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HIGHLIGHTS ABSTRACT
* A relationship between motor development In this study, we review the relationship between motor development and motor learning, and present a new metaphor that
and motor leaming is presented. represents the sequence of motor development, which highlights fundamental motor skills as an important phase in the
* A new metaphor of the sequence of motor process. As one of the most relevant phases of motor development, several studies that analyzed fundamental motor skills
development is proposed. were reviewed in typical developing children as well as in children with disabilities. Most studies revealed motor performance
* Findings of studies that evaluated the levels below expected since proficiency was not observed. We discuss these results considering fundamental motor skills as
performance of fundamental skills are essential for the motor development process. Such results raise the awareness of the need to offer children conditions to
analyzed. explore and experience motor activities in order to enhance motor competence.
+ Fundamental skills are considered essential
o motor development in lifespan. KEYWORDS: Motor Development | Motor learning | Fundamental motor skills
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INTRODUCTION

In this study, we review two important topics of motor development literature: the
relationship between motor development and motor learning and the sequence of motor
development. Our interpretation is that these topics still need further clarification to better
address the motor development phenomenon. Traditionally, motor development is not
discussed along with motor learning, as most of the textbooks present these topics
separately. Even though they are distinct phenomena, they occur simultaneously in
individuals. In light of that, we propose an integrated approach, which considers that motor
skills learning constitutes motor development in the lifespan. In other words, motor learning
is present in almost all phases of motor development.

Regarding the sequence of motor development, it is mainly represented by
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geometric figures (triangle or trapeze), an hourglass, or a mountain. All these metaphors
are inanimate structures, which may be inadequate to represent how complex processes
occurs in living beings. Moreover, we highlight the importance of fundamental motor skills
in the sequence, placing this category of movements as central in the motor development
process. We then present a new metaphor, represented by a living being and suggesting a
new look at the phases of motor development.

As a basis for motor development, the learning of fundamental motor skills is an
important step in order to learn new skills along with the lifespan. Thus, a review of studies
that investigated fundamental motor skills is presented, and several findings have revealed
a low performance of children, which may negatively influence the learning of skills in the
future. We discuss these results with concern, as they indicate that learning new motor
skills may be compromised.

MOTOR DEVELOPMENT AND MOTOR LEARNING

Motor development is understood as changes in motor behavior through lifespan
as well as the processes that underlie these changes.! Definitions in the main textbooks of
Motor Development are based on this simple concept. For example, according to Payne
and Isaacs,? “motor development refers to the changes that occur in our ability to move
and our movement in general as we proceed through the lifespan” (p. 2). In the same way,
Gallahue, Ozmun and Goodway?3 propose motor development as “the continuous changes
in motor behavior throughout the lifespan, due to the interaction between motor task
requirement, the individual biology, and the environment conditions” (p. 21). Still, “motor
development refers to the continuous, age-related process of change in movement as well
as the interacting constraints (or factors) in the individual, environment, and task that drive
these changes” (p. 36).4 Thus, the definition of motor development seems to be
established, as all textbooks presented similar notions to this phenomenon.

However, it was not found definitions of motor development that mention other
related processes of motor behavior, such as motor learning. In fact, motor development is
different from motor learning, although both are changes in motor behavior. We might
differ motor learning from motor development according to two main aspects. Firstly, the
time scale needed to promote changes. In motor learning, changes are already seen in
minutes, hours, or days while in motor development changes spend months, years, or
decades. Second, the main factor that drives changes. In motor learning, we consider the
practice as this main factor while motor development changes occur due to time.

Regarding the time scale, even complex tasks are learned in a relatively short time.

For example, how long does it take to learn to drive a car? Well, the answer depends on
the learner characteristics, obviously, but we might speculate that between 48 and 96
hours of practice would be enough to observe changes that enable the learner to pass on
specific exams. This time spent in practice would represent two to four days, which is little
when compared with the entire lifespan. On the other hand, motor development deals with
ontogenetic time, which involves all periods of human life. These periods are divided
according to an approximated age, and named as infancy, childhood, adolescence,
adulthood, senescence. Thus, the movements and skills predominant in each period of life
are then grouped and categorized. Motor development deals more with these categories
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than with individual skills or movements. In other words, this categorization allows us to
identify which motor skills would be taught at each age.

The second factor is practice, which is very important in motor learning. In order to
learn any skill, we have to practice it. Whether we want to play the guitar, skateboard or
juggle, we need to practice in a class with a teacher, a coach, or even alone. This rule may
be also extended to the skills that a child learns early in life, as crawling, walking, running,
and so on. All skills are learned, that is, they certainly pass for a motor learning process.
Practice is also present in motor development. Some theoretical conceptions suggest that
genetic aspects are the main aspect that results in development. On the other hand, recent
conception proposes that genetic aspects interact with the environmental conditions, which
include family education, social relations, culture, as well as practice and motor experience,
among others.5

Again, motor development is understood as changes in motor behavior through
lifespan.! Following this concept, motor learning is a process that promotes changes in
motor behavior and it occurs, obviously, in the lifespan. In other words, motor learning is
included in the motor development spectrum. As all skills are learned, the motor skill will
integrate a repertoire of skills of each person, which composes the motor history of that
person, that is, motor development. Thus, motor development can be seen as an
ensemble of all movements and skills that human being included in motor history. Even in
this view, a motor development sequence can be seen, in which categories are presented
according to the periods of life.

SEQUENCE OF MOTOR DEVELOPMENT

The sequence of motor development has been described for a long time and it
relies on a hierarchical principle, in which new skills are learned based on the previous
ones.? ¢ First movements observed in human motor behavior are reflex and spontaneous
movements.8 Reflex movements are involuntary, they need a stimulus to be performed,

and they are stereotyped, that is, they are always executed in the same way.3. 8
On the other hand, spontaneous movements do not need a stimulus, but they are
performed without an apparent goal, for example, kicks and arms swing.8 As for the skills,
they are voluntary and directed to a specific goal, and are observed early in life, in the first
year of life. In this phase, the children start to explore the environment around them not
only with hands or legs but with the entire body. As maturation occurs, the nervous system
improves its control over muscles, and the children are able to stabilize their bodies and
free their hands to reach, grasp and manipulate objects.2 As balance improves, children
assume other postures with autonomy, such as sitting or standing, in addition to becoming
able to move through rolling, crawling, creeping, and walking.2347 Reflexes, spontaneous
movements, and the first voluntary skills are predominant until two years, approximately.
We named this phase Reflex Movements and Exploratory Skills.

In the sequence, children start to experience different motor skills, trying new
movements and possibilities, which leads to an increased motor repertoire. For instance,
children start to run based on their walking experience, and similarly, they start to gallop
and to skip based on their running experience and so on. This new phase is called
Fundamental Skills. As the name suggests, fundamental motor skills are considered basic
for all skills that will be learned in the lifespan. They are defined as building blocks of more
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advanced and complex motor skills.38 More specifically, they may be understood as “the
most representative or salient skills that, if mastered, will give children the best possible
chance to successfully and persistently participate in a range of health-enhancing physical
activities” (p. 220).9

The fundamental motor skills phase comprises locomotor, manipulative, and
stability skills,® and children would present proficiency in performing these skills, as well as
their combination. In other words, at the beginning of this phase, skills performance is
disorganized, with low accuracy and rhythmic fluency. As practice occurs, children may
present an organized, economical, fluent, and accurate behavior in these skills.3. ¢ After
presenting proficiency, what is expected to happen until seven years, approximately,® the
fundamental motor skills will be combined or modified in order to be used in the future. For
example, specific situations might require combining or adapting fundamental skills, as
they will not always be performed according to the proficient pattern.® It is suggested that
the combination occurs between seven and ten year.? In our proposal, the fundamental
skills phase includes not only the period in which skills are learned and refined but also the
period of their combination.

The last phase is called Specialized skills, which comprises complex and detailed
skills commonly seen in sports, dance, martial arts, some professions, manual skills, and
music (e.g., playing a musical instrument). In some way, every skill that is available to
learn and presents some specific goals to be reached might be considered a specialized
skill. These skills are influenced by rules, tradition, education, culture, and so on. Among

several specialized skills, a person would dedicate to a reduced number of these skills, e.g.

when someone chooses a specific sport to practice. With practice, such skills tend to be
refined and improved until an expert performance would be achieved.'0 In this case, these
specialized skills would present a skilled level of performance, while the other specialized
skills would present a proficient performance.!!

As we are presenting our interpretation of the sequence of motor development, we
will also propose a new metaphor that may illustrate its different phases. We suggest the
Rose Metaphor.

Petals: Specialized
skills.

Calyxjnd Sepals: Fundamental
skills.

Peduncle: Reflex movements
and exploratory skills.

Figure 1. Sequence of motor development — Rose metaphor
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Different from all other metaphors, in nature, it is possible to see a narrower basis
than the structure that it supports. In a rose, the peduncle is the basis of the flower, which
includes other structures that are responsible for some functions, such as reproduction.'2
Thus, the peduncle represents the Reflex movement and exploratory skills phase, which
do not contain many movements. Distinct from previous metaphors, in which the basis is
wider than the other phases, in a rose, the basis is narrower than the other phases,
reflecting a smaller number of movements than the skills observed in subsequent phases.
Above the peduncle, there are the calyx and sepals. In fact, a calyx is a group of sepals,
whose main role is the protection of the flower bud, which is important to allow the growth
of petals.'? In other words, the calyx and the sepals are essential to the development of
petals, as in motor development, in which fundamental motor skills support the
development of specialized skills. The petals are the most prominent part of the flower and
represent specialized skills. But, some petals are bigger than others, some petals are
different from others, which means that not all specialized skills present the same level of
performance.

Another difference from this metaphor of the sequence of motor development to
all other metaphors is that a rose is a living being. Compared to a triangle, a trapezium, an
hourglass, or a mountain, a living being allows a better illustration of a process that occurs
in another living being. A rose is born, grows, becomes mature, and withers in its lifespan.
A rose follows a developmental sequence similar to that of a human being. In a mature
period and the senescence, the performance of specialized skills may deteriorate, and
some adaptation may be necessary, changing the motor pattern of the skill, for example. In
the rose metaphor, this is illustrated by the petals’ withering.

FUNDAMENTAL MOTOR SKILLS

After presenting the proposal of the Rose metaphor, we would like to highlight de
importance of fundamental motor skills to the development of specialized skills. As we
have presented, fundamental motor skills are considered the basis for the specialized skills
learning®13 as well as to the physical activity in adolescence'4'5 and in adulthood®. On
one hand, some specialized skills result from the combination of fundamental motor skills,
such as the polka type chassé, which is a combination of gallop and skipskills.!” On the
other hand, some specialized skills are derivation from some fundamental motor skills,
such as kicking a ball in a football game, which is a specialized skill based on the kick
skills performed by a child (fundamental skill).3 We can also speculate a third reason, in
which a vast repertoire of fundamental motor skills may help to learn some specialized
skille. However, this still is a hypothesis that must be tested. The transition from
fundamental motor skills to specialized skills needs to be more studied, as the factors that
allow this change are not all known.

As we have previously emphasized, fundamental motor skills are conceived as a
basis for specialized skills learning. This notion suggests a hierarchy, in which the skills
learned before support the subsequent skills. Some factors that have been cited in this
process are age, similarity, proficiency, and practice.36- Age is related to the time of
maturation and experience. However, it is important to highlight that age is not the main
factor, as we can see children with the same age and distinct levels of motor development.
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Likewise, it is possible to see children of different ages with the same level of motor
development.® Even though the age may influence the transition to specialized skills, it is
not the most important factor. Similarity is understood as the relationship between the
movement patterns of the components of fundamental motor skills and specialized skills.
The closer the components, the more similar are the skills. In other words, some
fundamental motor skills present similar components to the specialized skills, which may
facilitate this transition.36

Proficiency, which has been proposed as a factor, is the mechanically efficient,
coordinated, and controlled performance.3 The degrees of freedom are organized and the
skill performance is fluent. A proficient fundamental skill is ready to adapt or combine in
order to reach the goals of the specialized skill. For example, proficient throwing was
important to the performance of volleyball serve,'® javelin throwing, and clear do
badminton.'® Although proficiency may be a factor that contributes to the transition to
specialized skills, “...the novel task can be accomplished with various degrees of
proficiency, thus permitting the learner to move on even though the task is not performed
well” (p. 320).20 Therefore, is possible to learn a specialized skill without a proficient
fundamental motor skill. In this case, the practice may be preponderant. Practice can be
seen as free experimentation or systematic practice. The latter has been considered more
efficient than the former.2'.22 Nevertheless, even if practice leads to learning, its effects are
greater when the fundamental motor skills are proficient.23.24

One more time, as we have stated, fundamental motor skills are important to
motor development, however children around the world have not presented the expected
proficiency in such skills. Studies in different countries and regions have found that
children between three and ten years are not reaching proficiency in fundamental motor
skills.25-35 More specifically, until five years, children present an expected behavior, but
from six to ten years, children did not reach proficiency, and they seem to be delayed in
motor development.30:34.35 Moreover, other studies suggest the lower performance of girls
in relation to boys.33.36-40

With regard to children with disabilities (atypical developing children), we analyzed
studies that investigated the fundamental motor skills level of children with a physical
disability (as cerebral palsy), intellectual disability, sensory disabilities (visual impairment
and auditory impairment), and neurodevelopment disorders (autism spectrum disorder —
ASD, attention deficit and hyperactivity disorder — ADHD, developmental coordination
disorder — DCD). In physical disability children, some studies have found worse motor
performance than typical developing children 4142 and positive effects of motor intervention
programs.#344 Children with intellectual disability have presented worse performance than
typically developing children,*47 with better performance to children that attended
interventions,*” as well as better performance of children with mild level than moderate or
severe levels of disability.48-50

Children with autism spectrum disorder presented fundamental skills performance
below average due to poor communicative skills,5'5253 or to a sensorial dysregulation
specific to this disorder.5 Children with attention deficit and hyperactivity disorder also
presented scores below expected in fundamental motor skills.%55%¢ The developmental
coordination disorder presents a prevalence of 6% of the population and is characterized
by clumsiness and marked impairment in the development of motor coordination.57-5
Studies have shown that children with DCD did not reach proficiency in fundamental
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skills.8081 Sensory disabilities also lead to poor performance in fundamental motor skills, in
visual impairment,6263 as well as in hearing impairment.64

CONCLUSIONS

In this short review, we wanted to debate some topics that seem to be unsettled,
such as the relationship between motor development and motor learning, the metaphor
that represents the sequence of motor development, and the role of fundamental motor
skills on motor learning. Motor development is composed of several moments of motor
skills learning throughout life. As new motor skills are learned, the motor repertoire
increases, which amplifies the extent of motor development. In order to represent this
process, we proposed the rose metaphor, based on a living being, where the basis is
thinner but strong enough to support the other phases. Moreover, a central phase is
emphasized, in which fundamental motor skills provide all the support for the specialized
skills to be learned. Then, the focus on fundamental motor skills is an important agenda in
motor development research.

In general, children have not shown the expected proficiency in fundamental skills,
both in typically developing children and in children with disabilities. The aforementioned
findings raise an important issue since children seem to be delayed in the development of
fundamental skills. This subject deserves attention, as problems in the children's motor
development may be related to the changes in social and economic structures of society,
due to urbanization processes, technological innovations, and modernization, as well as
changes in the daily habits of the modern man.® It is important to emphasize that the
motor development process is a result of the interaction between genetic characteristics
and environmental and cultural influences that surround the individual, as the human being
is embedded in a socio-cultural context.>66-69

Therefore, the results of the presented studies reveal a concern for professionals
who work with children, as they indicate a problem in the motor development process. As
children in the present time did not develop as expected, and urbanization processes and
technological innovations may influence their motor performance, it is important to offer
them adequate stimulation in order to reach proficiency in fundamental skills. This is
particularly crucial considering that these skills are essential to the learning of subsequent
skills. It is important to highlight that fundamental skills constitute the basis not only for
specialized skills learning346 but also for adolescent and adult behavior related to physical
activity and health benefits.'4-16 Moreover, we suggest in this study that fundamental skills
are the basis for motor learning after childhood.

As we have proposed, fundamental motor skills are considered one of the most
important phases of motor development, as they are the foundation for all specialized skills
that will be learned and performed in lifespan. As a matter of fact, a recent study has
shown interesting data confirming this statement.”0 Children should have the opportunity to
learn and refine fundamental motor skills, because, as we have seen, in current days
these skills are not proficient, since the studies have shown performances below expected.
It is important to make efforts so that children have the opportunity to practice and perform
fundamental skills. Some actions have been presented as effective for a better
performance of fundamental skills, such as physical education classes taught by
specialized teachers,”! sports practice,34 the school context,’2 and motor interventions.”3.74
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However, the importance of fundamental motor skills and motor experiences in childhood
still do not have the necessary appreciation from society, parents, and professionals who
work directly with children. We expect that this scenario may change as soon as possible,
in order to favor the next generation of children to have the optimal conditions for motor
development.
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