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Abstract: Adequate development of Fundamental Motor Skills (FMS) at a young age benefit holistic
development and positive health outcomes. This study determined age and sex developmental
differences in the state and the relationships between process and product assessments of four
fundamental-motor skills (FMS) in five to eight-year-olds. An availability sample of 636 children;
291 boys, 345 girls, mean age of 6.8 ± 0.97 years in the North West Province of South Africa
participated in the study. Spearman rank order correlations analyzed relationships between
assessments, while sex and age differences were examined using independent t-testing and one-way
ANOVA. Age showed significant developmental trajectories in all FMS. Older children were found
to be more at risk for not learning FMS to mastery, while unique developmental patterns were also
established compared to international trends. Strong to moderate significant practical associations
(p < 0.05) emerged between process and product assessments in catching (r = 0.79), jumping (r = 0.40)
running (r = −0.33) and kicking (r = 0.20), while also confirming that the strength of the associations
varies depending upon the skill type. Associations strengthened with increasing age, were higher in
girls in all FMS, while associations between behavioral criteria in all FMS also differed between FMS
and sexes. These strong associations, need to be taken into consideration during the development of
FMS towards obtaining full mastery.

Keywords: age; fundamental motor skills; health; locomotor skills; object control skills; physical
education; process; product; sex

1. Introduction

Providing young children with the best possibilities to fully develop their fundamental-
motor skills (FMS) is essential, and beneficial to a child’s holistic development [1–3]. Ad-
ditionally, FMS are foundational skills for more advanced skills to be mastered and are
therefore perceived as the early building blocks for health, sport, and lifelong participation
in physical activities, while also contributing to scholastic success [4–6]. It is well estab-
lished that children achieve movement proficiency through functional play and physical
activity [7,8], but of public health, the concern is that active lifestyle patterns during the
early development phase changed over the years to a more sedentary lifestyle pattern.

In general, FMS should be well developed, also known as reaching the mature phase of
development, between the ages of six and seven years [8]. However, researchers indicate
declining trends in FMS proficiency. A worldwide decline in children’s mastery of gross
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motor skills is reported over 15 to 20 years [9]. More recent studies confirmed a lowering
trend of 30% in FMS proficiency over the past decades (CHILT project, [10,11]. In addition,
the “Move it, Groove it” study on nine and ten-year-old Australian children [12], a study on
six to eight-year-olds in New South Wales [13], and three- to ten-year-old Brazilian children
also report declining trends [14]. Furthermore, researchers reported that as many as 78%
within any given sample of United States (USA) preschoolers show developmental delays in
their FMS, suggesting a secular decline in their FMS when compared to normative references
from 20–30 years ago [15]. Similarly, a study on six-year-old Flemish pre-schoolers [16]
reported a good mastery in only six of seventeen FMS. Studies undertaken in South Africa on
three to six-year-olds [17,18], seven to nine-year-old girls [19], and nine to ten-year-olds [20]
also confirmed lowering trends. Not surprisingly, researchers stress that the prevalence of
FMS mastery among children needs improvement [13]. To support children in improving
their FMS proficiency, an accurate understanding of what age-appropriate developing
characteristics are to be expected from them, is therefore needed.

When studying the level of FMS mastery, the influence of sex should always be
considered. Literature reports sex differences relating to locomotor and object control skills,
especially in skipping, kicking, and striking skills [14,16,18,20–22]. Equivocal findings are,
however, reported for catching skills in different studies [16,18,20,23]. Studies also report
that differences are more pronounced between boys and girls in object control skills than in
locomotor skills [16,18,20–22].

Researchers [24] highlighted that the monitoring of motor competence through motor
testing is essential for determining developmental status, identifying health-related risks,
and developing recommendations based on motor test results. FMS is usually analyzed
and described as a process (qualitative) or as a product (quantitative) [25]. A qualitative
or process-oriented assessment is a more detailed assessment that judges the quality
of performance criteria of the skill execution. In this regard, statistics reported on the
qualitative mastering of running, catching, kicking, and jumping skills, indicate that all are
still developing between five to eight years of age [26]. At the age of five, running skills
showed the highest rate of mastery (54%), while catching skills were mastered at a much
smaller percentage (15%). A large percentage of children have also not yet fully mastered
catching at eight years of age [26]. Most existing studies which assessed children’s FMS
development, however, used product measurements and mostly focused on the detection of
deficits in this area. The use of both process and product assessments is, however, suggested
to comprehensively capture levels of motor competence (MC) in human movement [27,28].
More insight can also be obtained into the changes in motor development through a
combination of process and product assessments of development [29].

Only a few studies are reported where both process and product analyses; and their
relationships with assessment criteria were investigated [17,28,30–32]. It is concluded [28]
that there is currently neither a clear nor a comprehensive understanding of the relationship
between process- and product-oriented assessments of FMS competence in children. In
agreement, another researcher [32] is of the opinion that definite assumptions of the strength
of relationships are still lacking in this area of research.

This discussion highlights that more understanding is required about the development,
but also the accurate assessment of fundamental-motor skills in young children to fully
support them in optimizing their FMS. It is therefore important to identify the current FMS
developmental profiles of boys and girls Due to the limited studies conducted to date, there
is also a lack of clarity about the association between the process and product nature of the
execution of FMS, and hence the information obtained from different forms of assessment of
FMS. Up to date, very little is still known about the qualitative developmental characteristics
of FMS in healthy South African children, especially in the age group between five and
eight years, while the relationship between process and product characteristics of FMS
is also not well-understood. This study aimed to determine the state of development of
running, catching, kicking, and jumping by means of process and product assessments.
A secondary purpose of this study is to examine the association between process and
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product outcomes of FMS in children and the information they provide, especially in SA
children between the ages of five and eight. It is hypothesized that these children will
be developmentally delayed compared to their peersand that performance of these skills,
based on process and product assessment, will be significantly associated.

2. Materials and Methods

This study received ethical approval from the Health Research Ethical Committee of
the Faculty of Health Sciences of the North-West University for both the ExAMIN Youth
SA (NWU-00091-16-A1) and BC–IT studies (NWU-00025-17-A1). The study forms part of
the combined Exercise, Arterial Modulation and Nutrition in Youth South Africa (ExAMIN
Youth SA) and the Body Composition (BC) by Isotope Techniques (BC–IT) longitudinal
study. Both the ExAMIN Youth SA and BC–IT studies’ samples were drawn from apparently
healthy children from the same schools simultaneously [33]. The ExAMIN Youth SA study
is an analytical, multidisciplinary, observational cohort study, designed to investigate the
interplay between body composition, motor- and health-related fitness and physical activity
and salivary biomarkers in 1103 purposefully selected children, aged five to nine years
attending public primary schools in the North West Province, South Africa. Only the
baseline data of this study that was gathered between 2017 and 2019 were used for the
purpose of this study. The North West Province Department of Education, principals from
the participating schools, the parents, and their participating children provided approval
for the study. Children were recruited from 10 public schools to ensure a good distribution
in terms of socio-economic background.

Children from ten urban schools with a quintile status of 3, 4, and 5 in two of the
southern municipal areas namely JB Marks (Potchefstroom) and Matlosana (Klerksdorp)
within the Kenneth Kaunda school district of the North West Province of South Africa
participated in the study. A conservative calculation of 60 children participating per school,
leads to a calculated total sample size of about 1200 children. The baseline sample included
1103 children from which a subsample of 636 participants (291 boys, 345 girls) between the
ages of five and nine years was used that participated in the physical and motor testing.
Nine-year-olds were excluded from this study because of low numbers of children in this
age group. The mean age of this subsample was 6.9 years and included participants divided
by the age in years in the following age groups: n = 63 (five years), n = 180 (six years),
n = 209 (seven years) and n = 184 (eight years).

Measures. Physical and motor testing consisted of both the KTK and TGMD-2 which
included items such asjumping sideward (coordination and agility), standing broad jump
(explosive strength), balancing backwards (balance), jumping, catching, kicking, and run-
ning (motor skill competences and coordination) (Körperkoordinationstest für Kinder (KTK
and Test of Gross Motor Development-TGMD-2 [26]. This study only used two locomotor
skills (running and jumping) and two object control skills (catching and kicking) from this
testing protocol that were assessed by means of process and product assessments where
the following process and product testing protocol were followed: The TGMD-2 evaluates
the FMS of children in the age group three-ten years, based on the presence or absence
of 3–5 behavioral criteria for 12 skills including object control and locomotor skills [26].
Scores across two trials are then summed to provide a raw score for each skill [26]. An
overall validity coefficient of 0.89 is reported with an internal consistency reliability coeffi-
cient for the locomotor subtest of (0.85) and for the object control subtest (0.78) [26]. The
12 skills of the TGMD-2 are divided into two sub-tests, namely object control skills (striking
a stationary ball, stationary dribbling, catching, kicking, overhand throw, and underhand
roll) and locomotor skills (running, galloping, hopping, leaping, and horizontal jump).
For the purposes of this study, the following four tests that represent two locomotor skills
(running and jumping) and two object control skills (catching and kicking) were included:
These four FMS are some of the most foundational FMS that are cornerstones of more
sophisticated motor and sport skills to develop. It is also often studied by other studies,
allowing comparisons between studies.
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Running—Four criteria were used to assess the running skill: (1) the movement of
the arms in opposition to the legs with the elbows bent, (2) a brief period where both feet
are off the ground, (3) narrow foot placement (landing on heel or toe: not flat footed), and
(4) the non-support leg bent approximately 90 degrees (close to buttocks) when running.

Horizontal jump—The horizontal jump from a standing position is assessed as follows:
(1) flexion of both knees with arms extended behind the body during the preparatory phase,
(2) arms then forcefully extended forward and upward to reach full extension above the
head, and (3) the arms thrust downward during the landing. (4) The take-off and landing
on both feet should also be simultaneous.

Catching—Three criteria are used to assess the ability to catch a ball that is tossed
underhand. (1) Preparation phase where the hands are in front of the body with the elbows
in a flexed position, (2) arms then extend while reaching for the ball as it arrives, and
(3) the ball is caught by the hands only.

Kicking—Kicking a stationary ball with the preferred foot is assessed with four criteria:
(1) a rapid continuous approach to the ball, (2) an elongated stride or leap immediately
prior to contacting the ball, (3) the non-kicking foot placed even with or slightly at the back
of the ball and (4) kicking the ball with the instep of the preferred foot (shoelaces) or toe.

After a demonstration by the tester, two attempts of each skill were performed and
scored according to specific behavioral for each skill (0 = no mastery, 1 = mastery), and
then summed to obtain a competence score. The same testers were used for each test item
to ensure the tester validity of the results. The 50th percentile of the age-specific TGMD-2
norms which is displayed in Table 3.3 to 3.5, pp. 17 to 19 of the manual [26], was used as a
guideline to indicate average mastery.

Product assessments. A product-oriented assessment evaluates the outcome of a
movement, which is typically identified as a quantitative score (e.g., speed, distance,
or number of successful attempts). Speed over twenty meters was determined by the
20-m sprint test [34]. The time to complete a 20-m run was assessed by electronic timing
gates of the Smart Speed testing device with a precision of 0.01 s (Smartspeed, Fusion
equipment). The test reliability is reported to be 0.9 in children aged six to 11 years
(Smartspeed, Fusion Sports, Summer Park, Brisbane, Australia [35]. The participant starts
from a standing position and after an acoustic signal, start the 20-m run. The time to
complete the 20 m sprint test [34] was recorded as the measure for speed and the best of
two trials are scored as the result. Catching and kicking accuracy were scored out of five
attempts, also using the TGMD-protocol (distances between the tester and the participant
in the catching skills and the distance to the kicking target of 1.5 cm wide). The distance
jumped in the horizontal jumping test was used as a quantitative measure for jumping and
was scored in centimeters [36]. Two trials were allowed, and the best trial was recorded
in centimeters. This test was performed on a non-slippery mat designed specifically for
horizontal jumping.

Prior to the testing, all participants performed a standardized 5-min warm-up. Senior
researchers and honors students in Kinderkinetics tested the participants after they all
received training in testing protocol.

Statistical Analysis

The “Statistica for Windows version 13.3” (Statsoft, Tulsa, OK, USA, 2020) was used
for data analysis. Descriptive statistics (Means M), standard deviations (SD), maximum
and minimum values, percentages, and frequency divisions were used to describe develop-
mental tendencies in process and product assessments of running, catching, kicking, and
standing long jump in the group and by sex. A one-way ANOVA followed by an Unequal
N HSD post hoc comparison analyzed process and product age-related differences in these
skills, while independent t-testing was used to analyze sex differences. The correlation
between the process and product assessments of the four skills and the behavioral criteria
of each skill was analyzed by means of non-parametric Spearman rank correlation coeffi-
cients (r). The significance of correlations (r) was interpreted by using the following cut-off
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points where the following R-values were used: r = 0.1 small, 0.3 medium and 0.5 large
practical significance [37].

3. Results

Six hundred and thirty-six children with a mean age of 6.8 ± 0.97 years (54.2% girls
and 45.7% boys), participated in the study. To establish developmental differences in FMS
mastery levels, the results, of process and product developmental differences of the group,
and within and between age groups are firstly described (Table 1) after which sex differences
are presented in Table 2. The behavioral component of each skill is then separately reported
for boys and girls in Table 3. The proficiency levels attained in the group, and by age
and sex are firstly reported and then also compared to the process mastery norms that
are reported for same-aged children in the TGMD-2 manual (Table 4). The TGMD-2 is
used worldwide for assessing FMS and is considered as a valid, standard assessment of
FMS, therefor the 50th percentile of the age-specific TGMD-2 norms as displayed in Table 4
and in the TGMD-2 manual, was used as a guideline to indicate average mastery. The
results displayed in Tables 1–4 is described as interchanging for each FMS to highlight and
compare the developmental state and differences found per age and sex. Finally, the results
obtained regarding the second objective of the study that analyzed associations between
the process and product assessments of the FMS, are displayed in Table 5.

Table 1. Process and product performance of FMS among five to eight-year-olds, per age group.

Running
Process./8

Running
Product (s)

Catching
Process./6

Catching
Product.

(Number)

Kicking
Process./8

Kicking
Product.

(Number)

Jumping
Process./8

Jumping
Product.

(cm)

GROUP, 5–8 years (n = 636)
Mean 7.20 * 4.39 5.20 * 3.32 7.22 * 2.97 5.98 * 111.88

SD 1.12 0.44 0.91 1.64 1.18 1.28 1.38 18.41
% 90.0 —– 86.7 —– 90.3 —– 74.8 —–

Min./Max. 2–8 2.26–6.59 0–6 0–5 1–8 0–5 1–8 66.10–190.0
5 years (n = 63)

Mean 6.86 4.86 4.17 1.37 6.97 2.90 6.03 101.84
SD 1.32 0.53 0.98 1.46 1.18 1.38 1.76 13.91
% 85.8 —– 69.5 —– 87.1 —– 75.4 —–

Min.–Max. 3–8 3.12–5.81 2–6 0–5 4–8 0–5 2–8 70.9–145.7
6 years (n = 180)

Mean 6.97 4.50 4.89 2.67 7.13 2.75 5.61 106.94
SD 1.28 0.35 0.83 1.61 1.20 1.37 1.46 15.66
% 87.1 —– 81.5 —– 89.1 —– 70.1 —–

Min.–Max. 2–8 3.76–6.10 4–6 0–5 2–8 0–5 1–8 73.40–153.9
7 years (n = 209)

Mean 7.26 4.29 5.35 3.70 7.24 2.92 5.98 113.09
SD 0.99 0.39 0.85 1.36 1.16 1.28 1.19 16.91
% 90.8 —– 89.2 —– 90.5 —– 74.6 —–

Min.–Max. 4–8 2.26–5.27 0–6 0–5 1–8 0–5 1–8 75.80–160.2
8 years (n = 184)

Mean 7.48 4.23 5.68 4.21 7.39 3.26 6.33 118.86
SD 0.91 0.41 0.60 1.12 1.15 1.11 1.26 20.91
% 93.5 —– 94.7 —– 92.4 —– 79.3 —–

Min.–Max. 3–8 3.40–6.59 4–6 0–5 2–8 0–5 2–8 66.10–190.0

SD = standard deviation; % = percentage mastery; Min = minimum value; Max = maximum value.
Note: * Changes from 5 to 8 years were significant in all four skills (p < 0.05).
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Table 2. Process and Product FMS Performance differences in the group of five- to eight-year-olds,
by sex.

Running
Process./8

Rnnning
Product (s)

Catching
Process/6

Caching]
Product

(Number)

Kicking
Process /8

Kicking
Product.

(Number)

Jumping
Process./8

Jumping
Product

(cm)

Boys (n = 291)
Mean 7.29 4.26 5.19 3.39 7.60 3.19 6.12 117.00

SD 1.05 0.40 0.92 1.62 0.77 1.17 1.32 19.06
% 91.1 —– 86.7 —– 94.9 —– 76.6 —–

Min.–Max. 3–8 2.26–5.69 2–6 0–5 5–8 0–5 2–8 80.95–165.2
Girls (n = 345)

Mean 7.13 4.49 5.20 3.26 6.92 2.80 5.85 107.60
SD 1.16 0.45 0.91 1.66 1.35 1.34 1.42 16.71
% 89.1 —– 86.7 —– 86.5 —– 73.1 —–

Min.–Max.
p-value

2–8
<0.01

3.12–6.59
<0.01

0–6
0.8856

0–5
0.2915

1–8
<0.01

0–5
<0.01

1–8
<0.01

66.10–190.0
<0.01

SD = standard deviation; % = percentage mastery; Min = minimum value; Max = maximum value.

Table 3. Descriptive performance criteria of the running, catching, kicking, and jumping skills of
boys and girls.

Boys Girls
Behavioral

Criteria N Mean SD Min.–Max. N Mean SD Min.–Max.

Running

Arm action 286 0.86 0.35 0–1 346 0.85 0.38 0–1
Flight
phase 286 0.96 0.20 0–1 346 0.95 0.22 0–1

Foot
placement 286 0.88 0.33 0–1 346 0.87 0.34 0–1

Leg action 286 0.94 0.23 0–1 346 0.92 0.25 0–1

Catching

Readiness
position 286 1.00 0.03 0–1 346 1.00 0.08 0–1

Receiving
position 286 0.97 0.17 0–1 346 0.99 0.16 0–1

Catching 286 0.64 0.48 0–1 346 0.63 0.48 0–1

Kicking

Run-up 286 0.95 0.21 0–1 346 0.90 0.35 0–1
Elongated

step 286 0.94 0.23 0–1 346 0.90 0.35 0–1

Non-
kicking

foot pos.
286 0.96 0.20 0–1 346 0.94 0.28 0–1

Kicking
action 286 0.94 0.24 0–1 346 0.87 0.38 0–1

Jumping

Readiness
phase 286 0.82 0.38 0–1 346 0.83 0.41 0–1

Arm action 286 0.64 0.48 0–1 346 0.63 0.49 0–1
Jumping

action 286 0.85 0.36 0–1 346 0.86 0.37 0–1

Landing 286 0.76 0.43 0–1 346 0.74 0.46 0–1

N = Number, M = Mean, SD = Standard deviation, Min = Mininmum, Max = Maximum.
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Table 4. Percentage mastery of the behavioral criteria by five- to eight-year-olds compared to TGMD-2
mastery percentages.

Behavioral
Criteria

5 yr
TGMD

(%)

5 yr EY
(%)

6 yr
TGMD(%)

6 yr EY
(%)

7 yr
TGMD

(%)

7 yr EY
(%)

8 yr
TGMD

(%)

8 yr EY
(%)

Running

Arm action 73 84 89 78 90 83 94 93
Flight
phase 97 89 98 93 99 98 99 97

Foot
placement 93 77 94 85 94 91 96 89

Leg action 82 94 88 94 90 93 90 96

Catching

Readiness
position 83 100 85 100 93 99 95 100

Receiving
position 74 90 82 98 94 99 94 99

Catching 48 19 51 48 68 71 80 86

Kicking

Run-up 77 79 86 90 91 93 91 92
Elongated

step 28 85 32 88 50 88 67 96

Non-
kicking
foot pos

87 98 90 94 94 92 95 94

Kicking
action 84 88 89 85 92 90 93 89

Jumping

Readiness
phase 44 87 75 77 76 79 82 83

Arm action 30 65 43 59 49 59 55 67
Jumping

action 74 81 81 82 83 86 84 87

Landing 48 69 72 63 76 75 88 80

% = percentage; EY = ExAMIN Youth SA study, yr = year.

Table 5. Associations between the process and product assessments of running, catching, kicking,
and jumping skills, per group, sex, and age.

Group Boys Girls 5 Years 6 Years 7 Years 8 Years

Running (seconds)

Arm action (T1) −0.12 −0.17 −0.09 −0.02 −0.06 −0.09 −0.19
Arm action (T2) −0.08 −0.02 −0.09 −0.08 −0.08 −0.08 −0.03
Flight phase (T1) −0.21 −0.14 −0.28 −0.08 −0.34 −0.14 −0.03
Flight phase (T2) −0.23 −0.18 −0.25 −0.20 −0.34 −0.13 −0.17

Foot placement (T1) −0.29 −0.24 −0.32 −0.15 −0.29 −0.25 −0.29
Foot placement (T2) −0.28 −0.23 −0.33 −0.21 −0.29 −0.23 −0.31

Leg action (T1) −0.14 −0.11 −0.17 −0.08 −0.09 −0.13 −0.34
Leg action (T2) −0.18 −0.12 −0.22 −0.16 −0.17 −0.13 −0.30

Running Process Total −0.33 −0.32 −0.43 −0.26 −0.39 −0.32 −0.45



Int. J. Environ. Res. Public Health 2022, 19, 9565 8 of 17

Table 5. Cont.

Group Boys Girls 5 Years 6 Years 7 Years 8 Years

Catching (number)

Readiness (T1) 0.03 −0.02 0.06 - −0.06 0.12 -
Readiness (T2) 0.03 - 0.03 - - 0.09 -
Receiving (T1) 0.25 0.27 0.23 0.23 0.24 0.22 0.28
Receiving (T2) 0.18 0.18 0.18 0.26 - 0.09 -
Catching (T1) 0.62 0.64 0.60 0.57 0.52 0.50 0.51
Catching (T2) 0.71 0.72 0.71 0.69 0.61 0.62 0.66

Catching Process Total 0.79 0.80 0.78 0.67 0.74 0.69 0.77

Kicking (number)

Run-up (T1) 0.06 0.09 0.02 0.08 0.14 0.10 −0.09
Run-up (T2) 0.11 0.02 0.13 0.10 0.14 0.11 0.08

Elongated step (T1) 0.19 0.10 0.20 0.44 0.17 0.13 0.10
Elongated step (T2) 0.12 0.06 0.12 −0.09 0.10 0.13 0.20

Non-kicking foot (T1) 0.10 0.01 0.13 0.12 0.19 0.05 0.11
Non-kicking foot (T2) 0.15 −0.01 0.21 0.27 0.20 0.09 0.15

Kick action (T1) 0.08 0.01 0.08 0.09 −0.01 0.15 0.10
Kick action (T2) 0.06 0.02 0.03 0.07 0.13 −0.02 0.05

Kicking Process Total 0.20 0.09 0.22 0.26 0.26 0.18 0.14

Jumping (distance in cm)

Preparation phase (T1) 0.17 0.15 0.18 0.16 0.16 0.14 0.20
Preparation phase (T2) 0.20 0.16 0.23 0.18 0.11 0.22 0.33

Arm action (T1) 0.28 0.31 0.25 0.22 0.30 0.25 0.30
Arm action (T2) 0.23 0.28 0.19 0.13 0.30 0.19 0.27
Jump action (T1) 0.05 −0.01 0.09 0.04 0.06 −0.05 0.09
Jump action (T2) −0.03 −0.03 −0.02 −0.02 −0.05 0.06 −0.14

Landing (T1) 0.20 0.19 0.21 0.39 0.07 0.18 0.23
Landing (T2) 0.21 0.13 0.25 0.47 0.14 0.05 0.25

Jumping Process Total 0.40 0.40 0.44 0.39 0.35 0.40 0.51

- —Refers to no variation in the raw data, T1 = trial 1, T2 = trial 2.

3.1. Process: Developmental Age and Sex Differences

One-way ANOVA revealed significant differences (p < 0.05) in the process and product
performance scores of all four FMS skills with increasing age (Table 1). The best mastery in
the group was found in kicking (90.3%) and running (90.0%), followed by catching (86.7%)
and jumping skills (74.8%, Table 1). Independent t-testing revealed significantly higher mean
values and percentages mastery (p < 0.01) in boys (91.1%; 94.9%; 76.6%, p < 0.05) compared
to girls in running, kicking, and jumping (89.1%; 86.5%; 73.1%), with no differences in the
process (p = 0.8856) and product (p = 0.2915) scores of catching skills (Table 2). Boys also
showed significantly higher percentages of mastery in the various behavioral criteria of
these three skills (Table 3). Sex differences were most pronounced in the kicking skills with
boys being superior to girls (Tables 2 and 3). Boys reflected a 1% and 2% better percentage
mastery of the arm action and landing sub-components of jumping respectively. Girls, on
the other hand, received the ball better during catching, and in jumping, they showed a
1% higher mastery of the getting ready phase and jumping action (Table 3).

3.2. Developmental Age and Sex Differences in Each FMS

A separate analysis of each FMS, considering the mastery, sex differences, and a
comparison of the EY group with the TGMD-2 norms, was also performed.

3.2.1. Running

Table 1 displays significant process and product differences in running between the
ages of five and eight years (p < 0.01). The eight-year-olds displayed the highest mastery
(93.5%) and running speed (4.23 s). Five and eight-year-olds found foot placement the most
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difficult behavioral criteria to master, while six and seven-year-olds displayed the poorest
mastery of the arm action (Table 3). Overall, boys reflected significantly better mastery
of running than girls (91.1% vs. 89.1%, Table 2). They performed 1% better in the arm
action, flight phase, and foot place and 2% better in the execution of the leg action than
girls, Table 3.

A higher percentage of mastery of the leg and arm actions (94%; 84%, Table 3) of the
five-year-old EY group was found compared to the TGMD-2 norms (82%; 73%, Table 3),
although they reflected poorer mastery in both the foot placement and flight phase. The
six-year-olds in the EY group displayed better performance percentages in only the leg
action sub-component (94%; 88%, Table 3). Execution of the foot placement, flight phase,
and arm action effectively were also lower in the EY group compared to the TGMD-2
norms. The EY group performed slightly better than the TGMD norms in the leg action and
again performed slightly poorer with foot placement and the flight phase. The difference
in the mastery of the seven-year-olds was sizable in the arm action where only 83% of the
EY group was successful as opposed to the TGMD-2 norms’ indicating mastery of 90%.
The eight-year-olds’ mastery was similar to that of the six and seven-year-olds with a
higher mastery of the leg action, but with a lower measure against the TGMD-2 norms in
the foot placement, flight phase, and arm action sub-components. The EY group had a
6% higher mastery of the leg action. The lower mastery of the mature foot placement of 7%,
is considered as large (Table 4).

3.2.2. Catching

Catching improved significantly (p < 0.05) from five to eight-years (69.5%, 81.5%, 89.2%
and 94.7%) with eight-year-olds showing the best mastery (94.7%). The catching of the
ball was the most difficult behavioral criteria to master in all age groups (Table 3) with
the younger subjects that were also considerably poorer compared to the older subjects
(five years—19%; six years—48%; seven years—71%; eight years—86%, Table 3). Both girls
and boys reached a percentage mastery of 86.7% (Table 2) and showed the same mastery of
the readiness position (100%). Girls, however, showed a 2% better mastery of the receiving
of the ball position, while boys showed a 1% better mastery of the catching of the ball
(0.99 vs. 0.97; 0.64 vs. 0.63, Table 3). Higher mastery percentages were generally present
in the catching skills of all four age groups when compared to the TMGD-2 norms. All
five-year-olds could perform the readiness position and 90% could execute the receiving
position correctly (Table 4).

The comparison of the EY group with the TGMD-2 norms, reveals a 16% better mastery
of the receiving position and a 17% better readiness position in the EY group. However,
the five-year-olds presented with much lower mastery of catching (19%), compared to the
TGMD norm of 48% (Table 3). Among the six-year-olds, a higher mastery of the receiving
and readiness positions (98%; 100%) compared to the TMGD-2 norms (82%; 85%, Table 4)
and a slightly lower mastery of the catch (48%) compared to the TGMD-2 norms (51%) are
seen. In both the seven and eight- year-old groups, the EY group displayed better mastery
in all three behavioral criteria (catch, receive, and readiness positions) compared to the
TGMD-2 norms.

3.2.3. Kicking

Kicking was already well mastered at age five (87.1%) but mastery levels still improved
significantly (p = 0.04) with increasing age; at six years (89.1%), seven years (90.5%) and
eight years (92.4%, Table 1). In the five-year-olds, the run-up to the ball showed the poorest
mastery (79%, Table 3), while the kicking action was the most difficult to master in both
the six and eight-year-olds (85%; 89%), and the elongated step in the seven-year-olds
(88%, Table 3). Across all four age categories, the mastery of the kicking action when
compared to the other behavioral criteria, showed the biggest challenge. Boys displayed
significantly higher mastering of kicking overall, (p < 0.05; 94.9% versus 86.5%, Table 2), as
well as in all four behavioral criteria, Table 3.
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The largest differences were found in the run-up, elongated step, and in the kicking
action (5%, 4%, and 7% differences) of boys and girls (Table 4). Interestingly, five-year-olds in
the EY group showed considerably better mastery percentages of all four behavioral criteria
when compared with the TGMD-2 norms (Table 4). A noticeably higher level of mastery was
evident in the elongated step (28%-TGMD norms and 85% (EY group). The six-year-olds
also reflect a higher mastery of the elongated step, run-up, and placement of the non-
kicking foot, where the highest mastery skill differences were found in the elongated step
(32% TGMD-2 norms; 88% EY group). The execution of the kicking action by the EY group,
was, however, 4% lower than the TGMD-2 norms. Both the seven- and eight-year-olds in
the EY group reflected lower mastery when compared to the TGMD-2 norms in the kicking
action and the non-supporting kicking foot sub-components. Both the seven and eight-year-
olds in the EY group had higher mastery than the TGMD-2 norms of the elongated step and
run-up with the biggest difference seen in the elongated stepping action.

3.2.4. Jumping

Five-year-olds displayed a non-significantly higher percentage mastery (75.4%) of
jumping compared to six and seven-year-olds (70.1%, 74.6%) while eight-year-olds had
the highest percentage mastery of the four age groups (79.3%, Table 1). Five-year-olds also
performed better in certain behavioral criteria than six and seven-year-olds, specifically
in the getting ready and arm action criteria. The jumping action and landing components
improved progressively with age. The arm action was the most difficult to fully master
in all age groups (Table 3). Boys reached a significantly higher qualitative mastery than
girls (p < 0.01, 76.6% vs. 73.1%, Table 2). Minor differences were also found where girls
performed 1% better in the getting ready phase and jumping action, while boys showed
better mastery of the arm action and landing (1% and 2% respectively, Table 3). At age five,
the EY group showed better mastery of the landing, jumping, arm action, and readiness
phase in comparison to the TGMD-2 norms (Table 4). The six-year-olds of the EY group
also showed better mastery compared to the TGMD-2 norms, except for the landing action
where mastery in the EY group was 63% compared to the TGMD-2 norm of 72%. The
seven-year-olds in the EY group showed a higher mastery of the jumping skill, arm action,
and readiness phase with a slightly lower mastery of the landing (75%) compared to the
TGMD-2 norms (76%, Table 4). Similar results were obtained within the eight-year-old
group where 80% of the EY group showed a correct landing, although the percentage was
lower in comparison with the TGMD norms (88%, Table 4).

3.3. Product: Developmental Age and Sex Differences

A one-way ANOVA (Table 1) reflects clear and significant improvement with increas-
ing age in running speed, catching, and kicking accuracy, and jumping distance (p < 0.05)
in the group. Sex differences, analyzed by means of independent t-testing, were also visible
in the group, where significantly higher mean values were evident in boys compared to
girls in running, jumping, and kicking (p < 0.01) although insignificant in catching skills
(3.39 vs. 3.26; p = 0.2915, Table 2).

3.4. Associations between Process and Product Assessments

Table 5 displays the results of the associations between the process and product
assessments of the four FMS. Significant correlations coefficients were established between
the process and product assessments of each of the four skills in the group, ranging between
r = 0.20 (kicking) and r = 0.79 (catching), where catching and jumping skills (r = 0.40) showed
the largest associations and kicking skills the smallest associations. Running skills showed a
moderate, inverted negative correlation of r = −0.33 in the group. Foot placement revealed
the biggest correlation (r = −0.29; and r = −0.28, both trials), while the arm action reflects
the smallest correlation between the assessments (r = −0.12 and r = −0.08 respectively).
A stronger correlation emerged between the process and product running performance
of girls (r = −0.43) compared to boys (r = −0.32). Foot placement correlated the highest
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(r = −0.32 and r = −0.33) in both trials in girls and in boys with the time to complete the
20 m dash (r = −0.24, and r = −0.23). The arm action of the girls did not correlate with the
running action. Correlations were the largest in the eight-year-old group (r = −0.45), and
the smallest in the five-year-old group (r = −0.26). Foot placement reflected the strongest
correlation in five and seven-year-olds, flight phase in the six-year-olds, and leg action
correlated the highest in the eight-year-olds (Table 5).

A strong correlation reflecting large practical significance was found between
the process and product assessments of the catching skill in the group, (r = 0.79), in
both genders (boys, r = 0.80, girls, r = 0.78, p < 0.05) and in the different age categories
where eight-year-olds reflected the highest correlation (r = 0.77) and the five-year-olds the
smallest (r = 0.67).

The quality of catching the ball had the highest correlation with the number of suc-
cessful catches (r = 0.62 and r = 0.71) in both trials (Table 5). Interestingly, the readiness
position of hands in both trials did not correlate with the success of catching the ball.

Only a small, although significant correlation (p ≤ 0.05) was established between the
process and product assessments of the kicking skill (r = 0.21, Table 5). The elongated step
correlated (r = 0.19 and r = 0.12) between the assessments during both trails. No significant
correlation was found between process and product measures of kicking in boys, while
a small to moderate correlation (r = 0.22) emerged in girls where the placement of the
non-kicking foot reflected the strongest correlation. Both the five to six-year-old groups
reflected significant correlations in the kicking skill, while weaker correlations occurred
among the seven- and eight-year-old groups.

A moderate practically significant positive correlation (r = 0.43, p < 0.05) emerged
between process and product measures of the jumping skill, with the arm action reflecting
the strongest correlation (r = 0.28 and r = 0.23 in both trails). In girls (r = 0.44) the association
was larger than in boys (r = 0.40). The strongest significant correlation was found between
the arm action of the boys (r = 0.31 and r = 0.28, in both trails) and jumping distance, and in
the girls with the landing (r = 0.21 and r = 0.25, both trails). The eight-year-olds reflected
the strongest significant correlation between the assessments of the jumping skill (r = 0.51).
The jumping action showed no correlation with jumping distance in the group, neither
among boys and girls nor in the various age categories.

4. Discussion

This study firstly analyzed the level of FMS among typical developing children in
South Africa, in the age group of five to eight years, to describe the state and age develop-
mental differences in four foundational FMS skills. Two locomotor and object control skills
were assessed by using both process and product assessment approaches. This analysis
included a comparison with the 50th percentile of the age specific TGMD-2 norms that are
used worldwide as a guide toward age-specific FMS mastery levels. We also identified
developmental changes across this age group for running, jumping, kicking, and catching.

Considerable evidence suggests a worldwide trend of declining motor competence in
children. Our results confirm average mastery of FMS in five-to-eight-year-old children
that is comparable with worldwide trends in FMS mastery. Mastery levels that range
between average and good in these object control and locomotor skills are suggested from
the results. These findings are therefore, slightly in contrast with findings on the mastery
percentages of Australian children that were found to be low to moderate [13]. It was,
however, evident that with increasing age, the percentage of higher mastery levels of the
EY group compared to the TGMD-2 norms, lowered, which is consistent with lowering
trends that are reported in other studies. This result implicates a possible lack of opportu-
nities to sustain the quality of FMS mastery that was found in the earlier ages. A higher
prevalence of mastery was demonstrated by American children, near 50–80%, for most
skills by the age of nine years [26]. These findings suggest that older children are more at
risk of not learning FMS to full mastery. Lack of exposure to quality Physical Education
in schools and opportunities to be active after school in older children are suggested as
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possible reasons for these results. In this regard, a national report on the state of Physical
Education in South African schools confirmed that the implementation of this subject in
schools is severely compromised, especially in schools residing in poorer communities,
while also reporting low availability of resources in such schools [38]. It is also stressed that
schools are the best environment to provide all children with the necessary opportunities
to develop and learn motor skills [39].

Children in the 5 and 6-year-old EY groups not only performed slightly better when
compared to the expected percentages of children to achieve the different behavioral criteria
of the TGMD-2 but also showed slightly higher mastery in kicking than running. This
finding differs slightly when compared to most literature reporting that running reflects
the highest mastery of FMS at a young age [18,38,40] A possible explanation is that soccer
is a highly popular sport among South Africans [39,41] and playing informal street soccer
or games involving soccer balls and exposure to this game at schooling facilities from a
young age might have contributed to the high skill levels of kicking through these play
opportunities. Children at these early ages are also still allowed more free play at school
while they also tend to play more outdoors with balls which could also have contributed to
the high levels of kicking proficiency at a young age. Kicking skills, however, also showed
mastery comparable with running skills in all age groups, which confirms the cultural
effect of environmental influences such as opportunities to improve skills as also reported
in a study on nine-year-old South African children [20].

The analysis of sex differences confirmed significantly higher mastery of running,
kicking, and jumping skills in boys, in agreement with other studies [14,42,43], although the
quality and quantity of the catching skills of boys and girls were similar. These results again
concur with studies reported on pre-school and older South African children [18,20,44]
and with studies in other countries [23,45]. A possible reason for the high proficiency of
catching skills in both sexes could be due to boys in South Africa participating in culturally
popular school sports such as rugby and cricket while netball is a popular school sport that
girls engage in [41,46].

Our findings based on age differences that were analyzed, furthermore also confirmed
a progressive significant improvement in the mastery levels of all four FMS skills with
increasing age as assessed with both the process and product assessments. The highest
mastery that was found in running (90.0%) and kicking skills (90.3%), and lower levels of
mastery in catching (86.7%) and jumping (74.8%), are also in agreement with the expected
levels of mastery as reported by another study [26] in similar skills in the same age period.
The results also agree with the level of difficulty of mastery of each of these FMS as reported
by other studies [14,22,40].

These development patterns which were also confirmed through other research, con-
vey important information regarding skill mastery in locomotor (running and jumping) and
object control skills (catching and kicking). These findings, therefore, bring new understand-
ing of the development of individual locomotor and object control skills, classified as FMS,
especially running, kicking, jumping, and catching in the time that children are expected to
reach mature levels of skill in each of these FMS. The analysis of the development of the
specific behavioral criteria of each skill in the different age groups from five to eight years
also added value to the understanding of how these skills develop and what is the main
technical challenges in the process to obtain full mastery. The analysis of sex differences
in the developmental trajectory of these skills added additional insight into biological set
differences that need to be taken into consideration when addressing the improvement
of these skills. These results should therefore receive attention from the government that
strives toward building a healthier nation, and the Department of Education that needs to
enforce these goals in schools by giving more attention to the implementation of quality
PE to improve FMS through Physical Education and sporting opportunities. Such an
undertaking can support health care systems to improve the healthy behavior of children
by contributing to the sustaining of foundational skills in young children.
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The results regarding the second objective of the study, namely, to determine the
association between the outcomes of process and product assessments of FMS, revealed
moderate to large significant associations between the assessments of running, catching,
and jumping skills (0.33–0.79) and a smaller association in kicking skills (0.20). Associations
increased with age in the running (r range = 0.26–0.45), jumping (r range = 0.39–0.51) and
catching skills (r range = 0.67–0.79), and were similar, although slightly higher in girls in
all three skills. These results concur with the overall associations found in similar skills in
recent studies (0.11–0.81) [28,32]. The moderate to high significant associations that were
found between the product and process assessments of jumping in our study, agree with
the findings of a study by Logan et al. [28] who also report moderate to large correlations
between assessments of the hopping, throwing, and jumping (r range = 0.26–0.88). Although
associations reported for hopping and throwing skills could not be directly compared with
our results, the associations between process and product assessment of jumping skills were
found to be moderate in our group (0.43) and across all groups (0.37 to 0.54). Our study,
however, did show a similar association at age seven (0.38) with the association (−0.38)
reported by another researcher [32]. On the contrary, our findings showed an increase in
associations with increasing age in jumping although two different studies [28,32] reported
that the strength of the association decreased in jumping skills to age eight in their studies.
This decreased association in their study at the age of eight is ascribed to more emphasis in
USA schools to improve locomotor skills in the lower school grades [28].

Associations reported for running were similar to associations reported by another
study [32] at age six (−0.45 vs. −0.39), seven (−0.56 vs. −0.32), eight (−0.45 vs. −0.43)
and in the group (−0.49 vs. −0.39). However, in kicking skills, the association lowered
with increasing age (0.26–0.14) and was especially weak in the group of boys (0.09) com-
pared to in girls (0.22). This is again well aligned with findings [32] in another study for
their group where both studies showed exact associations (−0.21), with the highest associa-
tion at age six (−0.47 and −0.26) and lowering and insignificant associations at ages seven
(−0.13 vs. 0.18) and eight years (−0.03 vs. 0.14). The slight differences may be due to different
product assessments of kicking as it was differentially scored as kick velocity (m/s) and
kicking accuracy in the two studies. High mastery percentages from an early age of kicking
skills, as seen in the earlier discussion might be the reason for this poorer association that was
found. Although speculative, this early proficiency in kicking might point to small variation
between well-skilled and less-skilled children as well as a ceiling effect, and subsequently of
further improvement in the association between process and product assessments of kicking.

Associations found in catching that revealed the highest associations between process
and product assessments of all four skills in each age group could, however, not be com-
pared directly with any other studies. A possible reason for this high association might be
grounded in the complexity of this object control skill for children to fully master at these
early ages, based on depth perception and timing constraints. The complexity of the skill
can also contribute to bigger variation in scores that can contribute to better discrimination
of higher and lower abilities and subsequently influence the results. Our results showed the
highest associations between process and product measures at older ages which is different
from other findings [32] where associations were the highest at younger ages which can be
ascribed to contextual differences in the different countries.

Our findings of associations between the performance criteria of each of the FMS
and the product assessments, however, revealed mixed results with no clear patterns of
associations that emerged with increasing age. In jumping skills, moderate associations
were found at age eight between the preparation and landing phases of the skill and
jumping distance, while at age five only the landing showed strong associations. At
ages six and seven no significant associations emerged between the process and product
assessments of jumping. All behavioral criteria of running showed associations with
running speed at age eight, which was again, not the case in younger age groups. The
association with catching stayed at a high level, indicating large associations, in all age
groups. In kicking skills, the stronger associations, were, however, found at age five
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(r = 0.44 elongated step and foot placement (r = 0.20), but both associations diminished
with increasing age to only emerge again at age eight, although now showing poorer
associations. It is, however, clear that the product outcomes of all four FMS were influenced
by the different behavioral criteria, although by different behavioral criteria at different
ages. Their influences also become stronger in some skills, while lowering in others. This
again agrees with other studies that also reported changing patterns of associations between
process-oriented assessments across skills or ages [17,28,31]. Changes in the strength of
correlations that ranged from poor to strong in balancing skills in four to six-year-old South
African children are reported [17]. Another study [31], again, reports that associations
still exist in children aged 14 years between process and product outcomes although the
strength of associations differed between skills and between boys and girls.

Nevertheless, our data confirm moderate to strong associations between product and
process measures of FMS that are consistent with other studies in this regard. Continued
research, is, however, recommended in this area for a more comprehensive understanding
of these changing influences and the mechanisms behind these changing associations of
different behavioral criteria. Based on the range of associations that were found, it should
though still also be acknowledged, that the two approaches measure somewhat different
constructs of motor competence. In agreement, it is reported that these approaches of
measurement are unique and therefore not interchangeable, at least in preschool children
with a mean age of 4.6 years, therefore more understanding from research inquiry is
needed in this field [47]. Improved understanding of assessment outcomes will, however,
provide critical information to the scientific community as it relates to how different FMS
assessments may provide different types of information relating to motor competence.

On a practical level, this information can improve practitioners’ knowledge of influ-
ential changes in behavioral criteria with age, while advancing their understanding of
which behavioral criteria showed the highest association with product outcomes at specific
ages that should subsequently receive attention for improvement. Our data would seem
to suggest that process and product assessments of the four individual FMS that were
assessed in this study, are both effective in assessing FMS, but that both assessments should
still be used to capture different aspects and levels of FMS and for a more comprehensive
understanding of the product outcomes, especially when reasons behind poor performance
are sought and intervention of FMS are planned. Our assertions, therefore, are shared by
various researchers [27–30,32,47].

5. Strengths and Limitations

This study had limitations that need to be acknowledged. Although a big sample of
children formed part of the study, they were selected based on availability which influence
the generalization of the results to broader communities. Children from quintile one and
two schools which are schools that represent the poorest school status, were not part of
the studied group which might have influenced the outcome of the results as poor socio-
economic circumstances are associated with poorer motor skills development. The strong
point of this study is that a considerable number of children were sampled and tested
between five and eight years, and therefore extends previous research that related to this
research area in this age group. The additional analysis of the behavioral criteria of the
different FMS that were included in the analysis strengthens the understanding and the
applicability of the findings. The TGMD-2 norms which are largely based on American
children, also enabled comparisons with the mastery of children in other countries since
the measuring instrument is used worldwide. The validation of TGMD-2 for South African
children is, however, also recommended for future FMS research in the South African
population.This is a first study of South African children in the five to eight-year-old group
with a relatively larger sample size to determine the state of their FMS as assessed by both
product and process measurements, and therefore, adds to the worldwide findings of the
mastery but also the current state of FMS proficiency in modern day children.
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6. Conclusions

Our findings confirm the general improvement of FMS between five and eight years,
although it also revealed specific and unique patterns of FMS development that are different
from studies conducted in other countries, suggesting unique influences and contributions
to FMS development in specific countries that need to be taken into consideration in
worldwide comparisons of FMS. The unique developmental patterns that were established
in especially kicking skills ropose the feasibility that the mechanism of learning gross
motor skills is also attributable to factors other than temporal trends. The influences of
the contextual nature and the cultural environment on developmental outcomes of FMS
therefore, need continued inquiry from researchers. The extent to which FMS proficiency
levels are maintained into later childhood also needs more research emphasis to determine
if the school environment is equipped to sustain these skills. Developmental progressions
in FMS such as throwing, and stability skills should also be studied to obtain a more holistic
picture of overall motor competence in children.

The strength of associations between process and product assessment also appears to
vary depending upon the skill and the behavioral criteria that contributed to the association
at different ages. Our findings do, however, show that there is still neither a clear nor a
comprehensive understanding of the relationship between process- and product-oriented
assessments of FMS competence in children and that more research is required in this
area. This information can again be used as guidelines for further research related to age-
appropriate skills development and the importance of FMS, as well as specific behavioral
criteria within a specific skill, at a certain age. The assessment of motor competence is
becoming increasingly important in young children and therefore accurate information
regarding associations between process and product assessments of motor competence is
needed in this scientific field. Additionally, improved awareness by means of education
and enhanced knowledge about the relationship between motor competence assessments
on health-related motor testing in children will contribute to health promotion in the further
course of life.

Author Contributions: Conceptualization, A.E.P., R.K. and M.A.M.; methodology, R.K., M.A.M.,
A.E.P.; software, R.K., A.E.P.; validation, A.E.P.; formal analysis, A.E.P.; investigation, A.E.P., D.C.,
B.G., W.d.P., A.M.d.P.; resources, A.E.P.; data curation, A.E.P.; writing—original draft preparation,
A.E.P.; writing—review and editing, A.E.P., R.K., M.A.M., D.C., B.G., W.d.P., A.M.d.P.; visualization,
R.K., A.E.P., M.A.M.; supervision, A.E.P., D.C., B.G., W.d.P., A.M.d.P.; project administration, R.K.
M.A.M.; funding acquisition, R.K., M.A.M., A.E.P. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the South African Medical Research Council under a Self-
Initiated Research Grant, and the South African Research Chairs Initiative (SARChI) of the Depart-
ment of Science and Technology and National Research Foundation (NRF) of South Africa (Unique
Identification Number: 86895), as well as the International Atomic Energy Agency for financial sup-
port (TC project SAF6020). Any opinions, findings and conclusions or recommendations expressed in
this material are those of the author(s) and therefore the NRF, MRC does not accept any liability in
regard thereto.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki and approved by the Ethics Committee of the Health Research Ethical Committee
of the Faculty of Health Sciences of the North-West University for both the ExAMIN Youth SA
(NWU-00091-16-A1) and BC–IT studies (NWU-00025-17-A1).

Informed Consent Statement: Informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: The dataset is the property of the North-West University under su-
pervision of Ruan Kruger. In this regard, R. Kruger should be contacted if, for any reason, the data
included in this paper needs to be shared. R. Kruger and M.A. Monyeki are the principal investigators
of this study and gave permission that we can use the data.



Int. J. Environ. Res. Public Health 2022, 19, 9565 16 of 17

Acknowledgments: All post-graduate students specializing in Kinderkinetics are also thanked for
their assistance during the collection of the data.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, or
in the decision to publish the results.

References
1. Haga, M. The relationship between physical fitness and motor competence in children. Child Care Health Dev. 2008, 34, 329–334.

[CrossRef]
2. Bolger, L.E.; Bolger, L.A.; O’Neill, C.; Coughlan, E.; O’Brien, W.; Lacey, S.; Con Burns, C.; Bardid, F. Global levels of fundamental

motor skills in children: A systematic review. J. Sports Sci. 2020, 39, 717–753. [CrossRef] [PubMed]
3. Lubans, D.R.; Morgan, P.J.; Cliff, D.P.; Barnett, L.M.; Okely, A.D. Fundamental movement skills in children and adolescents. Sports

Med. 2010, 40, 1019–1035. [CrossRef] [PubMed]
4. Robinson, L.E.; Stodden, D.F.; Barnett, L.M.; Lopes, V.P.; Logan, S.W.; D’hondt, E.; Rodrigues, L.P. Motor competence and its effect

on positive developmental trajectories of health. Sports Med. 2015, 45, 1273–1284. [CrossRef] [PubMed]
5. Cameron, C.E.; Cottone, E.A.; Murrah, W.M.; Grissmer, D.W. How are motor skills linked to children's school performance and

academic achievement? Child Dev. Perspect. 2016, 10, 93–98. [CrossRef]
6. Luz, C.; Rodrigues, L.P.; Meester, A.D.; Cordovil, R. The relationship between motor competence and health-related fitness in

children and adolescents. PLoS ONE 2017, 12, e0179993. [CrossRef] [PubMed]
7. Logan, S.W.; Robinson, L.E.; Wilson, A.E.; Lucas, W.A. Getting the fundamentals of movement: A meta-analysis of the effectiveness

of motor skill interventions in children. Child. Care Health Dev. 2012, 38, 305–315. [CrossRef] [PubMed]
8. Gallahue, D.L.; Cleveland-Donnelly, F.C. Developmental Physical Education for All Children, 4th ed.; Human Kinetics: Champaign,

IL, USA, 2007.
9. Kretschmer, J. Changes in childhood and children’s motor development. Int. J. Phys. Ed. 2001, 38, 114–115.
10. Graf, C. Das CHILT-Projekt (The CHILT-Project). Dtsch. Z. Sportmediz 2003, 54, 247. (In German)
11. Zimmer, R. Zu wenig Bewegung–zu viel Gewicht. Frühe Kindh. 2003, 4, 15–17.
12. van Beurden, E.; Zask, A.; Barnett, L.M.; Dietrich, U.C. Fundamental movement skills-How do primary school children perform?

The ‘Move it Groove it’ program in rural Australia. J. Sci. Med. Sport 2002, 5, 244–252. [CrossRef]
13. Okely, A.D.; Booth, M.L. Mastery of fundamental movement skills among children in New South Wales: Prevalence and

sociodemographic distribution. J. Sci. Med. Sport 2004, 7, 358–372. [CrossRef]
14. Valentini, N.C.; Samuel, W.; Logan, S.W.; Spessato, B.C.; Santayana De Souza, M.; Pereira, K.G.; Rudisill, M.E. Fundamental

Motor Skills Across Childhood: Age, Sex, and Competence Outcomes of Brazilian Children. J. Motor Learn. Dev. 2016, 4, 16–36.
[CrossRef]

15. Brian, A.; Pennell, A.; Taunton, S.; Starrett, A.; Howard-Shaughnessy, C.; Goodway, J.D.; Wadsworth, D.; Rudisill, M.; Stodden, D.
Motor competence levels and developmental delay in early childhood: Amulticenter cross-sectional study conducted in the USA.
Sports Med. 2019, 49, 1609–1618. [CrossRef] [PubMed]

16. Vandaele, B.; Cools, W.; de Decker, S.; de Martelaer, K. Mastery of fundamental movement skills among 6-year-old Flemish
pre-school children. Eur Phys. Ed. Rev. 2011, 17, 3–17. [CrossRef]

17. Du Toit, D.; Pienaar, A.E. Current status and assessment of quantitative and qualitative one leg balancing ability in 3-6-year-old
children. South Afr. J. Res. Sport Phys. Educ. Recreat. 2001, 23, 51–62.

18. Pienaar, A.E.; Van Reenen, I.; Weber, A.M. Sex differences in fundamental movement skills of a selected group of 6-year-old South
African children. Early Child. Dev. Care 2016, 186, 1994–2008. [CrossRef]

19. Africa, E.K.; Van Deventer, K.J. Bewegingsvermoëns van 7–9 jarige dogters in die Stellenbosch-omgewing: ‘n vergelyking. South
Afr J. Res. Sport Phys. Ed. Recreat. 2005, 27, 137–152. [CrossRef]

20. Pienaar, A.E.; Visagie, M.; Leonard, A. Proficiency at object control skills by nine-to ten-year-old children in South Africa: The
NW-CHILD Study. Percept. Mot. Skills 2015, 121, 309–332. [CrossRef]

21. Du Toit, D.; Pienaar, A.E. Gender differences in gross motor skills of 3–6-year-old children in Potchefstroom, South Africa. African
J. Phys. Act. Health Sci. 2001, 8, 1–11. [CrossRef]

22. Duncan, M.J.; Roscoe, C.M.P.; Noon, M.; Clark, C.T.; O’brien, W.; Eyre, E.L.J. Run, Jump, Throw and catch: How proficient are
children attending English schools at the fundamental motor skills identified as key within the school curriculum. Eur. Phys. Ed.
Rev. 2020, 26, 814–826. [CrossRef]

23. Butterfield, S.A.; Angell RM &Mason, C.A. Age and sex differences in object control skills by children ages 5 to 14. Percep. Mot.
Skills 2012, 114, 261–274. [CrossRef]

24. Köster, P.; Hohmann, A.; Niessner, C.; Siener, M. Health-Related Motor Testing of Children in Primary School: A Systematic
Review of Criterion-Referenced Standards. Children 2021, 8, 1046. [CrossRef]

25. Payne, V.G.; Isaacs, L.D. Assessment. In Human Motor Development: A Lifespan Approach, 9th ed.; Payne, V.G., Isaacs, L.D., Eds.;
Holcomb Hathaway: Scottsdale, AZ, USA, 2016; pp. 1–456.

26. Ulrich, D.A. Test of Gross Motor Development, 2nd ed.; PRO-ED: Austin, TX, USA, 2000.

http://doi.org/10.1111/j.1365-2214.2008.00814.x
http://doi.org/10.1080/02640414.2020.1841405
http://www.ncbi.nlm.nih.gov/pubmed/33377417
http://doi.org/10.2165/11536850-000000000-00000
http://www.ncbi.nlm.nih.gov/pubmed/21058749
http://doi.org/10.1007/s40279-015-0351-6
http://www.ncbi.nlm.nih.gov/pubmed/26201678
http://doi.org/10.1111/cdep.12168
http://doi.org/10.1371/journal.pone.0179993
http://www.ncbi.nlm.nih.gov/pubmed/28658292
http://doi.org/10.1111/j.1365-2214.2011.01307.x
http://www.ncbi.nlm.nih.gov/pubmed/21880055
http://doi.org/10.1016/S1440-2440(02)80010-X
http://doi.org/10.1016/S1440-2440(04)80031-8
http://doi.org/10.1123/jmld.2015-0021
http://doi.org/10.1007/s40279-019-01150-5
http://www.ncbi.nlm.nih.gov/pubmed/31301035
http://doi.org/10.1177/1356336X11402268
http://doi.org/10.1080/03004430.2016.1146263
http://doi.org/10.4314/sajrs.v27i1.25914
http://doi.org/10.2466/10.PMS.121c15x8
http://doi.org/10.4314/ajpherd.v8i2.46346
http://doi.org/10.1177/1356336X19888953
http://doi.org/10.2466/10.11.25.PMS.114.1.261-274
http://doi.org/10.3390/children8111046


Int. J. Environ. Res. Public Health 2022, 19, 9565 17 of 17

27. Rudd, J.; Butson, M.L.; Barnett, L.; Farrow, D.; Berry, J.E.; Borkoles, E.; Polman, R. A holistic measurement model of movement
competency in children. J. Sports Sci. 2016, 34, 477–485. [CrossRef] [PubMed]

28. Logan, S.W.; Barnett, L.M.; Goodway, J.D.; Stodden, D.F. Comparison of performance on process- and product-oriented assess-
ments of fundamental motor skills across childhood. J. Sports Sci. 2017, 35, 634–641. [CrossRef] [PubMed]

29. Sigmundsson, H.; Rostoft, M. Motor development: Exploring the motor competence of 4-year-old Norwegian children. Scand. J.
Ed. Res. 2003, 47, 451–459. [CrossRef]

30. Hands, B.P. How Can We Best Measure Fundamental Movement Skills? In Proceedings of the 23rd ACHPER Biennial Na-
tional/International Conference, Launceston, Tasmania, 14 July 2019. Available online: http://researchonline.nd.edu.au/health_
conference/5 (accessed on 27 March 2019).

31. Van Niekerk, L.L.; Du Toit, D.; Pienaar, A.E. Die kwantitatiewe en kwalitatiewe stand van fundamentele bewegingsvaardighede
van Senior Fase leerders in die Potchefstroom-omgewing, Suid-Afrika. South Afr. J. Res. Sport Phys. Ed. Recreat. 2015, 37, 159–174.

32. Hulteen, R.M.; True, L.; Pfeiffer, K. Differences in associations of product- and process-oriented motor competence assessments
with physical activity in children. J. Sports Sci. 2020, 38, 375–382. [CrossRef] [PubMed]

33. Kruger, R.; Monyeki, M.A.; Schutte, A.E.; Smith, W.; Mels, C.M.; Kruger, H.S.; Pienaar, A.E.; Gafane-Matemane, L.F.; Breet, Y.;
Lammertyn, L.; et al. The Exercise, Arterial Modulation and Nutrition in Youth South Africa Study (ExAMIN Youth SA). Frontiers
Pediatrics 2020, 29, 212. [CrossRef] [PubMed]

34. Bös, K. Motorische Tests (Motoric Tests), 2nd ed.; Hogrefe: Göttingen, Germany, 2001.
35. Smartspeed. Fusion Sports, Summer Park, Brisbane, Australia. Available online: https://www.google.com/url?sa=t&

rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjKyeGA_pr5AhVEoVwKHXwECmUQFnoECBEQAQ&url=https%3A%
2F%2Fmanuals.plus%2Fm%2F87d075813d882539dd8d36e4bb4fcc048c4e48e3323920613f216791df0b7dc9_optim.pdf&usg=
AOvVaw2WQ5MUNr7yfFobM_Y6boVt (accessed on 20 January 2020).

36. Castro, J.; Castro-Piñero, E.G.; Artero, V.; España-Romero, F.B.; Ortega, M.; Sjöström, J.; Suni, J.R.R. Criterion-related validity of
field-based fitness tests in youth: A systematic review. Br. J. Sports Med. 2010, 44, 934–943. [CrossRef]

37. Cohen, J. Statistical Power Analysis for the Behavioral Sciences; Lawrence Earlbaum Associates: Hillsdale, NJ, USA, 1988.
38. Burnett, C. National Research Report: State and Status of Physical Education in Public Schools of South Africa: A Report for

Policy Makers. Developed by the South African Universities Physical Education Association (SAUPEA) in Collaboration with the
United Nations Children’s Fund (UNICEF) and the Department of Basic Education, University of Johannesburg. University of
Johannesburg: Johannesburg, South Africa. 2018. Available online: https://www.education.gov.za (accessed on 7 November 2020).

39. Pienaar, A.E. Chapter 16. Physical Activity and Sport in the First 10 years in South Africa. In Physical Activity and Sport during the
First Ten Years of Life; Bailey, R., Agans, J.P., Côté, J., Daly-Smith, A., Tomporowski, P.D., Eds.; Perspective’s Series; Routledge:
New York, NY, USA, 2021; pp. 217–225.

40. Malina, R. Motor development during infancy and early childhood: Overview and suggested directions for research. Int. J. Sport
Health Sci. 2014, 2, 50–66. [CrossRef]

41. Walter, C. In school physical activity patterns of primary school learners from disadvantaged schools in South Africa. Afr. J Phys.
Health Ed. Recreat. Dance 2011, 17, 779–788.

42. Pessato, B.C.; Gabbard, C.; Valentini, N.; Rudisill, M. Gender differences in Brazilian children’s fundamental movement skill
performance. Early Child. Dev. Care 2013, 183, 916–923. [CrossRef]

43. Wong, A.K.Y.; Cheung, S. Gross motor skills performance of Hong Kong Chinese children. Asian J. Phys. Ed. Recreat.
2006, 12, 23–29. [CrossRef]

44. Tomaz, S.A.; Jones, R.A.; Hinkley, T.; Bernstein, S.L.; Twine, R.K.; Kahn, K.; Norris, S.A.; Draper, C.E. Gross motor skills of South
African preschool-aged children across different income settings. J. Sci. Med. Sport 2018, 22, 689–694. [CrossRef]

45. Barnett, L.; van Beurden, E.; Morgan, P.; Brooks, L.; Beard, J. Gender differences in motor skill proficiency from childhood to
adolescence: A longitudinal study. Res. Q. Exerc. Sport 2010, 81, 162–170. [CrossRef]

46. Micklesfield, L.K.; Pedro, T.M.; Kahn, K.; Kinsman, J.; Pettifor, J.M.; Tollman, S.; Norris, S.A. Physical activity and sedentary
behavior among adolescents in rural South Africa: Levels, patterns, and correlates. BMC Public Health 2014, 14, 40. [CrossRef]

47. Palmer, K.K.; Stodden, D.F.; Ulrich, D.A.; Robinson, L.E. Using process- and product-oriented measures to evaluate changes in
motor skills across an intervention. Meas. Phys. Ed. Exerc. Sci. 2021, 25, 273–282. [CrossRef]

http://doi.org/10.1080/02640414.2015.1061202
http://www.ncbi.nlm.nih.gov/pubmed/26119031
http://doi.org/10.1080/02640414.2016.1183803
http://www.ncbi.nlm.nih.gov/pubmed/27169780
http://doi.org/10.1080/00313830308588
http://researchonline.nd.edu.au/health_conference/5
http://researchonline.nd.edu.au/health_conference/5
http://doi.org/10.1080/02640414.2019.1702279
http://www.ncbi.nlm.nih.gov/pubmed/31847740
http://doi.org/10.3389/fped.2020.00212
http://www.ncbi.nlm.nih.gov/pubmed/32411640
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjKyeGA_pr5AhVEoVwKHXwECmUQFnoECBEQAQ&url=https%3A%2F%2Fmanuals.plus%2Fm%2F87d075813d882539dd8d36e4bb4fcc048c4e48e3323920613f216791df0b7dc9_optim.pdf&usg=AOvVaw2WQ5MUNr7yfFobM_Y6boVt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjKyeGA_pr5AhVEoVwKHXwECmUQFnoECBEQAQ&url=https%3A%2F%2Fmanuals.plus%2Fm%2F87d075813d882539dd8d36e4bb4fcc048c4e48e3323920613f216791df0b7dc9_optim.pdf&usg=AOvVaw2WQ5MUNr7yfFobM_Y6boVt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjKyeGA_pr5AhVEoVwKHXwECmUQFnoECBEQAQ&url=https%3A%2F%2Fmanuals.plus%2Fm%2F87d075813d882539dd8d36e4bb4fcc048c4e48e3323920613f216791df0b7dc9_optim.pdf&usg=AOvVaw2WQ5MUNr7yfFobM_Y6boVt
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjKyeGA_pr5AhVEoVwKHXwECmUQFnoECBEQAQ&url=https%3A%2F%2Fmanuals.plus%2Fm%2F87d075813d882539dd8d36e4bb4fcc048c4e48e3323920613f216791df0b7dc9_optim.pdf&usg=AOvVaw2WQ5MUNr7yfFobM_Y6boVt
http://doi.org/10.1136/bjsm.2009.058321
https://www.education.gov.za
http://doi.org/10.5432/ijshs.2.50
http://doi.org/10.1080/03004430.2012.689761
http://doi.org/10.24112/ajper.121132
http://doi.org/10.1016/j.jsams.2018.12.009
http://doi.org/10.1080/02701367.2010.10599663
http://doi.org/10.1186/1471-2458-14-40
http://doi.org/10.1080/1091367X.2021.1876069

	Introduction 
	Materials and Methods 
	Results 
	Process: Developmental Age and Sex Differences 
	Developmental Age and Sex Differences in Each FMS 
	Running 
	Catching 
	Kicking 
	Jumping 

	Product: Developmental Age and Sex Differences 
	Associations between Process and Product Assessments 

	Discussion 
	Strengths and Limitations 
	Conclusions 
	References

