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Background: Preschool children who are at risk have been shown to demonstrate
developmental delays in their fundamental motor skills. The body of research on
motor skill development of children indicates that these children, when provided with
motor skill instruction, signiﬁcantly improved their locomotor and object control
(OC) skill performances.
Purpose: The purpose of this study and the primary research question was to examine
the inﬂuence of two eight-week motor skill interventions (SKIP – successful
kinesthetic instruction for preschoolers and SKIP-PI – SKIP-parent involvement) on
the OC competence of preschoolers identiﬁed as disadvantaged.
Participants and setting: Seventy-two children (36 girls and 36 boys) from two Head
Start centers participated in this study. Both centers were the part of the same child
development council and had the same standard Head Start curriculum.
Data collection: Random assignment of children to intervention group in school A
(SKIP or SKIP-PI) was performed. Random assignment of children to the comparison
group in school B also occurred. Baseline measures of the test of gross motor
development-2 (TGMD-2) were completed at the pretest. During the eight-week
intervention the children received their regular Head Start program in addition to the
SKIP and SKIP-PI conditions that took place during the school day. The comparison
group received the regular Head Start program with no additional motor instruction.
After completing the eight-week intervention all groups were tested on the TGMD-2
at the posttest and again one month after the intervention at a retention test. All data
collection procedures were videotaped and analyzed by a trained researcher.
Data analysis: Descriptive statistics were performed to ascertain baseline measures of
OC performance. Two 3 group (SKIP, SKIP-PI, comparison) × 2 time (pretest,
posttest) or (posttest, retention test) × 2 gender (girls, boys) analysis of variance
(ANOVA) with repeat measures were conducted to examine the inﬂuence of the
interventions on OC performance and whether any differences occurred by gender.
The statistic of interest was a group × time interaction and the group × time ×
gender interaction for ‘pretest to posttest’ and ‘posttest to retention test’ separately.
Follow-up tests were performed if necessary by Statistical Analysis Software to
identify where the differences lie. For posttest and retention test, 3 group (SKIP,
SKIP-PI, comparison) × 2 gender (girls, boys) ANOVA was conducted to examine
the group main effect, the gender main effect and the group by gender interaction.
Findings: The ﬁndings indicated the SKIP and the SKIP-PI groups were signiﬁcantly
different from the comparison group (p , .017), but both groups were not
signiﬁcantly different in OC skills from pretest to posttest. The results also indicated
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the SKIP (p ¼ .00) and the SKIP-PI (p ¼ .01) were signiﬁcantly different from the
comparison group over time, but, both groups were not signiﬁcantly different from
posttest to retention test.
Conclusions: Overall, these ﬁndings show that young children who are disadvantaged
demonstrate delays in their motor skills prior to intervention. If high quality
structured motor skill intervention in the form of SKIP is provided, they can gain
signiﬁcant improvements in their OC skill development.
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Introduction
Individuals use their movement repertoires to participate in various physical activities
across their lifespan (Gallahue, Ozmun, and Goodway 2012). This movement repertoire
is developed as a result of combination of many factors such as experience, motor competence, enjoyment and environmental or individual constraints (Gallahue, Ozmun, and
Goodway 2012; Haywood and Getchell 2009). In this movement repertoire, fundamental
motor skills (FMS) are the primary skills in which individuals aged 2 – 7 years should
gain a proﬁcient level of competency in order to apply them for lifelong physical activities,
sports and games (Gallahue, Ozmun, and Goodway 2012; Haywood and Getchell 2009;
Seefeldt 1980; Stodden et al. 2008). In addition, research on FMS indicates that FMS proﬁciency may be positively associated with ﬁtness (Barnett et al. 2008), body composition
(Okely, Booth, and Chey 2004), outside-school physical activity (Raudsepp and Pall 2006),
habitual physical activity (Fisher et al. 2005; MacNamara et al. 2011) and perceived motor
competence of children (Goodway and Rudisill 1997; Stodden and Goodway 2007). It is
argued that children with advanced levels of FMS proﬁciency are more likely to participate
in physical activities and develop future habits for physical activities (Clark and Metcalfe
2002; Ericsson 2011; Stodden et al. 2008).
FMS have been seen as the ‘building blocks’ for lifetime physical activities (Payne and
Isaacs 2011) and as ‘the ABCs of movement’ (Goodway and Robinson 2006; Hands 2012).
A general misconception about FMS is that children acquire those skills naturally as a result
of their growth and maturation (Gallahue, Ozmun, and Goodway 2012; Haywood and
Getchell 2009). But, children need developmentally appropriate practice opportunities
and speciﬁc skill-related feedback in order to develop FMS (Gabbard 2008; Goodway
and Branta 2003; Payne and Isaacs 2011). In other words, systematic motor skill instruction
should be provided for children to learn and practice FMS during the early years. The motor
development literature (Gabbard 2008; Gallahue, Ozmun, and Goodway 2012; Payne and
Isaacs 2011) emphasizes that the suggested time to instruct FMS is the early childhood
years (2 – 7 years of age).
The National Association for Sport and Physical Education (NASPE) also recognizes
the importance of acquiring FMS and physical activity participation for young children.
A series of national physical activity guidelines called ‘Active Start’ have been developed
for infants, toddlers and preschoolers (NASPE 2009). Active Start includes ﬁve main guidelines for preschoolers (aged 3 – 5), suggesting that (a) children should participate in 60 min
of daily structured physical activity, (b) children should participate in at least 1 h (up to
several hours) of daily unstructured physical activities, (c) children should gain motor
skill competency which is important to engage in more complex movement tasks, (d) physical activity participation of children should be encouraged in safe and stimulating indoor
and outdoor settings and (e) the primary caregivers of children should understand the value
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of physical activity participation and motor skill competency for their children by giving
practice opportunities for both planned and unplanned physical activities (NASPE 2009).
Unfortunately, children in certain populations do not have equal opportunities to participate in physical activities and develop FMS (Barnett et al. 2013; Cools et al. 2011;
Hardy et al. 2012; Iivonen and S??kslahti 2013). There are disparities in the physical
activity levels of different groups with low income and minority children having lower
physical activity levels than their middle income and white peers (Taylor, Baranowski,
and Young 1998). One population of low income and predominantly minority children
is a group known as preschoolers who are at risk. This group of children is identiﬁed
as needing early intervention services to support their development. Preschool children
who are at risk have been shown to demonstrate developmental delays in their FMS
(Connor-Kuntz and Dummer 1996; Goodway and Branta 2003; Goodway, Crowe, and
Ward 2003; Goodway and Rudisill 1996, 1997; Hamilton, Goodway, and Haubenstricker
1999). These developmental delays in FMS have been found to be true across geographic
region and ethnicity for preschool children who are at risk (Goodway, Robinson, and
Crowe 2010).
The body of research on motor skill development of children indicates that these children, when provided with motor skill instruction, signiﬁcantly improved their locomotor
and object control (OC) skill performances (Bardid et al. 2013; Connor-Kuntz and
Dummer 1996; Goodway and Branta 2003; Goodway, Crowe, and Ward 2003; Martin,
Rudisill, and Hastie 2009; Robinson and Goodway 2009). However, only one study has
been conducted that involved parents in the intervention process (Hamilton, Goodway,
and Haubenstricker 1999). This study revealed that when parents provided instruction to
their children (under the guidance of an expert in motor development), the children signiﬁcantly improved their OC skills (Hamilton, Goodway, and Haubenstricker 1999). This
study was limited in that the sample size was small and not randomly selected. There
appears to be a great need and potential for involving parents in promoting the motor development of young children, but limited data are available to guide this process.
Due to the limited number of studies on parental involvement in motor skill development, the value of involving parents in motor intervention is not known. However, the
early childhood literature has consistently emphasized the critical role that parents play
as the ﬁrst teachers of their children (Bronfenbrenner 1989; Carpenter 2007; Chao et al.
2006; Dunst 2002; Freeman and Vakill 2004). More research is needed to examine the inﬂuence of motor skill intervention on FMS development and additionally to understand
whether involving parents in promoting motor skills at home can make a difference on
their children’s motor development.
The purpose of this study and the primary research question was to examine the inﬂuence of two eight-week motor skill interventions (SKIP – successful kinesthetic instruction
for preschoolers and SKIP-PI – SKIP-parent involvement) on the OC competence of preschoolers identiﬁed as disadvantaged. It was hypothesized that at baseline preschoolers
would have delayed OC skills, with boys having signiﬁcantly better skills than girls. It
was also hypothesized that the motor skill intervention groups (SKIP and SKIP-PI)
would have signiﬁcantly better OC competence from pretest to posttest than the comparison
group. It was further hypothesized that the group receiving parental enhancement of motor
skills (SKIP-PI) would demonstrate greater pretest to posttest gains in OC competence than
the SKIP group. A second research question examined the maintenance of any possible
intervention effects from posttest to a retention test one month later. It was hypothesized
that the motor skill intervention groups (SKIP and SKIP-PI) would maintain intervention
effects with no signiﬁcant decline in OC performance from posttest to retention test.
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Method
Theoretical framework
Dynamical systems theory (DST) and ecological systems theory (EST) were utilized to
build the design of the study. Each theory provides unique support for this study. Based
upon DST, a child is seen as a self-organizing system and the complex interactions of
many subsystems shape this self-organizing system. For example, the changes in the subsystems within the learner (individual), the task and the environment might lead to positive
or negative outcomes regarding motor skill development (Gallahue, Ozmun, and Goodway
2012; Newell 1984, 1986). Given the powerful inﬂuence of the interactions of these three
systems, a developmentally appropriate motor skill program (SKIP) was designed, taking
into account learners’ constraints [e.g. gender, socioeconomic status (SES), body mass
index (BMI), current skill level, prior experience]. Then the investigators used this information to design the SKIP/SKIP-PI interventions by identifying tasks and task constraints
(OC skills) and manipulating environmental constraints within the instructional environment (e.g. equipment and space). Speciﬁcally, the motor skill intervention was organized
to maximize the relationships between and within these systems (Goodway and Branta
2003; Goodway and Rudisill 1996; Goodway, Crowe, and Ward 2003; Hamilton,
Goodway, and Haubenstricker 1999). Similar to DST, EST deﬁnes the importance of
many systems in the child’s development (Bronfenbrenner 2005). It also provides an explanation to address the important role of parents and the home environment in child development. For this reason, parent involvement part of the motor skill intervention (SKIP-PI) was
added into the study.

Settings
This investigation was conducted in two Head Start centers from a large Midwest urban
city. Both centers were the part of the same child development council and had the same
standard Head Start curriculum and identiﬁcation criteria for children to be admitted into
the program. Head Start is a national program within the USA, designed to provide education, health and family services for low income children (aged 3 – 5) to support their
developmental needs. Based on the regulation of Title 45-Public Welfare (section 1305),
families should meet the eligibility criteria to be selected for Head Start (USDHHS
2010). Thus, low family income, risk factor assessment and a readiness test are required
to determine children’s eligibility for Head Start. The Head Start centers in this study
had similar demographic characteristics residing in inner city, low income communities
with high rates of crime.

Participants
Seventy-two children (36 girls and 36 boys) from two Head Start centers participated in this
study. Due to the potential for contamination effects the intervention took place in Center A
and an equivalent center with very similar demographics, Center B served as the comparison site. In Center A (n ¼ 47) there were 21 girls and 26 boys, 93.6% of whom were
African American, 6.4% were Caucasian, the remaining were mixed race. In Center B (n
¼ 25) there were 15 girls and 10 boys, 100% of whom were African American.
In the intervention site, Center A, there were three established preschool classes. Participants from the three classes were randomly assigned to a motor skill intervention group called
SKIP (n ¼ 22, 11 girls and 11 boys; SKIP) and a motor skill intervention plus parent
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enhancement called SKIP-PI (n ¼ 25, 10 girls and 15 boys; SKIP-PI). From the three established preschool classes, children in both the SKIP and SKIP-PI conditions were randomly
assigned into three new classes (Classes A, B and C) for the purposes of motor skill instruction. Thus the experimental conditions involved Classes A, B and C involving children from
both the SKIP and SKIP-PI groups to minimize any potential condition effects.
General demographic characteristics of children in all groups (SKIP, SKIP-PI, comparison) are presented in Table 1.
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Design and variables
This study used a pre – post – retention experimental design. The design consisted of a 3
group (SKIP, SKIP-PI, comparison) × 2 gender (boys, girls) × 3 time (pretest, posttest,
retention). The main dependent variable was OC skills of children and the independent variables were the SKIP and SKIP-PI programs.

Instrumentation
The dependent variable was OC competence as determined by the test of gross motor development-2 (TGMD-2, Ulrich 2000). The TGMD-2 is a standardized, criterion and normreferenced test designed to assess 12 FMS of children aged 3 – 10 years (Ulrich 2000).
The test includes two main subscales (locomotor and OC). For the purpose of this study,
the OC subscale was utilized. The OC subtest has six main skills: strike, dribble, catch,
kick, throw and roll. Each skill has performance criteria and three trials (one practice,
two coded trials) are provided for children to perform the skill. If children meet the performance criterion, they get 1 point, if they do not, they get 0 points. Performance criterion
points in each skill are summed to produce a total subscale raw score (0 – 48 points).
Raw scores can be translated into standard scores and percentile ranks based upon age
and gender. For data analysis, standard scores of OC skills were utilized. The standard
testing protocol of the TGMD-2 was used and all children were videotaped in their performance. Coding of the performance criteria took place from the videotaped performance.
Table 1. Demographic characteristics of children in the groups.
Demographic
characteristics
Number of children
Sex
Race
Ethnicity

Age (months)
Height (cm)
Weight (kg)
BMI

Total (all
participants)

Center A

Center B

SKIP

SKIP-PI

Comparison

22
11 girls
11 boys
22 African
American

25
15 girls
10 boys
25 African
American
25 Not Hispanic/
Latino

72
36 girls
36 boys
69 African
American
3 Caucasian
72 Not Hispanic/
Latino

22 Not Hispanic/
Latino

25
10 girls
15 boys
22 African
American
3 Caucasian
25 Not Hispanic/
Latino

M (SD)

M (SD)

M (SD)

M (SD)

48.41 (6.62)
103.48 (6.44)
17.77 (3.21)
16.29 (2.68)

48.05 (6.45)
103.92 (5.93)
18.30 (4.14)
16.76 (2.22)

49.47 (6.41)
104.34 (4.99)
17.61 (2.35)
15.49 (3.57)

47.68 (7.10)
102.24 (8.03)
17.47 (3.11)
16.67 (1.76)
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Two independent observers (the primary researcher and the graduate teaching assistant)
also analyzed the OC skills of children. Thirty percent of trials from the pretest, posttest and
retention test were examined and independently scored by both observers. The formula to
calculate the inter-observer reliability was the agreements divided by the total score of
agreements and disagreements (House, House, and Campell 1981). Inter-observer
reliability was reported 96.73% on pretest, 94.44% on posttest and 96.20% on retention
test. The primary researcher also calculated intra-observer agreement on 30% of the
trials with 10 days between the two viewings for all tests. The intra-observer agreement
was found as 96.61% on pretest, 95.22% on posttest and 96.16% on retention test.
SKIP, SKIP-PI and comparison conditions
All children in the study attended a Head Start program consisting of a full day curriculum
from 9 am to 4 pm before and after school day care. The curriculum in both Centers A and B
was identical.
Comparison group
Children in the comparison group in Center B received the regular Head Start curriculum.
Speciﬁcally, they attended the center ﬁve days per week. The gross motor part of the curriculum consisted of 20– 30 min of outdoor play activities in a well-equipped playground
(swings, slides, climbers, etc.) given appropriate weather or play in a large muscle activity
area (unused classroom). The preschoolers were free to do whatever they wanted in the
playground area, including sitting and chatting. The researchers regularly observed their
outdoor activities at the playground area during the intervention period (4 or 5 days in a
week) and veriﬁed that the children did not receive any skill instruction or any feedback
by their classroom teachers. There was no organized outside activities arranged by the classroom teachers. Children generally engaged in running, jumping, climbing, using monkey
bars, using slides and playing with the overhead ladder at the playground area or sat in
the area and talked to another child. This was similar for the Center A.
Intervention groups
The children in the two intervention groups (SKIP/SKIP-PI) also received the regular Head
Start curriculum as described above. On three days per week they engaged in free play like
the comparison group. On two days per week they received the SKIP program instead of
free play.
Two motor skill intervention packages were designed to apply to the preschool children
in Center A. Both package 1 and package 2 used a previously validated (Goodway and
Branta 2003; Goodway, Crowe, and Ward 2003) motor skill intervention called SKIP.
However, in package 2 the children received the SKIP motor skill intervention plus a
parent enhancement where parents were trained to work with their child at home on
simple motor skill activities. This program was called SKIP-PI.
SKIP motor skill intervention
The SKIP program was designed to develop the OC skills of preschoolers through developmentally appropriate instruction and practices. All children in the SKIP and SKIP-PI
groups received the same motor skill program. The SKIP intervention consisted of 16
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sessions over an eight-week period with each session lasting 30 min. The total amount of
instructional time for the intervention was 480 min (60 min for each week). The program
was provided in a multipurpose room and an outdoor playground area based on availability
and weather. In order to promote maximal learning trials all preschoolers had their own
space and equipment while receiving the motor skill instruction. The SKIP program took
place during the regular school day at the Head Start center.
The SKIP program consisted of six OC skills: throwing (72 min), catching (72 min),
kicking (72 min), striking (72 min), bouncing (72 min) and rolling (72 min) along with a
number of locomotor skills as part of the warm up activities. A direct instructional approach
was utilized where student autonomy was low and the instructor controlled all aspects of
learning environment. The instructor used a variety of effective teaching strategies such
as demonstrations, explanations, feedback, cue words, task modiﬁcations (e.g. extending
and reﬁning) and manipulation of environmental factors such as ball size and distance
from target during the implementation of the SKIP (Graham, Holt-Hale, and Parker
2007; Newell 1984). Instructional activities were aligned to the developmental level of
the child, and tasks and feedback were adjusted to challenge each child at his/her own
level by manipulating task and environmental constraints.
Lesson plans consisted of a 5 min warm up, two 12 min skill rotations and a 3 min
closure. Lesson plans were developed based upon the critical elements of the skill, a developmental task analysis of the skills being taught arranging tasks from simple to complex,
and the pretest level of the children in the intervention groups. Critical elements were
embedded into the lesson plans in terms of providing feedback and cue words. For each
skill, a task analysis was conducted, developing a series of activities that could go from
easy to more complex. The task analysis involved manipulating different factors for a
skill. For example, for throwing, the factors that were manipulated included distance
from target, size of the target, physical prompts such as a scarf tied to the opposite leg
and complexity of the environment in which the skill is being performed. A convention
was developed for each skill indicating which factors would be manipulated ﬁrst. The
mean child attendance rate in the SKIP intervention was 77.79%.
The SKIP and SKIP-PI programs were implemented by a trained motor skill instructor
at Center A. The instructor had two years of experience in assisting a university course of
motor development and experience in teaching and working with children who had special
needs. The instructor had Adapted Physical Education Endorsement Certiﬁcate and P-12
Teacher Licensure. The objectives of this study were clearly discussed with the instructor
and a training session was conducted to identify the purpose of the study, the organization
and implementation of the lesson plans and the instructor’s responsibilities. The instructor’s
responsibilities were (a) to deliver the lesson plans developed by the researchers, (b) to
ensure the lesson plans were delivered in a developmentally appropriate manner, (c) to
give feedback to the participants during the motor skill instruction and (d) to interact
with the researchers to assist in documenting the process of the motor skill instruction.
Intervention integrity of SKIP
Intervention integrity determines the extent to which the interventions were implemented as
intended. Intervention integrity data were determined for all three classes in the SKIP condition across six randomly selected sessions by observing videotapes of the sessions. A
check list was developed and used to compare the implemented lesson plans to the intended
written lesson plans. The implemented lessons were checked for ﬁdelity by two independent observers (the main researchers) to ensure that the instructional and pedagogical
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objectives of the lessons were met by the instructor and the instructor adhered to the content
of the lesson. Intervention integrity and inter-observer agreement was 100% on observed
sessions for all classes.
SKIP-PI motor skill intervention
The SKIP-PI group received the regular SKIP intervention described above. However, they
also received a parental enhancement (SKIP-PI), incorporating additional motor skill
instruction delivered by the primary caregiver in the child’s home, typically the mother.
The aim of the family intervention was to reinforce those skills taught in the SKIP
program and provide parent – child motor skill activities to be completed at home. The
SKIP-PI intervention consisted of the SKIP program with 16 sessions at 30 min per
session for 480 min of school-based instruction. Additionally the parental enhancement
part of SKIP-PI involved 24 home-based sessions (nights or weekends) over an eightweek period with each session lasting 10– 15 min. The exact day the parent did the activity
depended on the parents’ own schedule during the week. The parents used available spaces
at home such as the living room, kitchen or yard. All preschoolers and their parents were
provided with a bag of standardized equipment (playground ball, tennis balls, bean bags,
scarves, balloons, milk jugs, rolled paper bats, bubble wrap and paper spots as markers)
and all of the lesson plans prior to the intervention.
The family intervention lesson plans were created by the researcher and two motor
development specialists, and were based upon developmental level of children (pretest
results), prior SKIP lesson plans (Goodway and Branta 2003; Robinson and Goodway
2009), the critical elements of the eight skills (throw, kick, catch, strike, bounce, roll,
jump and hop) in the SKIP intervention, reinforcement of existing SKIP activities and
taking into account the limited space of the family home environment.
The lesson plan used simple language and lots of pictures. Each lesson included: (1) the
skill and focus for the day (e.g. throwing – stepping with opposition), (2) list of speciﬁc
equipment, (3) pictures of desirable performance with critical elements identiﬁed, (4) a
detailed description of the activities with pictures of real performers and pictures for
layout and organization of the activity, (5) cue words to reinforce the child’s performance
and (6) an evaluation form (game sheets) in order to evaluate the child’s performance on
that skill. The game sheet included a small challenge for the child covering the topic of
the SKIP-PI lesson (e.g. how many times out of 10 can you catch a tossed ﬂeece ball
from 5 ft. with your hands?). The early lesson plans for the SKIP-PI program began with
easy instructional tasks and then progressed to more difﬁcult tasks across the intervention
as the children developed their skills. The number of activities in the lesson plans varied
based on the nature of the activity. Generally, one lesson plan lasted approximately 10–
15 min.
In order to train the parents on the intervention, a 1.5 h workshop on developmental
sequences of FMS and the SKIP-PI lesson plans was planned for parents. The parent workshop demonstrated the total body developmental sequences of 10 FMS (see Gallahue,
Ozmun, and Goodway 2012 for a description of developmental sequences). Additionally
short segments (3 – 4 min) from each lesson plan were demonstrated and parents got to
try the activities receiving feedback from the investigators. However, only 7 of the 25
SKIP-PI parents attended the workshop, thus other measures were necessary to train the
remaining parents. A variety of individual time slots were provided at child drop-off and
pick-up times for parents to get a short training session (30 – 45 min) and take their
equipment.
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During the implementation phase of the SKIP-PI intervention a parent – child motor
activity calendar was provided for each month. This activity calendar was set up weekly
and included the three SKIP-PI lesson plans to be covered that week. It also included deadlines for returning the game sheets to the center. Children were provided with small rewards
(like pencils and stickers) when a game sheet was returned to encourage parents to return
their activity game sheets. Reminder notes were also put into children’s folders that they
took home and posters were placed by the children’s mailboxes and on the classroom
door to remind parents. Thus, reminder notes in folders, classroom posters, prompts to children and an incentive system of rewards were the strategies to promote parent compliance
with the SKIP-PI activities.
Intervention integrity of SKIP-PI
Data on intervention integrity of the SKIP-PI were hard to collect because of the nature of
the family intervention being conducted at home and the performance of the child not
readily available to the investigators. However, speciﬁc strategies were created to help
promote parent compliance with the activities provided in the lesson plans.
Each SKIP-PI lesson plan had an evaluation form called a game sheet. Parents were
asked to ﬁll out the game sheet after the completion of the lesson activities. Parents were
also responsible for sending the evaluation form to the class after they were done with
the activity to help ensure whether they performed the activities or not.
The expected game sheets were 24 from each parent and 600 in total from 25 parents in
the SKIP-PI condition. Fourteen parents returned their game sheets and overall, the return
rate was 16.66%. Other approaches to check compliance with the SKIP-PI condition were
to ask the child in the SKIP-PI group what they liked about the home activities. Although no
formal data were collected on this approach, children regularly reported what they did at
home, and it appeared 18 out of 25 children performed the home activities with their
parents despite not getting the game sheets back from the majority of these parents.
Overall procedures of the study
Institutional Review Board approval, Head Start approval and parental permission and child
assent were secured prior to the study. Random assignment of children to intervention group
in Center A (SKIP or SKIP-PI) was performed. Within Center B, 25 children randomly
assigned to the comparison group. Baseline measures of the TGMD-2 were completed at
the pretest. During the eight-week intervention the children received their regular Head
Start program in addition to the SKIP and SKIP-PI conditions that took place during the
school day. The comparison group received the regular Head Start program with no
additional motor instruction. After completing the eight-week intervention all groups
were tested on the TGMD-2 at the posttest and again one month after the intervention at
a retention test. All data collection procedures were videotaped and analyzed by a
trained researcher and a research assistant in accordance with the procedures outlined
above.
Data analysis
Data analyses were performed based on the research questions of the study. Descriptive statistics were performed to ascertain baseline measures of OC performance. Two 3 group
(SKIP, SKIP-PI, comparison) × 2 time (pretest, posttest) or (posttest, retention test) × 2
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gender (girls, boys) analysis of variance (ANOVA) with repeat measures were conducted to
examine the inﬂuence of the interventions on OC performance and whether any differences
occurred by gender. The statistic of interest was a group × time interaction and the group ×
time × gender interaction for ‘pretest to posttest’ and ‘posttest to retention test’ separately.
Follow-up tests were performed if necessary by Statistical Analysis Software to identify
where the differences lie. For posttest and retention test, 3 group (SKIP, SKIP-PI, comparison) × 2 gender (girls, boys) ANOVA was conducted to examine the group main effect, the
gender main effect and the group by gender interaction. For the analyses of the pre- to posttest data, a total of N ¼ 72 was analyzed (SKIP n ¼ 22; SKIP-PI n ¼ 25; comparison n ¼
25). However, as is the nature of at-risk children we lost children who dropped out of the
program or moved for the post-to-retention measures with a total of N ¼ 59 (SKIP n ¼ 15;
SKIP-PI n ¼ 20; comparison n ¼ 24).
Results
This study aimed to examine the inﬂuence of two eight-week motor skill interventions
(SKIP and SKIP-PI) on the OC competence of preschoolers identiﬁed as disadvantaged.
The results were given in the following sections.
Baseline information of OC skill performance
First, it was hypothesized that at baseline preschoolers would have delayed OC skills, with
boys having signiﬁcantly better skills than girls. Baseline measures of OC competence
revealed children in the SKIP, SKIP-PI and comparison groups had developmental
delays in OC (SKIP ¼ 14.14%, SKIP-PI ¼ 9.56%, comparison ¼ 8.92%). Overall, girls
were at 10.94% and boys were at 10.53%. A 3 group (SKIP, SKIP-PI, comparison) × 2
gender (girls, boys) ANOVA on pretest OC standard scores was conducted to examine
potential pretest gender, group or group × gender interaction differences. The ANOVA
revealed a non-signiﬁcant group (F[2, 66] ¼ 2.26, p ¼ .11, h2 ¼ .06), gender (F[1, 66] ¼
0.008, p ¼ .92, h2 ¼ .00) and group × gender interaction (F[2, 66] ¼ 0.22, p ¼ .80, h2
¼ .00), indicating at the pretest groups and gender were statistically similar.
The effects of motor skill interventions (SKIP and SKIP-PI) on OC skill
performance
It was hypothesized that the motor skill intervention groups (SKIP and SKIP-PI) would
have signiﬁcantly better OC competence from pretest to posttest than the comparison
group. It was further hypothesized that the group receiving parental enhancement of
motor skills (SKIP-PI) would demonstrate greater pretest to posttest gains in OC competence than the SKIP group.
A 3 group (SKIP, SKIP-PI, comparison) × 2 gender (girls, boys) × 2 time (pretest,
posttest) ANOVA with repeated measures on OC standard scores was conducted to
examine the inﬂuence of the intervention on OC competence from pretest to posttest.
The analysis revealed a signiﬁcant time main effect (F[1, 66] ¼ 142.72, p ¼ .00, h2 ¼
.68). This result shows that OC skill performance of children signiﬁcantly changed
from pretest to posttest. The analysis also revealed a signiﬁcant group × time interaction
(F[2, 66] ¼ 32.06, p ¼ .00, h2 ¼ .49), showing that groups differed from pretest to posttest
for the OC skill performance of children. Follow-up tests were conducted between
the groups to examine where the differences were reported. Three separate contrasts
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were run between the groups, and a Bonferroni adjustment of the alpha (.05/3) resulted in a
new alpha level of p ≤ .017. The ﬁrst contrast between the SKIP and the comparison group
revealed a signiﬁcant difference between groups over time (F[1, 69] ¼ 45.81, p ¼ .00). The
second contrast between the SKIP-PI and the comparison group showed a signiﬁcant difference between groups over time (F[1, 69] ¼ 47.61, p ¼ .00). The ﬁnal contrast showed that
there were no signiﬁcant differences between the SKIP and SKIP-PI groups over time
(F[1, 45] ¼ 0.01, p ¼ .93). Three separate paired sample t-tests using pre- and posttest OC
scores for each group separately indicated that the children in SKIP (t [22] ¼ 210.31, p
, .001 [two-tailed]) and SKIP-PI (t [25] ¼ 28.53, p , .001 [two-tailed]) signiﬁcantly
improved their OC score from pretest to posttest. However, the children in the comparison
group did not signiﬁcantly improve their OC skill score (t [25] ¼ 20.90, p ¼ .37 [twotailed]) from pretest to posttest. These results suggest that children in the SKIP and
SKIP-PI conditions signiﬁcantly improved their OC scores from pretest to posttest when
compared to the comparison condition (Figure 1).
The analysis of ANOVA with repeated measures also indicated a non-signiﬁcant time ×
gender interaction (F[1, 66] ¼ 0.32, p ¼ .57, h2 ¼ .00) and group × gender interaction
(F[2, 66] ¼ 1.60, p ¼ .20, h2 ¼ .04). These results indicate that no signiﬁcant gender differences were observed from pretest to posttest between the groups. In addition, a non-signiﬁcant group × time × gender interaction was reported (F[2, 66] ¼ 0.97, p ¼ .38, h2 ¼ .02),
which means that both genders within the groups performed similar OC skill performance
from pretest to posttest.

Figure 1.

The percentages of OC skill scores in all groups.
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Retention effects of interventions
A second research question examined the maintenance of any possible intervention effects
from posttest to a retention test one month later. It was hypothesized that the motor skill
intervention groups (SKIP, SKIP-PI) would maintain intervention effects with no signiﬁcant decline in OC performance from posttest to retention test.
A 3 group (SKIP, SKIP-PI, comparison) × 2 time (posttest, retention test) × 2 gender
(girls, boys) ANOVA with repeated measures was conducted, resulting in a non-signiﬁcant
time main effect (F[1, 53] ¼ 0.00, p ¼ .98, h2 ¼ .00) from posttest to retention test.
However, a signiﬁcant group × time interaction (F[2, 53] ¼ 14.48, p ¼ .00, h2 ¼ .35)
was reported showing group differences in OC skills from posttest to retention test.
Follow-up tests were conducted between the groups to examine where the differences
were reported. Three separate contrasts were run between the groups and a Bonferroni
adjustment of the alpha (.05/3) resulted in a new alpha level of p ≤ .017. The ﬁrst contrast
between the SKIP and the comparison group revealed a signiﬁcant difference between
groups over time (F[1, 59] ¼ 21.97, p ¼ .00). The second contrast between the SKIP-PI
and the comparison group showed a signiﬁcant difference between groups over time
(F[1, 56] ¼ 6.59, p ¼ .01). The ﬁnal contrast between the SKIP and the SKIP-PI showed
a non-signiﬁcant difference between groups over time (F[1, 33] ¼ 2.05, p ¼ .16) As a
follow up, three paired sample t-tests were conducted to examine posttest to retention
test changes in OC skills. A paired sample t-test reported that the OC skill scores of
SKIP (t [15] ¼ 2.69, p ¼ .017 [two-tailed]) and SKIP-PI (t [20] ¼ .00, p ¼ 1.00 [twotailed]) did not signiﬁcantly change from posttest to retention test. A paired sample t-test
showed a signiﬁcant posttest (5.88) to retention test (6.96) changes for the comparison
group (t [24] ¼ 23.84, p ¼ .001 [two-tailed]) in OC skill performance. In addition,
the ANOVA with repeated measures indicated a signiﬁcant time × gender interaction
(F[1, 53] ¼ 5.38, p ¼ .02, h2 ¼ .09) for the OC skill performance from posttest to retention
test. Girls’ mean scores decreased from 9.05 to 8.62 and boys’ mean scores increased
from 8.22 to 8.63. However, there was a non-signiﬁcant group × time × gender interaction
(p ¼ .25) and no group × gender interaction (F[2, 53] ¼ 1.84, p ¼ .16, h2 ¼ .06) were
obtained as a result of ANOVA analysis.
ANOVA analysis also indicated a signiﬁcant group effect (F[2, 53] ¼ 21.43, p ¼ .00, h2
¼ .44). Post hoc Tukey analysis showed that there were signiﬁcant differences
between the SKIP and the comparison group (p ¼ .00) and between the SKIP-PI and
the comparison group (p ¼ .00). However, no signiﬁcant difference was found between
the SKIP and the SKIP-PI (p ¼ .95). The ANOVA analysis also revealed a nonsigniﬁcant gender effect (F[1, 53] ¼ 0.00, p ¼ .98, h2 ¼ .00) and group × gender interaction (F[2, 53] ¼ 2.91, p ¼ .06, h2 ¼ .09) for the OC skill performance at the retention
test. Both the SKIP and SKIP-PI groups were better than the comparison group at the
retention test.
In summary, all three groups were categorized as having developmental delays at the
pretest. The SKIP and SKIP-PI intervention groups made similar signiﬁcant increases in
their OC skills from pre- to posttest. In contrast the comparison group did not change
their OC skills from pre- to posttest and was signiﬁcantly lower than the SKIP/SKIP-PI
groups at the posttest. From post- to retention test the SKIP/SKIP-PI groups maintained
their OC performance. The comparison group signiﬁcantly improved their OC skills
from post- to retention test but was still signiﬁcantly lower than the SKIP/SKIP-PI group
at the retention test. Figure 2 represents the changes from pretest to retention test for
each group.
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The changes of OC skill performance from pretest to retention test.

Discussion
Baseline information of OC skill performance
Children in all three groups (SKIP, SKIP-PI, comparison) had developmental delays in the
OC skills at pretests. Children with low OC percentile score, especially below the 25th percentile (IDEA 2004), were categorized as developmentally delayed. These ﬁndings are in
agreement with the motor development literature, showing that children in certain populations demonstrated motor development delays as a result of individual and environmental
constraints (Goodway and Branta 2003; Goodway and Rudisill 1996; Goodway, Crowe,
and Ward 2003; Hamilton, Goodway, and Haubenstricker 1999; Martin, Rudisill, and
Hastie 2009; Robinson and Goodway 2009).
In this study, the developmental delays might be explained by a combination of individual or environmental constraints. Children at the pretest showed very low performance on
OC skills, which suggests that children did not have any prior experience of OC skills.
Although we have no direct evidence of this, anecdotal parent reports suggest unsafe
outside environments limit opportunities for their children to engage in physical activity
around their home and outdoor environments. Another possible reason might be explained
by their parents’ physical activity level or parents’ encouragement for physical activity participation. Informal interviews with parents and classroom teachers supported that children
had limited opportunities to go outside and play with their peers or siblings because of the
dangerous neighborhood. In addition, parents indicated that they were not physically active.
Many of the children spent much of their day in child care and this environment might be
another factor in developmental delays. Factors such as the curriculum, equipment, space
and developmentally appropriate practices for their students should be considered in
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future research. In this study, there was no structured motor skill program included in the
curriculum of the Head Start center. Informal but regular observations showed that children
had unstructured physical activity sessions but they did not receive any motor skill instruction by their classroom teachers during these sessions. Furthermore, the Head Start centers
had only one multipurpose room and limited equipment for the physical activity opportunities. It is obvious that a number of individual and environmental constraints exist for this
group of children. More research is warranted to reveal the effects of constraints on developmental delays of children who are from disadvantaged circumstances.
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The effects of motor skill interventions (SKIP and SKIP-PI) on OC skill performance
Children in the SKIP and SKIP-PI groups showed similar signiﬁcant improvements in their
OC skill performance from pretest to posttest. However, the comparison group had the same
low level of performance in their OC skills across the intervention. The ANOVA with
repeated measures revealed a signiﬁcant group × time interaction from pretest to posttest,
showing that 42% of the pretest to posttest changes in OC may be attributed the
interventions.
Previous motor skill interventions found similar beneﬁts of the motor skill interventions
on the OC skill performance of children in disadvantaged circumstances. The children in
the studies demonstrated improvement in their OC skill performance as a result of the
motor skill interventions (Connor-Kuntz and Dummer 1996; Goodway and Branta 2003;
Goodway, Crowe, and Ward 2003; Hamilton, Goodway, and Haubenstricker 1999; Robinson and Goodway 2009). In addition, Kirk and Rhodes (2011) examined 11 motor skill
interventions and concluded that majority of the interventions were effective for preschoolers with developmental delays (h2 ¼ 0.57– 0.85). Furthermore, in a meta-analysis,
researchers found that motor skill interventions in 11 studies were effective to improve
young children’s FMS (Cohen’s d ¼ 0.39) (Logan et al. 2011). A recent intervention
also found similar ﬁndings showing that young children in the Jump Start program (movement and physical activity program) improved their movement skill competency (Cohen’s
d ¼ 0.47) (Jones et al. 2011). Like this study, the children in the comparison groups in the
studies did not improve their motor skills across the intervention time frame. This suggests
that structured interventions that engage in developmentally appropriate practices must be
instituted if children are to improve their FMS.
The SKIP intervention in this study incorporates the tenants of a pedagogical model
espoused by Metzler (2005). It is theoretically driven based upon manipulation of
Newell’s constraints (Newell 1984, 1986), identiﬁed intended learning outcomes and
sequenced activities in a developmentally appropriate manner. SKIP also developed
unique task structures for each of the OC skills aligning task to the developmental level of
the child, providing clear and individualized progressions. There were well-articulated
expectations of student behaviors and ongoing assessment of SKIP learning outcomes.
Additionally, there were clear measures to determine faithful implementation of SKIP. Furthermore, SKIP aligned with the Active Start Guidelines for young children (NASPE 2009),
literature reviews in motor development of children (Iivonen and S??kslahti 2013; Riethmuller, Jones, and Okely 2009; Venetsanou and Kambas 2010), guidelines in the physical activity
literature (Lubans et al. 2010; Sluijs, McMinn, and Grifﬁn 2008; Tucker 2008), teaching in
the early childhood area [National Association for Education of Young Children (NAEYC)]
and effective teaching strategies (Becker and Carnine 1980; Graham 2001; Graham, HoltHale, and Parker 2007; Silverman and Ennis 1996). Many of these approaches may have
resulted in impacting the OC skills of the children in the SKIP and SKIP-PI programs.
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Major intervention factors that might also be associated with the success of the intervention were that lesson plans demonstrated developmentally appropriate practice and high
quality pedagogical approaches. Iiovenen and S??kslahti (2013) support this view in their literature review study. The researchers found that education programs are one of the positive
determinants for motor development of children. A traditional instruction approach was
chosen in order to deliver the motor skill instruction to the children in the SKIP group.
This approach focuses on student learning with low autonomy of children (Becker and
Carnine 1980). A large number of studies have reported the beneﬁts of traditional instruction
approach on student learning in physical education settings (Ayers et al. 2005; Miller, Vine,
and Larkin 2007; Rikard, Boswell, and Boni 1993; Sweeting and Rink 1999).
On the other hand, children in the comparison group did not improve their OC skill performance and it may be suggested that the unstructured motor skill activities (recess or free
play) that is a typical part of a Head Start program resulted in no improvement to OC skill
performance. Prior studies had the same result about unstructured activities (Goodway and
Branta 2003; Goodway, Crowe, and Ward 2003; Hamilton, Goodway, and Haubenstricker
1999; Robinson and Goodway 2009), showing that the curriculum of Head Start centers has
failed to support children’s motor development with unstructured motor skill activities. In
addition, prior research in this population has demonstrated that disadvantaged communities present little or no opportunities for children to be active and often present signiﬁcant
barriers to engaging in motor skills (Goodway and Smith 2005). A major implication of this
result is that Head Start policy-makers need to revisit the Head Start curriculum to structure
motor skills in the curriculum. Children with or at risk of developing delays in Head Start
centers should be instructed in a developmentally appropriate way which includes structured (planned) motor skill activities, speciﬁc skill-related feedback, task modiﬁcations,
individualized learning, appropriate equipment, and enough space to perform the activities.
It should be mentioned that free play or unstructured activities should also be provided for
children in order to support their social, emotional, cognitive development or physical
activity behaviors (NASPE 2009). However, Head Start centers should also meet
NASPE’s standards 1 and 3 for preschoolers about promoting motor competence (3) and
structured PA (1).
The second motor skill intervention was the SKIP-PI in this study. The SKIP-PI
included the same SKIP program with a family component, including a series of lesson
plans performed at home by parents and their children. Unique reasons to involve
parents into the motor skill instruction were that parents are the key people in their children’s development (Berk 2009) and children’s development is affected by their context
such as home, school and neighborhood (Bronfenbrenner 1989; Bronfenbrenner 2005).
Many national agencies, such as the US Department of Human and Health Services
(USDHHS), the NASPE, the NAEYC, the National Head Start Association (NHSA) and
the Division of Early Childhood (DEC), recognize the importance of parental involvement
in children’s education, and those agencies have their own policies and procedures to
increase parental involvement at home and school environment in early years of children.
For example, the DEC has a series of recommended practices for early interventions with
parental involvement (Sandall et al. 2005) or the Head Start programs offer many programs
or organizations to encourage parents to be a part of their children’s education at the centers.
Empirical evidence of the positive effects of parental involvement in children’s development also exists in the early childhood education literature (Kagan 1999; Miedel and Reynolds 1999; Shaw et al. 2006). The SKIP-PI program was designed by considering the
suggestions of the national organizations and the ﬁndings of interventions with parental
involvement.
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The SKIP-PI program resulted in the improvement of OC skills across the intervention.
However, contrary to the original hypothesis, the SKIP-PI group did not have signiﬁcantly
better OC skills than the SKIP group, but was signiﬁcantly different from the comparison
group which did not receive any motor skill intervention. One study that included parents
into a motor skill intervention found similar ﬁndings, indicating that children in the intervention group improved their OC skill performance from pretest to posttest measures
(Hamilton, Goodway, and Haubenstricker 1999). One big difference between Hamilton,
Goodway, and Haubenstricker’s (1999) study and this study is that parents were recruited
to the Head Start center to instruct their children under the guidance of motor development
experts in their study. In contrast to Hamilton and her colleagues’ study, the parents in this
study conducted their activities at home and received a brief training and a series of lesson
plans with appropriate equipment in order to be able to engage in these activities. It should
be noted that the SKIP-PI is the ﬁrst family based motor skill intervention which enhanced
parents’ responsibility to improve children’s motor skills and encourage physical activity
participation at their home environment. We had hypothesized that the addition of parent
instruction to the SKIP program would give ‘value added’ to the motor skill development
of their children. However, the ﬁndings of the study did not support this supposition. We
have examined our SKIP-PI data and methodological approach and have identiﬁed many
lessons to be learned from this study.
The ﬁndings relative to SKIP-PI revealed that several methodological issues need to be
examined and solved for future research. The hardest part about SKIP-PI is the inability to
control the home environment and thus ﬁdelity is hard to determine. Our approach to ﬁdelity was to have parents return game sheets after an activity was completed. However, our
return rate for these sheets was low. On the one hand, we know that some parents did not do
the activities, whereas others did the activity but did not return the game sheet. Additionally
we had no ability to observe the parents’ and children’s performance at home. In talking to
the parents we believe that in future studies we will use tablets to both provide the lesson
instruction via videotape on the tablet plus use the tablet’s video-recording capability to
video the child undertaking the activities and remotely send this back to the investigative
team. This will allow us to examine ﬁdelity at home and examine the child’s performance
as they undertake the activities giving us ongoing evidence of motor skill learning. We also
need to re-consider the reminder and incentive systems for parents. Despite extreme
poverty, the majority of our parents had smart phones and perhaps we can use text as a
means to prompt parents to conduct the activities. Additionally we need to identify more
culturally relevant reward systems for parents.
Further research is certainly warranted in this area. Despite the failure of the SKIP-PI
condition we know that parents are critical role models for their children and an important
part of their learning systems (Bronfenbrenner 1989; Carpenter 2007). Future studies
should be undertaken to conduct high quality family based interventions to improve children’s motor skill abilities and increase physical activity participation of children. In
addition, the number of participants in the studies should be increased in order to have
effective and efﬁcient family based interventions for motor development of children.
Retention effects of interventions
The ﬁndings show that the SKIP and the SKIP-PI groups were able to maintain performance
of their OC skills after the intervention. These ﬁndings add valuable information to the
motor development literature, as few studies (Connor-Kuntz and Dummer 1996; Robinson
and Goodway 2009; Valentini and Rudisill 2004; Zask et al. 2012) have used a retention test
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to demonstrate motor learning. A systematic review study also showed that only 2 out of 17
studies included retention tests for following up children in the motor development interventions (Riethmuller et al. 2009). It is noteworthy that posttests of the motor skill interventions indicate immediate motor learning (performance) among children and retention tests
of motor skill interventions show more permanent results in motor development (learning).
Thus, retention test should be conducted in motor skill interventions to determine the
quality of motor skill programs. Future research should conduct longitudinal studies to
track how OC skill performance of these children in preschool persists as they enter kindergarten and elementary school. A surprising result was that the comparison group improved
their OC performance from post to retention test. It may be that practice effects and familiarity with the test accounted for this ﬁnding. However, it is important to note that for the
comparison group their scores were still in the range of developmental delays for OC
skills (IDEA 2004).

Conclusions
Overall, these ﬁndings show that young children who are disadvantaged demonstrate delays
in their motor skills prior to intervention. If high quality structured motor skill intervention
in the form of SKIP is provided, they can gain signiﬁcant improvements in their OC skill
development.
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