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ABSTRACT

Motor competence (MC) refers to the ability to execute a range of motor tasks, including the coordination and control necessary
to perform everyday activities effectively. Interest in MC has grown over the past two decades, as reflected in an increasing
number of publications on the topic. However, there is still no consensus on how to assess MC, with various test batteries
available. A single test is insufficient for evaluating MC, as it encompasses a set of fundamental skills essential for daily life.
These skills are typically categorised into fundamental movement skills, although discrepancies exist in their definitions.
Some frameworks recognise two components - locomotor and manipulative skills — while others include a third component:
stability skills. This review aims to analyse why, when and how MC should be assessed in children and adolescents. It was
observed that MC assessments are essential at a young age, with physical education classes providing an ideal context for their
implementation. Such assessments promote sports participation, aid in talent identification and highlight the positive correla-
tion between MC and lifelong physical activity. Selecting an appropriate test battery requires careful consideration of the
evaluator’s objectives, participant age, required materials and the three pillars of fundamental movement skills: locomotor,
stabilising and manipulative skills. Future research should refine the concept of MC and ensure that the validity of test batteries
is rigorously examined. Additionally, using the same test battery across identical subjects and evaluating ecological validity
will enhance the sensitivity and applicability of assessments, facilitating their use for both characterisation and intervention.
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Introduction

Motor competence (MC) is defined as the ability to
perform a wide range of motor actions, including the
coordination and control required to achieve specific
outcomes necessary for managing everyday tasks [1].
Although the importance of this concept is widely ac-
cepted, its precise nuances remain difficult to define.
In fact, the definition of MC is often inconsistent, with
terms such as fundamental movement skills, motor
development, motor proficiency, motor coordination,
motor ability, and motor fitness frequently used inter-
changeably [2]. This lack of clarity may help explain
why, over the past two decades, there has been a sig-
nificant increase in studies focused on the assessment
of MC, as researchers aim to refine methods and im-
prove measurement tools. A quick search on PubMed
reveals that the term “motor competence” appears over

45,000 times as of December 2024, with hundreds of
results in 2011, rising to more than 1,000 in 2012 and
reaching over 8,000 in 2024 alone. These figures un-
derscore the growing emphasis placed by researchers
on understanding the development of MC.

In studies measuring MC, the main topics addressed
include (i) group characterisations or cross-cultural
comparisons [3, 4], (i) analysis of perceived MC [5-7],
(iii) studies examining associations between MC, health
and physical activity [8, 9] and (iv) a few exploring the
relationship between MC and sports participation
[10-12]. Characterising groups or comparing different
environments (e.g., countries) provides a logical start-
ing point for gaining a broader understanding of the
subject. Perceived MC includes constructs such as self-
esteem and self-efficacy, and its significance lies in the
theory that children with higher self-perceptions are
more motivated to engage in physical activities, thereby
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further developing their MC [13, 14]. Subsequently,
a strong link between MC and health has been well
established. This is particularly important, as devel-
oping MC during childhood can positively influence
health-related physical fitness, both directly and indi-
rectly, becoming more robust over time and supporting
better long-term health outcomes in children and ado-
lescents [2, 14, 15]. Therefore, physical fitness may
serve as a mediator in the connection between MC and
physical activity [14]. Evidence has demonstrated an in-
verse relationship between MC and body weight status,
alongside positive associations with cardiorespiratory
fitness, musculoskeletal fitness and flexibility in chil-
dren and adolescents of both sexes [2, 16]. Positive as-
sociations have also been identified between MC and
mental health [17], as well as cognitive and social-emo-
tional outcomes [18]. Additionally, MC appears to play
a beneficial role in children’s health markers [19]. The
relationship between MC and sports participation is
crucial, not only to understand how MC influences
sports involvement but also to explore how sports par-
ticipation can enhance MC development in children
and adolescents.

Various tests and test batteries have been used in the
studies mentioned above. Some are product-oriented,
focusing on the outcome or performance, while others
are process-oriented, emphasising technique or move-
ment quality [2]. The former methods are generally
easier and more practical to implement, while the latter
focus on critical movement components and typically
require a more advanced understanding of these com-
ponents. Some test batteries categorise motor skills into
two primary groups: locomotor and object control skills,
while others include a third category, stability skills.
Additionally, the target age ranges and the complexity
of the tests included may vary slightly between batteries.
Understanding these differences is crucial when select-
ing the most appropriate test battery. Therefore, the aim
of this review is to discuss why, when and how MC in
children and adolescents can be measured.

Why measure MC?

There are several compelling reasons to assess MC
in children and adolescents. First, health outcomes are
closely tied to MC. Evidence suggests that MC corre-
lates with various health indicators [2, 20], making it
an important metric for identifying individuals at po-
tential risk of health issues due to low MC levels. More-
over, MC is a key element within the broader frame-
work of motor development, which, in turn, is integral
to overall human development [21]. Assessing MC is

essential for determining whether developmental pro-
gress is on the expected trajectory, allowing educators
and researchers to distinguish between typical and de-
layed motor skill development.

This rationale is further supported by educational
considerations. MC is fundamental to physical literacy,
which encompasses the knowledge, skills and attitudes
necessary for a healthy lifestyle, as well as the ability to
inspire others to do the same [22]. MC is widely recog-
nised as a critical component of childhood development,
with lasting impacts on health throughout the lifespan
[1, 14]. Consequently, MC provides the foundation for an
active lifestyle, as individuals with strong motor skills
are more likely to engage in regular physical activity,
leading to improved fitness and health outcomes [14].

From a sports perspective, assessing MC enables
coaches and trainers to tailor interventions aimed at
improving fundamental motor skills, which can en-
hance performance and skill acquisition in young ath-
letes. Previous research in talent identification has
demonstrated that overall MC levels are linked to fu-
ture success in various sports [23-25] and may help
distinguish between athletes of different competition
levels across sporting domains [26, 27]. In a recent sys-
tematic review on the topic [27], the few available lon-
gitudinal studies (only six) and cross-sectoral studies
reported a positive association between levels of MC and
performance in different sports. Therefore, the authors
suggested that incorporating MC assessments into talent
identification programmes would be beneficial for sports
professionals. Moreover, fostering strong MC can culti-
vate a positive attitude towards physical activity and
sports, thereby reducing dropout rates in youth sports
programmes.

Finally, timely assessment of MC provides teachers
and coaches with vital information for effective inter-
vention. For children with developmental delays or dis-
orders, early identification of MC challenges allows for
targeted interventions, promoting goal attainment and
future planning. In early childhood, gross motor skills
are essential for mastering movement and interacting
with objects while exploring the environment. As indi-
viduals grow, well-developed gross motor skills con-
tribute to smoother functioning in a variety of activities.
Furthermore, fine motor skills are crucial for acquir-
ing basic self-help abilities and serve as the foundation
for drawing and writing [28, 29]. As individuals pro-
gress through life, proficient fine motor skills become
just as important as gross motor skills [29]. Physical
education classes provide an ideal context for fostering
and assessing MC, particularly fine motor skills. Evi-
dence consistently demonstrates a positive association
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between MC and cognitive as well as socio-emotional
development [18]. Specifically, fine motor skills have
been shown to predict reading proficiency in Grade 1
[30], while fine motor integration at the same grade
level is a significant predictor of mathematical perfor-
mance [31]. These findings underscore the importance
of incorporating MC assessment as a fundamental com-
ponent of school readiness indicators [32]. Indeed, re-
gardless of the type of assessment, participant age or
class duration, physical education classes consistently
have a positive impact on the development of MC dur-
ing childhood and adolescence [33].

When to measure MC?

As noted previously, MC is integral to and influences
overall human development. Today, the concept of de-
velopment — particularly motor development - is under-
stood to extend beyond the visible changes that pri-
marily occur in the first two decades of life [34, 35].
Instead, it encompasses continuous, cumulative and
sequential changes in functional abilities that persist
throughout the lifespan. Therefore, although not solely
age-dependent, this process is related to age. While
these changes are ongoing, the extent of visible trans-
formation may vary, becoming more or less pronounced
at different stages of life [36].

For this reason, MC can be analysed across the lifes-
pan; however, childhood remains a primary focus for
researchers and educators. This is because it is a criti-
cal period for developing fundamental movement skills,
typically occurring between the ages of 2-3 and 6-7
years [35]. Gallahue’s lifespan model of motor develop-
ment illustrates that this process is sequential: rudi-
mentary skills form the foundation for fundamental
movement skills, which, in turn, shape the develop-

ment of specialised movements. Additionally, the Long-
Term Athlete Development (LTAD) model [37] iden-
tifies the ages of 6 to 9 as key for the “FUNdamental”
phase, which emphasises the exploration and integra-
tion of fundamental movement skills.

These skills are classified into distinct categories:
locomotion, object control and stability skills, each fol-
lowing typical developmental progressions both within
and across categories. Research indicates that children
must master specific stability skills before advancing
to locomotor skills and that rudimentary stability and
locomotor skills generally precede the development of
object control skills [34, 38]. Furthermore, the healthy
development of MC plays a crucial role in motivating
children to maintain physical activity or sports partici-
pation throughout their lives. This aligns with the con-
cept of physical literacy, which emphasises the positive
association between MC and sustained engagement in
physical activity [39, 40].

Thus, the early years are critical for assessing motor
development, particularly in identifying delays that may
benefit from intervention. However, given the under-
standing of development across the lifespan [41], this
analysis should extend beyond early childhood years.

How to measure MC?

Given that MC assessment encompasses fundamen-
tal movement skills, the selected tests should cover its
various categories. Consequently, evaluating MC effec-
tively requires a battery of tests rather than relying on
a single test. Table 1 presents the most commonly used
test batteries in studies involving children and ado-
lescents.

Table 1. Description of the batteries to measure motor competence

] .

E Target Orientation  Origin Number Domains and tests included Tlme. per Score

> ages of tests subject

5to14  Product Germany 4 Locomotor (2): jumping from side to side, ~20 min The final analysis could

=~ years moving sideways. be per task, by adding up

= Stability (2): keeping balance when walking backwards, the scores on the four

& one-legged hopping. tasks and by the motor

. quotient, calculated by
adding up the scores.

_ 6t19 Product Nether- 4 Locomotor (2): jumping from side to side, ~20 min Raw scores for each test

R years lands moving sideways. item were converted into

: Stability (1): keeping balance when walking backwards norm values, and a move-

(Q Manipulative (1): eye hand coordination ment quotient (MQ) was

§ calculated by combining
these values.
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4to21  Product USA 53 items Locomotor (1): shuttle run 45to  The scoring system differs
years subdivided Manipulative (7): dropping and catching a ball-both 60 min for each item. Adding the
in 8 subtests hands, dropping and catching a ball-one hand, catching ~ Short  scores of all categories to-

Short a tossed ball-both hands, catching a tossed ball-one hand, version: gether yields a total motor

version:  dribbling a ball-one hand, dribbling a ball-alternating 15to  composite score. The result

14 items  hands, throwing a ball at a target 20 min could be presented in
Stability (14): jumping jacks, jumping in place-same sides standard score, scale
synchronized, jumping in place-opposite sides synchro- score or a percentile.

nized, standing with feet apart on a line-eyes open, walk-
ing forward on a line-eyes closed, walking forward heel-
to-toe on a line, standing on one leg on a line-eyes closed,

i standing on one leg on a balance beam-eyes open, stand-

S ing heel-to-toe on a balance beam, standing on one leg

(@) on a balance beam-eyes closed, stepping sideways over

= a balance beam, one-legged stationary hop, on-legged side
hop, two-legged side hop
Fine motor skills (20): filling in shapes-circle, filling in
shapes-star, drawing lines through paths-crooked, draw-
ing lines through paths-curved, connecting dots, folding
paper, cutting a circle, copying a circle, copying a square,
copying overlapping circles, copying a wavy line, copying
a triangle, copying a diamond, copying a star, copying over-
lapping pencils, making dots in circles, transferring pen-
nies, placing pegs into a pegboard, sorting cards, stringing
blocks

birth to  Product USA Locomotor (89): thrusting legs, turning from side to back, 20to  The overall motor score is
6 years thrusting arms, bearing weight, extending trunk, sym- 30 min calculated by adding to-

metrical posture, propping on forearms, rolling, extending Whole gether the scores from all
arms and legs, flexing legs, extending arms and legs, ex-  test:  six subtests. The assess-
tending arm, flexing body, pushing up, extending arm, 45-60 ment employs a 3-point
rolling, rolling,, moving forward, raising shoulders and min  rating scale: a score of 2
buttocks, creeping, scooting, pivoting, standing, creeping indicates a skill that has
bouncing, cruising, lowering, stepping, pivoting, standing, been mastered, 1 signifies
standing, stepping, standing up, walking, walking, stand- a skill that is in progress,
ing and moving balance, creeping up stairs, walking, creep- and 0 denotes a skill that
ing down stairs, walking up stairs, walking fast, walking has not been achieved.
backward, walking down stairs, walking backward, run- This system allows for
ning, standing, walking sideways, walking line, jumping tracking progress over
forward, jumping up, jumping down, walking up stairs, time. Each item includes
walking down stairs, walking backward, jumping up, specific criteria for each

o walking line, walking up stairs, jumping down, walking rating.

= in tiptoes, running speed, jumping forward, jumping

o~

& down, jumping hurdles, walking on tiptoes, walking up

E stairs, running speed, jumping forward, walking line,

~ running form, walking line forward, walking down stairs,

jumping forward on 1 foot, jumping up, running bal-
ance/coordination, walking line backward, jumping for-
ward, hopping, walking line backward, rolling forward,
galloping, jumping forward, turning jump, hopping for-
ward, jumping hurdles, running speed and agility, skip-
ping, jumping sideways, skipping, hopping speed
Manipulative (24): catching ball, rolling ball, flinging
ball, kicking ball, throwing ball, kicking ball, throwing
ball-overhand, throwing ball-underhand, kicking ball,
catching ball, throwing ball-overhand, throwing ball-un-
derhand, kicking ball, catching ball, throwing ball-over-
hand, hitting target-underhand, catching ball, hitting
target-overhand, throwing ball-underhand, hitting target-
overhand, bouncing ball, catching ball, kicking ball,
catching bounced ball
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Stability (27): rotating head, aligning trunk, aligning head-
front, aligning head-back, aligning head, extending head,
aligning head, aligning head, stabilizing trunk, aligning
head, sitting, sitting/reaching, pulling to sit, sitting, sitting
with toy; sitting, raising to sit, sitting up, kneeling, standing
on 1 foot, standing on 1 foot, standing on tiptoes, standing
on 1 foot, standing on tiptoes, standing on 1 foot, imitating
movements, standing on 1 foot.

Fine motor skills (98): grasping reflex, grasping cloth,
releasing rattle-disappearing reflex, grasping rattle, hold-
ing rattle, manipulating rattle, grasping rattle, pulling
string, securing paper, grasping cube, grasping cube,
shaking rattle, shaking rattle, grasping cube, grasping
pellets, manipulating paper, grasping pellets, grasping
pellets, grasping cube, grasping cubes, grasping marker,
grasping marker, unbuttoning button, buttoning button,
grasping marker, touching fingers, tracking rattle, tracking
rattle-side, placing hand, perceiving rattle, regarding hands,
tracking ball-left to right, tracking ball-right to left, track-
ing rattle, extending arms, approaching midline, fingering
hands, bringing hands together, extending arm, retaining
cubes, transferring cube, touching pellet, banging cup,
poking finger, removing pegs, combining cubes, clapping
hands, retaining cubes, manipulating string, removing
pegs, releasing cube, removing socks, placing pellet, plac-
ing cubes, turning pages, stirring spoon, removing pellets
placing cubes, placing pegs, tapping spoon, inserting
shapes, placing pellet, scribbling, building tower, inserting
shapes, building tower, turning pages, inserting shapes,
building tower, imitating vertical strokes, removing top,
building tower, snipping with scissors, imitating horizon-
tal strokes, stringing beads, folding paper, building train,
stringing beads, building tower, building bridge, copying
circle, building wall, cutting paper, lancing string, copying
cross, cutting line, copying cross, dropping pellets, tracing
line, copying square, cutting circle, building steps, connect-
ing dots, cutting square, building pyramid, folding paper,
coloring between lines, folding paper

3to 10  Process USA 12 Locomotor (6): run, gallop, hop, skip, horizontal jump, 15to A score of 1 is given for
g years slide 20 min correct performances, while
- Manipulative (6): two-hand strike of a stationary ball, incorrect ones receive
A on-hand stationary dribble, two-hand catch, kick a sta- a score of 0. The final score
= tionary ball, overhand throw, underhand roll for each item is determined
] .
= by adding the scores from
both performances.
4t06  Product Germany 18 Locomotor (6): carrying balls from box to box, forward 15t0 A score of O (skill not
years jump in a hoop, jumping sideways, jumping in a hoop 20 min mastered) to 2 (skill mas-
on one foot standing on one leg, jumping over a cord, tered) is attributed. The
= jumping and turning in a hoop. scores of all seventeen
o Manipulative (3): catching a dropped stick, throwing tasks are then added and
< a ball to a target, catching a ring their sum constitutes the
: Stability (6): walking forward, walking in backward di- child’s total raw motor
o rection, passing through a hoop, jumping jacks, rolling score, ranging between 0
= around the length axe of the body, standing up holding and 34. A normalized
a ball on the head motor score determined
Fine motor skills (3): making dots on a sheet, grasping for each age.
a tissue with toes, collecting matches
46
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3to 16  Product USA 8 Age band 1: 15to  After applying the tests,

years Locomotor (1): jumping on mats 30 min the gross scores are trans-
(3 age Manipulative (2): catching beanbag, throwing beanbag formed into standard

bands) Stability (2): one-leg balance, walking heels raised scores. These are summed
Fine motor skills (3): posting coins, threading beads, within each skills category
drawing trail to yield the total score for

the motor components.
Age band 2: By aggregating these scores,
Locomotor (1): hopping on mats the standard test score or

§ Manipulative (2): catching with 2 hands, throwing bean- overall result is derived.

~ bag onto mat Both the standard scores

) Stability (2): one-board balance, walking heel to toe forwards and total results are then

ﬁ Fine motor skills (3): placing pegs, threading lace, drawing compared against a per-

= trail centile table, enabling the
ranking of the children’s

Age band 3: motor performance.

Locomotor (1): zigzag hopping

Manipulative (2): catching with one hand, throwing at

wall target

Stability (2): two-board balance, walking toe-to-heel

backwards

Fine motor skills (3): threading beads, drawing trail,

turning pegs

3to 25  Process USA 10 Locomotor (1): standing long jump ~25 min The raw scores for each
years and Stability (2): heel toe walk, one foot stand item are transformed into

= product Fine motor skills (5): breads in box (right and left), scaled scores according to
hul breads on rod (eyes open and closed), finger tapping the participant’s age. The

% (right and left hand), nut and bolt (large and small bolt), overall assessment of motor

< rod slide (right and left hand) skills, known as the Neuro-

= muscular Developmental
Index, is calculated by sum-
ming the ten scaled scores.
6to7  Product Germany 8 MOBAK-1 10to  The score ranges from 0
years Locomotor (2): moving sideways, jumping 12 min to 2 points, with each area
and Manipulative (4): throwing, catching, bouncing, and (object movement and self-
8to9 dribbling movement) allowing a max-

S years Stability (2): balancing, rolling imum of 8 points, leading

= to a total maximum score

% MOBAK-3 of 16 points as a measure

QO:} Locomotor (2): moving variably, rope skipping of motor competence.

= Manipulative (4): throwing, throwing and catching, From this scoring, a cate-

bouncing, dribbling gory for total motor com-
Stability (2): balancing, rolling petence was established,
with 16 points as the
highest possible score.
5t0 83 Product Norway 4 Locomotor (1): figure-8 speed and agility test 10to  Gross scores are converted
years Stability (1): tandem walk balance 12 min into standard scores, which
Fine motor skills (2): duplo™ brick placement speed and are summed within each

_ build a tower as fast as possible skills category to determine

= the total motor component

5 score. This total score,

E along with the standard
scores, is then compared
to a percentile table to
rank the children’s motor
performance.

~ 3t023 Product Portugal 6 Locomotor (2): standing long jump, shuttle run ~10 min Normative percentile

2 years Manipulative (2): ball kicking velocity, ball throwing velocity values considering age

g Stability (2): lateral jumps, shifting platforms and sex.

KTK - Kérperkoordinations Test fiir Kinder, BOT-2 - Bruininks-Oseretsky Test of Motor Proficiency, PDMS-2 - Peabody Developmental

Motor Scales, TGMD-3 - Test of Gross Motor Development, MOT 4-6 — Motoriktest fiir vier- bis sechsjdhrige Kinder, MABC-2 - Movement
Assessment Battery for Children, MAND - McCarron Assessment of Neuromuscular Development, MOBAK - Motorische Basiskompetenzen,
TMC - Test of Motor Competence, MCA - Motor Competence Assessment
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Korperkoordinationtest fiir Kinder (KTK)

The KTK [42] is a shortened version of the Hamm-
Manburger Kérperkoordination Test, originally devel-
oped by Kiphard and Schilling in 1974 [43], which
reduced the number of items from six to four. This as-
sessment tool, developed in Germany, is designed to
evaluate non-sport-specific gross body coordination in
children. Its predictive validity has been supported by
its ability to differentiate between brain-damaged and
typically developing children. Recently, a new version,
the KTK3+ [44], was developed, incorporating manip-
ulative skills. This updated version arose from the hy-
pothesis of reducing the test battery to three tests by
removing the hopping test [45]. The KTK3+ has already
proven its validity and practical applicability [46-48].

The KTK consists of four non-sport-specific sub-
tests that assess gross motor coordination, including
balance, rhythm, laterality, speed and agility, distrib-
uted across the four tasks [49]. The first task, reverse
balancing, requires participants to walk backwards
along three balance beams, with increasing difficulty
as the width of the beams decreases from 6 cm to 4.5 cm,
and then to 3 cm. The second task, moving platforms,
involves participants laterally moving across the floor
for 20 s using two wooden platforms. Participants step
from one platform to another, moving the first platform
in the direction of travel. The third task, hopping for
height, requires participants to hop on one leg over an
increasing number of 5 cm foam blocks, up to a maxi-
mum of 12 blocks. They must begin hopping 1.5 m away
from the blocks, clear them and perform an additional
two hops. The final task, continuous lateral jumping,
requires participants to complete as many sideways
jumps as possible over a wooden slat in 15 s with feet
together.

In the new version (KTK3+), the hopping task was
replaced with an eye-hand coordination test. In this
test, children are required to throw a tennis ball with
one hand at a rectangular target (137 cm high, 152.5 cm
wide, positioned 1 m above the ground) on a flat wall,
from a distance of 1 m, and catch the ball correctly with
the other hand as many times as possible within 30 s.
The highest number of correct catches recorded across
two attempts is used as the raw score.

One of the strengths of the KTK battery is its ease
of application and the minimal time required for ad-
ministration. However, the original version, which is
the most commonly used, primarily assesses stability
and locomotor skills. This limitation has been ad-
dressed in the new version. Nevertheless, both versions
do not include fine motor skills.

48

Bruininks-Oseretsky Test of Motor Proficiency
(BOT-2)

The BOT-2 [44] is derived from the Bruininks-Os-
eretsky Test of Motor Proficiency (BOTMP) [50] and is
specifically designed to identify individuals with mild
to moderate motor coordination deficits. It is recom-
mended for diagnosing motor impairments, conducting
screenings, making placement decisions, developing
and evaluating motor training programs and support-
ing research objectives.

This battery consists of both long and short versions.
The long version includes 53 items divided into eight
subtests:

- Fine motor precision (7 items: filling in shapes -
circle, filling in shapes - star, drawing lines through
crooked paths, drawing lines through curved paths,
connecting dots, folding paper, cutting a circle)

- Fine motor integration (8 items: copying a circle,
a square, overlapping circles, a wavy line, a triangle,
a diamond, a star, overlapping pencils)

- Manual dexterity (5 items: making dots in circles,
transferring pennies, placing pegs into a pegboard,
sorting cards, stringing blocks)

- Bilateral coordination (7 items: touching nose with
index fingers - eyes closed, jumping jacks, jumping in
place — same sides synchronised, jumping in place - op-
posite sides synchronised, pivoting thumbs and index
fingers, tapping feet and fingers — same sides synchro-
nised, tapping feet and fingers - opposite sides synchro-
nised)

- Balance (9 items: standing with feet apart on a line
- eyes open, walking forwards on a line - eyes closed,
walking forwards heel-to-toe on a line, standing on one
leg on a line - eyes closed, standing on one leg on a bal-
ance beam - eyes open, standing heel-to-toe on a bal-
ance beam, standing on one leg on a balance beam -
eyes closed)

- Running speed and agility (5 items: shuttle run,
stepping sideways over a balance beam, one-legged sta-
tionary hop, one-legged side hop, two-legged side hop)

- Upper limb coordination (7 items: dropping and
catching a ball - both hands, dropping and catching
a ball - one hand, catching a tossed ball — both hands,
catching a tossed ball - one hand, dribbling a ball — one
hand, dribbling a ball - alternating hands, throwing
a ball at a target)

Strength (5 items: sit-ups, push-ups, standing long
jump, wall sit, V-up).

The items within each subtest increase in difficulty.
The short version consists of selected items grouped
into specific tests, covering

Human Movement, Vol. 26, No 1, 2025
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- Fine motor precision (drawing lines through crook-
ed paths and folding paper)

- Fine motor integration (copying a square and cop-
ying a star)

- Manual dexterity (transferring pennies)

- Bilateral coordination (jumping in place - same
sides synchronised and tapping feet and fingers — same
sides synchronised)

- Balance (walking forwards on a line and standing
on one leg on a balance beam - eyes open)

- Running speed and agility (one-legged stationary
hop)

- Upper-limb coordination (dropping and catching
a ball - both hands)

Strength (push-ups and sit-ups).

While this battery provides a comprehensive assess-
ment for identifying developmental issues - evaluating
both fine and gross motor skills - it may be excessively
detailed. The distribution of fundamental movement
skills appears unbalanced. Specifically, only one item
is categorised as locomotor, while there are seven ma-
nipulative skills, 14 related to stability and 20 fine
motor skills. Additionally, some movements are more
closely associated with physical fitness. Although MC
and physical fitness are correlated, they are distinct
constructs. The primary aim of the BOT-2 seems to be
clinical rather than solely focused on measuring MC.
The test includes a broad range of skills developed dur-
ing childhood, which aids in identifying delays in typi-
cal developmental trajectories.

Peabody Developmental Motor Scales (PDMS-2)

The PDMS-2 [51] is an updated version of the origi-
nal Peabody Developmental Motor Scales (PDMS), first
published in 1983 [52]. It consists of six subtests: four
assess gross motor skills (reflexes, stationary perfor-
mance, locomotion and object manipulation), while two
focus on fine motor skills (grasping and visual-motor
integration). This battery is designed for children from
birth to six years of age, comparing their performance
to standard developmental trajectories. Additionally,
the PDMS-2 is intended for both assessment and in-
tervention planning for children with disabilities.

As a comprehensive assessment tool, the PDMS-2
evaluates both gross and fine motor abilities. The gross
motor subtests include reflexes (8 items: walking reflex,
positioning reflex, Landau reaction, protective reaction
forwards, protective reaction sideways, protective re-
action backwards, righting reaction forwards and pro-
tective reaction backwards), stationary skills (30 items),
locomotion (89 items) and object manipulation (24 items).

The fine motor subtests include grasping (26 items)
and visual-motor integration (72 items) (see Table 1).
Some tests share names but differ in complexity to target
specific developmental stages. This battery includes 37
normative tables associated with motor development
milestones, allowing it to dynamically reflect changes
in motor abilities across ages. A checklist is used to as-
sess each skill to determine whether it has been fully
acquired, partially acquired or not yet acquired.

The PDMS-2 offers several advantages. It is widely
used internationally, with normative data available
across various populations, enabling the identification
of developmental delays and deviations from typical
motor development. Additionally, the PDMS-2 encom-
passes a broad range of fundamental gross and fine
motor skills. However, administering the full battery
can be time-consuming (45-60 min), particularly for
children with motor difficulties, which may cause fa-
tigue and affect performance. Moreover, trained pro-
fessionals are required to administer the test accurately
and ensure the validity of the results.

Test of Gross Motor Development (TGMD-3)

The TGMD has three versions: the first was devel-
oped in 1985 [53], revised in 2000 [54], and the third
edition was introduced in 2013 [55]. The revisions
primarily focused on the movements assessed, while
maintaining the structure of two branches: locomotor
and object control (manipulative), each consisting of
six movements. In the latest version, locomotor skills
include running, galloping, hopping, skipping, hori-
zontal jumping and sliding. The manipulative skills
assessed are two-hand striking of a stationary ball,
one-hand stationary dribbling, two-hand catching,
kicking a stationary ball, overhand throwing and un-
derhand rolling. Participants perform each skill twice.
It is worth noting that stability skills are absent from
this battery.

This battery of tests is distinguished by its process-
oriented approach, which emphasises the execution of
movements, scored on a scale from 0 to 2. This scoring
system allows for a clear understanding of progres-
sion over time. For each skill, components are marked
as “present” or “absent”. Each skill includes 24 per-
formance criteria, and if a child meets the efficiency
criterion, they receive a score of 1; otherwise, they re-
ceive a score of O for each attempt. Scoring is adjusted
based on the child’s age and sex for each subtest, help-
ing to determine their developmental level, expressed
as a gross motor quotient. This quotient is categorised
into seven levels: very poor, poor, below average, average,
above average, superior and highly superior.
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As a process-oriented battery, its implementation
and evaluation can be extensive. Researchers have at-
tempted to shorten the evaluation time by using video
recordings of the assessed individuals. However, this
approach may require additional time for later assess-
ment. Moreover, recording minors poses ethical chal-
lenges, and evaluators must be highly experienced to
avoid introducing bias into the assessment. On the
positive side, this battery provides a qualitative evalua-
tion of fundamental movements, preventing high scores
that may result solely from greater strength, rather than
improved execution, which could ultimately lead to
increased strength or speed.

Motoriktest fiir Vier-bis Sechsjdhrige Kinder
(MOT 4-6)

The test is based on the Lincoln-Oseretsky Motor
Development Scales (LOMDS) and the KTK, with ad-
aptations made to ensure its suitability for preschool
children. It was developed to identify delays or deficien-
cies in normal motor development [56].

This battery consists of 18 items covering locomo-
tion, stability, object control and fine motor skills. The
items include forward jump in a hoop, walking forward,
making dots on a sheet, grasping a tissue with the toes,
jumping sideways, catching a dropped stick, carrying
balls from box to box, walking backwards, throwing
a ball at a target, collecting matches, passing through
a hoop, jumping in a hoop on one foot, standing on one
leg, catching a ring, performing jumping jacks, jump-
ing over a cord, rolling along the length axis of the body,
standing up while balancing a ball on the head and
jumping and turning in a hoop. No separate normative
data for boys and girls are included, as there are no
significant gender differences in total motor scores.

Although the battery is not balanced in terms of the
number of items (see Table 1), it provides a wide range
of tests across the three categories of fundamental
skills, in addition to fine motor skills. Furthermore, as
a product-oriented battery, it requires relatively little
time for implementation. This enables researchers to
efficiently assess the status of motor development and
identify potential delays or deviations from the typical
developmental trajectory. However, the narrow age tar-
get of this battery may limit its broader applicability.

Movement Assessment Battery for Children
(M-ABC 2)

The M-ABC test is a revision of the Test of Motor
Impairment (TOMI) and is derived from the Oseretsky
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scales for assessing motor capacity in children [57]. The
original version was developed in 1992 [58] and revised
in 2007 [59]. The revised edition [59] introduced quali-
tative observations, which do not impact scoring but
help clarify the difficulties children face when perform-
ing motor tasks. The primary aim of the test is to as-
sess the developmental status of fundamental move-
ment skills, with an emphasis on identifying delays or
deficiencies in motor development [60)].

This battery consists of 32 items, divided into three
age bands. Each band contains 8 individual test items
that measure movement skills across three categories:
manual dexterity, ball skills and balance. Age band 1
includes children aged 3 to 6 years, age band 2 includes
children aged 7 to 10 years, and age band 3 includes
children aged 11 to 16 years. For age band 1, the test
assesses manual dexterity (placing pegs, threading
beads and navigating a bicycle trail), aiming and catch-
ing (throwing and catching with both hands and catch-
ing a beanbag) and balance (balancing on a beam,
heel-to-toe walking and jumping on mats). For age
band 2, the number of tests per category remains the
same: three for manual dexterity (placing pegs, thread-
ing lace and drawing a trail), two for aiming and catch-
ing (catching with two hands and throwing a beanbag
onto a mat) and three for balance (one-board balance,
walking heel-to-toe forwards and hopping on mats).
The final age band includes the same categories and
number of tests per category, but with increased com-
plexity (see Table 1). As a result, locomotor skills are not
included in the MC analysis for any of the age bands.

The M-ABC test has significant advantages, includ-
ing its widespread use in Europe, cross-cultural validity
supported by comparisons with local samples and ease
of administration for large-scale screenings. However,
the reviewed quantitative instruments also show some
weaknesses, such as a limited range of motor tasks,
a focus on coordination issues rather than overall MC,
restricted applicability across age groups and limited
relevance to key sports activities.

McCarron Assessment of Neuromuscular
Development (MAND)

Originally designed as a screening and evaluation
tool for clinicians, educators, allied health profession-
als and researchers, the MAND assesses children aged
3.5 to 18 years [61, 62]. The selection of included tests
was informed by neuropsychological theory [63] and
specific criteria, emphasising that disruptions in gen-
eral or specific brain regions associated with motor
functions can be detected through a series of motor
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tasks. The inclusion of both fine and gross motor tasks
is based on McCarron’s research, which suggests that
deficits in these areas may serve as indicators of neuro-
logical dysfunction.

The MAND is an individually administered, norm-
referenced assessment that includes both quantitative
and qualitative measures. It evaluates five fine motor
skills: (i) breads in a box (right and left hand), (ii) breads
on arod (eyes open and closed), (iii) finger tapping (right
and left hand), (iv) nut and bolt (large and small bolt)
and (v) rod slide (right and left hand); as well as five
gross motor skills: (i) hand strength (right and left
hand), (ii) finger/nose coordination (eyes open and
closed), (iii) standing long jump, (iv) heel-toe walk (for-
wards and backwards) and (v) one-foot stand (eyes
open and closed).

The assessment can be administered to individuals
aged 3.5 to 18, requires minimal space and is suitable
for individuals with disabilities, including wheelchair
users. Importantly, it integrates both qualitative and
quantitative components. However, there are some limi-
tations. The assessment lacks a focus on manipulative
skills, which are crucial for motor coordination, and
many of its tests do not closely resemble familiar activi-
ties or sports for children, which could limit its rele-
vance.

Motorische Basiskompetenzen
(MOBAK-1 and MOBAK-3)

MOBAK [64, 65], which stands for basic motor com-
petencies, is an assessment tool designed to evaluate
the mastery of motor skills in specific contexts. The tool
focuses on outcomes, emphasising the successful ex-
ecution of motor skills to solve predefined problem situ-
ations. Notably, MOBAK distinguishes between basic
motor competencies (MOBAK) and basic motor quali-
fications (MOBAQ) [66]. The former are not directly
observable, whereas the latter are. Basic motor compe-
tencies (MOBAK) represent overall performance dispo-
sitions based on observable bhaviours linked to basic
motor qualifications. Consequently, basic motor quali-
fications (MOBAQ) establish educational standards
expressed as can-do statements (e.g., “can throw”, “can
catch”), which describe students’ performance.

MOBAK-3 is not a newer version of MOBAK-1, but
rather the same test battery adapted for different age
groups. MOBAK-1 is aimed at children aged 6 to 7 years,
while MOBAK-3 targets those aged 8 to 9 years. Both
assessments are similarly structured, divided into “ob-
ject movement” and “self-movement” categories, incor-
porating similar movements with varying levels of com-

plexity. For younger children, the battery includes tests
for throwing, catching, bouncing and dribbling in the
object movement category, and balancing, rolling, jump-
ing and moving sideways in the self-movement cate-
gory. For older children, the tests for the first subgroup
are similar - throwing, catching, bouncing and drib-
bling - while the second subgroup includes balancing,
rolling, rope skipping and variable movement.

Both MOBAK-1 and MOBAK-3 are easy to adminis-
ter and quick to complete. While they assess all three
components of MC - locomotor, manipulative and sta-
bility — there is an imbalance in the distribution of fun-
damental motor skills, particularly in locomotor skills.

Test of Motor Competence (TMC)

Developed in Norway in 2016, the TMC is an assess-
ment battery divided into fine and gross motor tasks
[67]. The fine motor skills component focuses on man-
ual dexterity, while the gross motor tasks assess dy-
namic balance.

The first fine motor task involves a speed test for
placing Duplo™ bricks. Participants are required to
arrange the bricks on a 3 x 6 board as quickly as pos-
sible. Seated at a table, they complete a practice run
before the actual test. The bricks are placed in rows of
three with the active hand, while the other hand sta-
bilises the board. Both hands are evaluated. The second
fine motor task challenges participants to build a tower
using twelve Duplo™ bricks as quickly as possible.
Holding one brick in each hand, participants assemble
the tower in the air without resting their arms on the
table. Timing stops when the last brick is placed. This
task, performed while seated, has been widely used in
motor performance assessments.

The gross motor tasks include the tandem walk bal-
ance test and the figure-8 speed and agility test. The
tandem walk task, adapted from the tandem walking
test, measures dynamic balance. Participants walk
4.5 m along a straight line, placing their heel against
the toes of the opposite foot with each step, as quickly
as possible. The figure-8 test, also adapted from the
original figure-of-eight test, requires participants to
walk or run as quickly as possible in a figure-of-eight
pattern around two marked lines. Line 1 is 1 m from the
starting point, and Line 2 is 5.5 m away. Participants
can choose their direction, and timing stops when they
return to the starting point. All participants are re-
quired to wear appropriate footwear.

This battery is easy and quick to administer and
has the advantage of covering a wide age range, from 5
to 83 years. However, it includes only one test for sta-
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bility and one for locomotor skills, while manipulative
skills are not assessed.

Motor Competence Assessment (MCA)

The MCA was developed to measure MC across the
lifespan [68]. However, normative values are currently
available only for individuals aged 3 to 23 years [69].

The assessment comprises six tests, divided into
three subtests: locomotor, stability and manipulative
(see Table 1). The locomotor category includes the stand-
ing long jump and the 10m shuttle run. The stability
category encompasses lateral jumps and shifting plat-
forms. The manipulative tests assess ball kicking ve-
locity and ball throwing velocity. All normative values
are dependent on age and sex.

This battery is both easy and quick to administer,
making it suitable for use from childhood (3 years of
age) through adulthood (23 years of age), although the
authors intend for it to be applicable across the entire
lifespan. Additionally, there is a balanced number of
tests for each component of fundamental motor skills,
with two tests for each category. However, like other
product-oriented assessments, the MCA focuses solely
on performance and does not account for the quality
of movement.

Discussion

The aim of this review was to discuss why, when
and how we should measure MC in children and ado-
lescents. In summary, it is crucial to include MC assess-
ments from an early age, with physical education classes
providing an important context for these evaluations.
Furthermore, MC assessment is recognised as a valuable
tool for promoting sports participation, particularly
in talent identification. By integrating both contexts,
it is important to emphasise the positive relationship
between MC and health outcomes, which can foster
a lifelong commitment to physical activity for children
and adolescents. Given the wide range of available test
batteries, their selection should align with the evalu-
ator’s goals — whether the focus is on fine motor skills,
gross motor skills or both. Moreover, it is essential to
consider the age of the participants, the materials re-
quired for the assessment and the evaluation of the
three pillars of fundamental movement skills: loco-
motor, stabilising and manipulative skills.

The rationale for assessing MC has been increas-
ingly reinforced by recent studies, which highlight posi-
tive links between MC and health [17-19], as well as its
role in distinguishing athletes and identifying future
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talent [26, 27]. Since the publication of Stodden et al.
[14], which found a positive association between MC
and physical activity, MC has received growing atten-
tion in public health [70]. Their model suggests that in
early childhood, physical activity promotes MC, where-
as in middle and late childhood, MC influences physi-
cal activity. A recent systematic review of longitudinal
analyses examining the link between MC and health
[71] found a strong negative association between weight
status and MC, along with strong positive evidence sup-
porting the path from MC to health-related fitness. The
review also highlighted a bidirectional relationship be-
tween locomotor/coordination skills and fitness. How-
ever, the evidence for a pathway from MC to physical
activity was inconclusive, and no evidence was found
for the reverse. Furthermore, the relationship between
MC and perceived MC lacked sufficient support. These
conclusions were constrained by the cross-sectional
nature of the studies and publication bias, emphasising
the need for more robust longitudinal research that in-
corporates multiple variables and accounts for poten-
tial confounding factors. The connection between health
outcomes has also been extended to encompass cog-
nition and social-emotional behaviour. Hill et al. [18]
proposed a conceptual model to guide research on the
relationship between MC and cognitive and social-
emotional development, emphasising the need to con-
sider contextual and developmental influences. While
many studies have explored this relationship without
clear hypotheses or mechanisms, some evidence sup-
ports the link between MC, executive functions and
academic performance. Future research should focus
on designs that account for moderating factors to en-
hance understanding in this area.

To address the question of when to assess, recent
literature, along with the new test batteries proposed
(TMC and MCA), suggests that assessment should occur
throughout life, in line with the concept of lifelong mo-
tor development [34, 25]. However, it is at younger ages
where this assessment appears to be most important
for early intervention, ensuring that the link to health is
maintained throughout life. In this context, physical
education classes play a key role in both intervention
and assessment [33]. Additionally, the importance of
MC in sports should not be overlooked, as recent pub-
lications on sports talent have identified MC as a dis-
criminative factor for current and future athletes [26,
27]. Therefore, MC should be included in the test bat-
tery for identifying the next generation of elite athletes.

Regarding the origins of each assessment battery, it
is clear that these tools were developed to identify de-
lays or atypical patterns in the motor skill development

Human Movement, Vol. 26, No 1, 2025



HUMAN MOVEMENT

A'F. Silva, Evaluating motor competence in children and youth: a narrative review

of children [72-74]. Notably, while substantial motor
deficits are often diagnosed before the age of two, milder
deficits may not become evident until children reach
preschool or primary school, when they encounter more
complex tasks and are assessed against their peers [75].

An analysis of Table 1 reveals that nearly all assess-
ment batteries prioritise product-oriented measures.
This trend may stem from the relative ease of scoring
product outcomes, as these measures tend to be less
time-intensive and require less specialised training
compared to process-oriented assessments [76]. Pro-
cess-oriented assessments, on the other hand, rely on
specific technical criteria that must be present or absent
during a participant’s movement execution. Qualita-
tive methods allow for a more precise distinction be-
tween different stages of skill development, thus pro-
viding valuable insights to educators regarding specific
skill components that a student may need to practise
[77]. However, scoring process-oriented assessments
often requires additional training, as evaluations can
vary depending on the evaluator’s level of expertise [78].
This raises the question of whether there is an ideal
performance pattern. Traditionally, motor expertise has
been defined as the ability to consistently replicate a spe-
cific movement pattern, thereby enhancing the automa-
ticity of movement and minimising patterns deemed
counterproductive to accurate execution. However, it
is recognised that even elite athletes are unable to re-
produce an identical movement pattern consistently,
despite years of practice [77], demonstrating that ex-
act movement repetition is unachievable.

An analysis of the fundamental movement skills
within the batteries shows that locomotor skills are
included in at least one test across all batteries. Manipu-
lative or object control skills are present in nearly all
assessments, except for the KTK (first version) and
MAND. Stability skills, however, are not clearly ana-
lysed in the TGMD-3, while fine motor skills are incor-
porated in the BOT-2, PDMS-2, MOT 4-6, M-ABC-2,
MAND and TMC. This variability among batteries
seems to reflect the broad range of definitions sur-
rounding the concept of MC and its components, po-
tentially contributing to the lack of a definitive stand-
ard for assessing movement skill development.

Finally, a critical consideration when selecting an
assessment battery is the role of the environment in hu-
man development [35]. Age- and sex-specific norma-
tive values, as well as the validation of assessments for
specific populations, are essential factors for ensuring
relevance and accuracy in different contexts. Recently,
attention has been drawn to this topic, highlighting
challenges related to the validity of traditional assess-
ments of general MC in children, as these assessments

often rely on isolated movement tasks (e.g., running,
jumping, throwing) performed out of context [79].
Moreover, the literature remains unclear on whether
having more tests within the same category truly en-
hances the information we can obtain about a subject’s
MC or whether they are redundant tests that do not add
much value. For instance, the PDMS-2 and BOT-2 bat-
teries include several tests for the same category, and
while noticeable changes occur in the early years of
life — which may justify a greater number of tests (as in
the case of the PDMS-2, which assesses from birth to
6 years old) — there may be overlap in assessing the same
content. Therefore, batteries with 3 to 6 tests that en-
compass fundamental movement skills could be used
to assess gross motor coordination (such as the KTK3+,
MAND, MOBAK-1, MOBAK-3 and MCA), while bat-
teries that assess both fine and gross motor skills would
be preferable, as they are more comprehensive, such as
the MOT 4-6 and M-ABC-2, although all have their
pros and cons.

Future directions

In the future, it will be essential to clarify the con-
cepts related to MC to ensure that the entire scientific
community can communicate using a unified language.
This clarification will help to better understand the va-
lidity of various test batteries, as many are developed
sequentially without critically examining the founda-
tional concepts. Additionally, there is a need to increase
research that employs the same test battery across
identical subjects to identify which assessments are
the most sensitive and determine whether they all meas-
ure the same constructs effectively. Consideration of
the ecological validity of these tests is also important,
as it promotes a connection between the assessments
and the contexts in which they will be applied (e.g.,
country, sports level and specific sporting environ-
ments). Finally, it would be beneficial to advocate for
the functional use of test batteries, not only as tools for
characterisation but also for intervention purposes.

Ethical approval
The conducted research is not related to either hu-
man or animal use.

Informed consent
Informed consent has been obtained from all indi-

viduals included in this study.

Conflict of interest
The authors state no conflict of interest.

53

Human Movement, Vol. 26, No 1, 2025



HUMAN MOVEMENT

A'F. Silva, Evaluating motor competence in children and youth: a narrative review

Disclosure statement
No author has any financial interest or received any
financial benefit from this research.

Funding
This research received no external funding.

References

1]

2]

3]

4]

5]

(6]

7]

54

Robinson LE, Stodden DF, Barnett LM, Lopes VP,
Logan SW, Rodrigues LP, D’Hondt E. Motor com-
petence and its effect on positive developmental
trajectories of health. Sports Med. 2015;45(9):
1273-84; doi: 10.1007/s40279-015-0351-6.
Cattuzzo MT, Henrique RS, Ré AHN, Oliveira IS,
Melo BM, Moura MS, de Aratijo RC, Stodden D.
Motor competence and health related physical fit-
ness in youth: a systematic review. J Sci Med Sport.
2016;19(2):123-9;doi: 10.1016/j,jsams.2014.12.004.
Tahmasebi F, Hatami F, Mohammadi M, Ahma-
di G. Cross-cultural comparison of fundamental
movement skills of children of iranian ethnicities.
Iran J Public Health. 2023;52(11):2459-66; doi:
10.18502/ijph.v52i11.14045

Martins C, Webster EK, Romo-Perez V, Duncan M,
Lemos LF, Staiano A, Okely A, Magistro D, Carle-
varo F, Bardid F, Magno F, Nobre G, Estevan I,
Mota J, Ning K, Robinson LE, Lenoir M, Quan M,
Valentini N, S Dehkordi P, Cross P, Jones R, Hen-
rique RS, Salami S, Chen S, Diao Y, Bandeira PR,
Barnett LM. Sex differences in 3- to 5-year-old
children’s motor competence: a pooled cross-sec-
tional analysis of 6241 children. Scand J Med Sci
Sports. 2024;34(5):¢14651; doi.org/10.1111/sms.
14651.

Li X, Han T, Zou X, Zhang H, Feng W, Wang H,
Shen Y, Zhang L, Fang G4. Long-term high-inten-
sity interval training increases serum neurotrophic
factors in elderly overweight and obese Chinese
adults. Eur J Appl Physiol. 2021;121(10):2773-
85; doi: 10.1007/s00421-021-04746-w.

Ferrari N, Schmitz L, Schmidt N, Mahabir E, Van
de Vondel P, Merz WM, Lehmacher W, Stock S,
Brockmeier K, Ensenauer R, Fehm T, Joisten C.
A lifestyle intervention during pregnancy to reduce
obesity in early childhood: the study protocol of
ADEBAR - a randomised controlled trial. BMC
Sports Sci Med Rehabil. 2020;12:55; doi: 10.1186/
s13102-020-00198-5.

Roh H-T, So W-Y. The effects of aerobic exercise
training on oxidant-antioxidant balance, neuro-
trophic factor levels, and blood-brain barrier func-
tion in obese and non-obese men. J Sport Health

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Sci. 2017;6(4):447-53; doi: 10.1016/j.jshs.2016.
07.006.

Pombo A, Cordovil R, Rodrigues LP, Moreira AC,
Borrego R, Machado M, Costa V, Almeida A, Tava-
res AS, de Sa CC, Luz C. Effect of motor compe-
tence and health-related fitness in the prevention
of metabolic syndrome risk factors. Res Q Exerc
Sport.2024;95(1):110-7; doi: 10.1080/02701367.
2022.2158998.

Cantell M, Crawford SG, Doyle-Baker PK (Tish).
Physical fitness and health indices in children,
adolescents and adults with high or low motor
competence. Hum Mov Sci. 2008;27(2):344-62;
doi: 10.1016/j.humov.2008.02.007.

Flores FS, Soares DP, Willig RM, Reyes AC, Sil-
va AF. Mastering movement: a cross-sectional in-
vestigation of motor competence in children and
adolescents engaged in sports. PLOS ONE. 2024;
19(5):e0304524; doi: 10.1371/journal.pone.030
4524.

Alves D, Clemente FM, Gongalves C, Lagoa MJ,
Silva AF. Analysis of motor competence and physi-
cal fitness in dancers: a pilot study. Hum Mov.
2023;24(2):118-26; doi: 10.5114/hm.2023.126153.
Salin K, Huhtiniemi M, Watt A, Mononen K, Ja-
akkola T. Contrasts in fitness, motor competence
and physical activity among children involved in
single or multiple sports. Biomed Hum Kinet. 2021;
13(1):1-10; doi: 10.2478/bhk-2021-0001.

Lopes V, Barnett L, Rodrigues L. Is there an as-
sociation among actual motor competence, per-
ceived motor competence, physical activity, and
sedentary behavior in preschool children?. J Mot
Learn Dev. 2016;4(2):129-41; doi: 10.1123/jmld.
2015-0012.

Stodden DF, Goodway JD, Langendorfer SJ, Rob-
erton MA, Rudisill ME, Garcia C. A developmental
perspective on the role of motor skill competence
in physical activity: an emergent relationship.
Quest. 2008;60(2):290-306; doi: 10.1080/00336
297.2008.10483582.

Watanabe M, Hikihara Y, Aoyama T, Wakaba-
yashi H, Hanawa S, Omi N, Tanaka S, Lubans DR.
Associations among motor competence, health-
related fitness, and physical activity in children:
a comparison of gold standard and field-based
measures. J Sports Sci. 2024;42(17):1644-50; doi:
10.1080/02640414.2024.2404781.

Lopes L, Povoas S, Mota J, Okely AD, Coelho-e-
Silva MJ, Cliff DP, Lopes VP, Santos R. Flexibility
is associated with motor competence in school-
children. Scand J Med Sci Sports. 2017;27(12):
1806-13; doi: 10.1111/sms.12789.

Human Movement, Vol. 26, No 1, 2025


https://doi.org/10.2478/bhk-2021-0001
https://doi.org/10.1123/jmld.2015-0012
https://doi.org/10.1123/jmld.2015-0012

HUMAN MOVEMENT

A'F. Silva, Evaluating motor competence in children and youth: a narrative review

[17]

[18]

[19]

[20]

[21]

[22]

23]

[24]

[25]

Fairclough SJ, Clifford L, Foweather L, Knowles
ZR, Boddy LM, Ashworth E, Tyler R. Move Well,
Feel good: feasibility and acceptability of a school-
based motor competence intervention to promote
positive mental health. PLOS ONE. 2024;19(6):
€0303033; doi: 10.1371/journal.pone.0303033.
Hill PJ, Mcnarry MA, Mackintosh KA, Murray
MA, Pesce C, Valentini NC, Getchell N, Tompo-
rowski PD, Robinson LE, Barnett LM. The influ-
ence of motor competence on broader aspects of
health: a systematic review of the longitudinal as-
sociations between motor competence and cogni-
tive and social-emotional outcomes. Sports Med.
2024;54(2):375-427; doi: 10.1007/s40279-023-
01939-5.

Pombo A, Cordovil R, Rodrigues LP, Moreira AC,
Borrego R, Machado M, Costa V, Almeida A, Ta-
vares AS, de Sa CC, Luz C. Effect of motor compe-
tence and health-related fitness in the prevention
of metabolic syndrome risk factors. Res Q Exerc
Sport.2024;95(1):110-7; doi: 10.1080/02701367.
2022.2158998.

Lubans DR, Morgan PJ, Cliff DP, Barnett LM,
Okely AD. Fundamental movement skills in chil-
dren and adolescents: review of associated health
benefits. Sports Med. 2010;40(12):1019-35; doi:
10.2165/11536850-000000000-00000.

Payne VG, Issacs LD. Human Motor Development.
9™ ed. Scottsdale: Holcomb Hathaway; 2016; doi:
10.4324/9781315213040.

Whitehead M. Physical literacy: philosophical
considerations in relation to developing a sense of
self, universality and propositional knowledge.
Sport Ethics Philos. 2007;1(3):281-98; doi: 10.1080/
17511320701676916.

Vandorpe B, Vandendriessche JB, Vaeyens R,
Pion J, Lefevre J, Philippaerts RM, Lenoir M. The
value of a non-sport-specific motor test battery in
predicting performance in young female gymnasts.
J Sports Sci. 2012;30(5):497-505; doi: 10.1080/
02640414.2012.654399.

Mostaert M, Pion J, Lenoir M, Vansteenkiste P.
A Retrospective analysis of the national youth
teams in volleyball: were they always faster, taller,
and stronger?. J Strength Cond Res. 2022;36(9):
2615-21; doi: 10.1519/JSC.0000000000003847.
Faber IR, Elferink-Gemser MT, Faber NR, Oos-
terveld FGJ, Nijhuis-Van der Sanden MWG. Can
perceptuo-motor skills assessment outcomes in
young table tennis players (7-11 years) predict fu-
ture competition participation and performance?
An observational prospective study. PLOS ONE.

[26]

[27]

(28]

[29]

[30]

[31]

[32]

33]

[34]

[35]

[36]

[37]

[38]

2016;11(2):e0149037; doi: 10.1371/journal.pone.
0149037.

O’Brien-Smith J, Tribolet R, Smith MR, Bennett
KJM, Fransen J, Pion J, Lenoir M. The use of the
Korperkoordinationstest fiir Kinder in the talent
pathway in youth athletes: a systematic review. J
Sci Med Sport. 2019;22(9):1021-9; doi: 10.1016/
jjsams.2019.05.014.

Marinho B, do Amaral FVV, Luz LGO, Guima-
raes GL, Batista LA, Chagas DV. Generic motor
tests as tools to identify sports talent: a systematic
review. Hum Mov. 2024;25(2):53-63; doi: 10.5114/
hm/188260.

Nordin N, Ibrahim H. Performance of fine motor
accuracy skills and preschool children’s jawi writ-
ing skills. J Sains Sukan Pendidikan Jasmani.
2022;11(Spec Issue):36-45.

Adolph KE. Motor and physical development: lo-
comotion. In: Haith MM, Benson JB. (eds.) Ency-
clopedia of Infant and Early Childhood Devel-
opment. Vol. 3. Elsevier; 2008, pp. 359-73.
Suggate S, Pufke E, Stoeger H. Children’s fine
motor skills in kindergarten predict reading in
grade 1. Early Child Res Q. 2019;47:248-58; doi:
10.1016/j.ecresq.2018.12.015.

Pitchford NJ, Papini C, Outhwaite LA, Gulliford A.
Fine motor skills predict maths ability better than
they predict reading ability in the early primary
school years. Front Psychol. 2016;7:783; doi:
10.3389/fpsyg.2016.00783.

Grissmer D, Grimm KJ, Aiyer SM, Murrah WM,
Steele JS. Fine motor skills and early comprehen-
sion of the world: two new school readiness indi-
cators. Dev Psychol. 2010;46(5):1008-17; doi:
10.1037/a0020104.

Loras H. The Effects of physical education on motor
competence in children and adolescents: a sys-
tematic review and meta-analysis. Sports. 2020;
8(6):88.

Gallahue D, Ozmun J. Understanding Motor De-
velopment. Infants, Children, Adolescents, Adults.
6™ ed. Boston: McGraw-Hill; 2006.

Ozmun JC, Gallahue DL. Motor development. In:
Winnick JP, L Porretta D (eds.). Adapted Physical
Education and Sports. 6™ ed. Champaign: Human
Kinetics; 2016, pp. 375-90.

Haywood K, Getchell N. Life Span Motor Develop-
ment. 8" ed. Champaign: Human Kinetics; 2024.
Balyi I, Way R, Higgs C. Long-Term Athlete De-
velopment. Champaign: Human Kinetics; 2013.
Goodway JD, Ozmun JC, Gallahue DL. Under-
standing Motor Development. Infants, Children,

55

Human Movement, Vol. 26, No 1, 2025


https://doi.org/10.1016/j.ecresq.2018.12.015
https://doi.org/10.1016/j.ecresq.2018.12.015

HUMAN MOVEMENT

A'F. Silva, Evaluating motor competence in children and youth: a narrative review

Adolescents, Adults. Jones and Bartlett Learning;
2021.

[39] TangY, Algurén B, Pelletier C, Naylor PJ, Faulkner
G. Physical Literacy for Communities (PL4C):
physical literacy, physical activity and associa-
tions with wellbeing. BMC Public Health. 2023;
23(1):1266; doi: 10.1186/s12889-023-16050-7.

[40] Whitehead M. Physical Literacy. Throughout the
Lifecourse. Routledge; 2010.

[41] Clark JE, Metcalfe JS. The mountain of motor
development: a metaphor. In: Clark JE, Humphrey
JH (eds.) Motor Development. Research and Re-
views. Reston: NASPE Publications; 2002, pp.
163-90.

[42] Kiphard EJ, Schilling F. KTK Kérperkoordina-
tionstest fiir Kinder. Manual 2. Géttingen: Beltz
Test; 2007.

[43] Kiphard EJ, Shilling F. Kérperkoordinationtest
fiir Kinder. Weinheim: Beltz Test; 1974.

[44] Platvoet S, Faber IR, de Niet M, Kannekens R,
Pion J, Elferink-Gemser MT, Visscher C. Develop-
ment of a tool to assess fundamental movement
skills in applied settings. Front Educ. 2018;3:75;
doi.org/10.3389/feduc.2018.00075.

[45] Novak AR, Bennett KJM, Beavan A, Pion J, Spi-
teri T, Fransen J, Lenoir M. The Applicability of
a short form of the Kérperkoordinationstest fiir
Kinder for measuring motor competence in chil-
dren aged 6 to 11 years. J Mot Learn Dev. 2017;
5(2):227-39; doi: 10.1123/jml1d.2016-0028.

[46] de Niet M, Platvoet SWJ, Hoeboer JJAAM, de
Witte AMH, de Vries SI, Pion J. Agreement be-
tween the KTK3+ test and the athletic skills track
for classifying the fundamental movement skills
proficiency of 6- to 12-year-old children. Front
Educ. 2021;10;6; doi: 10.3389/feduc.2021.571018.

[47] Mardiansyah A, Syafruddin, Bakhtiar S. Assess-
ment of motor competence in Indonesian elemen-
tary school children using the Kérperkoordina-
tionstest Fiir Kinder (KTK3+) (Body coordination
testfor children). J Phys Educ Sport. 2023;23(10):
2632-41; doi: 10.7752/jpes.2023.10301.

[48] Coppens E, Laureys F, Mostaert M, D’Hondt E,
Deconinck FJA, Lenoir M. Validation of a Motor
Competence Assessment Tool for Children and
Adolescents (KTK3+) with normative values for
6- to 19-year-olds. Front Physiol. 2021;12:6529
52; doi: 10.3389/fphys.2021.652952.

[49] De Medeiros P, Zequinao MA, Fronza FC, Dos
Santos JOL, Cardoso FL. I Motor assessment in-
struments and psychometric procedures: a sys-
tematic review. Motricidade. 2017;12(3):64.

56

[50] Bruininks RH. Bruininks Oseretsky Test of Motor
Proficiency. Circle Pines-Minnesota: American
Guidance Service; 1978.

[51] Folio M, Fewell R. Peabody Developmental Motor
Scales. 2" ed. Examiner’s Manual. Austin: Pro-
Ed; 2000.

[52] Folio MR, Fewell RR. Peabody Developmental
Motor Scales and Activity Cards. Allen: DLM;
1983.

[53] Ulrich DA. Test of Gross Motor Development. Aus-
tin: Pro-ED; 1985.

[54] Ulrich DA. Test of Gross Motor Development.
2" ed. Examiner’s manual. Austin: Pro-ED; 2000.

[55] Ulrich DA. The test of gross motor development-3
(TGMD-3): administration, scoring, and interna-
tional norms. In: 19" International Symposium
of Adapted Physical Activity. Istanbul: Spor Bil-
imleri Dergisi; 2013, pp. 27-33.

[56] Zimmer R, Volkamer M. Motoriktest fiir vier-bis
sechsjdrige Kinder. Weinheim: Beltztest; 1987.

[57] Bruininks R, Bruininks B. Bruininks-Oseretsky
Test of Motor Proficiency. 2™ ed. (BOT-2): Manual.
Easel: AGS; 2005.

[58] Burton AW, Miller DE. Movement Skill Assess-
ment. Champaign: Human Kinetics; 1998.

[59] Henderson SE, Sugden DA, Barnett, AL. Move-
ment Assessment Battery for Children. Sidcup:
Therapy Skill Builders; 1992.

[60] Henderson SE, Sugden DA, Barnett AL. Movement
Assessment Battery for Children-2. Movement
ABC-2. Examiner’s Manual. London: Pearson; 2007.

[61] Vallaey M, Vandroemme G. Psychomotor skills in
children [in: Dutch]. Leuven: Acco; 1999.

[62] McCarron LT. MAND: McCarron assessment of
neuromuscular development, fine and gross mo-
tor abilities McCarron-Dial Systems; 1982.

[63] McCarron L. MAND: McCarron Assessment of
Neuromuscular Development, Fine and Gross Mo-
tor Abilities. Dallas: McCarron-Dial Systems Inc.;
1997.

[64] McCarron LT. MAND McCarron Assessment of
Neuromuscular Development. Fine and Gross Mo-
tor Abilitie. Dallas: Common Market Press; 1997.

[65] Herrmann C, Seelig H. MOBAK-3. Basic Motor
Competencies in the 3" Grade. Testmanual. De-
partement fiir Sport, Bewegung und Gesundheit
(DSBG) der Universitit Basel; 2015.

[66] Herrmann C, Seelig H. MOBAK-1. Basic Motor
Competencies in First Grade. Departement fiir
Sport, Bewegung und Gesundheit (DSBG) der Uni-
versitat Basel; 2014.

Human Movement, Vol. 26, No 1, 2025



HUMAN MOVEMENT

A'F. Silva, Evaluating motor competence in children and youth: a narrative review

[67] Kurz D, Fritz T, Tscherpel R. Der MOBAQ-An-
satz als Konzept fiir Mindeststandards fiir den
Sportunterricht? In: Oesterhelt V, Hofmann J,
Schimanski M, Scholz M, Altenberger H (eds.)
Sportpddagogik im Spannungsfeld gesellschaftli-
cher Erwartungen, wissenschaftlicher Anspriiche
und empirischer Befunde. Schriften der Deutschen
Vereinigung fiir Sportwissenschaft, 175. Czwa-
lina; 2008, pp. 97-106.

[68] Sigmundsson H, Loras H, Haga M. Assessment
of motor competence across the life span. Sage
Open. 2016;6(1):1-10; doi: 10.1177/215824401
6633273.

[69] Luz C, Rodrigues LP, Almeida G, Cordovil R. De-
velopment and validation of a model of motor com-
petence in children and adolescents. J Sci Med
Sport. 2016;19(7):568-72; doi: 10.1016/j.jsams.
2015.07.005.

[70] Rodrigues LP, Luz C, Cordovil R, Bezerra P, Sil-
va B, Camoes M, Lima R. Normative values of the
motor competence assessment (MCA) from 3 to
23yearsofage.J SciMed Sport.2019;22(9):1038-
43; doi: 10.1016/j.jsams.2019.05.009.

[71] Clark JE. Pentimento: a 21st century view on the
canvas of motor development. Kinesiol Rev. 2017;
6(3):232-9; doi.org/10.1123/kr.2017-0020.

[72] Barnett LM, Webster EK, Hulteen RM, De Mee-
ster A, Valentini NC, Lenoir M, Pesce C, Getchell N,
Lopes VP, Robinson LE, Brian A, Rodrigues LP.
Through the looking glass: a systematic review
of longitudinal evidence, providing new insight for
motor competence and health. Sports Medicine.
2022;52(4):875-920; doi: 10.1007/s40279-021-
01516-8.

[73] Bardid F, Vannozzi G, Logan SW, Hardy LL, Bar-
nett LM. A hitchhiker’s guide to assessing young

[74]

[75]

[76]

[77]

[78]

[79]

people’s motor competence: deciding what method
to use. J Sci Med Sport. 2019;22(3):311-8; doi:
10.1016/j.jsams.2018.08.007.

Barnett LM, Lai SK, Veldman SLC, Hardy LL,
Cliff DP, Morgan PJ, Zask A, Lubans DR, Shultz SP,
Ridgers ND, Rush E, Brown HL, Okely AD. Cor-
relates of gross motor competence in children and
adolescents: a systematic review and meta-analy-
sis. Sports Med. 2016;46(11):1663-88; doi: 10.1007/
s40279-016-0495-z.

Hulteen RM, Lander NJ, Morgan PJ, Barnett LM,
Robertson SJ, Lubans DR. Validity and reliability
of field-based measures for assessing movement
skill competency in lifelong physical activities:
a systematic review. Sports Med. 2015;45(10):
1443-54; doi: 10.1007/s40279-015-0357-0.
Magalhaes L.C, Cardoso AA, Missiuna C. Activi-
ties and participation in children with develop-
mental coordination disorder: a systematic review.
Res Dev Disabil. 2011;32(4):1309-16; doi: 10.1016/
jridd.2011.01.029.

Hands BP. How can we best measure fundamen-
tal movement skills? In: 23" Biennial National/
International Conference. 2002. Available from:
https://researchonline.nd.edu.au/health_con-
ference/5/ (accessed 06.04.2009).

Luz C, Almeida G, Rodrigues LP, Cordovil R. The
evaluation of motor competence in typically de-
veloping children: an integrative review. J Phys
Educ. 2017;28(1):e2857.

Griffiths A, Toovey R, Morgan PE, Spittle AJ. Psy-
chometric properties of gross motor assessment
tools for children: a systematic review. BMJ Open.
2018;8(10):021734; doi: 10.1136/bmjopen-2018-
021734.

This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-

NoDerivs (CC BY-NC-ND).

57

Human Movement, Vol. 26, No 1, 2025


https://doi.org/10.1123/kr.2017-0020

