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Chapter 1 : Motor Learning and Control: Concepts and Applications
STAGES OF MOTOR LEARNING Provides a useful framework for describing the learning process and for organizing
training strategies. (table). STRATEGIES TO ENHANCE MOTOR LEARNING (table) FEEDBACK INTRINSIC: sensory
information normally acquired during performance of a task.

Subjects Description The Routledge Handbook of Motor Control and Motor Learning is the first book to offer
a comprehensive survey of neurophysiological, behavioural and biomechanical aspects of motor function.
Adopting an integrative approach, it examines the full range of key topics in contemporary human movement
studies, explaining motor behaviour in depth from the molecular level to behavioural consequences. Theories
and models Basic aspects of motor control and learning Motor control and learning in locomotion and posture
Motor control and learning in voluntary actions Challenges in motor control and learning Mastering and
improving motor control may be important in sports, but it becomes even more relevant in rehabilitation and
clinical settings, where the prime aim is to regain motor function. Therefore the book addresses not only basic
and theoretical aspects of motor control and learning but also applied areas like robotics, modelling and
complex human movements. This book is both a definitive subject guide and an important contribution to the
contemporary research agenda. It is therefore important reading for students, scholars and researchers working
in sports and exercise science, kinesiology, physical therapy, medicine and neuroscience. Theories And
Models Chapter 1: Theoretical models of motor control and motor learning - Adrian M. Haith and John W.
What can we learn from animal models - Eric M. Postural control by disturbance estimation and compensation
through long-loop responses - Thomas Mergner Chapter 4: Motor learning explored with myoelectric and
neural interfaces - Andrew Jackson and Kianoush Nazarpour Chapter 5: Biomechanical and neuromechanical
concepts for legged locomotion: Visual activation of short latency reinforcement mechanisms in the basal
ganglia - Nicolas Vautrelle, Mariana Leriche and Peter Redgrave Chapter 7: Neural control of walking Michael J. Adaptive plasticity of gait - Laurent Bouyer, Michael J. Grey and Jens Bo Nielsen Chapter Body
schema, illusions of movement and body perception - Mark Schram Christensen Chapter Limitations and
consequences of the anatomy and physiology of motor pathways Chapter - John C. Rothwell and Jens Bo
Nielsen Challenges in motor control and learning Chapter He is member of the national research council
Switzerland and executive member of the Swiss Society of Sport. He is head of the research group
Copenhagen Neural Control of Movement.
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Chapter 2 : Motor Learning Exam 1 - ProProfs Quiz
The organization and production of movement is a complex problem, so the study of motor control has been approached
from a wide range of disciplines, including psychology, cognitive science, biomechanics and neuroscience. The control
of human movement has been described in many different ways with.

Behavioural approach[ edit ] Structure of practice and contextual interference[ edit ] Contextual interference
was originally defined as "function interference in learning responsible for memory improvement". Although
varied practice may lead to poor performance throughout the acquisition phase, it is important for the
development of the schemata, which is responsible for the assembly and improved retention and transfer of
motor learning. In a review of literature, [3] the authors identify that there were few patterns to explain the
improvements in experiments that use the contextual interference paradigm. Although there were no patterns
in the literature, common areas and limitations that justified interference effects were identified: Most of the
studies supporting interference effect used slow movements that enabled movement adjustments during
movement execution. According to some authors bilateral transfer may be elicited through alternate practice
conditions, as a source of information can develop from both sides of the body. Despite improvements seen in
these studies, interference effects would not be attributed to their improvements, and it would have been a
coincidence of task characteristics and schedule of practice. Procedural manipulations, which vary between
experiments e. Feedback given during practice[ edit ] Feedback is regarded as a critical variable for skill
acquisition and is broadly defined as any kind of sensory information related to a response or movement.
Typical sources of intrinsic feedback include vision , proprioception and audition. Extrinsic feedback is
augmented information provided by an external source, in addition to intrinsic feedback. Extrinsic feedback is
sometimes categorized as knowledge of performance or knowledge of results. Several studies have
manipulated the presentation features of feedback information e. See Figure 4, Figure 6, and summary Table 1
[8] for a detailed explanation of feedback manipulation and knowledge of results see below. Knowledge of
performance[ edit ] Knowledge of performance KP or kinematic feedback refers to information provided to a
performer, indicating the quality or patterning of their movement. KP tends to be distinct from intrinsic
feedback and more useful in real-world tasks. It is a strategy often employed by coaches or rehabilitation
practitioners. Knowledge of results[ edit ] Knowledge of results KR is defined as extrinsic or augmented
information provided to a performer after a response, indicating the success of their actions with regard to an
environmental goal. Experimental design and knowledge of results[ edit ] Often, experimenters fail to separate
the relatively permanent aspect of change in the capability for responding i. In order to account for this,
transfer designs have been created which involve two distinct phases. The column headings may be titled
"Experiment 1" and "Experiment 2" and indicate the conditions you wish to compare. The row headings are
titled "Acquisition" and "Transfer" whereby: The acquisition block 2 columns contains the test conditions in
which some variable is manipulated i. This block represents the transient effects of KR i. When presented with
a no-KR condition, this block represents the persistent effects of KR i. Conversely, if this block is given to
subjects in a format where KR is available, transient and persistent effects of KR are convoluted and it is
argued not interpretable for learning effects. After a rest period, the change in the capability for responding i.
Functional role of knowledge of results and potential confounding of effects[ edit ] KR seems to have many
different roles, some of which can be viewed as temporary or transient i. Three of these roles include: The
motivational influence can increase the effort and interest of the performer in the task as well as maintain this
interest once KR is removed. The associative function of KR is likely to be involved in the formation of
associations between stimulus and response i. For an alternate discussion on how KR may calibrate the motor
system to the outside world see schema theory in motor program. The guidance role of KR is likely the most
influential to learning [1] as both internal and external sources of feedback play a guiding role in performance
of a motor task. As the performer is informed of errors in task performance, the discrepancy can be used to
continually improve performance in following trials. However, the guidance hypothesis postulates that
provision of too much external, augmented feedback e. The learning process, especially for a difficult task,
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results in the creation of a representation of the task where all relevant information pertaining to task
performance is integrated. This representation becomes tightly coupled with increasing experience performing
the task. As a result, removing or adding a significant source of information after a practice period where it
was present or not, does not cause performance to deteriorate. Alternating motor learning and physical practice
can ultimately lead to a great, if not better performance as opposed to just physical practice. Physiological
approach[ edit ] The cerebellum and basal ganglia are critical for motor learning. As a result of the universal
need for properly calibrated movement, it is not surprising that the cerebellum and basal ganglia are widely
conserved across vertebrates from fish to humans. And although this can be a refined process much has been
learned from studies of simple behaviors. These behaviors include eyeblink conditioning , motor learning in
the vestibulo-ocular reflex , and birdsong. Research on Aplysia californica , the sea slug, has yielded detailed
knowledge of the cellular mechanisms of a simple form of learning. A type of motor learning occurs during
operation of a brain-computer interface. Using single-cell recording techniques, Dr. Emilio Bizzi and his
collaborators have shown the behavior of certain cells, known as " memory cells ," can undergo lasting
alteration with practice. Motor learning is also accomplished on the musculoskeletal level. Each motor neuron
in the body innervates one or more muscle cells, and together these cells form what is known as a motor unit.
For a person to perform even the simplest motor task, the activity of thousands of these motor units must be
coordinated. It appears that the body handles this challenge by organizing motor units into modules of units
whose activity is correlated. Common motor learning paradigms include robot arm paradigms, where
individuals are encouraged to resist against a hand held device throughout specific arm movements. Another
important concept to motor learning is the amount practice implemented in an intervention. Studies regarding
the relationship between the amount of training received and the retention of the memory a set amount of time
afterwards have been a popular focus in research. It has been shown that over learning leads to major
improvements in long term retention and little effect on performance. Research that has implemented motor
learning and rehabilitation practice has been used within the stroke population and includes arm ability
training, constraint-induced movement therapy , electromyograph -triggered neuromuscular stimulation,
interactive robot therapy and virtual reality-based rehabilitation. A recent study ischemic conditioning was
delivered via blood pressure cuff inflation and deflation to the arm, to facilitate learning. It showed for the first
time in humans and animals, that ischemic conditioning can enhance motor learning and that the enhancement
is retained over time. The potential benefits of ischemic conditioning extend far beyond stroke to other neuro-,
geriatric, and pediatric rehabilitation populations.
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the ability to regulate or direct the mechanisms essential to movement. A study of motor control includes an investigation
of the role and influence of the CNS over muscles and joints such that coordinated, purposeful, and accurate movement
is elicited.

You want them to grip it and rip it. You want them to look and automatically react. Well, motor learning,
particularly early learning, involves attempts by learners to acquire an idea of the movement Gentile, or
understand the basic pattern of coordination Newell, As a coach I found this simple paradigm to be extremely
helpful for understanding, guiding, and accelerating the motor learning process. Because of its importance, it
is worth examining the three stages and their implications for effective coaching. It would be extremely
difficult for someone to learn a skill without receiving any prior knowledge about the skill, whether that
knowledge is visual or verbal. For example, consider the butterfly stroke in swimming. It is a fairly
complicated and somewhat unnatural stroke in which to syncopate the movement of the arms with the kick of
the legs. It would be difficult indeed for a novice swimmer to learn such a stroke without ever seeing the
stroke performed or ever receiving any declarative knowledge about how the stroke is performed. In other
words, motor learning begins with the cognitive stage and the processing of information. Surely the swimmer
could discover how to roughly perform the stroke, but it probably would take many long hours of trial and
error, experimentation, and some creative problem solving. It is much simpler to learn a skill by first acquiring
information about the skill. The cognitive stage is of great interest to cognitivists because this stage involves
information processing. In this stage, the person is trying to process information in an attempt to cognitively
understand the requirements and parameters of motor movement. Consider several young children taking
beginning golf lessons. They might arrive early for their first golf lesson. Having never seen any golfers in
action, they are excited and eager to see what golf is all about; each child is a mini tabula rasa ready to learn.
They watch the preceding class of golfers and immediately begin collecting visual information. Next, the
instructor explains the golf swing, beginning with the grip of the club and stance. Now they are gathering
verbal information about the sport. Everything begins with the acquisition and cognitive processing of newly
presented information. During this cognitive stage, the beginning athlete ingests information and organizes it
into some meaningful form that will ultimately lead to the creation of a motor program. The cognitive stage is
characterized as having large gains in performance and inconsistent performance. During the cognitive stage it
is important that the learner is provided with the necessary information, guidance, and time to establish sound
fundamentals of movement. Sometimes making errors and taking a constructivist approach to coaching and
learning can be useful see the discussion on schema theory, p. Associative Stage The associative stage is
characterized as much less verbal information, smaller gains in performance, conscious performance,
adjustment making, awkward and disjointed movement, and taking a long time to complete. During this stage
the athlete works at making movement adjustments and stringing together small movement skills. From the
cognitive perspective, the athlete is attempting to translate declarative knowledge into procedural knowledge.
In other words, the athlete is transforming what to do into how to do. No diver in the history of the sport of
diving has ever performed every single dive for perfect 10s in a single competition. There is always room for
improvement. This is true for all sports. For example, a baseball or softball pitcher can improve delivery and
learn new pitches, a pole-vaulter can learn to use a new pole and a new technique, a gymnast can refine a
routine, a basketball player can improve shooting technique, and a swimmer can improve stroke or flip turn
technique. Highly successful athletes and highly effective coaches are always looking for ways to get better.
Consequently, they frequently revisit the cognitive stage and then the associative stage of motor learning.
Revisiting these stages is the relearning process. Professor Yu Fen is one of the top diving coaches in the
world and has produced numerous world and Olympic champions. One of the things I took away from
working with her is the importance of continually revisiting the first and second stages of motor acquisition,
no matter how accomplished an athlete might be. During one of her practices, I observed Olympic gold
medalist Tian Liang practicing on 1-meter springboard virtually the same drill as a beginning athlete on an
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adjacent springboard. The reason for the transfer is that he has hit a plateau. In fact, his level of performance
has begun to decrease. After observing him, you realize that the reason for his lack of progress is that some of
his fundamentals are badly in need of remedial work. Where do you begin with this adopted athlete with a host
of bad habits? Given what you now know about motor acquisition, the best approach is to first explain that if
he wants to improve his performance he will have to make changes, and to make changes means letting go of
old habits and learning new fundamentals by revisiting the three stages cognitive, associative, autonomous of
motor learning. This relearning process means acquiring new information cognitive stage and then going
through the frustrating associative stage. Getting athletes to buy into relearning can be challenging. Why
should I change? Besides, the new movement feels awkward. The verbal information you provide about the
three stages of motor learning as well as the information about the new technique helps them establish or
activate a learning schema p. Next, you work with them on the skill in its simplest form until the skill is
mastered, automatic, and integrated into the movement program. It often requires years of training to arrive at
the autonomous stage. It is the stage where they can now respond and not think or think minimally , where
they can grip it and rip it, look and automatically react, and enter a state of flow. Both good outcomes and bad
outcomes are associated with the autonomous stage. The good is that performance requires much less
attentional and cognitive demand, which thereby frees the performer to engage in secondary tasks, such as the
concert pianist who is able to follow random digits or perform arithmetic while simultaneously playing the
piano Shaffer, , or the quarterback who is capable of surveying the defense and detecting an eminent blitz
while simultaneously calling the signals and changing the play at the line of scrimmage. The bad is that since
less cognitive demand exists during performance, it leaves ample room for irrelevant and distracting thoughts
to sneak into the workshop working memory of the mind. Examples of this occurrence are the elite athletes at
the Olympic trials who get caught thinking about making the Olympic team instead of focusing exclusively on
performance during the last moments of a gymnastics routine, swimming race, or wrestling match. Some
mountain climbing accidents occur as climbers near the top of the mountain. This may be so because those
experienced climbers used some of their available attentional capacity to suddenly begin thinking about
reaching the peakâ€”the outcomeâ€”rather than focusing on what got them to that part of the mountain in the
first placeâ€”the process. The other bad outcome about automatic performance is that it reinforces athletes to
maintain incorrect movements because a certain amount of comfort and reinforcement is associated with
automatic performance, even if it is incorrect. Moreover, as soon as athletes stop thinking about the new
movement during the cognitive and associative stages, they are likely to respond automatically, thereby
reverting to the old and incorrect movement in their performance repertoire. The three stages of motor learning
are summarized in table 6. Applying Motor Learning Stages in Coaching Athletes Provide your athletes with
detailed information in the early stage of learning. If you want your athletes to perform correctly, give them
the correct information. This means that you need to know what you are talking about and you need to be clear
and concise with your instruction. Relearning something is often more difficult than learning it correctly the
first time. This difficulty can lead to frustration and frustration acts like a brick wall between the athlete and
the desired goal movement being learned. Make sure your athletes understand the motor learning stages and
which stage they are at during the relearning process. Continually remind them that if they trust you and stay
committed to the new movement, eventually it will become automatic and integrated into their performance.
The new movement seems awkward now compared to the old movement because they are in the associative
stage, but after enough repetitions the new movement will become smooth, automatic, and, most important,
more effective than the old movement. Some coaches are ineffective at fixing movements. They understand
how to teach it correctly in the beginning, but not how to change fix a bad habit. Understanding cognitive
theory and taking a cognitive teaching approach will help you effectively do both: Teach it correctly the first
time and change a bad habit. Be patient with your athletes during the associative stage. Based on the stages of
learning, we now know that awkward and disjointed movements characterize the associative stage. If you
expect performance to be immediately smooth and flowing, you are going to be disappointed, disillusioned,
and perhaps even somewhat distraughtâ€”and so too are your athletes. It is all part of the learning process.
Remain patient and facilitate learning. Your impatience is likely to make your athletes anxious and impede
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their learning, whereas your patience and confidence will motivate them to persevere during the associative
stage. Stress the importance of positive information in working memory. A goal for you is to get your athletes
to be able to perform automatically. As already mentioned, however, automaticity creates empty space in
working memory, which makes it easier for athletes to unintentionally entertain negative thoughts and
ruminate, which means to repeatedly dwell on negative and unproductive thoughts. For example, some
athletes focus on the outcome of competition and the thought What if I lose? Ruminative thoughts are often
unconscious thoughts that through sheer volume of constant repetition become overwhelming and overtake
working memory. For example, at a major competition some athletes get this blank look on their faces when
their coaches talk to them. Help your athletes keep working memory space filled with the right stuff; teach
them to monitor their thoughts, use thought-stopping statements, redirect their thoughts, engage in positive
self-talk, and answer negative thoughts and images with positive thoughts and images. The above excerpt is
from:
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What is motor development? "The study of the changes in human motor behavior over the lifespan, the processes that
underlie these changes, and the.

Motor learning is a subdiscipline of motor behavior that examines how people acquire motor skills. Motor
learning is a relatively permanent change in the ability to execute a motor skill as a result of practice or
experience. This is in contrast to performance, the act of executing a motor skill that results in a temporary,
nonpermanent change. When an egg is boiled, there is a permanent change in the state of that egg. The egg has
irreversibly transformed into a solid. To conceptualize performance, we could make an analogy to water. This
is not a permanent change, because water will convert back to its original form if temperatures increase again
to above 32 degrees Fahrenheit. The permanent change that results from boiling an egg is analogous to the
permanent change in the ability to perform a motor skill, or motor learning. The change in water resulting
from temperature increases or decreases, on the other hand, is analogous to performance changes because of
its lack of permanency. Recall that motor learning is the process of acquiring the ability to produce skilled
actions. The first characteristic of motor learning is that a process is requiredto induce a change in the ability
to perform skillfully. A process, in regard to acquiring a skill, is a set of events or occurrences resulting in a
change in the state or end product. Dropping temperatures would be the process that causes water to change
form. Drills in sport are processes with the goal of improving the capability to perform skillfully. For instance,
soccer juggling is a common method process to improve ball control in soccer players. A player who tears her
anterior cruciate ligament must undergo months of physical therapy process to rehabilitate her knee and regain
her strength and flexibility. The goal of conducting a process is to increase the strength of this state, be it
altering the temperature to change the state of water, or promoting motor learning through practice drills or
physical therapy sessions. Capability implies that skilled behavior may occur if the conditions are favorable.
There is certainly no question that Jack Nicklaus acquired the capability to play the game of golf. However,
even Nicklaus had his off days, although his off-day skills in golf most likely still far exceeded many, if not
all, of our golf skills. Certain variables can prevent optimal performance even when the capability is attained,
such as external conditions e. The second characteristic of motor learning is that it must occur as a direct result
of practice. Motor learning is not due to maturation or physiological training. A change that occurs as a result
of maturation is a motor development change. For instance, learning to walk is motor development, not motor
learning, because it is a motor skill that all humans acquire; in contrast, learning to shoot a basketball requires
practice and is due to motor learning. The third characteristic of motor learning is that it cannot be observed
directly. It can only be assumed based on long-term performance changes. Motor learning, like love or
success, is a construct. It cannot be seen, but is assumed to have occurred when relatively permanent changes
in the capability of skilled behavior are observed through performance changes. Children and adults who are
occupational or physical therapy patients may notice that they perform better in the therapy setting than they
do at home. To facilitate the transition from the clinic to home and continue the benefits of therapy outside of
the facility, therapists often teach patients activities they can practice at home. For example, school
occupational therapists help children with fine motor delays improve skills such as writing, typing, and
cutting. To continue the improvements when school is not in session or when the therapist is not available, the
therapist should encourage young clients to create art projects that require fine motor control, such as drawing,
cutting, and painting, and to work on their writing or typing as a form of at-home occupational therapy.
Classifications of motor skills are important for both physical educators and health professionals who design
and implement motor skill programs, because certain practice designs are more appropriate for particular skill
classifications. Motor Development Motor development is a subdiscipline of motor behavior that examines the
age-related, successive changes that occur over the life span and the processes and factors that affect these
changes. Changes that occur during a short period that are not associated with practice or experience, such as a
child throwing farther or running faster between the ages of two and three, would likely be due to motor
development. Motor development is assessed according to the product the outcome of performance or the
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process the underlying mechanisms of change. The amount of weight lifted or the distance a javelin is thrown
are examples of movement products, whereas the action that was performed to produce the throw is a
movement process. Motor development, however, is not simply change. Motor development must be
organized and systematic, such as an infant progressing through the motor milestones of raising the head, to
rolling over, to crawling, and then to walking. The changes also need to be successive - that is, they must
occur in an uninterrupted order. Motor development, therefore, is systematic and marked by successive
changes over time. Changes that occur as a result of practice or experience, however, are due to motor
learning, not motor development. For example, if a physical education teacher instructs a student to snap his
wrist in a squash swing as opposed to using a solid-arm swing in the tennis stroke, the resultant change would
be considered motor learning. A therapist teaching alternative ways to lift objects overhead following a
shoulder injury would also be dealing with motor learning rather than motor development. Development can
occur over various time periods, from very long time phylogeny to very brief in response to immediate task
demands. Phylogeny refers to the evolutionary development of a species, which may take many hundreds,
even thousands, of years. Ontogeny refers to development that occurs over the life span of one individual. The
focus throughout this book is on ontogenetic development. A third level is local biology, including
physiological changes such as respiration. Task demands are imposed on an immediate time scale, which can
be as short as minutes or even seconds. Although laypeople often use the terms growth and development
interchangeably, they refer to different things. Physical growth refers to an increase in body size or in
individual parts that occurs through maturation. However, the term growth is more inclusive of overall body
changes, as defined by development. The process of development is not limited to the changes occurring
during infancy and childhood. Development occurs throughout the life span as people continually undergo
cognitive, physical, and psychosocial changes regardless of their age. The term maturation refers to the fixed
transitions or order of progressions that enable a person to progress to higher levels of function. Maturation
includes internal processes that are unaffected by external factors such as the environment. Of course, aspects
of the environment, such as learning experiences, parental influence, and physical surroundings, certainly can
alter the timing of developmental transitions. A child who is given a ball during infancy is much more likely to
be able to catch and throw at an earlier age than a child who is given only a doll. Not receiving a ball does not
prevent the child from learning how to catch and throw, but will delay the development of these skills. Aging
is the progression of life from birth whereby a person matures, and this process continues through physical
decline, ending with death. People are often classified by chronological age see table 1. For instance, one
professional may define a four-year-old as a child, whereas another professional may refer to a four-year-old
as a preschooler. The importance of age classifications becomes even more prominent in the upper continuums
of life, where age classification discrepancies can be as much as 20 years i. However, because the study of
motor development must involve living humans, the research tends to focus more on the behavioral aspects
and so is more aligned with psychology than with biology. The history of the field of motor development has
commonly been divided into four periods:
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study tools.

Perfect practice makes perfect. How Proper Motor Learning Strategies Encourage Skill Development It seems
only logical that, if you want to get good at a particular skill, you have to practice that skill as well as you can,
over and over until you get it. In reality, it is more complex than that, as researcher Richard Schmidt
demonstrated with his Schema Theory of motor learning. These are based on the combined inputs the body
receives from our movement sensory information, muscle actions, sensory changes and outcomes of those
actions, etc. Each time you do a repetition of a certain action, your body gathers feedback so it can make that
particular sequencing work better next time. When you practice a cartwheel, for instance, your brain registers:
Five Strategies to Create a Better Motor Learning Environment for Your Body The biggest challenge with this
approach is knowing how to allow yourself to make mistakes, while staying safe and on track toward your
goals. The key is using strategies that give you room to make errors, while supporting self-awareness of these
errors and the changes that encourage progress. Strategy 1 â€” Delay Feedback Immediate Feedback dancer
watching herself in the mirror vs. On the surface, this particular feedback of your performance â€” the term
Knowledge of Results KR â€” given during or immediately after a skill seems to improve skill performance
better than delayed KR. Immediate Feedback â€” An example of this is watching yourself in the mirror while
practicing rolls. Delayed Feedback â€” For delayed feedback, instead of watching yourself in the mirror, you
can film your practice and watch it later. Why would this be so? In essence, immediate feedback is a crutch
upon you become unknowingly dependent. Wide Bandwidth riding a mountain bike on his own Bandwidth is
a concept related to the feedback concept we just discussed. It refers to how much room for error you allow
yourself in a skills training session. If you give yourself a narrow bandwidth, that means you have a lower
tolerance for error before you give feedback to correct the error. Much like immediate feedback, a narrow
bandwidth means fewer mistakes within the session, and therefore better performance measures immediately
following the skill session. But, just as we saw with delayed feedback, a wide bandwidth leads to better
retention of the skill. A good example of narrow vs. They can use a teaching style that gives the kid a very
limited bandwidth for error, or they can give them a wider bandwidth. Another option is a Strider Bike , which
has no wheels and allows the kid to pedal along the floor with their feet and continually adjust their balancing
as they improve. In this example you can see that there does need to be a balance between too narrow and too
wide of a bandwidth. Strategy 3 â€” Use a Random Practice Arrangement There are different ways to arrange
a skills practice session. The most common arrangement is blocked practice, where you repeat the same drill
over and over for a particular block of time. But this is a temporary boost in performance when compared to a
random practice arrangement, measured over the long term, random practice outperforms blocked practice.
Random practice is where, instead of having one skill you drill over and over, you have multiple tasks and
varied sequencing in your session. We use this practice arrangement in our Vitamin course: Instead of aiming
for mastery of a specific skill by practicing it over and over again, we teach diverse skills with variations of
the particular skills themselves over the course of the program. To see this in action, watch how we use a
variety of locomotive drills to work on hand balancing , rather than just practicing handstands over and over:
Random practice is likely more effective for long term retention of skills because of the novelty of input to the
nervous system. Your body keeps going but your brain takes a break from learning. Going back to the
example of learning how to ride a bicycle: Internal Cueing â€” In this case, your internal cueing could be
contracting your left obliques and pushing your right foot down with your quads, if you feel yourself falling to
the right. This is obviously not something a parent would tell their child to do, but adults can tend to
overanalyze. External Cueing â€” This could be simply trying to get from one point to another. Start here and
get to that side of the park. While you might think an internal focus would create a better motor learning
environment, an external focus is correlated with better skill performance, both short and long term. Just as in
the previous strategies described, an internal focus interferes with motor learning because the information is
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given too early. An interesting study showed that giving a learner instruction on the optimal movement pattern
prior to the performance of a skill led to worse performances in the new movement than providing no
instruction at all! Strategy 5 â€” Break Your Practice into Whole-Part-Whole A common approach to teaching
and learning complex skills is to break the skill down into its simpler components, then drilling those parts of
the movement pattern. The separation of a skill into components no matter how well reasoned tends to
decrease overall performance as compared to practicing the full motor skill. Research should lead us, but not
at the expense of interfering with actually doing the work. So, to take advantage of the benefits of both
approaches, we use the Whole-Part-Whole method. This practice structure will help you eke out the maximal
motor learning from the skill. The tutorial offers you the basics on strengthening and flexibility, as well as
progressions to learn the skill itself. It is difficult, if not impossible, to completely separate a skill from its
attributes strength, flexibility, etc. You can see our approach to those attributes required for a cartwheel in our
tutorial. Delayed Feedback It can be helpful to use a mirror or someone correcting your form in the first
session or two, to help alleviate frustration and for safety, if you have concerns. Instead, video your practice,
then watch the video back after your session is done. You can then use that information for your next session.
One client of ours used this approach for his training with our Elements program, and shared how helpful it
was for him: Recording myself for every session of Elements has been very beneficial. It makes you strive for
perfection. Giving yourself room for more error, especially in the beginning, is a much better approach. This
wider bandwidth approach gives your body more productive information to adjust and refine as you do more
repetitions. The cartwheel is actually a relatively simple skill. You face and move in one direction and the
trick to a good performance is keeping your body in that one line and doing it smoothly and gracefully. So it
can appear that you are doing the same thing over and over again to an observer. The random part of the
practice is then in your intent and your focus in different repetitions. External Cues As mentioned earlier
External Cues are those outside of your body vs. Internal Cues which are within. For example, when you
throw a baseball you can think about where your elbow is as you throw and how much your hip is rotating.
Those are internal cues, whereas thinking of the target of your throw is an external cue. There are a lot of cues
you could pay attention to with the cartwheel. Focus on different cues to randomize your practice. For the
cartwheel there are a variety of external cues to choose from: Where are your fingers pointing when you plant
your hands? Where do your feet land at the end of the cartwheel? Where is your gaze directed throughout the
movement? To create a random practice session, you would go back and forth between the different cues.
Whole-Part-Whole This is probably the most intuitive out of all the strategies. You do the full movement as
best you can for a few repetitions, then practice the components, and then finish with the full movement again.
You can break up the cartwheel pretty simply: The start, where you are standing and put your hands on the
ground. Just do that and then go back to beginning. The middle, where both hands are on the ground. You start
in that position and bring your legs up. And you can plop down any way you want, just make sure you do it
without hurting yourself. Create a Motor Learning Environment for Your Skills Training A dedicated
approach that focuses on optimal form and practice is appropriate for building attributes such as strength or
flexibility. Tap Into a Motor Learning Practice Daily, mindful practice of varied movement patterns is one of
the best ways to continually discover and improve the weak links in your skill set.
Chapter 6 : Routledge Handbook of Motor Control and Motor Learning: 1st Edition (Hardback) - Routledge
Motor learning is a subdiscipline of motor behavior that examines how people acquire motor skills. Motor learning is a
relatively permanent change in the ability to execute a motor skill as a result of practice or experience.

Chapter 7 : Motor Control and Learning - Physiopedia
Incorporates theories of motor control and motor learning. Used with combinations with task-related learning.
Consideration is given to both intrinsic and environmental constraints.
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Chapter 8 : Motor Learning and Development, Second Edition: Motor Learning
9 Theoretical models of motor control and motor learning system has long been recognized. Since the time of Bernstein
(), who dubbed the need.

Chapter 9 : Motor learning - Wikipedia
Motor learning is measured by analyzing performance in three distinct ways: acquisition, retention and transfer of skills.
23 Acquisition is the initial practice or performance of a new skill (or new control aspect of a previously learned motor
skill).
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