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Abstract  
This study was to examine how well fourth- and fifth-grade 
students demonstrated motor skill competency assessed with 
selected PE Metrics assessment rubrics (2009). Fourth- and 
fifth-grade students (n = 1,346-1,926) were assessed on their 
performance of three manipulative skills using the PE Metrics 
Assessment Rubrics during the pre-intervention year, the post-
intervention year 1, and the post-intervention year 3. Descriptive 
statistics, independent t-test, ANOVA, and follow-up compari-
sons were conducted for data analysis. The results indicated that 
the post-intervention year 2 cohort performed significantly more 
competent than the pre-intervention cohort and the post-
intervention year 1 cohort on the three manipulative skill as-
sessments. The post-intervention year 1 cohort significantly 
outperformed the pre-intervention cohort on the soccer drib-
bling, passing, and receiving and the striking skill assessments, 
but not on the throwing skill assessment. Although the boys in 
the three cohorts performed significantly better than the girls on 
all three skills, the girls showed substantial improvement on the 
overhand throwing and the soccer skills from baseline to the 
post-intervention year 1 and the post-intervention year 2. How-
ever, the girls, in particular, need to improve striking skill. The 
CTACH PE was conducive to improving fourth- and fifth-grade 
students’ motor skill competency in the three manipulative 
skills. This study suggest that PE Metrics assessment rubrics are 
feasible tools for PE teachers to assess levels of students’ 
demonstration of motor skill competency during a regular PE 
lesson. 
 
Key words: Subject matter competency, quality teaching prac-
tices, manipulative skills. 
  

 

 
Introduction 
 
Participation in regular physical activity is essential for 
youth to improve physical, mental, and social health. 
Researchers reported a positive relationship between 
motor skill proficiency and physical activity participation 
and a negative relationship between motor skill proficien-
cy and sedentary activity in children (Barnett et al., 2009; 
Fisher et al., 2005; Okely et al., 2001; Wrotniak et al., 
2006). It was empirically found that children’s total time 
spent in physical activity and time spent in moderate-to-
vigorous physical activity were significantly associated 
with their total movement skills score. Furthermore, chil-
dren in the top quartile of motor skill proficiency spent a 
significant more time in moderate to vigorous physical 
activity compared to children with lower levels of motor 
proficiency (Barnett et al., 2009; Fisher et al., 2005; 
Okely et al., 2001; Wrotniak et al., 2006). Children with 

greater motor skill proficiency were more likely to partic-
ipate in physical activity than their counterparts with poor 
motor skill proficiency during their adolescent years 
(Barnett et al., 2009; Okely et al., 2001; Wrotniak et al., 
2006).  

Children’s demonstration of competency in motor 
skills is considered as a cornerstone leading to their phys-
ical and motor development. Fundamental motor skills are 
building blocks to successful participation in many orga-
nized and non-organized sports and various physical ac-
tivities for children, adolescents and adults (Barnett et al., 
2009; Okely et al., 2001; Rovegno and Bandhauer, 2013). 
These fundamental motor skills, including locomotor 
skills, manipulative skills, and non-manipulative skills, 
are commonly used in many forms of sports and physical 
activities. Children’s motor skills are not developed natu-
rally as a result of physical growth. Development of mo-
tor skill competency is based on the dynamic interaction 
among the task, the learner, and the environment. Motor 
skill development must be learned and practiced within a 
sequentially structured learning environment based on 
children’s sequence of motor development (Clark, 2005; 
Gallahue and Ozmun, 2006; National Association for 
Sports and Physical Education [NASPE], 2004; Rovegno 
and Bandhauer, 2013). Quality physical education offers a 
wide array of physical activities and fitness that are de-
velopmentally appropriate and enjoyable for students; 
uses meaningful and appropriate instructional practices to 
provide students with maximum learning experiences; and 
ensures students to spend 50% of class time in MVPA 
(NASPE, 2004; Rovegno and Bandhauer, 2013).  

As an evidence-based quality physical education 
program, the Child and Adolescent Trial for Cardiovascu-
lar Health (CATCH) was initiated in 1991 and designed 
as a comprehensive elementary school physical education 
and nutrition program which was funded by National 
Heart, Long, and Blood Institute of National Institute of 
Health (NIH) (McKenzie et al., 1996). The CTACH Phys-
ical Education (PE) component focused on developing 
students’ motor skill competency, health-related fitness, 
and enjoyment of physical activities through providing 
developmentally appropriate physical education content 
and increasing moderate-to-vigorous physical activity 
(MVPA) in physical education classes. The CATCH 
intervention was implemented in 96 elementary schools in 
four U.S. cities. The results showed that the intervention 
schools increased students’ MVPA from 37% to 52% of 
class time, higher than the 50% MVPA in PE class guide-
line for quality physical education (McKenzie et al., 
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1996). After 5-7 years later of the CATCH PE interven-
tion, the study reported that students’ average time spent 
in MVPA during PE classes was either maintained (4th-5th 
grades) or increased (3rd grade) (McKenzie et al., 2003). 
Over the past two decades, CATCH PE has evolved as a 
comprehensive standards-based curriculum (Centers for 
Disease Control and Prevention-CDC, 2008). For exam-
ple, the CATCH PE provides developmentally appropri-
ate and meaningful physical education content for ele-
mentary school students. The scope and sequence of 
CATCH PE maps most of the essential content addressed 
by the 3-5 grade expectations of the NASPE content 
standards (NASPE, 2004). However, no studies have been 
conducted to examine how the CATCH PE contributed to 
students’ development of motor skill competency. There-
fore, little is known about how the current CATCH PE 
contributes to children’s motor skill competency in the 
intervention conditions. 

The NASPE content standard 1 (NASPE, 2004) 
describes students in grades K-12 should demonstrate 
competency in motor skills and movement patterns need-
ed to perform a variety of physical activities, as a result of 
participating in quality physical education program. Ac-
cording to Grade Expectations for grades 3-5, students 
need to demonstrate the mature form of fundamental 
movements and basic specialized skills, to be able to 
combine one skill with another, and to apply the skills in 
dynamic situations. Since the first edition of the NASPE 
seven content standards was published in 1995 and was 
revised into five content standards in 2014, there were no 
valid and reliable standards-based assessments measuring 
students’ achievement of the national physical education 
content standards in the United States.  

To address the pragmatic need, NASPE formed an 
Assessment Task Force (ATF) in January 2000 (NASPE, 
2008). The ATF consisted of researchers in physical edu-
cation pedagogy and measurement/evaluation, teacher 
educators, K-12 physical education teachers, and adminis-
trators. With the intent to select most critical and repre-
sentative of movement activities taught at the Kindergar-
ten, Grade 2, and Grade 5 levels, they designed 30 as-
sessment items corresponding to the NASPE content 
standard 1. After four years of extensive testing with 
4,000 students at 90 schools across the nation (NASPE, 
2008), the NASPE (2008) published PE Metrics: As-
sessing the National Standard 1: Elementary. PE Metrics 
(NASPE, 2008) is the only series of performance-based 
assessment rubrics specifically designed to assess levels 
of students’ competency in motor skills and movement 
patterns with the criteria directly mapping the Grade-
Range Expectations of the NASPE (2004) Content Stand-
ard 1 and Performance Outcomes. PE Metrics (NASPE, 
2008) provide valid and reliable ready-to-use assessments 
for assessing grades 4-5 students basic specialized skills 
in selected game forms, use of offense and defense game 
strategies, dance and gymnastics sequences (NASPE, 
2008; Dyson et al., 2011; Fox et al., 2011;  Zhu et al., 
2011a; 2011b).  

Since the PE Metrics (NASPE, 2008) was pub-
lished, no study has been conducted to examine the pro-
gress of fourth- and fifth-grade students demonstrated 

motor skill competency in relation to NASPE content 
standard 1 using the PE Metrics assessments (2008) in 
school settings. There has been an increasing recognition 
of the importance in developing motor skill competency 
among elementary school students and a call for a quality 
physical education. Therefore, the purpose of this study 
was to examine how well fourth- and fifth-grade students 
demonstrated motor skill competency that were assessed 
using selected PE Metrics assessment rubrics (NASPE, 
2008) as a result of participating in a quality physical 
education program: the CATCH PE during physical edu-
cation. This is the first study to describe the extent to 
which students in grades 4-5 demonstrated competency in 
motor skills that were assessed by using the standards-
aligned PE metrics assessment rubrics. The significance 
of this study lies in providing empirical evidence for how 
a quality physical education can impact students’ achiev-
ing desired learning outcomes in relation to the NASPE 
content standard 1.  
 
Methods 

 
Participants and research settings 
Participants in this study were nine elementary physical 
education teachers and the fourth- and fifth-grade students 
at nine elementary schools in the same school district 
located in the suburban area of the Mid-West of the Unit-
ed States. Five physical education teachers were females 
and four were males. They all were Caucasian. Their ages 
ranged from 33 to 55 years old and their teaching experi-
ence varied from 6 years to 26 years. Students, ranging 
from 1,387 to 1,398, participated in the pre-intervention; 
Students between 1,346 and 1,926 participated in the 
post-intervention year 1; and students between 1,361 and 
1,496 participated in the post-intervention year 2; Student 
population was dominantly White (91.2% Caucasian; 
48% female and 52% male). The fourth and fifth grade 
students had a 60-minute physical education class per 
week. The class size ranged from 18-28 students.  

The university institutional review board and the 
school district granted the permission for conducting this 
study. All nine physical education teachers signed the 
consent form to indicate their willingness to participate in 
this study. The parent/guardian of the fourth and fifth 
grade also signed the consent form to grant the permission 
of their child for participating in this study. The assent 
form was also distributed to the students to have them 
decide whether or not they wanted to participation in this 
study, even though their parent/guardian approved their 
participation in this study. 
 
Background of this study 
The reason for selecting the nine elementary physical 
education teachers and their fourth- and fifth-grade stu-
dents as the participants for this study was that their 
school district housing nine elementary schools received a 
three-year Carol White Physical Education Program 
(PEP) grant which is funded by U.S Department of Edu-
cation in 2009. Since the PEP program began in 2001, the 
U.S. Department of Education has awarded more than $ 
620 million to local educational agencies and community-
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based organizations to help them initiate, expand, and/or 
enhance physical education programs for students in kin-
dergarten through 12th grade to meet their state standards 
for physical education (U.S. Department of Education, 
2013). The nine physical education teachers and their 
students indicated their willingness to participate in the 
PEP grant project titled, “Smart Kids and Healthy Kids” 
which was designed to help elementary school students 
become physically active, mentally healthy, and social 
cooperative children through improving a quality of phys-
ical education program. As a part of the three-year PEP 
grant project, this study focused on examining and report-
ing the primary outcome of achieving the PEP project 
objective #1: Students in grades 4-5 will demonstrate 
competency in movement forms as a result of the physical 
education teachers learned and implemented CATCH PE 
curriculum lessons and objectives in their classes. 

Given the goals and objectives of the PEP grant 
program, randomly controlled trial (experimental design 
consisting of control and intervention groups) was not 
suitable for this study. To help all fourth- and fifth-grade 
students achieve the content standard 1 (the objective #1 
of the PEP project), all nine elementary schools were in 
the intervention condition in which the CATCH PE cur-
riculum was implemented by the nine physical education 
teachers during their regular physical education classes. 
All fourth- and fifth-grade students who enrolled in the 
nine elementary school students were recruited to partici-
pate in this study. To examine the effect of the interven-
tion on the students’ achievement of motor skill compe-
tency, pre- and post- tests research design was used for 
this study.   

During the PEP year 1 (the pre-intervention 
phase), all nine physical education teachers participated in 
a two-day CATCH PE curriculum workshop and staff 
development. During a full-day the CATCH School Im-
plementation Training Workshop presented by a CATCH 
training specialist, All nine physical education teachers 
learned the best practices of the CATCH PE lessons, 
participated in hands-on CATCH PE training activities, 
and discussed strategic plans for implementing CATCH 
PE in their current PE programs. During another full-day 
staff development and workshop, all nine physical educa-
tion teachers studied the CATCH PE grade-specific cur-
riculum guidebooks and identified the plan for incorporat-
ing a few CATCH PE units into their current PE pro-
grams. Meanwhile, to help the teachers effectively con-
duct the PE Metrics assessments with their students, a 
full-day workshop on PE Metrics assessments was held. 
All nine physical education teachers learned grade-
specific and skill-specific assessment rubrics, assessment 
criteria, assessment tasks, and testing protocols.  

Prior to the intervention, baseline motor skill as-
sessments were conducted with the fourth- and fifth-grade 
student by their trained physical education teachers using 
the PE Metrics Assessments, including soccer dribbling, 
passing, and catching skills, overhand throwing skills, and 
striking skill.  

To facilitate the teachers to implement CATCH PE 
lessons, each teacher was provided with a CATCH PE 
curriculum package including over 500 activities focusing 

on skill themes and physical fitness activities, and ade-
quate equipment by specified PEP grant money allocated 
to the curriculum implementation. During the post-
intervention year 1(PEP project year 2), each physical 
education teacher had taught 72 PE lessons to students in 
grades 4-5 during the school year. Each teacher was re-
quired to teach CATCH PE lessons to their students per 
week, while using the Curriculum Log to record what 
specific CATCH PE content they taught per week 
throughout the school year. Analysis of the Curriculum 
Log indicated that the nine teachers, on average, taught 37 
CATCH PE lessons to their students. In other words, 51% 
of the PE lessons taught with CATCH PE curriculum 
lessons, including a variety of locomotor skills and ma-
nipulative skills within the context of modified games, 
basic specialized skills used in team and individual sports, 
and physical fitness activities. At the end of each CATCH 
PE unit, the physical education teachers conducted the 
motor skill assessment with their fourth- and fifth-grade 
students.  

During the post-intervention year 2 (PEP project 
year 3), analysis of the Curriculum Log indicated that the 
nine teachers, on average, taught 55 CATCH PE lessons 
to their students. In other words, 77% of the PE lessons 
taught with CATCH PE curriculum lessons. Similar to the 
PEP project year 2, the content of CATCH PE lessons 
consisted of fundamental manipulative skills such as 
dribbling, kicking, punting, catching, underhand throw-
ing, overarm throwing, volleying, striking with rackets, 
striking with long handled implements, and basic special-
ized skills used in team and individual sports as well as a 
variety of locomotor skills and physical fitness activities. 
At the end of each CATCH PE unit, the physical educa-
tion teachers conducted the motor skill assessments with 
their fourth- and fifth-grade students.  

To examine how well the nine PE teachers’ teach-
ing practices were associated with quality teaching, the 
investigators video-recorded the nine PE teachers’ teach-
ing 45 CATCH PE lessons to their students throughout 
the PEP project year 2 and year 3 and assessed the 45 
video-recorded lessons using the Assessing Quality of 
Teaching Rubrics (Chen et al., 2012). The results of quali-
ty teaching assessment indicated that among the 45 video-
recorded lessons, the nine teachers on average fully 
demonstrated the quality of Task Design and Class Man-
agement, mostly implemented the quality of Task Presen-
tation, and partially provided the quality of Instructional 
Responses to students’ learning. Also, another promising 
results showed that the nine teachers mostly demonstrated 
overall quality teaching when teaching 45 CATCH PE 
lessons throughout the two PEP project year (Chen, Hyp-
nar, Mason, & Zalmout, 2014). 
 
Motor skill assessments  
Each trained physical education teacher used the PE Met-
rics assessments rubrics to formally assess their own 
students’ skill performance during their regular physical 
education lessons. Each teacher was required to strictly 
use the PE Metrics Assessment testing protocols, direc-
tions, assessment criteria, assessment rubrics, and assess-
ment tasks to conduct the assessment with one student at a  
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               Table 1. A score range for each essential dimension and the total score of the three PE metrics assessments. 
Skill Assessment Essential Dimensions Total Score 
Soccer skills (one trial) Dribbling 

(0-4) 
Passing 

(0-4) 
Receiving 

(0-4) 
(0-12) 

9=Competent 
Baseball overhand throwing 
(three trials) 

Form 
(0-4) 

1st   2nd  3rd 

Accuracy to Target 
(0-4) 

1st   2nd  3rd 

 (0-24) 
18=Competent 

Tennis striking skill (one trial) Form 
(0-4) 

Continuous Strikes 
(0-4) 

 (0-8) 
6=Competent 

 
time. The PE Metrics Assessment rubric is designed as 
skill-specific assessment tool. Based on the unique nature 
of a skill, each assessment rubric has its own unique es-
sential dimensions and performance indicators on each 
rating scale as well as the number of trial for testing. 
Table 1 presents each of the three PE Metrics Assess-
ments in terms of essential dimensions, the 0-4 rating 
scale with level 3 represents a competent level, a total 
score, and the number of trial for the test (NASPE, 2008).  

For the soccer dribbling, passing, and receiving 
skills assessment, the students’ performance levels were 
assessed on the three essential dimensions: Dribbling, 
Passing, and Receiving with a 0-4 rating scale. One trial 
was allowed for the test. Criteria for Competence (level 3) 
for Dribbling is: “dribble with control while moving at a 
slow, consistent jog,” for Passing is: “sends a receiving 
lead pass to a partner so it can be caught outside the pass-
ing lane without a break in the receiver’s stride on at least 
3 passes,” and for Receiving is: “moves forward and 
outside the passing lane to meet the ball and receiving at 
least 3 receivable passes” (NASPE, 2008). A total score 
of 9 indicated an overall competent level.  

In the overhand throwing skill assessment, stu-
dents were assessed on their performance levels of Form 
and Accuracy to Target using a 0-4 rating scale. Criteria 
for Competence (Level 3) for Form are: “throws with 
selected essential elements: a) throwing elbow shoulder-
high, hand back and side orientation in preparation for the 
throw. b) trunk rotation, with elbow lagging behind hip. c) 
weight transfer to non-throwing forward foot.” For Accu-
racy to Target is: “hits target area on wall” (NASPE, 
2008, p. 117). Each student was given 3 trials. A total 
score of 18 indicated an overall competent level.  

For the striking skill assessment, the students’ per-
formance levels were assessed on the two essential di-
mensions: Form and Continuous Strikes using a 0-4 rating 
scale. Criteria for Competence (Level 3) for Form are: 
“usually uses a side orientation” and for Continuous 
Strikes are:  “strikes the ball continuously against the wall  

5  times  from 10  feet  with  added strokes that may be in  
front of the 10-foot striking line” (NASPE, 2008, p. 126). 
One trial was allowed for the test. A total score of 6 indi-
cated overall competent level. PE Metrics (NASPE, 2008) 
provide more detailed information about each assessment 
rubric criteria, performance indicator, and each assess-
ment protocols. 
 
Data analysis 
Descriptive statistics and percentages were computed to 
determine levels and proportions of the students’ demon-
stration of competency in each of the three skills. 
ANOVA was utilized to examine the mean score differ-
ence in each skill assessment between the pre-intervention 
cohort, the post-intervention year 1 cohort, and the post-
intervention year 2 cohort, followed by a post-hoc Dun-
nett T3 method. An independent t-test was conducted to 
examine the mean score difference in each skill assess-
ment between the boys and the girls. An alpha level of .05 
was used for all tests. 
 
Results 
 
Mean score differences of motor skill competency 
between three cohorts 
Table 2 presents the descriptive statistics of overall motor 
skill score on each assessment during the pre-intervention 
(baseline data), post-intervention year 1, and post-
intervention year 2. For the soccer dribbling, passing, and 
receiving skill assessment, a total score of 9 indicated the 
overall competent level. During the pre-intervention 
(baseline), 1,395 students who completed the test on aver-
age demonstrated slightly higher than the competent level 
(M = 9.12, SD = 2.37). 993 (71%) students reached the 
competent level or above. In the post-intervention year 1, 
1,346 students who completed the assessment on average 
demonstrated higher than the competent level (M = 9.35, 
SD = 1.97). 999 (74%) students demonstrated the compe-
tent level or above. In post-intervention year 2, 1,377 who 

 
                       Table 2. Skill assessment performance of the students in the three cohorts. 

Soccer Dribble, Pass, Receive N M SD SE Ccompetent %competent 
Baseline 1395 9.12 2.37 .06 993 71 
Post-Intervention Year 1 1346 9.35 1.97 .05 999 74 
Post-Intervention Year 2 1377 9.61 1.82 .05 1032 75 
Overhand Throwing N M SD SE Ccompetent %competent 
Baseline 1398 18.65 4.48 .12 993 67 
Post-Intervention Year 1 1926 18.86 3.48 .08 1244 65 
Post-Intervention Year 2 1496 20.27 3.30 .09 1201 80 
Forehand Striking N M SD SE Ccompetent %competent 
Baseline 1387 5.56 1.96 .53 722 52 
Post-Intervention Year 1 1348 5.81 1.63 .05 753 56 
Post-Intervention Year 2 1361 6.10 1.50 .04 870 64 
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performed the skill assessment on average demonstrated 
moderately higher than the competent level (M = 9.61, SD 
= 1.82). 1,032 (75%) students demonstrated the compe-
tent level or above. The results of ANOVA indicated a 
significant difference of the mean scores between the 
three groups (F = 19.66, df = 2, p < .01). The post-hoc 
Dunnett T3 tests revealed that both the post-intervention 
year 1 cohort and the post-intervention year 2 cohort 
scored significantly higher than the pre-intervention co-
hort (mean-difference = .23, p < .05; mean-difference = 
.49, p < .01). Further, the post-intervention year 2 cohort 
scored significantly higher than the post-intervention year 
1 cohort (mean-difference = .27, p < .01). 

Regarding the overhand throwing skill assessment, 
a total score of 18 indicates an overall competent level. In 
the pre-intervention (baseline), 1,397 students who took 
the test on average demonstrated slightly higher than the 
competent level (M = 18.65, SD = 4.48). 933 (67%) stu-
dents demonstrated the competent level or above. In post-
intervention year 1, 1,926 students who performed the 
assessment on average demonstrated higher than the 
competent level on average (M =18.86, SD = 3.48). 1,244 
(65%) students reached the competent level or above. In 
the post-intervention year 2, 1,496 students who complet-
ed the assessment on average demonstrated much higher 
than the competent level on average (M = 20.27, SD = 
3.30). 1,201 (80%) students in the post-intervention year 
2 cohort demonstrated the competent level or above. The 
results of ANOVA yielded a significant difference of the 
mean scores between the three cohorts (F = 83.74, df =2, 
p < .01). The post-hoc Dunnett T3 tests indicated no sig-
nificant difference of the mean scores between the pre-
intervention cohort and the post-intervention year 1 co-
hort (mean-difference = -.21, p >.05).  However, the post-
intervention year 2 cohort scored significantly higher than 
both the pre-intervention group (mean-difference = 1.62, 
p < .01) and the post-intervention year 1 cohort (mean-
difference = 1.41, p < .01).  

For the forehand striking skill, a total score of 6 
indicates an overall competent level. In the pre-
intervention (baseline), 1,387 students who completed the 
test on average demonstrated lower than the competent 
level (M = 5.56, SD = 1.96). 722 (52%) students in the 
pre-intervention cohort demonstrated the competent level 
or above. In post-intervention year 1, 1,348 students who 
participated in the forehand striking assessment demon-
strated slightly lower than a competent level on average 
(M = 5.81, SD = 1.63). 753 (56%) students in the post-
intervention year 1 cohort demonstrated the competent 
level or above. In post-intervention year 2, 1,361 students 
who performed the assessment demonstrated a competent 
level (M = 6.10, SD = 1.50). 870 (64%) students in the 
post-intervention year 2 cohort demonstrated the compe-
tent level or above. The results of ANOVA revealed a 
significant difference of the mean scores between the 
three cohorts (F = 33.98, df =2, p < .01). The post-hoc 
Dunnett T3 tests indicated that both the post-intervention 
year 1 cohort and the post-intervention year 2 cohort 
scored significantly higher than the pre-intervention group 
(mean-difference = .24, p < .01; mean-difference = .54, p 
< .01). The post-intervention year 2 cohort scored signifi-

cantly higher than the post-intervention year 1 cohort 
(mean-difference = .30, p < .01). 
 

 

 
 
 

Figure 1. Mean scores of soccer skills assessments for boys 
and girls in the three cohorts. 
 
Gender differences of motor skill competency in three 
cohorts 
Gender differences in soccer skill competency: Figure 1 
presents gender differences of motor skill competency in 
soccer skill assessment among three cohorts. 724 boys 
and 671 girls completed the baseline soccer skill assess-
ment. The boys’ mean score (M = 9.56, SD = 2.22) was 
slightly higher than the competent level. In contrast, the 
girls’ mean score (M = 8.65, SD = 2.42) was lower than 
the competent level. The results of t-test revealed that the 
boys significantly outperformed the girls on the soccer 
dribbling, passing, and receiving (t = 7.33, df = 1358, p < 
.01). In the post-intervention year 1, 705 boys and 641 
girls completed the skill assessment. The boys’ mean 
score (M = 9.72, SD = 1.87) was higher than the compe-
tent level, while the girls’ mean score (M = 8.93, SD = 
2.01) was slightly lower than the competent level. The 
results of t-test revealed that the boys performed signifi-
cantly better than the girls on the soccer dribbling, pass-
ing, and receiving (t = 7.50, df = 1344, p < .01). In the 
post-intervention year 2, 745 boys and 632 girls complet-
ed the assessment. The boys’ mean score (M = 9.83, SD = 
1.82) was higher than the competent level. The girls’ 
mean score (M = 9.36, SD = 1.80) was also higher than 
the competent level. The results of the t-test indicated that 
the boys scored significantly higher than the girls on soc-
cer dribbling, passing, and receiving (t = 4.74, df = 1375, 
p < .01). 

Examination of boys’ mean score differences on 
the soccer skill assessment between three cohorts by 
means of ANOVA revealed significant differences be-
tween the three groups (F = 3.38, df =2, p < .05). The 
post-hoc Dunnett T3 test indicated that the post-
intervention year 2 cohort scored significantly higher than 
the pre-intervention group (mean-difference = .27, p < 
.05). However, the post-hoc Dunnett T3 tests revealed no 
significant difference between the post-intervention year 1 
cohort and the pre-intervention cohort (mean-difference = 
.17, p > .05) and between the two post-intervention co-
horts (mean-difference = .10, p > .05).  

In contrast, examination of girls’ mean score dif-
ferences on the soccer skill assessment between three 
cohorts by means of ANOVA revealed significant differ-
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ences between the three groups (F = 19.09, df =2, p < 
.01). The post-hoc Dunnett T3 test indicated that both the 
post-intervention year 1 cohort and the post-intervention 
year 2 cohort scored significantly higher than the pre-
intervention group (mean-difference =  .29, p <.05; mean-
difference = .72, p < .01, respectively). Also, the post-
intervention year 2 cohort statistically outperformed the 
post-intervention year 1 cohort (mean-difference = .43, p 
< .01).  

 
 

 
 
 

Figure 2. Mean scores of overhand throwing assessments for 
boys and girls in the three cohorts. 

 
Gender differences in overhand throwing skill 

competency: Figure 2 presents gender differences of mo-
tor skill competency in overhand throwing assessment 
among three cohorts. For baseline assessment, 738 boys 
and 659 girls completed the overhand throwing skill test. 
The boys demonstrated higher than the competent level 
(M = 19.52, SD = 4.29). In contrast, the girls performed 
slightly lower than the competent level (M= 17.74, SD = 
4.61). The results of t-test indicated that the boys scored 
significantly higher than the girls (t = 7.46, df = 1341, p < 
.01).  

In the post-intervention year 1, 974 boys and 812 
girls participated in the skill assessment. The boys 
demonstrated higher than the competent level (M=19.28, 
SD = 3.31). In contrast, the girls demonstrated slightly 
lower than the competent level (M = 17.72, SD =  3.26). 
The results of t-test indicated that the boys scored signifi-
cantly higher than the girls (t = 9.98, df = 1784, p < .01).  

In the post-intervention year 2, 795 boys and 701 
girls completed the assessment. The boys scored much 
higher than the competent level (M = 20.94, SD = 3.08). 
The girls scored quite higher than the component level (M 
= 19.52, SD = 3.39). The results of t-test indicated a sig-
nificant mean score difference between the boys and the 
girls (t = 8.47, df = 1494, p < .01). 

Examination of boys’ mean score differences on 
the overhand throwing assessment between three cohorts 
by means of ANOVA yielded significant differences 
between the three groups (F = 44.81, df =2, p < .01). The 
post-hoc Dunnett T3 test indicated that the post-
intervention year 2 cohort scored significantly higher than 
the pre-intervention group (mean-difference = 1.45, p < 
.01) and the post-intervention year 1 cohort (mean-
difference = 1.51, p < .01). However, the post-hoc Dun-
nett T3 tests revealed no significant difference between 

the post-intervention year 1 cohort and the pre-
intervention cohort (mean-difference = -.38, p > .05). 

Examination of girls’ mean score differences on 
the overhand throwing assessment by means of  ANOVA 
yielded significant differences between the three groups 
(F = 43.57, df =2, p < .01). The post-hoc Dunnett T3 test 
indicated that the post-intervention year 2 cohort scored 
significantly higher than the pre-intervention group 
(mean-difference = 1.80, p < .01) and the post-
intervention year 1 cohort (mean-difference = 1.43, p < 
.01). However, the post-hoc Dunnett T3 tests revealed no 
significant difference between the post-intervention year 1 
cohort and the pre-intervention cohort (mean-difference = 
.37, p > .05). 

 
 

 
 
 

Figure 3. Mean scores of striking assessments for boys and 
girls in three cohorts. 

 
Gender differences in striking skill competency: 

Figure 3 presents gender differences of motor skill com-
petency in forehand striking assessment among three 
cohorts. In baseline assessment, 727 boys and 659 girls 
completed the test. The boys performed slightly lower 
than the competent level (M = 5.98, SD = 1.91), but the 
girls performed lower than the competent level (M = 5.09, 
SD = 1.91). The results of t-test yielded a significant 
mean score difference between the boys and the girls (t = 
8.63, df = 1372, p < .01). In post-intervention year 1, 717 
boys’ and 631 girls’ skill performance in striking were 
assessed. The boys performed slightly higher than the 
competent level (M= 6.18, SD = 1.65). On the contrary, 
the girls performed lower than the competent level (M = 
5.39, SD = 1.52). The results of t-test yielded a significant 
mean score difference between the boys and the girls (t = 
9.127, df = 1346, p < .01). In the post-intervention year 2, 
734 boys and 627 girls completed the skill assessment. 
The boys scored higher than the competent level (M = 
6.32, SD = 1.47), while the girls scored slightly lower 
than the competent level (M = 5.84, SD = 1.49). The re-
sults of t-test indicated that the boys score significantly 
higher than the girls (t = 5.96, df = 1359, p < .01).  

Examination of boys’ mean score differences on 
the forehand striking assessment between the three co-
horts by means of ANOVA revealed significant differ-
ences between the three groups (F = 7.44, df =2, p < .01). 
The post-hoc Dunnett T3 test indicated that the post-
intervention year 2 cohort scored significantly higher than 
the pre-intervention group (mean-difference = .34, p < 
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.01). But, the post-hoc Dunnett T3 tests revealed no sig-
nificant difference between the post-intervention year 1 
cohort and the pre-intervention cohort (mean-difference = 
.19, p > .05) and between the two post-intervention co-
horts (mean-difference = .15, p > .05).  

Examination of girls’ mean score differences on 
the forehand striking assessment between the three co-
horts by means of ANOVA revealed significant differ-
ences between the three groups (F = 19.09, df =2, p < 
.01). The post-hoc Dunnett T3 test indicated that both the 
post-intervention year 1 cohort and the post-intervention 
year 2 cohort scored significantly higher than the pre-
intervention group (mean-difference =  .29, p <.05; mean-
difference = .72, p < .01, respectively). Also, the post-
intervention year 2 cohort statistically outperformed the 
post-intervention year 1 cohort (mean-difference = .43, p 
< .01). 
 
Discussion 
 
This study was designed to examine the fourth- and fifth-
grade students’ demonstration of motor skill competency 
in relation to achieving the NASPE content standard 1 as 
a result of participating in CATCH PE curricular. The 
results of this study showed that the students in the post-
intervention year 1 cohort demonstrated moderately high-
er than the competent level on the soccer dribbling, pass-
ing, and receiving, and overhand throwing skills, but 
slightly lower than the competent level on the forehand 
striking skill. More encouraging results were found in the 
post-intervention year 2 cohort. The students demonstrat-
ed much higher than the competent level on the overhand 
throwing skill, moderately higher than the competent 
level on the soccer dribbling, passing, and receiving 
skills, and slightly higher than the competent level on the 
forehand striking skill. Zhu et al. (2011a) examined levels 
of fifth-grade students’ motor skill competency through 
conducting a validity study of the PE Metrics assess-
ments. In Zhu et al.’s (2011a) study, 581 students who 
completed the soccer dribbling, passing, and receiving 
assessment demonstrated almost one level lower than the 
competent level (M = 6.17, SD = 2.7); 172 students who 
completed the overhand throwing assessment demonstrat-
ed slightly lower than the competent level (M = 17.94, SD 
= 2.58); 629 students who completed the striking assess-
ment demonstrated the incompetent level (M = 2.94, SD = 
1.77). On the contrary to the study by Zhu et al. (2011a), 
the results of this study showed much better results re-
garding demonstration of the competent level or above on 
the three skills.  

Examining the mean score differences of motor 
skill competency between the three cohorts indicated that 
the post-intervention year 2 cohort significantly outper-
formed both the pre-intervention cohort and the post-
intervention year 1 cohort on all three skill assessments. 
The post-intervention year 1 cohort significantly outper-
formed the pre-intervention cohort on the soccer drib-
bling, passing, and receiving and the forehand striking 
assessments, but not on the overhand throwing skill as-
sessment. Similarly, the proportions of the post-
intervention year 2 cohort demonstrating the competent 

level or above were higher than those of the pre-
intervention cohort and the post-intervention year 1 co-
hort on all three skills assessments. The proportions of the 
post-intervention year 1 cohort reaching the competent 
level or above were higher than those of the pre-
intervention cohort on soccer dribbling, passing, and 
receiving and the forehand striking assessments, but not 
higher than the overhand throwing skill assessment.  

While heredity and growth influence skill devel-
opment and learning, sequential learning tasks and pro-
ductive learning environment contribute to motor skill 
development in children (Clark, 2005; Gallahue and 
Ozmun, 2006; NASPE, 2004; Rovegno and Bandhauer, 
2013). The results of this study might be associated with 
the PE teachers’ implementation of CTACH PE curricular 
during PE lessons. During the PEP project year 2 (the 
post-intervention year 1), the PE teachers on average 
taught 51% of PE lessons using the CATCH PE curricu-
lar. As the PE teachers taught more CATCH PE lessons 
(77%) during the PEP project year 3 (the post-
intervention year 2), the students in the post-intervention 
year 2 cohort performed significantly better than the stu-
dents in the post-intervention year 1 cohort on all three 
skills. The CATCH PE curricular provides students with 
developmentally appropriate physical education content 
which maps most of the essential content addressed by the 
NASPE content standards. The instructional practices of 
the CATCH PE are associated with maximizing time on 
task and learning opportunities, increasing MVPA in 
physical education class, and providing students with 
congruent and specific feedback about their motor per-
formance. Corroborating with previous studies (Beurden 
et al., 2003; McKenzie et al., 1998), this study indicates 
that implementation of a quality physical education pro-
gram contributes to students’ demonstration of motor skill 
competency in the three manipulative skills. This study 
suggests that to better equip young children with motor 
skill competency in sport-related skills, PE teachers 
should intentionally use CATCH PE curricular or compat-
ible curricular to teach children sport-related skills in 
sequentially progressive ways and various game-like and 
modified game contexts. This study evidences that a well-
designed curriculum intervention can significantly en-
hance motor skill competency among young children 
(Beurden et al., 2003; McKenzie et al., 1996; 1998; 
2003).  

It is important to note that in this study the highest 
number of students (80%) who demonstrated the compe-
tent level or above is the overhand throwing skill, fol-
lowed by the soccer dribbling, passing, and receiving 
skills (75%) in the post-intervention year 2 cohort. How-
ever, the lowest number of students (64%) in the post-
intervention year 2 and (56%) in the post-intervention 
year 1 demonstrated the competent level is forehand strik-
ing skill. Forehand striking skill is a basic specialized 
manipulative skill used in tennis, pickle ball, and badmin-
ton. Mastery of striking skill in childhood lays a founda-
tion for adolescents to effectively learn and master related 
skills and to successfully play these sports. Barnett et al. 
(2009) found that manipulative skill proficiency devel-
oped in childhood rather than locomotor skill proficiency 
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seemed to be a significant determinant for adolescents to 
engage in moderate-to-vigorous activity and organized 
activity. Okely et al. (2001) reported that highly skilled 
adolescents spent more time in organized physical activity 
than low skilled adolescents. This study suggests that 
physical education teachers should devote more time to 
help elementary school students learn striking-typed 
skills. Physical education teachers need to help students 
use the striking-typed skills in game-like and modified-
game situations to reinforce their skill acquisition and 
improve their skill competency.  

This study shows that the boys in the pre-
intervention and the two post-intervention cohorts scored 
significantly higher than the girls on all three skill as-
sessments. Likewise, McKenzie et al. (1998) reported that 
the girls’ total skill scores on overhand throwing, catch-
ing, and kicking at baseline and at the end of intervention 
were 41% to 43% lower than the boys’ scores. Similarly, 
Erwin and Castelli (2008) also noted that the boys per-
formed significantly better than the girls on the overhand 
throwing skill. Barnett et al. (2009) found that boys were 
more proficient at manipulative skills than girls. The 
gender differences on the three manipulative skills might 
be related to environmental influences (Okely et al., 2001; 
Wrotniak et al., 2006). Team sports like baseball and 
soccer are more popular among boys than girls. Participa-
tion in these team sports may be considered more socially 
acceptable for boys, but more socially unacceptable for 
girls. Due to the social environment influences, boys may 
have more opportunities to participate in these games. 
Therefore, they may have more opportunities to practice 
and refine the manipulative skills widely used in playing 
these games.  

Although gender differences in the three skills 
were found at baseline and the two post-interventions, it 
was promising to find that the girls in the post-
intervention year 2 cohorts had substantial improvement 
in all three skills, compared to the girls in the post-
intervention year 1 cohort. The most dramatic gain for the 
girls in the post-intervention year 2 cohort is the overhand 
throwing skill and followed by the soccer dribbling, pass-
ing, and receiving skills. The girls in the post-intervention 
year 1 cohort had a modest improvement in all three 
skills, compared to the girls in the pre-intervention cohort. 
It is also noted that while the girls showed improvement 
in the forehand striking skill from the pre-intervention, 
the post-intervention year 1, to the post-intervention year 
2, the girls in the two post-intervention cohorts demon-
strated lower than the competent level on the tennis strik-
ing skill assessment. Okely et al. (2001) found that time 
spent in organized physical activity was more strongly 
associated with skills in girls than in boys. Further, they 
noted that only girls who are highly proficient at a sport 
will continually participate in that sport during adoles-
cence, while other girls with poor skills may quit or de-
crease their participation in a sport. Given the important 
role of motor skill competency in participation in orga-
nized sports and physical activity, this study suggests that 
physical education teachers need to focus more efforts on 
improving girls’ basic specialized manipulative skills 
used in playing team and individual sports. While teach-

ing these sports to their students, physical education 
teachers should provide girls with more specific and per-
formance related feedback and also use appropriate teach-
ing strategies to involve girls in playing an important role 
during game plays. Providing supportive gender-specific 
learning environment is instrumental to reducing gender 
differences in motor skill competency (Beurden et al., 
2003).  
 
Implications 
This study adds to literature on standards-based assess-
ment in physical education settings. This study indicates 
that the PE Metrics assessment rubrics are feasible tools 
for physical education teachers to assess levels of stu-
dents’ demonstration of motor skill competency during a 
regular physical education lesson. This is the first study of 
using the PE Metrics assessment rubrics to assess stu-
dents’ motor skill competency in basic specialized skills 
for three consecutive years within the context of the phys-
ical education teachers’ implementation of CATCH PE 
curricular. To date, no research has attempted to examine 
how standards-based quality physical education curricular 
help students’ achieving the NASPE content standard 1. 
The results of this study show that the students signifi-
cantly improved their manipulative skill competency over 
the course of three years as a result of participating in a 
well-designed curriculum intervention. This study sug-
gests that CATCH PE are effective curricular used for 
future intervention programs aiming to improve students’ 
motor skill competency in relation to physical activity 
promotion among school-aged children. 

 
Conclusion 
 
In conclusion, the results indicated that while heredity and 
growth are associated with motor skill development, 
CATCH PE was conducive to improving fourth- and 
fifth-grade students’ motor skill competency in the three 
manipulative skills. The post-intervention year 2 cohort 
performed significantly better than both the pre-
intervention cohort and the post-intervention year 1 co-
hort on all three skills assessments. The post-intervention 
year 1 cohort significantly outperformed the pre-
intervention cohort on the soccer dribbling, passing, and 
receiving and the forehand striking assessments, but not 
on the overhand throwing skill assessment. Also, the post-
intervention year 2 cohort showed higher proportions of 
the students reaching the competent level or above on all 
three skills assessments, compared to the post-
intervention year 1cohort. Similarly, the post-intervention 
year 1 cohort had higher proportions of the students 
demonstrating the competent level or above than the pre-
intervention cohort on the soccer dribbling, passing, and 
receiving and the forehand striking assessment, except for 
the overhand throwing skill assessment. While the boys in 
the three cohorts significantly outperformed the girls in 
the three cohorts on all three skills assessments, the girls 
showed substantial improvement on the overhand throw-
ing and the score skills. However, the girls, in particular, 
need to improve motor skill competency in the forehand 
striking skill. 



Manipulative skill competency 

 
 

 

110 

References  
 
Barnett, L.M., Beurden, E.V., Morgan, P.H., Brooks, L.O. and Beard, 

J.R. (2009) Childhood Motor skill proficiency as a predictor of 
adolescent physical activity. Journal of Adolescent Health 44, 
252-259.  

Beurden, E.V., Barnett, L.M., Zask, A., Dietrich, U.D., Brooks, L.O. and 
Beard, J. (2003) Can we skill and activate children through 
primary school physical education lessons? “Move it Groove 
it”- a collaborative health promotion intervention. Preventive 
Medicine 36, 493-501. 

Centers for Disease Control and Prevention (CDC). (2008) Physical 
Activity and the Health of Young People. Atlanta, GA: U.S. 
Department of Health and Human Services. Available from 
URL:http://www.cde.gov/HealthyYouth/Ph
ysicalActivity 

Chen, W., Mason, S., Staniszewski, C., Upton, A. and Valley, M. (2012) 
Assessing the Quality of Teachers’ Teaching Practices. Educa-
tional Assessment, Evaluation and Accountability 24, 25-41. 

Chen, W., Mason, S., Hammond-Bennett, A. and Zalmout, S. (2014) 
Development and Validation of Assessing Quality Teaching 
Rubrics. Journal of Education and Training Studies 2(3), 1-10. 

Clark, J.E. (2005) From the beginning: A developmental perspective on 
movement and mobility. Quest 57, 47-45.  

Ewrin, H.E. and Castelli, D.M. (2008) National physical education 
standards: A summary of student performance and its corre-
lates. Research Quarterly for Exercise and Sport 79, 495-505.  

Dyson, B., Placke, J.H., Graber, K.C., Fisette, J.L, Rink, J., Zhu, W., 
Avery M.,  and Franck, M. (2011) Development of PE metrics 
elementary assessments for national physical education stand-
ard 1. Measurement in Physical Education and Exercise Sci-
ence 15, 100-118. 

Fisher, A., Reilly, J.J., Kelly, L.A. Montgomery, C., Williamson, 
A.,  Paton, J.Y. and Grant, S. (2005) Fundamental move-
ment skills and habitual physical activity in young children. 
Medicine & Science in Sports and Exercise 37, 684-688. 

Fox, C., Zhu, W., Park Y., Fisette, J., Graber, K. C., Dyson, B., Avery 
M. and Franck, M. (2011). Related critical psychometric issues 
and their resolutions during development of PE metrics. Meas-
urement in Physical Education and Exercise Science 15, 138-
154. 

Gallahue, D.L. and Ozmun, J.C. (2006) Understanding motor develop-
ment: Infants, children, adolescents, adults. 6th edition, New 
York, NY: McGraw-Hill. 

McKenzie, T.L., Alcaraz, J.E., Sallis, J.F. and Faucette, F.N. (1998) 
Effects of a physical education program on children’s manipu-
lative skills. Journal of Teaching in Physical Education 17, 
327-341. 

McKenzie, T.L., Li, D., Derby, C.A., Webber, L.S., Luepker, R.V. and 
Cribb, P. (2003) Maintenance of effects of the CATCH physi-
cal education program: Results from the CATCH-ON study. 
Health Education and Behavior 30, 447-462.  

McKenzie, T.L., Nader, P.R., Strikmiller, P.K., Yang, M., Stone, E.J., 
Perry, C.L., Taylor, W. C., Eppingk, J. N., Feldman, H. B., 
Luepker, R. V.,  and Kelder, S. H. (1996) School physical edu-
cation: Effect of the child and adolescent trial for cardiovascu-
lar health. Preventive Medicine 25, 423-431.  

National Association for Sport and Physical Education [NASPE] (2004). 
Moving into the future:National standards for physical educa-
tion, 2nd edition. Reston, VA: Author.  

National Association for Sport and Physical Education [NASPE]. (2008)  
PE Metrics: Assessing national standards 1-6 in elementary 
school. 1st edition. Reston, VA: NASPE Publication.  

Okely, A.D., Booth, M.L. and Patterson, J.W. (2001) Relationship of 
physical activity to fundamental movement skills among ado-
lescent. Medicine & Science in Sports and Exercise 33, 1899-
1904. 

Rovegno, I. and Bandhauer, D. (2013) Elementary physical education 
curriculum and instruction. Burlington, MA: Jones and Bartlett 
Learning. 

U. S. Department of Education. (2013) Carol White physical education 
program (PEP) grant. Available form URL: 
http://www2.ed.gov/programs/whitephysed/index.html. 

Wrotniak, B.H., Epstein, L.H., Dorn, J.M., Jones, K.E. and Kondilis, 
V.A. (2006) The relationship between motor proficiency and 
physical activity in children. Pediatrics 18(6), 1758-1765.  

Zhu, W., Fox, C., Park, Y., Fisette, J.L., Dyson, B., Graber, K.C., Avery 
M., Franck, M., and Placek, J.H.. (2011a) Development and 
calibration of an item bank for PE metrics assessments: Stand-
ard 1. Measurement in Physical Education and Exercise Sci-
ence 15, 119-137. 

Zhu, W., Rink, J., Placek, J.H., Graber, K.C., Fox, C. and Fisette, J.L. 
(2011b) PE metrics: background, testing theory, and methods. 
Measurement in Physical Education and Exercise Science 15, 
87-99 

 
 
Key points 
 
• CATCH PE is an empirically-evidenced quality PE 

curricular that is conducive to improving students’ 
manipulative skill competency. 

• Boys significantly outperformed than girls in all 
three manipulative skills. 

• Girls need to improve motor skill competency in 
striking skill. PE Metrics are feasible assessment 
rubrics that can be easily used by trained physical 
education teachers to assess students’ manipulative 
skill competency.  
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