination, body and kinesthetic awareness, balance, strength, creative movement

Up, Up and Away

Hand-eye coordination, tracking, fine and gross motor coordination, striking skills

Rowdy Ropes

Balance, rhythm, strength, endurance, problem solving, creativity

Hold It! Catch It!

Small and large object manipulation, hand-eye coordination, tracking, dribbling, tossing, catching, throwing,
accuracy

Silly Scarves &
Streamers

Hand-eye coordination, tracking, gross motor coordination, rhythm, creativity, self-expression

Fancy Feet

Foot-eye coordination, gross motor coordination, striking skills

Dynamic Duo

Cooperative skill development, hand-eye coordination, tracking, small object manipulation, fine motor control,
grasping, tossing, catching, accuracy
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Five classrooms were randomly selected from each
center (total n = 20; 10 intervention and 10 control).
The average classroom size ranged from 11 to 19
children (x = 15.7 ± 2.6 children).
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The 10 intervention teachers and 9 aides attended
the SPARK-EC training. The aides assisted the teacher
with each lesson and served as a back-up when the
teacher was absent. The weekly intervention delivery
plan included: three days per week the teacher and the
aide were responsible for conducting the SPARK-EC
lesson; and, one day a week the trained research staff
conducted the lesson by themselves. The sequence in
which the weekly lessons were delivered varied across
the intervention classrooms. This flexibility in delivering
the weekly lessons was necessary to accommodate
daily routines and needs of the teachers and the small
number of research staff hired to assist with the
intervention.
Training for HS Teachers/Aides
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helps with warming up all parts of the body or helps to
focus children for kinesthetic integration of movement
and music. The goal was to keep the children engaged
in physical activity as much as possible during their
movement time. The main activity of the lesson
focused on the introduction of basic motor skill
development and acquisition, particularly as it relates to
the development of body/limb/object coordination and
specialized movement skills (e.g., object manipulation,
dance, striking, etc.). Specialized units were designed
to introduce children to a variety of manipulative and
stimulating environments that were organized into
progressive units. During both the Good Vibrations and
main lesson segments, children were presented with
opportunities to develop social and personal skills
through positive interactions. The enhancement of a
child’s self-perception and self-image was an integral
part of the physical activity class. Approximately 75% of
the main lesson was devoted to moderate-vigorous
physical activity.
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SPARK staff provided one full day workshop for HS
teachers/aides and research facilitators to present the
SPARK-EC program. They provided curriculum
(instructional units, daily lesson plans, and resource
materials); and trained the staff to implement the
SPARK-EC program. The goal of the SPARK-EC
workshop was to provide strategies and tips to increase
the quantity and quality of physical education/activity
classes; and to promote the maintenance of physical
activity away from class as part of a healthy lifestyle.
The three primary factors that contributed to a
successful staff development program were utilized.
They were: 1) fostered teacher/aide awareness
regarding the goals of SPARK-EC and how they may
differ from current programs; 2) provided ongoing, skillspecific training; and, 3) solicited and encouraged
group interaction, feedback, and support.
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Daily lesson plans were provided for each
instructional unit. There were 10 lessons in each of the
12 instructional units. There were seven compact discs
containing three-minute activity songs that were
incorporated into each instructional unit as a catalyst to
facilitate movement. These were designed to provide a
progression in motor development and main lesson
activities. Many units began with “Exploration Time” by
providing a time for children to “just play” with an item,
which stimulated many processes to begin immediately
inside the brain. “Exploration Time” prepared a child for
upcoming activity and generated focus; encouraged
problem-solving, and creativity; provided a warm-up for
more vigorous activity to come; and, was used if
attention span waned during activity session.
Immediately following exploration was a “Challenge”
section. Here the teacher/aide provided specific
prompts for the children to try. In this section the
teacher/aide provided direct instruction as well as
guided instruction. Each unit concluded with closure;
praising the children’s participation and creativity. All of
the intervention teachers/aides completed a lesson
quality assessment form after completing each lesson.
Procedure for the Intervention
The intervention was five months with one
additional month for baseline assessments and one
additional month for post assessments. The four HA
centers were matched by enrollment and randomly
assigned to intervention or control and the children
were assessed at baseline and at post-intervention.

Overview of Measures
Test of Gross Motor Development – 2 (TGMD-2)
The instrument selected for the proposed research
was the Test of Gross Motor Development – 2 (TGMD2). Created and standardized by Dr. Dale Ulrich, it was
a norm-referenced measure of common gross motor
skills which has been proven to be valid and reliable for
use with learners between the ages of 3 and 14 years
[42]. TGMD-2 assesses 12 skills; 6 for locomotor and 6
for object control. Detailed descriptions and illustrations
of the gross motor skills and a simplified scoring
system allowed us to administer the TGMD-2 in 15-20
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Children in the intervention group and the control
group wore the monitors throughout the entire HS day.
All children were given the opportunity to habituate
prior to data collection to the activity monitor so that
period measurements would reflect “activity” and not
simply a fascination with the monitor. Each child was
introduced to the monitors at the HS centers one day
prior to the two days of actual data collection. Research
staff documented the nap time for each day at the
center during the assessment period. Data collected
from the accelerometers was used to assess changes
in physical activity patterns in the HS center only. The
intervention and the control centers were not assessed
on the same day.

rs
on

The TGMD-2 was administered to the preschool
children as a regular part of their motor development
curriculum by a team of well-trained evaluators at preand post-intervention. The TGMD-2 assessed
fundamental movement skill proficiency. In the
locomotor subtest, the children were assessed on the
following: run, gallop, hop, leap, horizontal jump and
slide. On the object control subtest, the children were
assessed on the following: striking, stationary dribbling,
catch, kick, overhand throw, and underhand roll [42].
The child was given two trials on each skill. A number
of components for each skill were evaluated; a score of
“1” indicated the student performed the skill component
correctly and a score of “0” indicated that the student
did not meet criteria. A raw score was computed for
each skill; these scores were used to compute a
subtest score for both the locomotor and the object
control subtests. The raw subtest scores were
converted to standard scores and it was possible to
relate these scores to age equivalencies.

Actical was affixed side by side above the iliac crest of
the right hip with an adjustable elastic belt. Epochs
were set so that data was collected every 15 seconds
which was the suggested time interval to be used with
young children [17]. Thresholds for sedentary/light and
light/moderate-vigorous
physical
activity
levels
determined by room calorimetry in 64 pre-schoolers
were applied to classify the accelerometer data [20].

U

minutes. Reliability coefficients for the locomotor
subset averaged .85, the object control subset
averaged .88, and the gross motor composite averaged
.91. Coefficient alphas for selected subgroups were all
above .90 for the subtest and the composite. Time
sampling reliability coefficients ranged from .84 to .96.

Nicklas et al.
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TGMD-2 training focused on the identification of
individual skill components for each of the locomotor
and object control skills. The training method consisted
of detailed skill analysis, video demonstration with
component breakdown, video practice evaluation and
live practice evaluation. Upon completion of training,
each evaluator was required to attain a reliability of at
least 85% on all skills compared to a video evaluation
standard. The TGMD-2 data was not collected on the
same day when the accelerometer data were collected.
The TGMD-2 data were collected periodically in the
mornings at the centers. Data from the TGMD-2 was
not used as part of the intervention.
Accelerometers
Actical (Respironics, Philips Home Health Care
Solutions, Bend, OR), a uniaxial accelerometer, was
used to monitor physical activity of the children while
attending HS at baseline and post intervention. This
compact, non-intrusive monitor (10 mm thick, 39 mm
diameter, and 17 g total weight) is appropriate for
preschool children. Actical is sensitive to movements in
the 0.5 to 3 Hz range. Actical sums 32 values in a 1second window, divides the sum by four, and then adds
this result to the accumulated value for the epoch. The

A portable stadiometer was used to measure height
to the nearest cm, and an electronic scale to measure
weight to the nearest 0.1 kg [43]. The children were
asked to remove shoes, and heavy outer clothing such
as a coat or bulky sweater. The children were also
asked to remove hats, hair barrettes or anything else in
their hair, which could prevent obtaining an accurate
measurement of height at the crown of the head.
Duplicate measures were taken of weight and height
with the average recorded as the value. A third
measurement was taken if there was > 0.2 cm or 0.2
kg difference between the two; median values were
used when 3 measurements were taken. BMI was
calculated as weight in kilograms divided by height in
square meters. BMI Z scores were calculated for each
child based on the 2000 Center for Disease Control
th
(CDC) growth charts [44, 45]. A BMI in excess of 85
th
percentile was used to define overweight and > 95
percentile as obese in children [46]. Change in BMI
was not our primary outcome. However, we did look at
changes in BMI and used BMI as a covariate in the
analyses.
Process Evaluations
Process evaluation enabled us to ensure that the
program was being delivered according to protocol.
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se

Statistical Analysis
Power and Sample Estimation

As we had multiple outcomes, BMI-for-age Z-score,
TGMD, and percent time spent in the physical activity
levels in the study, a power analysis for the primary
outcome variables with the nested two-group
randomized design, and repeated observations
(baseline and follow-up) showed that given the sample
size of 132 preschool children provided 80 percent
power at the .05 level of significance to detect a main
effect of size .16 in units of standard deviation. An
intra-class correlation (ICC) of 0.02 [58] was used to
calculate variance inflation to account for design effect,
thus yielding a sample size of 213. Adjusting for an
average attrition rate of 25%, 268 students were to be
recruited, 67 subjects per school. However, given the
number of children varies within the classrooms, all of
the children in the participating classrooms were
recruited to participate. Thus, a total sample of 295
children participated at baseline across the four HS
centers.
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Process data was obtained through observations of
SPARK-EC lessons using two measures that were
used in the multi-site study CATCH, [50-55] SPARK,
[32] and other NHLBI-funded programs [56]. The
System for Observing Fitness Instruction Time (SOFIT)
was a validated [57] comprehensive system to
measure 1) observed lesson length, 2) number of
lesson minutes children were engaged in each of five
activity levels and MVPA, 3) lesson content, and 4)
teachers promotion of physical activity during SPARKEC activity lessons. Assessment staff completed
classroom training, videotape analysis, and field
practice and certification assessments. Accuracy was
measured periodically through the coding of pre-coded
“gold standard” videotapes. In the field, 10% of
SPARK-EC activity lessons were coded simultaneously
by two independent observers. Immediately after
observing an entire activity lesson using the SOFIT
instrument, a Physical Education Observation and
Dosage Form (PEODF) [52] was completed. This
measure assessed whether the children received
prompts or encouragement to be physically active from
the teacher during the activities lesson; included
instructional prompts for skill topography; children
received praise for their active participation; children
appeared to enjoy themselves; clear instructions were
given; and, activity lesson had adequate student:
equipment ratio. In addition, the number of minutes of
activity provided to the class today and the four most
recent school days (obtained from the teacher) were
recorded.

One month prior to the intervention, baseline
assessments were collected five days a week in both of
the intervention centers. One intervention team
conducted the TGMD assessments and another team
collected the accelerometer, height and weight data.
Once the baseline data was collected at the two
intervention centers, the assessment teams collected
the baseline data at the control centers which took an
additional month. For follow-up, assessments were
conducted at the control centers during the five month
intervention and an additional month was needed to
complete post-assessments in the intervention centers.

U

Process evaluation fulfilled 3 functions during the
intervention: a) to describe program implementation
(e.g., program dose, program content), b) to provide
information for quality control and monitoring, and c) to
help explain program effects [47-49] .
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Procedure for Assessments

All children in the 20 randomly selected classrooms
were assessed at pre- and at post-intervention.
Physical activity patterns for two days were assessed
on 272 children. The TGMD-2 was collected on 264
children in the 20 randomly selected classrooms at
baseline and at post intervention in a station-based
approach. It took one-half hour to assess a group of
four children by one evaluator. Heights and weights
were collected on 283 children. The assessment of
physical activity and TGMD-2 were staggered. The
assessments were conducted by trained assessment
research staff that were blinded to the intervention. A
separate research team conducted the intervention and
completed the process evaluations.

Descriptive analyses was performed to compare
baseline age, race/ethnicity, weight, height, Actical, and
TGMD by gender to examine if there was a significant
difference in characteristics between control and
intervention groups. To account for clustering effects
and provide greater efficiency because the children
were nested within classrooms and nested within
centers, we performed multi-level modeling, called
hierarchical linear models or linear mixed models. We
also used the standard residual plots to assess
normality or linearity. Moreover, analyses with Actical
outcomes were stratified by gender because the
interaction between gender and intervention was
significant (P-interaction >0.1). The effect size (ES)
was calculated using Cohen’s d coefficient to evaluate

International Journal of Child Health and Nutrition, 2013 Vol. 2, No. 4

Physical Education Observation and Dosage Form
(PEODF)

Overall, children engaged in 4.9 minutes of walking
and 10.0 minutes of standing, sitting, or lying down, 1.8
very active minutes, and 6.6 minutes of moderatevigorous physical activity. Each SPARK-EC lesson
included 5.9 minutes of game play, 4.2 minutes of class
management, 2.3 minutes of general knowledge, 3.9
minutes of skill drills, and, only 0.6 minutes of fitness
activity.
Pilot Study

At baseline, the mean age of the HA preschoolers
was 4.3 years, and about 40% of them were
overweight or obese. There were no differences in the
baseline age and weight status between intervention
and control groups (Table 2).
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The intervention was five months in duration and
included two centers and five classrooms per center.
The activities were delivered by ten teachers, nine
aides, and three research staff facilitators. There were
12 activities with an additional activity being, “Teachers
Choice”. An activity was conducted 92% of the time,
four days a week, during the five month intervention. A
total of 490 activities were conducted; equally
distributed across both of the intervention centers.
Twenty-four percent of the activities were conducted by
the research staff with the remaining 76% conducted
by the teachers/aides. It took approximately four
minutes to prepare the children for the activity. The
average length of one activity was 17 minutes. Average
class size participating in the activities was 16 children
per classroom, with an average of two children absent.
More than 50% of the class was active during the
lesson time and more than 50% of the children
appeared to enjoy the activity. On average, the total
activity was completed with no changes to the protocol
and with no interruptions. On average, the activities
included both a warm-up and cool-down. The students
were encouraged to be physically active most of the
time and they received praise for their active
participation. The lessons had adequate studentequipment ratio and the group sizes were appropriate

System for Observing Fitness Instruction Time
(SOFIT)

se

RESULTS

for the activities. Teachers showed enthusiasm for
teaching.

U

the intervention effect on the outcomes. Effect sizes of
0.2 are considered small, 0.5–0.6 are considered
medium, and > 0.80 are considered large [65, 66].
Statistical analyses were performed using Stata
(version 11.1, Stata Inc., TX, USA) or the Statistical
Analysis Software.
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Table 3 shows the descriptive statistics of physical
activity, gross motor skills, BMI, weight, and height in
intervention and control groups at baseline and followup, stratified by gender. During baselines’ awake time,
the average time children spent in sedentary physical
activity was 51% and light physical activity was 43%.
The means of TGMD quotient and percentile rank for
boys were 86 and 23, respectively, while girls quotient
and percentile were 82 and 16, respectively. In the
follow-up survey, during the awake time, the average
time children spent in sedentary physical activity was
45% and light physical activity was 44%. Boys’ TGMD
quotient and percentile rank were similar to girls.

Table 2: Subject Characteristics

We did not observe a statistically significant
difference between intervention and control groups in

1

Boys
Control (n=76)
Mean (SD)

1

Girls
Intervention (n=84)

Control (n=68)

Intervention (n=67)

Mean (SD)

Mean (SD)

Mean (SD)

4.3 (0.8)

4.2 (0.7)

0.6 (1.1)

0.8 (1.3)

Age (year)

4.3 (0.6)

4.3 (0.6)

BMI-for-age Z-score

0.8 (1.2)

0.7 (1.5)
2

Weight Status (n (%))

1

Normal weight

43 (58.9)

46 (55.4)

40 (62.5)

37 (58.7)

Overweight

16 (21.9)

16 (19.3)

16 (25)

9 (14.3)

Obese

4 (19.2)

21 (25.3)

8 (12.5)

17 (27.0)

Sample size: demographic information: n=295; BMI: n=283; Mean (SD)=Mean (Standard Deviation).
2
The weight status was defined by using the age- and gender-specific CDC BMI growth charts.

Children in Action (CIA)
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Table 3: Mean (95% Confident Interval) for Physical Activity Level in HS, TGMD, Weight and Height Status1,2
Boys

Girls

Baseline
Control
BMI-forage

Follow-up

Intervention

Control

Baseline

Intervention

Control

Follow-up

Intervention

Control

Intervention

0.7

0.7

0.8

0.6

0.6

0.8

0.69

0.6

(0.5, 1.0)

(0.3, 1.1)

(0.5, 1.1)

(0.2, 0.9)

(0.3, 0.8)

(0.4, 1.1)

(0.4, 1.0)

(0.3, 1.0)

Z-score
TGMD

Percentile
rank

86.7

86.1

87.9

85.2

82.4

81.9

79.9

81.2

(83.7, 89.6)

(83.6, 88.6)

(85.0, 90.7)

(83.1, 87.4)

(80.1, 84.7)

(79.1, 84.7)

(76.8, 83.0)

(78.6, 83.8)

24.6

23.0

25.9

19.6

15.4

15.8

13.8

14.0

(19.9, 29.3)

(17.3, 26.7)

(21.1, 30.8)

(15.9, 23.3)

(12.2, 18.6)

(11.9, 19.7)

(9.8, 17.8)

(10.2, 17.8)

3

Physical activity level during awake time
280

281

280

254

283

(276, 285)

(275, 288)

(276, 285)

(248, 260)

(276, 290)

(min)
146

135

152

(138, 155)

(125, 145)

(143, 162)

Sedentary
(%)

50.7

52.8

45.6

(47.9, 53.6)

(49.6, 56.0)

(42.7, 48.4)

Light (%)

122

114

127

(115, 130)

(105, 123)

(118, 136)

43.1

40.6

45.5

(40.7, 45.4)

(37.9, 43.3)

(43.2, 47.7)

18.0

18.3

19.2

vigorous
(min)

(15.6, 20.4)

(16.2, 20.4)

(16.8, 21.7)

6.2

6.6

vigorous
(%)

(5.6, 7.2)

(5.8, 7.2)

116

125

130

(108, 124)

(116, 134)

(121, 140)

47.0

53.5

45.4

50.6

(43.5, 50.5)

(50.0, 56.9)

(42.0, 48.9)

(46.7, 54.4)

112

127

115

130

109

(104, 121)

(120, 133)

(108, 121)

(121, 139)

(101, 116)

44.7

45.9

40.4

45.9

42.2

(42.1, 47.3)

(43.0, 48.9)

(37.5, 43.4)

(43.1, 48.7)

(39.2, 45.3)

16.5

24.8

22.9

24.0

18.0

(14.1, 18.9)

(21.7, 27.9)

(20.0, 25.7)

(20.9, 27.2)

(15.3, 20.7)

8.8

9.0

6.9

5.8

8.5

7.0

(7.7, 9.9)

(7.9, 10.1)

(6.0, 7.8)

(5.0, 6.7)

(7.5, 9.6)

(5.9, 8.0

ut

ho

Moderate-

129

(121, 137)

46.2

r's

Moderate-

257
(252, 262)

(43.0, 49.5)

Pe

Light (min)

277

(272, 282)

al

141
(133, 149)

rs
on

Sedentary
(min)

282

(274, 289)

U

Total
awake time

se

Quotient

4

Fo

rA

Abbreviation: BMI: Body Mass Index; TGMD: Test of Gross Motor Development; LMVPA: Light -Moderate –Vigorous.
1
Mean (95% Confident Interval).
2
Sample size: anthropometric indices: n=283; Actical: n=272; TGMD: n=264.
3
Actical categories were defined based thresholds developed by Adolph et al. (2011)).
4
The TGMD-2 was used to define the TGMD quotient and percentile rank.
5
Z-score for anthropometric indices were defined by using the age- and gender-specific CDC growth Charts.

physical activity level during the awake time, TGMD or
weight status. Both groups showed a non-significant
increase in moderate-to-vigorous physical activity
levels (2.5% in boys and 1% in girls). TGMD quotient
and percentile rank appeared to be weaker. There was
no change in weight- and BMI-for-age Z-scores (Table
3).

rank (ES=0.19) were small. In boys, intervention did
not affect physical activity levels (variation from 0–2
percentage points). In girls, intervention was
associated with about six percentage points higher in
sedentary activities during the awake time (p<0.01)
with a medium effect size (ES=0.44).
DISCUSSION

Table 4 shows results from mixed effect models
with nested effect by classroom and center. The
intervention did not result in a significant change in
BMI-for-age Z-score in both crude and gender-raceadjusted models; effect size (ES) was small (ES=0.01).
Children in the intervention group did not have an
increase in TGMD quotient or TGMD percentile rank.
The effect size of quotient (ES=0.14) and percentile

When designing PA interventions it is important to
keep in mind the developmental stage of preschool
children. Preschoolers lack the attention span and
physical and motor development for continuous bouts
of high intensity PA. The goal of this study was to
implement and a PA change intervention targeted at
HS preschool children. The physical activity program
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Table 4: Effect of Intervention to Each Individual Outcome Using Mixed Effect Models1
Outcomes
BMI-for-age Z-score

2

Estimate (se)

95% CI

ES

P-value

-0.0 (0.2)

(-0.3,0.3)

0.01

0.957

TGMD

3

Quotient

-1.7 (1.6)

(-5.0,1.6)

0.14

0.325

Percentile rank

-3.6 (2.6)

(-8.9,1.7)

0.19

0.184

Physical
Activity
(Actical)

Boys

Girls

95% CI

ES

P-value

Estimate
(se)

95% CI

ES

P-value

Sedentary
4
(minutes)

2.5 (6.6)

(-10.5,
15.4)

0.07

0.707

15.3 (6.6)

(2.2, 28.4)

0.44

0.022

Sedentary (%
5
of minutes)

1.7 (2.3)

(-2.9,6.2)

0.474

5.9 (2.3)

Light (minutes)

-2.4 (4.9)

(-12.2, 7.4)

0.625

-12.1 (5.2)

(-22.4, -1.9)

Light (% of
minutes)

-1.7 (1.8)

(-5.1,1.8)

0.344

-4.7 (1.8)

(-8.2,-1.2)

ModerateVigorous
(minutes)

0.1 (1.9)

(-3.8, 3.9)

0.977

2.9 (2.2)

(-7.5, 1.5)

Moderate to
Vigorous (% of

0.0 (0.7)

(-1.3,1.4)

0.946

-1.1 (0.1)

(-2.6,0.5)

U

0.011
0.45

0.020
0.009

0.25

0.189

0.166

Pe

minutes)

al

0.00

(1.4,10.4)

rs
on

0.08

se

Estimate
(se)

ho

r's

Abbreviation: BMI: Body Mass Index; TGMD: Test of Gross Motor Development; LMVPA: Light-Moderate-Vigorous; Estimate (se): Estimate (standard error);ES:
Effect Size of intervention.
1
Coefficient for Intervention from Multilevel mixed-effect models, which took into account within and between individual variations and the nesting effect of
intervention by classroom.
2
Adjusted for gender.
3
Adjusted for gender, age, and BMI z-score.
4
The analyses were stratified by gender, controlling for age and total awake time (minutes) per day.
5
The analyses were stratified by gender, and adjusted for age.

Fo
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focused primarily on the development of gross motor
skills. Children need to develop gross motor skills
before they can engage in daily MVPA [59]. Thus, the
CIA program was designed to improve gross motor
skills of preschool children which would better prepare
them to increase their physical activity. The two primary
hypotheses that were tested included: 1) children who
received the CIA program would demonstrate
increased physical activity compared to children in the
control group and, 2) children who received the CIA
program would demonstrate increased gross motor
skills compared to children in the control group.
This pilot study did not result in statistically
significant differences between intervention and control
groups in physical activity level during awake time in
HS, total gross motor development, or weight status.
There are several possible explanations for showing
non-significant results in the targeted outcomes. The
intervention provided 15-20 minutes per day for four
days/week of structured physical activities which might

have been an inadequate dose to have a net effect on
children’s’ physical activity while at HS. Furthermore,
as planned the intervention replaced unstructured
recess play in the HS daily schedule, even though one
study found that increasing preschoolers’ outdoor free
playtime did not increase their physical activity levels
[60]. Data from our study suggests that substituting a
program to increase gross motor skills may not be
sufficient to increase physical activity in the short term.
Moreover, a more comprehensive intervention may be
needed that includes the CIA intervention to improve
gross motor skills, in addition to increasing outdoor
playtime and providing activity-friendly equipment to
the outdoor preschool playground [61]. We cannot rule
out the possibility that the lack of differences resulted
from insufficient power due to the relatively small
sample size and short duration of this feasibility study.
However, we did demonstrate that it was feasible to
conduct the SPARK-EC curriculum. Process evaluation
data showed that there was adherence to protocols
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and the intervention was delivered 92% of the time,
four times per week, during the five month intervention.

SPARK-EC = Sports, Play, and Active Recreation for
Kids-Early Childhood

The intent of the NIH R21 funding mechanism is to
conduct pilot studies to develop and conduct the study
procedures for new interventions and to provide “proof
of concept” [62]. Commonly, a pilot study is a “smallscale test of the methods and procedures to be used
on a larger scale…” [63-66]. Results from this pilot
study will be used to support a more expensive and
lengthier efficacy or effectiveness study. Thus, it is
important that one understands the limitations in the
interpretation of pilot studies [63-66].

U.S.

= United States

HS

= Head Start

NHANES

= National
Health
Examination Survey

BMI

= Body Mass Index

MVPA

= moderate-to-vigorous physical activity

HA

= Hispanic-American

CATCH

= Coordinated Approach to Child Health

NHLBI

= National
Institute

se

U

Heart,

Lung

and

Blood

al

SOFIT

Nutrition

= system for observing fitness instruction
time

rs
on

Several systematic reviews of interventions for the
prevention of overweight and obesity in preschool
children have been published [67-69]. Only two
interventions [70, 71] were carried out in preschool
settings with an exclusive physical activity component,
both of which showed no significant differences in PA
and BMI in children in the intervention and control
groups. However, authors of one of the studies [67, 71]
emphasized the importance of developing a
sustainable intervention (low cost, easily implemented,
well accepted by day care staff and children) for
increasing PA and improving basic motor skills. Other
studies included multi-component interventions for
preschool children, focusing on both diet and PA within
the day care center and in the family environment [6769, 72-77]. These multi-component programs appear to
be a more promising approach for increasing PA of
preschoolers. However, the efficacy, effectiveness,
generalizability, and sustainability of well-planned
preventive PA programs with young children need to
take into consideration some of the contextual and
social factors associated with preschoolers PA
behaviors [78-82].

and

Fo

rA

ut

ho

r's

Pe

PEODF

= Physical Education Observation and
Dosage Form

NIH

= National Institute of Health

PA

= Physical Activity

ES

= Effect Size

ACKNOWLEDGEMENTS
Special thanks to Lori Briones for help in preparing
the manuscript and Bee Wong for obtaining research
articles.
AUTHOR DISCLOSURE STATEMENT

In summary, we demonstrated that it is feasible to
conduct the SPARK-EC curriculum among HA
preschool children attending HS centers but that an
increased dose and/or longer intervention duration will
be required to impact gross motor skills, weight status
and physical activity levels during this critical early
childhood development stage.

There are no conflicts of interest for any of the
authors. All authors have fully read and approved this
manuscript. They have all contributed to the
conception, design, analysis, and interpretation of data
as well as the drafting and revising of the manuscript.
No portion of this manuscript is currently under
consideration for publication elsewhere and no portion
of this manuscript, other than the abstract, has been
published or posted on the internet.

ABBREVIATION

SOURCE OF FUNDING

CIA

= Children in Action

TGMD

= Test of Gross Motor Development

This work is a publication of the United States
Department of Agriculture (USDA/ARS) Children’s
Nutrition Research Center, Department of Pediatrics,

CONCLUSION

International Journal of Child Health and Nutrition, 2013 Vol. 2, No. 4

[13]

Reilly JJ, Jackson DM, Montgomery C, Kelly LA, Slater C,
Grant S, et al. Total energy expenditure and physical activity
in young Scottish children: mixed longitudinal study. Lancet
2004; 363: 211-2.
http://dx.doi.org/10.1016/S0140-6736(03)15331-7

[14]

Biddle SJ, Fox KR. Motivation for physical activity and weight
management. Int J Obes Relat Metab Disord 1998; 22(Suppl
2): S39-47.

[15]

Kimm SY, Glynn NW, Kriska AM, Barton BA, Kronsberg SS,
Daniels SR, et al. Decline in physical activity in black girls
and white girls during adolescence. N Engl J Med 2002; 347:
709-15.
http://dx.doi.org/10.1056/NEJMoa003277

[16]

National Association for Sport and Physical Education. Active
Start: A Statement of Physical Activity Guidelines for Children
Birth to Five Years. Reston, VA: American Alliance for
Health, Physical Education, Recreation & Dance. 2002.
Available
at:
http://journal.naeyc.org/btj/200605/NASPE
GuidelinesBTJ.pdf. (Accessed February 13, 2013).

[17]

Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M.
Physical activity among children attending preschools.
Pediatr 2004; 114: 1258-63.
http://dx.doi.org/10.1542/peds.2003-1088-L

[18]

Reilly JJ, Coyle J, Kelly L, Burke G, Grant S, Paton JY. An
objective method for measurement of sedentary behavior in
3- to 4-year olds. Obes Res 2003; 11: 1155-8.
http://dx.doi.org/10.1038/oby.2003.158

[2]

Pate RR, Baranowski T, Dowda M, Trost SG. Tracking of
physical activity in young children. Med Sci Sports Exerc
1996; 28: 92-6.
http://dx.doi.org/10.1097/00005768-199601000-00019
Jackson DM, Reilly JJ, Kelly LA, Montgomery C, Grant S,
Paton JY. Objectively measured physical activity in a
representative sample of 3- to 4-year-old children. Obes Res
2003; 11: 420-5.
http://dx.doi.org/10.1038/oby.2003.57

rs
on

[1]

al

REFERENCES

se

Baylor College of Medicine, Houston, Texas. The
contents of this publication do not necessarily reflect
the views or policies of the USDA, nor does mention of
trade names, commercial products, or organizations
imply endorsement from the U.S. government. This
research project was supported by the National
Institute of Health (NIH), grant number R21 HD05483602. This funding agency had no direct involvement in
the design and conduct of the study; in collection,
management, analysis, and interpretation of the data;
or in preparation, review, or approval of the manuscript.

Nicklas et al.

U

306

Sallis JF, Berry CC, Broyles SL, McKenzie TL, Nader PR.
Variability and tracking of physical activity over 2 years in
young children. Med Sci Sports Exerc 1995; 27: 1042-9.
http://dx.doi.org/10.1249/00005768-199507000-00013

[19]

Beets M, Bornstein D, Dowda M, Pate R. Compliance with
national guidelines for physical activity in us preschoolers:
Measurement and interpretation. Pediatr 2011; 127: 658-64.
http://dx.doi.org/10.1542/peds.2010-2021

[4]

Dennison BA, Straus JH, Mellits ED, Charney E. Childhood
physical fitness tests: predictor of adult physical activity
levels? Pediatr 1988; 82: 324-30.

[20]

[5]

Takashashi E, Yoshia K, Sugimori H, Miyakawa M, Takashi I,
Takashi Y, et al. Influence factors in the development of
obesity in 3-year-old children based on the Toyama study.
Prev Med 1999; 28: 293-6.
http://dx.doi.org/10.1006/pmed.1998.0428

Adolph A, Puyau M, Vohra F, Nicklas T, Zakeri I, Butte N.
Validation of Uniaxial and Triaxial Accelerometers for the
Assessment of Physical Activity in Preschool Children. J
Phys Act Health 2011; 9: 944-53.

r's

Pe

[3]

Klesges RC, Klesges LM, Eck LH, Shelton ML. A longitudinal
analysis of accelerated weight gain in preschool children.
Pediatr 1995; 95: 126-30.

[7]

Moore LL, Nguyen US, Rothman KJ, Cupples LA, Ellison RC.
Preschool physical activity level and change in body fatness
in young children. The Framingham Children's Study. Am J
Epidemiol 1995; 142: 982-8.

ut

Pate RR, McIver K, Dowda M, Brown WH, Addy C. Directly
observed physical activity levels in preschool children. J Sch
Health 2008; 78: 438-44.
http://dx.doi.org/10.1111/j.1746-1561.2008.00327.x

[22]

DuRant RH, Baranowski T, Puhl J, Rhodes T, Davis H,
Greaves KA, et al. Evaluation of the Children's Activity Rating
Scale (CARS) in young children. Med Sci Sports Exerc 1993;
25: 1415-21.
http://dx.doi.org/10.1249/00005768-199312000-00016

[23]

Mota J, Silva P, Santos MP, Ribeiro JC, Oliveira J, Duarte
JA. Physical activity and school recess time: differences
between the sexes and the relationship between children's
playground physical activity and habitual physical activity. J
Sports Sci 2005; 23: 269-75.
http://dx.doi.org/10.1080/02640410410001730124

[24]

McKenzie TL, Sallis JF, Kolody B, Faucette FN. Long-term
effects of a physical education curriculum and staff
development program: SPARK. Res Q Exerc Sport 1997; 68:
280-91.
http://dx.doi.org/10.1080/02701367.1997.10608009

rA

Institute of Medicine. Early Childhood Obesity Prevention
Policies. Washington, DC. 2011. Available at: http://www.
iom.edu/~/media/Files/Report%20Files/2011/EarlyChildhood-Obesity-Prevention-Policies/Young%20Child%
20Obesity%202011%20Report%20Brief.pdf.
(Accessed
February 13, 2013).

Fo

[8]

ho

[6]

[21]

[9]

Pate RR, O'Neill JR. Physical activity guidelines for young
children: an emerging consensus. Arch Pediatr Adolesc Med
2012; 166: 1095-6.
http://dx.doi.org/10.1001/archpediatrics.2012.1458

[25]

[10]

Bornstein DB, Beets MW, Byun W, McIver K. Accelerometerderived physical activity levels of preschoolers: a metaanalysis. J Sci Med Sport 2011; 14: 504-11.
http://dx.doi.org/10.1016/j.jsams.2011.05.007

Verbestel V, Van Cauwenberghe E, De Coen V, Maes L, De
Bourdeaudhuij I, Cardon G. Within- and between-day
variability of objectively measured physical activity in
preschoolers. Pediatr Exerc Sci 2011; 23: 366-78.

[26]

[11]

Reilly J. Low levels of objectively measured physical activity
in preschoolers in child care. Med Sci Sports Exerc 2010; 42:
502-7.
http://dx.doi.org/10.1249/MSS.0b013e3181cea100

Trost SG, Ward DS, Senso M. Effects of child care policy and
environment on physical activity. Med Sci Sports Exerc 2010;
42: 520-5.
http://dx.doi.org/10.1249/MSS.0b013e3181cea3ef

[27]

[12]

Tucker P. The physical activity levels of preschool-aged
children: a systematic review. Early Child Res Q 2008; 23:
547-58.
http://dx.doi.org/10.1016/j.ecresq.2008.08.005

Dowda M, Pate RR, Trost SG, Almeida MJ, Sirard JR.
Influences of preschool policies and practices on children's
physical activity. J Community Health 2004; 29: 183-96.
http://dx.doi.org/10.1023/B:JOHE.0000022025.77294.af

[28]

Dowda M, Brown WH, McIver KL, Pfeiffer KA, O'Neill JR,
Addy CL, et al. Policies and characteristics of the preschool

International Journal of Child Health and Nutrition, 2013 Vol. 2, No. 4

[30]

[31]

[32]

Sugiyama T, Okely A, Masters J, Moore G. Attributes of child
care centers and outdoor play areas associated with
preschoolers' physical activity and sedentary behavior.
Environ Behav 2012; 44: 334-49.
http://dx.doi.org/10.1177/0013916510393276
Van Cauwenberghe E, De Craemer M, De Decker E, De
Bourdeaudhuij I, Cardon G. The impact of a teacher-led
structured physical activity session on preschoolers'
sedentary and physical activity levels. J Sci Med Sport 2012.
World Medical Association. Declaration of Helsinki, 19642008. . Available at: http://www.wma.net/en/30publications/
10policies/b3/17c.pdf. (Accessed February 11, 2013).
Sallis JF, McKenzie TL, Alcaraz JE, Kolody B, Faucette N,
Hovell MF. The effects of a 2-year physical education
program (SPARK) on physical activity and fitness in
elementary school students. Sports, Play and Active
Recreation for Kids. Am J Public Health 1997; 87: 1328-34.
http://dx.doi.org/10.2105/AJPH.87.8.1328
Gabbard C. Early childhood physical education: the essential
elements. J Phys Educ Recreat Dance 1988; 59: 65-9.
http://dx.doi.org/10.1080/07303084.1988.10606255

[34]

Sanders S Developmentally appropriate practice in
movement programs for young children: a position statement
of the Council on Physical Education for Children (COPEC).].
Reston, VA: NASPE. 1994. Available at: http://www.naeyc.
org/store/files/store/TOC/126.pdf. (Accessed February 13,
2013).

Nicklas TA, O'Neil C. Process of conducting a 5-a-day
intervention with high school students: Gimme 5 (Louisiana).
Health Educ Behav 2000; 27: 201-12.
http://dx.doi.org/10.1177/109019810002700206

[48]

Raizman DJ, Montgomery DH, Osganian SK, Ebzery MK,
Evans MA, Nicklas TA, et al. CATCH: food service program
process evaluation in a multicenter trial. Health Educ Q 1994;
Suppl: S51-71.

[49]

Baranowski T, Stables G. Process evaluation of the 5 A Day
projects. Health Educ Behav 2000; 27: 157-66.
http://dx.doi.org/10.1177/109019810002700202

[50]

McKenzie TL, Nader PR, Strikmiller PK, Yang M, Stone EJ,
Perry CL, et al. School physical education: effect of the Child
and Adolescent Trial for Cardiovascular Health. Prev Med
1996; 25: 423-31.
http://dx.doi.org/10.1006/pmed.1996.0074

[51]

McKenzie TL, Feldman H, Woods SE, Romero KA,
Dahlstrom V, Stone EJ, et al. Children's activity levels and
lesson context during third-grade physical education. Res Q
Exerc Sport 1995; 66: 184-93.
http://dx.doi.org/10.1080/02701367.1995.10608832

[52]

McKenzie TL, Strikmiller PK, Stone EJ, Woods SE, Ehlinger
SS, Romero KA, et al. CATCH: physical activity process
evaluation in a multicenter trial. Health Educ Q 1994; (Suppl
2): S73-89.

Carson LM. Preschool physical education: Expanding the
role of teacher education. J Phys Educ Recreat Dance 1994;
65: 50-2.
http://dx.doi.org/10.1080/07303084.1994.10606942

[53]

Kelder SH, Mitchell PD, McKenzie TL, Derby C, Strikmiller
PK, Luepker RV, et al. Long-term implementation of the
CATCH physical education program. Health Educ Behav
2003; 30: 463-75.
http://dx.doi.org/10.1177/1090198103253538

[36]

Gallahue
DL,
Ozmun
JC.
Understanding
Motor
Development: Infants, Children, Adolescents, Adults. Boston:
WCB/McGraw-Hill 1998.

Pe

[35]

[54]

McKenzie TL, Stone EJ, Feldman HA, Epping JN, Yang M,
Strikmiller PK, et al. Effects of the CATCH physical education
intervention: teacher type and lesson location. Am J Prev
Med 2001; 21: 101-9.
http://dx.doi.org/10.1016/S0749-3797(01)00335-X

[55]

Hoelscher DM, Feldman HA, Johnson CC, Lytle LA,
Osganian SK, Parcel GS, et al. School-based health
education programs can be maintained over time: results
from the CATCH Institutionalization study. Prev Med 2004;
38: 594-606.
http://dx.doi.org/10.1016/j.ypmed.2003.11.017

[56]

McKenzie TL, Sallis JF, Faucette N, Roby JJ, Kolody B.
Effects of a Curriculum and Inservice Program on the
Quantity and Quality of Elementary Physical Education
Classes. Res Q Exerc Sport 1993; 64: 178-89.
http://dx.doi.org/10.1080/02701367.1993.10608795

[57]

McKenzie TL, Sallis JF, Nader PR. SOFIT: System for
Observign Fitness Instruction Time. J Teach Phys Educ
1991; 11: 195-205.

[58]

Murray D, Varnell S, Blitstein J. Design and analysis of
group-randomized trials: a review of recent methodological
developments. Am J Public Health 2004; 94: 423-32.
http://dx.doi.org/10.2105/AJPH.94.3.423

[59]

Lubans DR, Morgan PJ, Cliff DP, Barnett LM, Okely AD.
Fundamental movement skills in children and adolescents:
review of associated health benefits. Sports Med 2010; 40:
1019-35.
http://dx.doi.org/10.2165/11536850-000000000-00000

[60]

Alhassan S, Sirard J, Robinson T. The effects of ncreasing
outdoor play time on physical activity in Latino preschool
children. Int J Pediatr Obeisty 2007; 2: 153-8.
http://dx.doi.org/10.1080/17477160701520108

r's

Booth M, Macaskill P, McLellan L, Phongsavan P, Okely T,
Patterson J, et al. NSW Schools Fitness and Physical Activity
Survey 1997. Sydney: NSW Department of School Education
1997.

[38]

Walkley J, Holland B, Treloar R, Probyn-Smith H.
Fundamental motor skill proficiency of children. ACHPER
Natl J 1993; 141: 11-4.

[39]

Weiss M. Motivating kids in physical activity. Res Digest
2000; 3: 1-8.

[40]

Weiss MR, Ebbeck V. Self-esteem and perceptions of
competence in youth sports: theory, research and
enhancement strategies. In The Child and Adolescent
Athlete, [Bar-Or O editor]. Oxford: Blackwell Scientific
Publications 1996; pp. 19.

[41]

Okley AD, Booth ML, Patterson JW. Relationship of
cardiorespiratory endurance to fundamental movement skills
among adolescents. Med Sci Sports Exerc 2001b; 33: 1899904.
http://dx.doi.org/10.1097/00005768-200111000-00015

Fo

rA

ut

ho

[37]

[42]

Ulrich BD. Test of Gross Motor Development. Austin, TX:
PRO-ED 2000.

[43]

Lohman TG, Roche AF, Martorell R. Anthropometric
Standardization Reference Manual. Human Kinetics Books,
Champaign, IL. 1988.

[44]

Kuczmarski RJ, Ogden CL, Guo SS, Grummer-Strawn LM,
Flegal KM, Mei Z, et al. 2000 CDC Growth Charts for the
United States: methods and development. Vital Health Stat
2002; 11: 1-190.

[45]

[47]

rs
on

[33]

Himes JH, Dietz WH. Guidelines for overweight in adolescent
preventive services: recommendations from an expert
committee. The Expert Committee on Clinical Guidelines for
Overweight in Adolescent Preventive Services. Am J Clin
Nutr 1994; 59: 307-16.

se

[29]

[46]

U

environment and physical activity of young children. Pediatr
2009; 123: e261-6.
http://dx.doi.org/10.1542/peds.2008-2498

307

al

Children in Action (CIA)

Kuczmarski RJ, Ogden CL, Grummer-Strawn LM, Flegal KM,
Guo SS, Wei R, et al. CDC growth charts: United States. Adv
Data 2000; 1-27.

International Journal of Child Health and Nutrition, 2013 Vol. 2, No. 4

[61]

Hannon JC, Brown BB. Increasing preschoolers' physical
activity intensities: an activity-friendly preschool playground
intervention. Prev Med 2008; 46: 532-6.
http://dx.doi.org/10.1016/j.ypmed.2008.01.006

[72]

Telama R, Yang X, Viikari J, Valimaki I, Wanne O, Raitakari
O. Physical activity from childhood to adulthood: a 21-year
tracking study. Am J Prev Med 2005; 28: 267-73.
http://dx.doi.org/10.1016/j.amepre.2004.12.003

[62]

United States Department of Health and Human Services.
Office of Extramural Research. National Institutes of Health.
NIH Exploratory/Developmental Research Grant Award
(R21). 2012. Available at: http://www.grants.nih.gov/
grants/funding/r21.htm. (Accessed February 13, 2013).

[73]

Fitzgibbon ML, Stolley MR, Schiffer L, Kong A, Braunschweig
CL, Gomez-Perez SL, et al. Family-Based Hip-Hop to Health:
Outcome Results. Obes (Silver Spring) 2012; [Epub ahead of
print].

[74]

[63]

Leon AC, Davis LL, Kraemer HC. The role and interpretation
of pilot studies in clinical research. J Psychiatr Res 2011; 45:
626-9.
http://dx.doi.org/10.1016/j.jpsychires.2010.10.008

Fitzgibbon ML, Stolley MR, Schiffer LA, Braunschweig CL,
Gomez SL, Van Horn L, et al. Hip-Hop to Health Jr. Obesity
Prevention Effectiveness Trial: postintervention results. Obes
(Silver Spring) 2011; 19: 994-1003.
http://dx.doi.org/10.1038/oby.2010.314

[64]

Kraemer H, Mintz J, Noda A, Tinklenberg J, Yesavage J.
Caution regarding the use of pilot studies to guide power
calculations for study proposals. Arch Gen Psychiatry 2006;
63: 484-9.
http://dx.doi.org/10.1001/archpsyc.63.5.484

[75]

Fitzgibbon ML, Stolley MR, Dyer AR, VanHorn L,
KauferChristoffel K. A community-based obesity prevention
program for minority children: rationale and study design for
Hip-Hop to Health Jr. Prev Med 2002; 34: 289-97.
http://dx.doi.org/10.1006/pmed.2001.0977

[65]

Arain M, Campbell M, Cooper C, Lancaster G. What is a pilot
or fesibility study? A review of current practice and editorial
policy. BMC Med Res Methodol 2010; 10: 67.
http://dx.doi.org/10.1186/1471-2288-10-67

[76]

[66]

Bowen D, Krueter M, Spring B, Cofta-Woerpel L, Linnan L,
Weiner D, et al. How we design feasibility studies. Am J Prev
Med 2009; 36: 452-7.
http://dx.doi.org/10.1016/j.amepre.2009.02.002

Fitzgibbon ML, Stolley MR, Schiffer L, Van Horn L,
KauferChristoffel K, Dyer A. Two-year follow-up results for
Hip-Hop to Health Jr.: a randomized controlled trial for
overweight prevention in preschool minority children. J
Pediatr 2005; 146: 618-25.
http://dx.doi.org/10.1016/j.jpeds.2004.12.019

[77]

Fitzgibbon ML, Stolley MR, Schiffer L, Van Horn L,
KauferChristoffel K, Dyer A. Hip-Hop to Health Jr. for Latino
preschool children. Obes (Silver Spring) 2006; 14: 1616-25.
http://dx.doi.org/10.1038/oby.2006.186

[70]

U

al

rs
on
[78]

Koplan JP, Dietz WH. Caloric imbalance and public health
policy. JAMA 1999; 282: 1579-81.
http://dx.doi.org/10.1001/jama.282.16.1579

[79]

Swinburn B, Egger G, Raza F. Dissecting obesogenic
environments: the development and application of a
framework for identifying and prioritizing environmental
interventions for obesity. Prev Med 1999; 29: 563-70.
http://dx.doi.org/10.1006/pmed.1999.0585

Pe

Mo-suwan L, Pongprapai S, Junjana C, Puetpaiboon A.
Effects of a controlled trial of a school-based exercise
program on the obesity indexes of preschool children. Am J
Clin Nutr 1998; 68: 1006-11.
Reilly JJ, Kelly L, Montgomery C, Williamson A, Fisher A,
McColl JH, et al. Physical activity to prevent obesity in young
children: cluster randomised controlled trial. Br Med J 2006;
333: 1041.
http://dx.doi.org/10.1136/bmj.38979.623773.55

Fo

rA

[71]

Monasta L, Batty G, Ronfani L, Lutje V, Bavcar A, van
Lenthe F, et al. Interventions for the prevention of overweight
and obesity in preschool children: a systematic review of
randomized controlled trials. Obes Rev 2011; 12: e107-e18.

r's

[69]

Campbell K, Hesketh K. Strategies which aim to positively
impact on weight, physical activity, diet and sedentary
behaviours in children from zero to five years. A systematic
review of the literature. Obes Rev 2007; 8: 327-38.
http://dx.doi.org/10.1111/j.1467-789X.2006.00305.x

ho

[68]

Reilly JJ, McDowell ZC. Physical activity interventions in the
prevention and treatment of paediatric obesity: systematic
review and critical appraisal. Proc Nutr Soc 2003; 62: 611-9.
http://dx.doi.org/10.1079/PNS2003276

ut

[67]

Nicklas et al.

se

308

Received on 25-07-2013

http://dx.doi.org/10.6000/1929-4247.2013.02.04.3

[80]

Hinkley T, Salmon J, Okely A, Hesketh K, Crawford D.
Correlates of Preschool Children's Physical Activity. Am J
Prev Med 2012; 43: 159-67.
http://dx.doi.org/10.1016/j.amepre.2012.04.020

[81]

Veitch J, Salmon J, Ball K. Individual, social and physical
environmental correlates of children's active free-play: a
cross-sectional study. Int J Behav Nutr Phys Act 2010; 7: 11.
http://dx.doi.org/10.1186/1479-5868-7-11

[82]

Gubbels J, Kremers S, van Kann D. Interaction between
physical environment, social environment, and child
characteristics in determining physical activity at child care.
Health Psychol 2011; 30: 84-90.
http://dx.doi.org/10.1037/a0021586

Accepted on 12-10-2013

Published on 28-11-2013

