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Abstract

Background. Interventions are needed to teach fundamental motor skills (FMS) to preschoolers.
There is a need to design more practical and effective interventions that can be successfully
implemented by non-motor experts and fit within the existing gross motor opportunities such as
outdoor free play at the preschool. The purpose of this study was to evaluate the feasibility and
efficacy of a non-motor expert FMS intervention that was implemented during outdoor free play,

Motor skills At Playtime (MAP).

Methods. Participants were preschoolers from two Head Start Centers (N = 46; Mage = 4.7 £ 0.46
years; 41% boys) and were divided into a MAP (n = 30) or control (outdoor free play; n = 16)
group. Children completed either a 1350-minute MAP intervention or control condition (outdoor
free play) from January to April of 2018. FMS were assessed before and after each program.
using both the Test of Gross Motor Development-3" Edition (Ulrich, 2019) and skill outcome
measures (running speed, hopping speed, jump distance, throwing speed, kicking speed, and
catching percentage). Intervention implementation feasibility was measures through daily fidelity
checks. Fidelity was evaluated as the percentage of intervention sessions that included all explicit
intervention criteria. FMS data were analyzed using linear mixed modeling. Models were fit with
fixed effects of time and treatment, covariates of sex and height, and a random intercept for each
individual.
Results. The non-motor expert was feasibly able to implement MAP with high fidelity (> 93%).
There was a significant treatment effect for MAP on process and product locomotor FMS (p<
0.05), and a trend for a treatment effect for MAP on total process FMS (p = 0.07).
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The Motor skills At Playtime intervention improves children’s locomotor skills: A
feasibility and pilot study

Fundamental motor skills (FMS) are an important aspect of promoting positive
developmental trajectories of health (Robinson et al., 2015b; Stodden et al., 2008) and are the
building blocks for more advanced movement (Clark & Metcalfe, 2002). FMS in childhood are
positively related to physical activity (Cohen, Morgan, Plotnikoff, Barnett, & Lubans, 2015;
Figueroa & An, 2017; Foweather et al., 2015) and physical fitness (Utesch, Bardid, Busch, &
Strauss, 2019), as well as inversely related to weight status (D'Hondt et al., 2013; D'hondt et al.,
2011). FMS include locomotor (propel the body, e.g., running) and ball skills (propel or
manipulate objects in space, e.g., throwing; Ulrich, 2019). FMS need to be learned before a child
can progress into more sport-specific skills associated with lifelong physical activity (Clark &
Metcalfe, 2002; Seefeldt, 1980; Stodden et al., 2008).

The preschool years (ages 3-5 years) are a critical period for FMS learning and
development (Clark & Metcalfe, 2002). Organizations, including the National Association for
the Education of Young Children (Copple & Bredekamp, 2009) and National Association for
Sport and Physical Education (NASPE, 2009), recognize the importance of learning FMS during
the preschool years. Preschools must provide children with opportunities to engage in a variety
of gross (e.g., FMS) and fine motor activities to meet accreditation standards (Copple &
Bredekamp, 2009). Most preschools meet these accreditation requirements with an unstructured
outdoor free play session. However, children who do not receive motor programming or
instruction (i.e., only participate in outdoor free play) do not show improvements in motor skills

and perform worse as compared with children who receive programming and instruction (Logan,
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Robinson, Wilson, & Lucas, 2011; Wick et al., 2017). Therefore, it is recommended that FMS
must be, “taught, practiced, and reinforced” (Robinson, 2011, p. 533).

FMS interventions are an effective means for teaching FMS in preschool (Logan et al.,
2011; Wick et al., 2017). FMS intervention strategies vary widely in terms of pedagogical and
theoretical approaches to instruction, implementation personnel, and intervention environments.
One effective pedagogical and theoretical approach to FMS interventions are high-autonomy or
mastery interventions where children have the freedom to self-navigate through simultaneous
FMS stations (Bandeira, Souza, Zanella, & Valentini, 2017; Palmer, Chinn, & Robinson, 2017).
Meta-analytic data supports that the most effective interventions are implemented by motor
experts (i.e., someone with graduate-level training/education in motor development; Wick et al.,
2017) and delivered in an environment completely dedicated to motor skill programing
(Jimenez-Diaz, Chaves-Castro, & Salazar, 2019). Unfortunately, FMS interventions that are
implemented by motor-experts in a specialized FMS environment are impractical due to limited
availability and the high cost of these personnel and specificity and training required to create an
environment dedicated solely to FMS instruction.

Hence, there is a need to design practical FMS programs that are effective and more
sustainable within the preschool setting. These FMS programs should be feasibly implemented
by non-motor experts and fit within the existing gross motor programing/schedules. Non-motor
experts such as preschool teachers (Brian, Goodway, Logan, & Sutherland, 2017) and or
undergraduate students (Brian & Taunton, 2018; Robinson, Webster, Logan, Lucas, & Barber,
2012) can implement effective FMS interventions with ongoing training and coaching from
motor experts in specific FMS environments that replace the existing gross motor programming

at the school. Interventions implemented in the free-play environment have been shown to have
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small, but positive effects on children’s FMS (Jimenez-Diaz et al., 2019) supporting more work
be done to create more effective interventions to fit within the schools existing free play
environment. The purpose of this study was to evaluate the feasibility and efficacy of an FMS
intervention, Motor skills At Playtime (MAP), designed to be implemented by non-motor experts
during outdoor free play. We hypothesized that MAP could be implemented with high fidelity
(>90%) by a non-motor expert, and preschoolers in MAP would improve their FMS as compared
with a control (outdoor free play only) group.
Methods

Participants

Institutional review board approved all study procedures. Preschoolers (N = 46 children;
Mage = 4.7 £ 0.46 years; 41% boys) were recruited from two Head Start Centers in an urban
Midwestern city in the United States. Head Start is a national program designed to promote
school readiness in young children from families living in poverty. To be eligible to enroll in
Head Start, children (0-5 yrs) must be from families who annual income is at or below the
national poverty line (e.g., annual income < $26,200 for a family of four). Both centers in the
current study did not have Early Head Start services and enrolled children from 3-5 yrs of age.
All preschoolers who were 3.5 years or older at the time of enrollment and did not have a
documented physical or cognitive disability were invited to participate in the study. A member of
the research team worked with classroom teachers to distribute informed consent packs through
backpacks, and parents who were interested in enrolling their children in the study completed
and returned the forms to school. Approximately 50% of families, who were invited, consented
to participate in the study. Parental consent and child verbal assent were obtained prior to

participation. Preschoolers were assigned to one of two treatment groups: the MAP (n = 30; Mage
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=4.7 £ 0.52 years; 51% boys; 67% African-American, 7% White, 3% Latinx, and 23% non-
disclosed/non-reported) or control group (n = 16; Mage = 4.5 + 0.25 years; 32% boys; 57%
African-American, 7% White, 7% Latino, and 26% non-disclosed/non-reported). Preschoolers
were assigned to groups at the level of the classroom, and more preschoolers received the
intervention by request of the Head Start Centers.

Process FMS

The Test of Gross Motor Development-3" Edition (TGMD-3; Ulrich, 2019) is a valid,
reliable, and normed process measures used to assesses FMS: locomotor (run, skip, gallop, slide,
hop, and horizontal jump) and ball FMS (catch, underhand throw, one-handed forearm strike,
kick, overhand throw, dribble, and strike off a tee). Children perform one practice and two test
trials of each skill. A skill demonstration were administered on an electronic tablet (Robinson et
al., 2015a) before the test trial, and, if needed, a second live live-demonstration was provided
before the first test trial.

All TGMD trials were recorded by video cameras on tripods, and scoring of the TGMD
was done by coding recorded videos. Scoring the TGMD from video recordings is advantageous
and used in this study because coders can replay trials to ensure correct scoring as well as
interrater reliability can be more easily established with a second coder. Each skill on the
assessment is divided into three to five specific skill criteria. A child was awarded a score of 1 if
he/she performed a criterion correctly or received a 0 if he/she was unable to perform the
criterion during test trials, and the number of correct skill criteria was summed. Summed raw
scores resulting in three final composite scores that were used in analyses: total (0-100),
locomotor (0-46), and ball FMS (0-54). The primary coder for this research had a previously

established inter-rater reliability of > 95% with three, external motor experts and established

This article is protected by copyright. All rights reserved.



116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

MAP Pilot Study

reliability with the TGMD-3 online training (https://sites.google.com/a/umich.edu/tgmd-

3/reliability-videos). A second, blinded, expert coder cross-coded 25% of the sample. The two

coders demonstrated high inter-rater reliability (intra-class correlation = 0.88 locomotor, 0.93
ball FMS, 0.96 total).
Product FMS

A total of six product FMS measures were assessed: catching percentage (caught balls
out of five attempts), throwing speed, kicking speed, jumping distance, running speed, and
hopping speed (four trials, two each leg; True, Brian, Goodway, & Stodden, 2017). All measures
are developmentally valid and sensitive discriminators of FMS (Stodden, Gao, Goodway, &
Langendorfer, 2014; Stodden, True, Langendorfer, & Gao, 2013) and have been used in previous
research to examine FMS of preschoolers (Palmer, Stodden, Ulrich, & Robinson, in review;
Robinson, Wang, Colabianchi, Stoddent, & Ulrich, 2020). Throwing and kicking speed
(miles/hour) were recorded live using a Stalker radar gun (Stalker Radar, Plano, TX). Jumping
distance to the nearest tenth of a centimeter was recorded live using a metric measuring tape.
Running and hopping speed (meters/sec) were calculated using video analysis software (Dartfish
Team Pro6). Running speed was calculated as the average speed of two strides across two run
trials. Hopping speed was calculated as the average speed to complete four consecutive hops
(heel to heel) for two hop trials on each foot.

Aggregate product scores were created by standardizing product measures and then
summing the newly created z-scores (True et al., 2017) and were used in analyses. Aggregate
scores were created for total (all six measures), locomotor (jump distance, run speed, and hop
speed), and ball FMS (catching percentage, throwing speed, and kicking speed).

Motor skills At Playtime- MAP
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MAP is a high-autonomy intervention implemented during the existing standard practice
of gross motor play at preschool centers. MAP adds both FMS stations/equipment (e.g., bats,
balls, locomotor paths, throwing targets, etc.) to the free play setting and provides children with a
brief skill demonstration before the start of each session. MAP utilized select components of
achievement goal theory (Ames, 1992, 1995; Epstein, 1988) and implemented four of Epstein’s
TARGET structures (task, authority, grouping, and time; Epstein, 1988) to create a pseudo-
mastery intervention. MAP stations are designed to include activities that range from easy to
difficult so that children of all skill levels can actively participate in the stations. Children have
autonomy to engage in the skill stations, or they can choose to use the equipment in a different
version of play in the outdoor setting. Children also have autonomy to self-select peer groups and
the amount of time they engage in different activities on the playground (e.g., FMS stations or
large play structures).

Each MAP session included adding 3-4 motor skill stations to the playground. Locomotor
and ball skill stations were included in each session. Stations were designed so that each skill
could be performed on an array of difficulty ranging from easy (e.g., large throwing target) to
difficult (e.g., small throwing targets). The current MAP intervention was implemented 3 days a
week for 15 weeks (30 min/day x 45 sessions = 1350 minutes). Classroom teachers in the MAP
group gathered the children at the beginning of the session so that children could see the
demonstration of the daily FMS skills and hear a description of the stations, but made no other
adjustments to their daily routines. In alignment with the pseudo-mastery climate, once on the
playground children could select if they wanted to engage in the motor skill stations, continue
with their outdoor free play as normal or use the motor skill equipment for non-station specific

play (e.g., use a ball set up for a kicking station for throwing instead). In total, 15 skills were
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taught in MAP (run, gallop, slide, leap, jump, skip, hop, 2-hand strike, 1-hand strike, throw,
underhand toss, catch, kick, roll, and dribble) and each skill had equal dose in minutes across the
intervention.

A non-motor expert was the primary MAP instructor and had a college degree in English
but did not have a background in physical education or any expertise in pediatric motor
development. This instructor participated in a two-day, 6-hour training session on FMS
instruction and MAP before the start of the intervention led by a motor skills expert with a
graduate degree in pediatric motor development. These training sessions covered: (1) what are
motor skills, (2) why are motor skill important, (3) motor skill instruction and modeling, (4)
creating motor skill interventions using achievement goal theory, (5) the MAP program- purpose,
design, and implementation. The motor expert attended one session a week and observed the
non-motor expert’s instruction. After the observed session, the non-motor expert and motor
expert would meet briefly (15 minutes) to discuss the session and address any concerns regarding
skill demonstration, MAP implementation, or logistical concerns that may have arisen that week.
MAP Feasibility

Intervention feasibility was determined through intervention fidelity. Daily fidelity
checks were created by the motor expert and completed after each MAP session. The design of
these checks was based on fidelity checks used in previous research on mastery-climate motor
skill interventions (Robinson, 2011; Robinson & Goodway, 2009). See additional online material
for example form. Information included on the check included: (1) implementation according to
curriculum and skill schedule, (2) inclusion of four TARGET structures (e.qg., task, authority,
grouping, and time), (3) photos of all FMS stations, (4) children’s use of stations for FMS

practice, (5) children’s use of equipment for non-motor practice, and (6) unsolicited FMS
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instruction from classroom teachers. The non-motor expert complete a fidelity check after each
session. To ensure fidelity was being reported objectively and to establish reliability, the motor
expert attended one intervention session each week and completed a second, identical, fidelity
form. Non-motor and motor experts had high reliability (>90%) on days where both measured
fidelity
Control

The control group made no changes to their daily routine and continued to engage in the
standard practice of a daily 30-minute unstructured free play on the center-provided outdoor play
space. This space included a variety of equipment including swings, play structures, slides, open
grassy area (shaded and sunny), open pavement area (shaded and sunny) and daily manipulatives
(e.g., balls, chalk, scarves, etc.) added at the discretion of the classroom teachers.
Analysis

Fidelity was quantified as a percentage of sessions where predetermined intervention
criteria occurred. Due to different sample sizes between the MAP and control group and the need
to control for variables known to effect FMS (e.g. sex and height), within-subject and between-
group differences in FMS were examined using linear mixed modeling. Models were used to
examine the effects of MAP on locomotor, ball skills, and total FMS for both process and
product FMS measures. Models were fit with a random individual intercept and fixed effects of
time and treatment*time to measure time and treatment effects separately. Final model equations
were fit as

FMS;; = Bo + Bitime; j + Brtime * MAP,; ; + B3sex; j + B height; j + a; + & ;.
Linear mixed models were completed in SPSS v 25 and alpha levels were set to 0.05 a priori.

Results

10
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208  MAP Fidelity

209 MAP was implemented according to the lesson plan the majority of the time (93.2% of
210  sessions) and skill demonstrations always included all skill elements (100% of sessions).

211  Children used the stations for skill practice on 74.6% of sessions and used the equipment for
212  items other than skill practice 89.8% of sessions. Classroom teachers provided unsolicited skill
213  instruction during 33.9% of sessions.

214 FMS

215 See Table 1 for descriptive statistics. On average, there was a significant effect of time
216  (B32) where all preschoolers had better product total and locomotor skills at posttest compared
217  with pretest (p = 0.01; see Table 2). MAP Preschoolers had lower process ball skills at the start
218  of the intervention (p = 0.03) compared with the control group (see Table 2). Height was a

219  positive predictor of total product FMS (p = 0.04), and boys outperformed girls on process ball
220  skills (p = 0.02; see Table 2). There was a significant treatment effect ([32) where children in
221  MAP had greater gains above the control group in both process and product locomotor skills (p <
222  0.01), and there was a trending treatment effect where children in MAP had greater gain above

223  the control group in process total FMS (p = 0.07; see Table 2).

224 ---Insert Tables 1 & 2---
225 Discussion
226 The results support that MAP is an effective intervention for improving preschoolers’

227  FMS, especially locomotor skills. MAP was implemented by a non-motor expert within the
228  existing gross motor programming, providing preliminary evidence that MAP is both a feasible
229 and sustainable approach to enhancing FMS in preschoolers. To the best of our knowledge, this

230  study is the first time that a high-autonomy, pseudo-mastery intervention was implemented by a

11
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non-motor expert with high fidelity. The non-motor expert only received minimal training (12
hrs) and weekly support (15 mins) from a motor expert. Children engaged in the intervention and
used the equipment for FMS practice. Interestingly, classroom teachers provided children with
unsolicited motor skill instruction during a third of the MAP sessions. This instruction was not
expected and was not a part of the MAP instructional plan, but nonetheless may support that
teachers value FMS programming and want to encourage children to participate in these
opportunities. Cumulatively, these findings support MAP as a potentially distributable
intervention where non-motor experts can implement the program with high fidelity and minimal
support.

In regards to FMS, children in MAP had greater gains in both process and product
locomotor skills and a trend in total process FMS. These findings align with previous literature
and support that FMS interventions improve FMS more than control/outdoor free play (Logan et
al., 2011; Wick et al., 2017). These findings also support that high-autonomy interventions, in
this case a pseudo-mastery, are an effective approach for teaching FMS to young children,
especially locomotor skills. The findings that non-motor experts improved locomotor but not ball
skills does not fully align with other research on non-motor expert led intervention. For example,
research by Brian and colleagues report that non-motor experts (e.g., preschool teachers or
preservice teachers) were able to more effectively teach ball skills compared with locomotor
skills (Brain et al., 2017; Brian & Taunton, 2018). It is possible that the reason the MAP program
was more effective for locomotor vs ball skills could be due to the environment where the
intervention took place. Previous work with non-expert led motor skill interventions were
conducted using an intervention curriculum that replaced, and were not a part of, outdoor free

playtime (Brain et al., 2017; Brian & Taunton, 2018). Meta-analytic data support that free play
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movement programs improve locomotor but not ball skills (Jimenez-Diaz et al., 2019).
Therefore, the combination of outdoor free play with skill demonstration and equipment may
have encouraged more engagement in continuous, locomotor tasks such as running, skipping, or
galloping across the outdoor space.

Unexpectedly, the current study found that the MAP program did not yield greater
process ball skills compared with the control condition. This finding is important as ball skills in
childhood predict physical activity in adolescents (Barnett, Van Beurden, Morgan, Brooks, &
Beard, 2009). This finding contradicts previous research which supports that novice teachers can
effectively implement interventions that yield gains in ball skills (Brain et al., 2017; Brian &
Taunton, 2018), as well as research that supports that high-autonomy climates can lead to
changes in ball skills (Palmer at al., 2017; Robinson & Goodway, 2009). Though no treatment
effect of MAP was shown, children in MAP gained almost 5 points in the TGMD, whereas
children in the control group only saw a 1-point gain in ball skills. At the preschool age, a 5-
point difference could result in up to a substantial (e.g., 25%) difference in percentile ranks
whereas a 1-point difference would only result in a smaller change (e.g., 1-9%) in percentile
score (Ulrich, 2019). Despite these differences in raw ball skill gains, the linear models did not
reveal a treatment effect for process ball skills. This non-finding could be due to large variability
in changes in ball skills across the study, which may have inhibited our ability to determine the
overall treatment effect. Alternatively, the MAP environment may not be ideal for teaching ball
skills to young children. Anecdotally, both the non-motor expert and motor expert observed that
children did not spend much time engaging in the ball skill stations in meaningful practice but
rather would use the balls for alternate forms for play on the playground. Learning ball skills

may require more feedback and instruction during skill practice; therefore, more structured
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environments with more continuous or frequent feedback or instruction may create more
opportunities for children to engage in purposeful practice needed to learn these discrete skills.

Lastly, this study is one of the first to use both process and product measures to assess
FMS in young children. To date, most FMS intervention efficacy is determined using process
measures of FMS (i.e., TGMD; Ulrich, 2017; Logan et al., 2011). Our findings revealed
differences in the effects of MAP on process compared with product measures. This finding
aligns with previous research comparing process and product measures which report that these
measures are not interchangeable and yield unique information about children’s FMS (Logan,
Barnett, Goodway, & Stodden, 2017; Ré et al., 2018).

The results of this pilot and feasibility study provide initial support that MAP is a feasible
and effective non-expert implemented intervention to improve FMS in young children. This
research is important and timely as there is a need for effective and practical FMS intervention
that can be implemented by non-motor experts. This study included multiple objective FMS
assessments resulting in a more robust understanding of the effects of MAP on FMS. Lastly, all
data collection and intervention took place at the preschool enhancing the ecological validity of
the results.

Despite the strengths of the study, there were also limitations. This was a pilot and
feasibility study that used a relatively small cohort of participants. The small sample size meant
there was not significant statistical power to detect smaller effects associated with the MAP
intervention and may have limited the ability to detect significant differential changes in ball
skills in the MAP group post-intervention. This study also took place in a Head Start center and
findings may not generalize to non-Head Start preschool centers or preschoolers not living in

poverty. Further, children were assigned to a group at the level of the classroom, not at the level
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of the individual, which may have led to unaccounted-for heterogeneity in the data (i.e., nesting)
Future work should repeat this pilot study using a rigorous, fully-powered controlled trial design
that could account for classroom effects and include a long term follow up to examine the effects
of MAP on motor skill learning. Future work should also examine having preschool teachers
implement MAP to make the program more sustainable.
Key Messages

e MAP can be feasibly implemented by non-motor experts within free play.

e MAP improves fundamental motor skills, especially locomotor skills in preschoolers.

e Because MAP is implemented by a non-motor expert and fits within existing gross motor

programming in preschools, MAP may be a sustainable approach that could be

implemented at a broader scale to teach motor skills in preschool settings
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Table 2.

Parameter estimates, standard error, and confidence intervals for FMS models.

Table 1.

Mean and standard deviations for height and FMS for MAP and control groups at pretest and posttest.

FMS
Process Product
Height (cm) Total LM BS Total LM BS

Pre  107.02 (4.91) 26.97 (9.73) 14 (7.72) 12.97 (4.21) 0.57 (3.60) 0.41 (2.38) 0.15 (1.95)
MAP

Post 110.22 (4.82) 37.68 (10.83) 19.46 (5.90) 18.21 (7.47) 0.89 (3.68) 0.83 (1.94) 0.06 (2.22)

Pre  105.65 (4.97) 29.83 (11.16) 13.89 (5.65) 15.94 (7.20) -0.28 (3.81) -0.26 (1.88) -0.25 (2.54)
Control

Post 107.61 (5.66) 31.18 (8.55) 14.53 (4.17) 16.65 (6.32) -1.74 (4.57) -1.42 (2.08) -0.11 (2.88)
Note: LM= locomotor, BS= ball skills
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Table 2.

Parameter estimates, standard error, and confidence intervals for FMS models.

Total LM BS
R SE p 95% ClI R SE p 95% ClI R SE p 95% ClI

Ro -12.30 28.03 0.66 (-68.34,43.75) -6.03 1572 0.70 (-37.57,25.51) 4.63 16.03 0.77 (-27.45,36.72)

Sex 0.50 2.79 0.86 (-5.12, 6.12) 277 152 0.08" (-5.83,0.29) 377 156 0.02* (0.63,6.91)
@ Height 0.40 0.26 0.13 (-0.12,0.92) 0.20 015 0.18 (-0.09, 0.49) 010 015 052 (-0.2,0.39)
§ Time (R1) 0.15 2.12 0.94 (-4.11, 4.42) 011 155 0.94 (-3.22, 3.00) 001 135 1.00 (-2.7,2.72)

Pretest differences -3.62 312 0.25 (-9.9, 2.65) 0.13 203 0095 (-3.95,422) 365 159 0.03* (-6.86,-0.44)

Treatment effect (3,)  5.96 319 0.07" (-0.45,12.38) 4.88 1.70 0.01* (1.46, 8.3) 125 217 057 (-3.12,5.61)

Ro -22.13 948 0.02  (-41.02,-3.25) -12.18 570 0.04* (-2359,-0.77) -862 6.07 016 (-20.75,3.52)

Sex 1.14 1.01 0.27 (-0.9, 3.17) 0.13 056  0.82 (-1.01, 1.26) 095 061 0.13 (-0.28, 2.18)
S Height 0.19 0.09 0.04* (0.01, 0.36) 0.10 0.05 0.06"  (-0.01,0.21) 0.08 0.06 0.8 (-0.04, 0.19)
E Time (1) 1.75 059 0.01* (0.56, 2.95) 1.29 0.46  0.01* (0.36, 2.21) -0.06 044 0.89 (-0.94, 0.82)

Pretest differences 0.42 1.04 0.69 (-1.67, 2.52) 0.52 0.65 0.43 (-0.79, 1.83) 0.14 0.65 0.82 (-1.16, 1.45)

Treatment effect 3;) 173  1.17 014  (0.62,408) 180 063 001* (0.52,307) 027 072 071 (172 1.18)

Note: T, p<0.10; *, p<0.05; LM= locomotor, BS= Ball skills
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