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ABSTRACT

Purpose: Studies on object control skills (OCS) have described changes in movement patterns over time,
but mostly in children and adolescents, young adults, or older adults. Most of these studies focused on
only one skill and usually only on the process- or product-oriented outcomes. Thus, this study aimed to
explore OCS performance in children, younger adults, and older adults. Methods: A total of 120 male
participants took part in this study, including 78 primary school children (7.96 + 1.22 years), 22 young
adults (23.5 £+ 2.34 years), and 20 older adults (69.5 + 4.43 years). We assessed the process-oriented
performance of throwing, kicking, and catching performance using the component approach. Throwing
and kicking velocity was recorded with a STALKER SOLO 2.0 radar gun. For catching, the number of caught
balls was assessed. Results. Young adults had the highest component levels in all OCS; they also produced
significantly higher throwing and kicking velocities than children and older adults. The proportion of
participants achieving mastery or advanced skill proficiency varied significantly in children (6.4-32.1%),
young adults (63.6-100.0%), and older adults (10.0-95.0%). With few exceptions, the results showed
mainly moderately significant correlations between developmental levels and throwing/kicking velocity
or number of successfully caught balls for all age groups. Conclusion: Our data indicate that children in
particular rarely demonstrate advanced OCS and that there is a decrease in throwing and kicking but not
in catching in older adults compared to the younger age groups.
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In view of rising life expectancy and the increasing proportion
of older adults within the population, maintaining the health of
older people is becoming increasingly urgent. A key factor is
preserving motor and cognitive performance (Herold et al.,
2018). The selection of adequate movements and their correct
execution are essential aspects for maintaining the individuals’
health and autonomy for as long as possible. The ability to do
this skillfully (accurately, automatically, and without great cog-
nitive effort) means that we can work effectively, live indepen-
dently, and interact efliciently and safely with our
environment. However, there are stages in life when our abil-
ities and skills are of lower quality compared to the years when
they are optimal. These include the childhood years when,
among other things, growth spurts of a physical, motor, and
cognitive nature can significantly affect the quality of our
motor performance, and later in life, when our motor and
cognitive performance become less efficient (Schott &
Klotzbier, 2018).

Development of object control performance

One aspect of motor performance examined in the literature is
the performance of object control skills (OCS; e.g., throwing,
kicking, and catching). These goal-directed movement patterns
are regarded as building blocks for more advanced movements
required for successful participation in ball games (e.g., foot-
ball, handball, basketball) (Clark & Metcalf, 2002). The assess-
ment of these skills may differ according to whether the

movement uses a process-oriented (quality of movement) or
product-oriented (outcome of the movement) assessment.
Process-oriented assessments evaluate how a movement is
performed and describe qualitative movement patterns; one
example would be developmental sequences based on
a component analysis (Halverson et al., 1982; Langendorfer &
Roberton, 2002; Roberton & Halverson, 1984; Strohmeyer
et al, 1991). Developmental sequences evaluate particular
coordination patterns of individual components—so-called
nodal points—of individual skills going from more crude and
inefficient patterns of movement to more sophisticated and
biomechanically efficient patterns of movement (Roberton &
Halverson, 1984). Each process-oriented different component
level is scored on an ordinal developmental scale (e.g., level
1-4), with higher levels corresponding to a more advanced
movement pattern. Each component has three to four levels.
In contrast, a product-oriented evaluation evaluates the result
of a movement, which is typically determined as a quantitative
score (e.g., throwing or kicking velocity or number of balls
caught) (Haywood et al., 2012). According to previous
research, the results of both approaches are correlated moder-
ate to strong (Logan et al,, 2017; True et al, 2017). To get
a comprehensive view of the motor competence of an indivi-
dual, Logan et al. (2017) recommend using both assessment
approaches.

Published studies refer to age-related differences in compo-
nent levels for throwing (Gromeier et al., 2017; Halverson et al.,
1982; Langendorfer & Roberton, 2002; Lorson et al., 2013;
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Williams et al., 1990, 1991, 1998), kicking (Bloomfield et al.,
1979), and catching (Haubenstricker et al., 1983; Strohmeyer
etal.,, 1991). For example, a hypothetical lifespan developmen-
tal trajectory for process-oriented performance could be devel-
oped for the progression of throwing patterns from childhood
to young adulthood, then to the regression in older adults.
Halverson et al. (1982) showed that boys aged 6 to 13 years
exhibited a linear development for trunk action, forearm
action, and humeral action with increased levels and advanced
performances from 0 to 46%, 0 to 41%, and 0 to 82%, respec-
tively. Lorson et al. (2013) examined age-related differences in
adolescents, young adults, and middle-aged adults and found
that young adult men threw with significantly more advanced
patterns compared with both the adolescent boys and adult
men in the step action (28.6%, 55.2%, 26.1%), trunk action
(32.1%, 57.7%, 13.0%), and humerus action (32.1%, 83.3%,
21.7%) components, but not in the forearm action (25.0%,
47.4%, 4.3%). A further regression can be found for older
adults (Williams et al., 1990, 1991, 1998), who demonstrated
that nine older male adults aged 63 to 78 years produced
advanced levels for humerus action (31.9%) and foot action
(97.9%), but not for forearm action (0%). Unfortunately, the
number of studies on catching and kicking across the lifespan
is quite limited. Bloomfield et al. (1979), who examined devel-
opmental changes in 56 boys aged 2 to 12 years as they per-
formed a soccer kick for both force and accuracy, identified six
groups concerning whole-body kicking patterns. The children
exhibited a wide variation in kicking performance, which was
probably attributed to experience rather than age (Scott et al.,
2003). Haubenstricker et al. (1983) showed that 60% of boys
aged 6 years of age exhibited an advanced level in catching.
Another study examining developmental sequences for hands
and body in children between 5 and 12 years found that
approximately 80% in the oldest group adjusted their body
position to the ball, but only 40% adjusted their hand position
to a ball, which was thrown directly to them (Strohmeyer et al.,
1991). To our knowledge, no study has examined developmen-
tal sequences of kicking or catching in older adults.

Research on changes across the lifespan in throwing and
kicking outcomes related to velocity is scarce. Usually, only
individual stages of life are taken into focus. A compilation of
ball velocities from three different studies showed a consistent
linear increase in maximum throwing velocity from 5 to
12 years with 12 m/s to 25 m/s (Burton & Rodgerson, 2003).
Lorson et al. (2013) found throwing speeds of 23.7 m/s in
adolescents, 29.4 m/s in young men, and 26.1 m/s in middle-
aged men. Ball velocities in older adults of 16.6 m/s (Williams
et al.,, 1991) were similar to the velocities produced by 8 to
9-year olds (Halverson et al., 1982). In a recent study, Vieira
et al. (2018) examined kicking velocity in 366 young males
between 8 and 20 years of age. Significant changes from
13.5 m/s in the youngest group to 27.4 m/s in the oldest
group were observed. As of yet, no studies are looking at the
development of kicking velocity beyond the young adult age.

Purpose of the study

Published studies on OCS have described changes in move-
ment patterns over time, mostly in children and adolescents,

young adults, or older adults. Most of these studies focused
on only one skill and usually only on the process- or
product-oriented outcomes. There is still a gap in the
literature regarding the differences in OCS patterns and
performance characteristics across the lifespan. In this
study, we addressed two research questions: First, we exam-
ined process- and product-oriented performance of the
OCS throwing, kicking, and catching across the life span.
According to the findings of Lorson et al. (2013), we expect
an increase in the process- and product-oriented OCS per-
formance from childhood to young adulthood as a result of
physical growth and exercise experience (Vallence et al,
2019) and a decrease in the process- and product-oriented
OCS performance from young adulthood to old age due to
physical deterioration with increasing age (Brook et al,
2016). Secondly, we examined the correlations between
process- and product-oriented results of OCS. We expected
moderate correlations between process- and product-
oriented results within OCS (Logan et al., 2017; True
et al., 2017), whereby factors such as body composition,
in addition to the quality of movement, influence product-
oriented results (Rodriguez-Lorenzo et al., 2016; Van den
Tillaar & Ettema, 2004).

Methods
Participants

One hundred twenty male participants between the ages of 6
and 79 years were recruited and divided into six age groups,
based on previous research investigating changes in the
maturation and age-related effects of motor skill develop-
ment (Duncan et al., 2019; Lorson et al., 2013; Williams
et al., 1990, 1991, 1998): 1) Children, 1, 2™, 3™ and 4
grade (CHI1-4, 6-10 years, n = 78); 2) Young adults (YA,
20-27 years, n = 22), and 3) Older adults (OA, 62-79 years,
n = 22). At primary school age, children receive structured
physical education, and they increasingly have access to
sports activities in clubs but rarely achieve mastery in key
fundamental motor skills (Duncan et al., 2019). Young adult-
hood represents the age range in which the body has the
highest performance capacity. There is a natural decline in
physical performance in the age range between 60 and 80, but
people still have access to sports activities and can live inde-
pendently. We screened potential participants before they
participated in the study and excluded them if they had
physical or medical conditions preventing them from com-
pleting the tasks in the study, such as the inability to ambu-
late independently, dementia, significant loss of vision and/or
hearing, current or history of neurological or psychiatric
disorders, recent or anticipated medical procedures that
may affect mobility.

Participants were recruited voluntarily from a middle-class
social area, who were naive about the purpose of the experi-
ment. Informed written consent was obtained before the begin-
ning of testing. For children recruited from a regional
elementary school, additional informed written consent was
also provided from their parent or guardian. Participants were
told that they could opt-out at any time. All procedures were in



accordance to the Declaration of Helsinki (2013) with ethical
standards, legal requirements, and international norms. The
institutional ethics committee approved the project.

Test items and materials

Process- and product-oriented measures of OCS were assessed
for three skills: throwing, kicking and catching.

Process-oriented assessment

We evaluated process-oriented OCS patterns using component
developmental sequences for the overarm throw for force and
catching (modified from Haywood & Getchell, 2014; Roberton
& Halverson, 1984; Schott & Munzert, 2010; Strohmeyer et al.,
1991) as well as a modified version for kicking for force
(Bloomfield et al., 1979; Holfelder et al.,, 2013; Mally et al.,
2011). The movement components for catching, throwing,
and kicking are indicated in Tables 1-3, respectively.

Product-oriented assessment

Ball velocity of throwing and kicking was defined as the peak
velocity after the release or the hit by the hand or foot mea-
sured by a radar gun (SOLO 2.0, STALKER, USA; unit: m/s).
This method has been commonly used in standard field mea-
surements (Weisberg et al., 2020). The radar gun was calibrated
by the manufacturer with a maximum root-mean-squared
error of 1.906 km/h. Peak ball velocity of throwing and

Table 1. Developmental sequences within components for catching (modified
after Haywood & Getchell, 2014).

Arm Action

AA 1: little response

AA 2: hugging. arms are extended sideways to encircle the ball
AA 3: scooping. Arms are extended forward but move under (scoop) the ball
AA 4: arms give. ball is caught in hands

Hand action

HA 1: palms up/down

HA 2: palms inward, the palms of the hands face each other
HA 3: palms adjusted, hands adjust to flight and size of the ball
Body action

BA 1: no adjustment

BA 2: swkward adjustment

BA 3: proper adjustment

Table 2. Developmental sequences within components for throwing for accuracy
and force (modified after Haywood & Getchell, 2014; Schott & Munzert, 2010).

Step action

SA 1: no step

SA 2: homolateral step

SA 3: short contralateral step

SA 4: contralateral step with momentum

Trunk action

TA 1: no trunk action or forward or backward movements

TA 2: upper trunk rotation or total trunk (“block”) rotation

TA 3: differentiated rotation

Preparatory arm backswing

PAB 1: no backswing

PAB 2: elbow and humeral flexion

PAB 3: circular, upward backswing

PAB 4: straight backswing

Arm & hand action

AA 1: humerus oblique, no forearm lag, low hand (pushing movement)
AA 2: humerus oblique, no forearm lag

AA 3: humerus aligned but independent, forearm lag, hand is behind the ball
AA 4: humerus lags; delayed forearm lag, finger momentum
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Table 3. Developmental sequences within components of kicking for accuracy
and force (Holfelder et al., 2013).

Approach—support leg position in relation to the ball

SLP 1: behind or in front (more than 1 foot length)

SLP 2: diagonally behind or in front (less than 1 foot length)

SLP 3: alongside

Backswing of the kicking leg (thigh)

BST 1: thigh is ahead of body

BST 2: thigh is in line with the trunk (extension)

BST 3: thigh is hyperextended

Backswing of the kicking leg (lower leg)

BSL 1: heel does not elevate to the height of the knee

BSL 2: heel reaches the height of the knee

BSL 3: heel elevates equal to or higher than the greater trochanter of the hip

Ball contact

BC 1: hit the ball with the toes

BC 2: hit the ball with an inside kick

BC 3: hit the ball with an instep kick

Upper trunk position during contact

TP 1: upper body leans back, hip flexed (“seated position”)

TP 2: upper body leans back, hip extended

TP 3: upper body perpendicular to the ground

TP 4: upper body leans slightly over the ball

Arm action

AA 1: no arm movement or uncontrolled arm movements

AA 2: kicking leg and contralateral arm block upper body rotation (“jackknife
movement”)

AA 3: arms support balance (arms in high guard position)

AA 4: kicking leg and contralateral arm support upper body action

catching was recorded for each trial, as well as the number/
percentage of successfully caught balls.

Other variables

Anthropometry. We measured height to 0.1 cm and body
mass to 0.1 kg in all participants for descriptive purposes.
Body mass index (BMI) was calculated as mass (kg) divided
by height (m?). According to BMI, the proportion of partici-
pants being underweight, normal or minimum overweight was
based on well-established cut-points.

Procedures

Throwing

Throws were executed at indoor facilities using International
Handball Federation (IHF) approved balls (size 0 [46-49 cm
in circumference, 225-300 g in weight]: < age 8; size 1
[50-52 cm in circumference, 425-475 g in weight]: age 8 to
12; size 2 [54-56 cm in circumference, 325-375 g in weight]:
age 60-80; size 3 [58-60 cm in circumference, 290-330 g in
weight]: age 20-30). At a distance of 4 m [height < 120 cm],
4.5 m [height 120-140 cm] or 5 m [height > 140 cm] in front
of the ball, a large mat (5 x 4 m), which stood against a wall,
was placed to absorb the momentum of the ball after the
throw. A 0.5 x 0.5 m target was fixed on the middle of the
mat starting 100 cm above the floor level. During the throws,
the participants stood in a small area marked on the floor to
allow video recording (frequency of 100 Hz) by two cameras
placed to the right and front of each participant. Each parti-
cipant performed five (children) or ten (adults, older adults)
full-force throws with their preferred arm. Participants were
instructed to throw as hard as they can. Trials in which the
mat was not hit were counted but not analyzed.
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Kicking

Kicks were executed at indoor facilities using Fédération
Internationale de Football Association (FIFA) approved balls
(size 3 [58-61 cm in circumference, 310-340 g in weight]: age
6-8; size 4 [64-66 cm in circumference, 310-370 g in weight]:
age 9-11; size 5 [69-71 cm in circumference, 410-450 g in
weight]: age > 18). Seven meters in front of the ball, a large mat
(5 x 4 m), which stood against a wall, was placed to absorb the
ball’s momentum after the kick. A 1.5 x 1.5 m target was drawn
on the middle of the mat starting 20 cm above the floor level. It
was intended that the target should model a successful penalty
kick. The participants were filmed simultaneously from lateral
views at 100 Hz using digital video cameras. The cameras were
placed 1.5 m off the ground on tripods; the angles from the
lateral cameras to participants were 90° and 45°, respectively.
Each participant performed five (children) or ten (adults, older
adults) full-force kicks with their preferred leg. Participants
were instructed to kick as hard as they can. The approach run-
up was standardized to one step. Trials in which the mat was
not hit were counted but not analyzed.

Catching

Attempts were executed at indoor facilities using IHF approved
balls (see throwing). At each trial, the participants had to
produce a two-handed catch when a ball was manually thrown
from a distance of 6 m toward the catcher. Each participant
performed five (children) or ten (adults, older adults) trials. For
a successful catch, the participant was given a score of 1. In case
of an errant throw, the trial was repeated. One standard digital
camera was positioned at a frontal viewpoint at 45°.

Data reduction and statistical analysis

Based on the recorded videos, two investigators categorized
each trial using the movement component analysis approach
(Roberton & Halverson, 1984; see Tables 1-3). The modal level
across trials was used to represent that person’s developmental
level (Roberton & Halverson, 1984). Each component con-
tained ranked developmental steps. The first developmental
step was the least mature (in terms of motor performance)
and was ascribed a score of 1; the next developmental step
described a more mature skill level and received a 2. The
scoring continued in this fashion until the most mature step
was reached, which received the maximum score for the com-
ponent. Scores for each component of a movement develop-
ment sequence were added to ascribe the individual
participant’s score for the skill. The maximum values for
throw, kick, and catch were 15, 20, and 10, respectively.
A zero score was assigned when a participant did not perform
the skill in a particular fashion (e.g., performed a one-handed
catch or missed the target zone). If participants demonstrated
all components of the skill, then they were rated as having
“mastery”; if they demonstrated all but two (throwing), three
(kicking), and one (catching) of the components of the skill,
then “advanced skill proficiency” and if more than two/three/
one component were deemed to be missing, then the partici-
pant was said to have no mastery of the skill. For all compo-
nents of the three OCS, intra- and inter-rater reliability were,
according to the guidelines of Koo and Li (2016), good to

excellent. In other words, the results for the entire video rating
obtained by the same evaluator of different trials (throwing
ICC .92—.97; kicking ICC .85—.97; catching ICC .75—.89), or
by two different evaluators, were comparable (throwing ICC
.89—.99; kicking ICC .72—.99; catching ICC .88—.99). All
videos were collected and rated by trained research assistants.
Before the rating of all videos, each of the two raters rated the
videos of five children. Differences between the two raters were
thereafter discussed, and issues of ambiguity were discussed
and clarified.

All statistical analyses were implemented on SPSS v.27
(SPSS, Chicago, IL). We first explored dependent variables to
examine missing data points, normality of distributions, and
presence of outliers. An alpha level of .05 was used for all
statistical tests. Potential group differences for continuous vari-
ables (i.e., age, height, weight, BMI, product- and process-
oriented results of OCS) were assessed using ANOVAs, and
categorical variables (i.e., component analysis) were compared
by chi-square test. Pearson’s bivariate correlations among
demographic and anthropometric variables, exercise duration,
process- and product-oriented measures of OCS were calcu-
lated by age group. Correlation coefficients are interpreted
according to Cohen’s (1992) magnitude of effect sizes (small:
r =.10; medium: r = .30; large: r = .50).

Results
Sample characteristics

The demographic characteristics of the 120 male participants
are shown in Table 4. Less than 10% of the whole sample was
obese (9.1% children, 5.0% older adults); however, 12.6% were
underweighted (11.7% children, 4.5% adults, 35% older adults).

Motor performance

Throwing

The percentage of occurrence of each movement pattern for
age is presented in Table 5. Children exhibited 42 of the 192
theoretical developmental profiles. By contrast, younger adults
and older adults exhibited only 11 and 16 different profiles,
respectively. The most common pattern among children was
a step with the opposite leg (SA3/SA4), a block rotation of the
trunk (TA2), elbow, and humeral flexion (PAB2). In contrast,
younger adults exhibited an overall advanced level of throwing
performance (step with the opposite leg, differentiated rota-
tion, somewhat sufficient backswing, humerus, and delayed
forearm lag). Older adults exhibit similar patterns compared
to children; however, they exhibited better arm action.

Our chi-square post-hoc tests focused on component differ-
ences among age groups. When compared with the children
group, the young adults performed at more advanced levels for
the SA (p = .006), TA (p < .001), PAB (p = .001), and AA
(p=.001). Young adults showed more advanced levels than the
older adult group for the TA (p = .021) and AA (p = .006):
however, no significant difference was found for the SA and
PAB. Only for AA (p = .012), a significant difference existed
when comparing the performance of the children and older
adults to each other.



Table 4. Sample characteristics. Group means standard deviations.
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Children Children Children Children Children Younger Adults  Older adults
1" grade 2" grade 3 grade 4" grade total 20 to 27 years 62 to 79 years
n=24 n=17 n=15 n=22 n=78 n=22 n=20 statistical analysis*
Age (years) 649+036 7.67+025 870+061 929+047 7.96=*1.22 235+235 69.5 + 4.43 F(5,114) = 2743, p < .001
Height (cm) 122 +431 132630 134561 142+725 132961 184 +7.58 178 = 5.63 F(5,114) = 362, p < .001
Weight (kg) 226+276 290+647 289514 346+7.19 286=*7.19 79.0 £7.35 82.1 £ 121 F(5,113) = 272, p < .001
BMI (kg/mz) 15.1+£140 165+262 162+171 17.0+240 16.2+2.17 235+ 228 259+ 3.62 F(5,113) = 68.6, p < .001

*One-way ANOVAs with children separated by grade.

Figure 1 shows the changes of the process- and product-
oriented throwing performance as a function of developmental
time. Univariate ANOV As yielded significant effects of age on
process-oriented performance, F(5,114) = 10.9, p < .001,
r]zp = .324, and on product-oriented performance, F
(5,114) = 76.2, p < .001, n*, = .770. The main effect of age
group, post-hoc tests (using Bonferroni-Holm correction) was
performed to follow-up. There were significant differences
between children from 1% and 2™ grade compared to 4™
grade for product- and process-oriented measures. Young
adults yielded better performance on the product-oriented
measure than all children and older adults; however, there
was no significant difference between 4™ graders and young
adults. Older adults showed significantly better results on the
product-oriented measure than the 1%, 2", and 3™ graders, but
on the process-oriented measure, there were only significant
differences compared to the 1°' graders. Partial correlations
(controlled for height and weight) varied between r = .10 and
r = .80, indicating moderate to strong relationships for process-
and product-oriented performance in children and older adults
(see Figure 1).

Kicking

The percentage of occurrence of each movement pattern for
age is presented in Table 6. Children exhibited 47 (n = 78) of
the theoretically 1296 developmental profiles. By contrast,
younger adults (n = 22) and older adults (n = 20) exhibited
15 and 18 different profiles, respectively. The most common
pattern among children was a support approach from behind
(Step 1), an advanced level of the backswing of the thigh and
lower leg, using an inside kick (Step 2), with the upper body
leaning back, hip flexed (Step 1), and a “jackknife movement”
(Step 2). Younger adults performed on almost all components
on an advanced level, while older adults again performed
similarly to the group of children.

Our chi-square post-hoc tests focused on component differ-
ences among age groups. When compared with the children
group, the young adults performed more at advanced levels for
the approach (p < .001), the ball contact (p = .003), the trunk
movement (p < .001), and the arm action (p < .001). Young
adults performed more advanced levels than the older adult
group for the approach (p = .001), the backswing of the kicking
leg—thigh (p = .005) and lower leg p < .001, and the arm action
(p = .032), but no significant difference was found for ball
contact and trunk movement. For the approach (p = .002),
the kicking leg—lower leg (p < .001), and the trunk movement
(p < .001), significant differences existed when comparing the
performance of the children and older adults with better per-
formances for boys.

Figure 2 shows the changes in process- and product-
oriented kicking performance as a function of developmental
time. Univariate ANOV As yielded significant effects of age on
process-oriented performance, F(5,114) = 7.41, p < .001,
nzp = 245, and on product-oriented performance, F
(5,114) = 53.6, p < .001, n°, = .702. The main effect of age
group, post-hoc tests (using Bonferroni Holm correction) was
performed to follow-up. There were no differences between 1%,
2", 3", and 4™ graders for process-oriented measures, but for
product-oriented measures (1* graders differed from all other
children, 4™ graders differed only compared to 1° and 2™
graders). Young adults yielded better performances than all
children and older adults; older adults showed only signifi-
cantly better results for the product-oriented measure than 1%
graders. Partial correlations (controlled for height and weight)
varied between r = .11 and r = .63, indicating a moderate to
strong relationship for process- and product-oriented perfor-
mance across the lifespan (see Figure 2).

Catching

The percentage of occurrence of each movement pattern for age
is presented in Table 7. The most common pattern among
younger and older adults was a proper adjustment to the oncom-
ing ball with adjusted arms and hands, arms and body gave
(AA4-HA3-BA3). Our chi-square post-hoc tests focused on
component differences among age groups. Compared with the
children group, younger and older adults performed at more
advanced levels for all three components. Children displayed 11
out of 36 possible developmental profiles (older adults 3 out of
36). Less than 34% of all 1** to 3" graders exhibited an advanced
or mastery profile, while 55% of the 4™ graders achieved an
advanced or mastery profile in the catch.

Figure 3 shows the changes of the process- and product-
oriented catching performance as a function of developmental
time. Univariate ANOVAs yielded significant effects of age on
process-oriented performance, F(5,114) = 23.3, p < .001,
n’, = .505, and on product-oriented performance, F
(5,114) = 5.66, p < .001, n,, = .199. The main effects of age and
post-hoc tests (using Bonferroni Holm correction) were per-
formed to follow-up. 3™ and 4™ graders and younger and
older adults outperformed the 1** graders, but they showed no
differences compared to younger and older adults for product-
oriented measures. Young and older adults yielded better per-
formance on the product-oriented measure than all children; 1°*
and 2™ grade showed lower scores on product-oriented mea-
sures than 3™ and 4™ graders. Partial correlations (controlled for
height and weight) varied between .00 and .66, indicating only
a moderate to strong relationship for process- and product-
oriented performance in children and older adults (see Figure 3).
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Table 5. Percentage of participants demonstrating each movement component of the overhead throw for accuracy and force, and mastery level by age group.

Children Children Children Children  Children
1*grade 2" grade 3“grade 4™ grade  total Young adults  Older adults statistical
Component Level [%] [%] [%] [%] [%] [%] [%] analysis*
Step action SA1 70.8 353 533 18.2 449 27.3 40.0 X2 (15) = 39.4,
SA2 83 17.6 0.0 9.1 9.0 45 5.0 p =.001
SA3 0.0 353 333 36.4 244 45 20.0
SA 4 20.8 1.8 133 36.4 218 63.6 35.0
Trunk action TA1 20.8 41.2 6.7 4.5 17.9 4.5 10.0 )(2 (10) = 57.6,
TA 2 79.2 58.8 80.0 727 73.1 18.2 55.0 p < .001
TA3 0.0 0.0 133 22.7 9.0 77.3 35.0
Preparatory arm backswing PAB 1 8.3 5.9 0.0 0.0 3.8 0.0 10.0 )(2 (15) = 35.2,
PAB 2 833 824 93.9 50.0 75.6 40.9 55.5 p =.002
PAB 3 83 1.8 6.7 40.9 17.9 31.8 20.0
PAB 4 0.0 0.0 0.0 9.1 2.6 27.3 15.0
Arm action AA1 16.7 41.2 133 27.3 244 0.0 10.0 )(2 (15) = 58.7,
AA 2 333 17.6 6.7 13.6 19.2 0.0 5.0 p < .001
AA3 45.8 1.8 20.0 45 218 22.7 60.0
AA 4 4.2 29.4 60.0 54.5 34.6 77.3 25.0
Mastery level
mastery 0.0 0.0 0.0 45 13 182 0.0 x* (10) = 38.9,
advanced skill proficiency 0.0 5.9 6.7 13.6 6.4 455 20.0 p < .001
non-mastery 100.0 94.1 93.3 81.8 92.3 36.4 80.0
*Chi-square test with children separated by grade.
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Figure 1. Means and standard deviations for process- and product-oriented throwing performance by age; correlation between process- and product-oriented measures

by age group controlled for height and weight (* p < .05; ** p < .01).

Discussion

The overall objective was to examine the development and
associations between process- and product-oriented measures
of OCS in males across the lifespan. Specifically, this study
aimed to analyze (1) the process- and product-oriented results
for three OCS (throwing, kicking, and catching) in children,
young and older adults, and (2) the correlations between pro-
cess- and product-oriented results of these OCS for each age

group.

Process-oriented assessments

Looking at the detailed process-oriented results (see Tables 5-7),
it becomes apparent that the most significant proportion of

mastery levels were achieved in the group of young adults,
followed by older adults and children. These findings are in line
with our expectations, as it is well known that the process-
oriented aspects of a movement improve with physical develop-
ment and experience from childhood to adulthood (Hulteen
et al,, 2018; Vallence et al., 2019). The physical changes associated
with aging (Brook et al.,, 2016) explain the differences between
young and older adults, both in process- and product-oriented
outcomes (Williams et al., 1990, 1991, 1998). However, the pro-
portion of mastery level is still higher in older adults than
children, most likely due to the lifelong physical activity experi-
ence. The low proportion of mastery level in children is notice-
able in that, according to Halverson et al. (1982), a larger
proportion of children should have an advanced pattern of move-
ment for OCS at a younger age. These relatively poor results are
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Table 6. Percentage of participants demonstrating each movement component of kicking for accuracy and force, and mastery level by age group.

Children  Children  Children  Children  Children
1 grade 2" grade 3 grade 4™ grade total  Youngadults Older adults statistical
Component Level [%] [%] [%] [%] [%] [%] [%] analysis*
Approach—support leg position in relation SLP 1 583 70.6 46.7 54.5 57.7 0.0 15.0 x> (10) = 66.9,
to the ball SLP 2 333 294 46.7 40.9 37.2 273 70.0 p < .001
SLP 3 83 0.0 6.7 4.5 5.1 72.7 15.0
Backswing of the kicking leg (thigh) BST 1 4.2 0.0 0.0 0.0 13 0.0 0.0 )(2 (10) = 20.5,
BST 2 417 353 20.0 9.1 26.9 13.6 55.0 p =.025
BST 3 54.2 64.7 80.0 90.9 71.8 86.4 45.0
Backswing of the kicking leg (lower leg) BSL 1 29.2 235 0.0 4.5 15.4 13.6 60.0 x> (10) = 40.9,
BSL 2 29.2 59 20.0 9.1 16.7 4.5 25.0 p < .001
BSL 3 417 70.6 80.0 86.4 67.9 81.8 15.0
Ball contact BC1 29.2 41.2 333 22.7 30.8 0.0 5.0 )(2 (10) = 26.5,
BC 2 583 41.2 333 27.3 41.0 40.9 60.0 p =.003
BC3 12.5 17.6 333 50.0 28.2 59.1 35.0
Upper trunk position during contact TP 1 37.5 64.7 60.0 50.0 51.3 9.1 15.0 X* (15) = 65.7,
TP 2 4.2 0.0 0.0 4.5 2.6 59.1 55.0 p < .001
TP 3 29.2 294 20.0 40.9 30.8 27.3 30.0
TP 4 29.2 59 20.0 4.5 15.4 4.5 0.0
Arm action A1 375 17.6 6.7 22.7 23.1 45 15.0 X (15) = 47.8,
A2 333 58.8 86.7 773 61.5 27.3 60.0 p < .001
A3 29.2 235 6.7 0.0 15.4 54.5 25.0
A4 0.0 0.0 0.0 0.0 0.0 13.6 0.0
Mastery level 0.0 0.0 0.0 0.0 0 18.2 0.0 x> (10) = 443,
masteryadvanced skill proficiency 83 0.0 6.7 9.1 6.4 45.5 10.0 p < .001
non-mastery 91.7 100.0 93.3 90.9 93.6 36.4 90.0
*Chi-square test with children separated by grade.
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Figure 2. Means and standard deviations for process- and product-oriented kicking performance by age; correlation between process- and product-oriented measures

by age group controlled for height and weight (* p < .05; ** p < .01).

not encouraging, considering the knowledge of the association
between motor performance and lifelong physical activity
(Duncan et al., 2019; Hulteen et al., 2018).

Product-oriented assessments

Regarding the product-oriented results, especially throwing
and kicking velocities, there are significant differences between
the age groups, with the highest velocities in the group of
young adults, which is in line with the findings of Lorson
et al. (2013). The results are therefore in line with our expecta-
tions since the throwing and kicking velocities are strongly
dependent on the maximum and explosive strength, body
composition (e.g., body size and fat-free mass), and technical
aspects (Rodriguez-Lorenzo et al., 2016; Stodden et al., 2006a,

2006b; Van den Tillaar & Ettema, 2004). From muscle physiol-
ogy, we know that strength increases from childhood to adult-
hood and decreases again from around 50 years of age (Brook
et al., 2016), which is also reflected in our data.

In summary, the process-oriented and product-oriented
results are in line with the results of Lorson et al. (2013), and
thus our data provide support for a hypothetical lifespan devel-
opmental trajectory. No regression is observed in the group of
older adults for catching. A meaningful comparison of throw-
ing and kicking velocities with those of other studies is only
insufficiently possible because athletes were often explicitly
examined or other throwing objects were used (e.g., tennis
balls; Lorson et al., 2013; Roberton & Konczak, 2001).
Different object weights and sizes lead to different movement
patterns (Lépez-Moliner & Keil, 2012).
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Table 7. Percentage of participants demonstrating each movement component of catching, and mastery level by age group.

Children Children Children Children  Children
1tgrade 2" grade  3“grade 4™ grade total Young adults Older adults statistical
Component Level [%] [%] [%] [%] [%] [%] [%] analysis*
Arm action AA1 16.7 5.9 0.0 0.0 6.4 0.0 0.0 X? (15) = 60.1,
AA 2 83 11.8 0.0 0.0 5.1 0.0 5.0 p <.001
AA3 54.2 70.6 533 54.5 57.7 0.0 15.0
AA4 20.8 11.8 46.7 455 30.8 100.0 80.0
Hand action HA 1 4.7 294 26.7 27.3 32.1 0.0 0.0 X’ (410) = 46.9,
HA 2 333 353 333 9.1 26.9 0.0 5.0 p <.001
HA 3 25.0 353 40.0 63.6 41.0 100.0 95.0
Body action BA 1 4.2 0.0 0.0 0.0 13 0.0 0.0 )(2 (4) =510,
BA 2 79.2 88.2 66.7 45.5 69.2 0.0 5.0 p <.001
BA3 16.7 11.8 333 54.5 29.5 100.0 95.0
Mastery level 42 11.8 20.0 273 154 100.0 80.0 X (10) = 79.5,
masteryadvanced skill proficiency 20.8 0.0 133 273 16.7 0.0 15.0 p < .001
non-mastery 75.0 88.2 66.7 455 67.9 0.0 5.0
*Chi-square test with children separated by grade.
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Figure 3. Means and standard deviations for process- and product-oriented catching performance by age; correlation between process- and product-oriented measures

by age group controlled for height and weight (* p < .05; ** p < .01).

Relationships between process- and product-oriented
assessments

Concerning the relationships between process- and product-
oriented results for the three motor skills catching, throwing,
and kicking (see Figures 1-3), predominantly moderate to large
correlations were found for all age groups after controlling for
height and weight, which correspond to correlations reported of
True et al. (2017) and Logan et al. (2017). Regarding the studies of
Roberton and Konczak (2001) and Stodden et al. (2006a, 2006b),
component levels could explain 69% and more of the variance of
throwing velocity; therefore, higher correlations were expected in
the group of children. From a methodological point of view, it
should be mentioned that Stodden et al. (2006a, 2006b) used
markers and biomechanical 3D software for their movement
analysis, which is more accurate than our subjective component
approach. This methodological aspect may explain some of the
low correlations (e.g., throwing: r = .10 for the 20-30 years old
adults; kicking r = .27 for the 2" graders).

In summary, the process- and product-oriented results of
throwing and kicking show a similar trajectory over the life-
span with a progression from childhood to young adulthood
and regression in older adults. However, this is not the case for
catching in the sense of relatively stable results in older adults.

It is important to note that this study is not without
limitations. First, a larger sample would have been desirable
to increase the statistical power and thus the significance of
our results. A longitudinal design instead of the cross-
sectional would also increase the informative value, allowing
the analysis of developmental trajectories within OCS of
both process- and product-oriented results. Furthermore,
we did not consider middle-aged adults to reflect the link
between function and the decline of function from young
adulthood to older adulthood. In addition, no girls and
women were included so that no statements can be made
about a possible gender gap which would have been parti-
cularly interesting for kicking in the male-dominated sports
soccer. Finally, although it is a common practice, the



subjective assessment of two raters contributes to the fact
that study results cannot be optimally compared with other
studies. Therefore, sensor systems for easier identification of
nodal points of motor skills seem to be an important meth-
odical aspect for improving data quality and less time-
consuming procedure in the research of motor
development.

What does this article add?

As far as we know, the present study is the first to examine
process- and product-oriented aspects of catching, throwing,
and kicking in three different male age groups representing the
life span. This not only supports the results of Lorson et al.
(2013) for a hypothetical lifespan developmental trajectory for
throwing, but it also extends it to younger and older age groups
with two additional motor skills. The data on throwing and
kicking demonstrated similar results for the 8 to 10-years old
boys and the 60+ years old men, which is not the case for
catching, presumably due to the different requirements for
explosive strength and visual-motor integration. This assump-
tion should be investigated in future studies.
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