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INTRODUCTION

Motor Learning and human performance involves oigdion of

experience and analysis of theoretical structureman’s movement
pattern with emphasis on psychological correlatesuzch education.
Other aspects of the course include factors rgdtrthe acquisition and
performance of motor skills etc. should be discdsse

COURSE COMPETENCIES

This course aims at providing you with relevanomfation on motor
learning and human performance.

COURSE OBJECTIVES
By the end of this course, you will be able to:

e discuss the meaning of learning theories

e state the muscular system of human body

e mention the major application of motor learning ahdman
performance

e describe the measures of mortality statistics

0] The concepts of Motor Skill

(i)  Groups of Motor Skills

(i)  Factors that Influence Motor Skill Learning.

WORKING THROUGH THIS COURSE

You need to read this course materials, each uttitgpod understanding
you should be able to execute the self-assessmrertiges in each of the
units very correctly.

STUDY UNITS

There are 9 study units in this course divided itonodules. The
modules and units are presented as follows:

Module 1

Unit 1 Motor Skill
Unit 2 Group Motor Skills
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Module 2

Unit 1 Motor Development

Unit 2 Psychological Factors

Module 3

Unit 1 Motor Control

Unit 2 Theories of Motor Control

Unit 3 Motor Programs and Central Pattern Genesato
Module 4

Unit 1 Kinaesthesia

Unit 2 Skin and Sensory Function

REFERENCES AND FURTHER READING

Adams J. A. (1971). A Closed-Loop Theory of Motaacning. J Mot
Behavior.

Breedlove S. M, et al. (2010). Biological Psychgiogn Introduction to
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Associates Inc., Sunderland, MA, USA.

Hallgato E, et al. (2012). The Differential Condation of
Perceptual and Motor Learning in Skill Acquisitio@ortex. In
Press.

Kantak S. S, &Winstein C. J. (2012). Learning-Perfance Distinction
and Memory Processes for Motor Skills: A Focuseti&e and
Perspective. Behave Brain Res 228: 219-231.

Keele S. W. (1968). Movement Control in Skilled MioPerformance.
Psychol Bull 70: 387-403.

Kimble G. A. (1961). Hilgard and Marquis Conditiagi and Learning.
Appleton-Century- Crofts, Inc, New York.

Schmidt R. A. (1975). A Schema Theory of Discretetdd Skill
Learning. Psychol Rev.

Squire L. R. (1987). Memory and Brain. New York:f@nd University
Press.

Squire L. R. & Wixted J. T. (2011). The Cognitiveeldoscience of
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Human Memory since H.M. Annu Rev Neurosci.
Whiting H. A. (1975). Concepts in Skill Learningejus Book, London.
PRESENTATION SCHEDULE

The presentation schedule gives you the importatasdfor completion
of your computer-based tests, participation in ferdiscussions and
participation at facilitation. Remember, you are gobmit all your

assignments at the appropriate time. You shouldegagainst delays in
submitting your computer-based tests.

ASSESSMENT

There are two main forms of assessments in thisseothat will be
scored: The Continuous Assessment and the FinainiBetion. The
continuous assessment shall be in three foldere will be three
Computer Based Assessments. The computer-based assessments will

be given in accordance to university academic calendar. The timing
must be strictly adhered to. The Computer Based Assessments shall be
scored a maximum of 10% each. Therefore, the maximsuore for
continuous assessment shall be 30% which shall fuarh of the final
grade.

The final examination for KHE335 will be maximumtwfo hours and it
takes 70 per cent of the total course grade. Thenaation will consist
of 70 multiple choice questions that reflect cogritreasoning.

FINAL EXAMINATION AND GRADING

The final examination in this course carries 70%uYare expected to sit
for this final examination in your various Studyr@es.

HOW TO GET THE MOST FROM THE COURSE

To get the most in this course, you need to haperaonal laptop and
internet facility. This will give you adequate ophmity to learn
anywhere you are in the world. Use the Ojectiveguide your self-study
in the course. At the end of every unit, examinarrgelf with the
objectives and see if you have achieved what yed ne achieve.

Carefully work through each unit and make your sot®in the online
real time facilitation as scheduled. Where you susshe scheduled
online real time facilitation, go through the reded facilitation session
at your on free time. Each real time facilitatiogssion will be video
recorded and posted on the platform.

Vi
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In addition to the real time facilitation, watchetlvideo and audio
recorded summary in each unit. The video/audio sar@s are directed
to salient part in each unit. You can access ttdtoaand videos by
clicking on the links in the text or through theucge page.

FACILITATION

You will receive online facilitation. The facilitan is learner centered.
The mode of facilitation shall be asynchronous syrtthronous. For the
asynchronous facilitation, your facilitator will:

Present the theme for the week;

Direct and summarise forum discussions;

Coordinate activities in the platform;

Score and grade activities when need be;

Upload scores into the university recommended qiatf

Support you to learn. In this regard personal nrady be sent;

Send you videos and audio lectures; and podcast.

For the synchronous:

There will be eight hours of online real time canta the course.

This will be through video conferencing in the laag

management system. The eight hours shall be ohooe€ontact

for eight times.

o At the end of each one-hour video conferencingyttieo will be
uploaded for view at your pace.

. The facilitator will concentrate on main themed s$tadents must-
learn in the course.

o The facilitator is to present the online real tisndeo facilitation
time table at the beginning of the course.

o The facilitator will take you through the coursddguin the first

lecture at the start date of facilitation.

Do not hesitate to contact your facilitator. Comtgaur facilitator if you:

. Do not understand any part of the study units erasignment.

o Have difficulty with the self-assessment exercises

o Have a question or problem with an assignment dh wour
tutor's comments on an assignment.

o Also, use the contact provided for technical suppor

o Read all the comments and notes of your facilitagpecially on

your assignments: participate in the forums andusisions. This
gives you opportunity to socialize with others e forogramme.
You can raise any problem encountered during yimatys To gain
the maximum benefit from course facilitation, prepa list of

vii
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viii

guestions before the discussion session. You &alif a lot from
participating actively in the discussions.

Finally, respond to the questionnaire. This willhéhe university
to know your areas of challenges and how to improvéhem for
the review of the course materials and lectures.



MAIN

COURSE
CONTENTS
Module 1 o,
Unit 1 Motor Skill......................
Unit 2 Group Motor SKills................oooeeen .
Module 2 ..o,
Unit 1 Motor Development................oooene.
Unit 2 Psychological Factors.......
Module 3 o,
Unit 1 Motor Control..................
Unit 2 Theories of Motor Control..
Unit 3 Motor Programs and
Central Pattern Generators
Module 4 ..,
Unit 1 Kinaesthesia...................
Unit 2 Skin and Sensory Function

11

11
16

25

25
37

a7

68




KHE 335 MODULE 1

MODULE 1
Unit 1 Motor Skill
Unit 2 Group Motor Skills

UNIT 1 MOTOR SKILL
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Definition of Motor Skill
3.2 Factors that influence Motor SKill
3.2.1 Environmental Factors
3.2.2 Cultural Factors
3.2.3 Social Factors
4.0 Conclusion
5.0 Summary
6.0  Tutor — Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

A motor skill is learned ability to cause a predet®ed movement
outcome with maximum certainty. Motor learning isedatingtimely)
permanent change in the ability to perform a sslla result of practice
or experience. (source). Performance is an actexdging a motor skill.
The goal of motor skill is to optimize the ability perform the skills at
the rate of success, precession and to reducengrgye consumption
required for performance. Continuous practice gpacific motor skill
will result in a greatly improved performance, lnat all movement are
motor skill (Wikipedia. Com 2019).

2.0 OBJECTIVES
At the end of the lesson the students will be &blearned the following:

o The concepts of Motor Skill.
° Factors that influence motor skill
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3.0 MAIN CONTENT
3.1 Definition of Motor Skill

A motor skill is learned ability to cause a predet@ed movement
outcome with maximum certainty. Motor learning iekting permanent
change in the ability to perform a skill as a résfipractice or experience.
Motor skill learning has been defined as a setnbérnal processes
associated with practice or experience leadingetatively permanent
changes in the ability for skilled behavior. in ettwords, motor skill
learning is when complex processes in the brainurogt response to
practice or experience of a certain skill resultimghange in the central
nervous system that allow for production of new onakill. Wikipedia.
Com (2019) define motor skill learning as a learabdity to cause a
predetermined movement outcome with maximum cegtaMotor skill
learning is the relatively permanent change iretbiéty to perform a skill
as a result of practice or experience performascanaact of executing
motor skKill.

According to James C. Houck (2018) motor skill feag is a variety of
motor skill occur in various forms of movement: womplay, sport,
communication, dance and so on. The theoretical apeérational
emphasis of this field parallel to those in sub donof learning, and
cognitive skill not mutually exclusive and in paecause of anatomical
advances that show the underlying modular architeatf the brain.

1

Records identified through Additional records identified
database searching (n=1848) through other sources (n=293)

) I

Records after duplicates removed
(n=1169)

l Records excluded (7=569)
Records screened Full-text articles excluded
(n=1169) (n=272)
- Not muscle tone (n=155)}
l - No assessment details (n=47)
- No full text (n=38)

Full-text articles assessed for - Not English (n=24)
paper eligibility (n=600) - Not original data (n=8)

Identification

[

]

Screening

[

Articles excluded due to
ineligible assessments

)

(n=59, 44 assessments)
Studies assessed for assessment - Laboratory assessment
(=328, :gg;:ﬂsgsmem) (n=27, 13 assessmonts)
- No psychometric properties
(n=14, 12 assessments)
i - Insufficient assessment details
(n=8, 10 assessments)

Eligibility

Studies that include eligible - Evaluation as

— assessment presencefabsence of abnormal
(n=269, 21 assessments) tone (n=8, 7 assessments)

- Non-specialized to tone

(n=2, 2 assessments)

Articles excluded due to no
psychometric properties
Studies included in quality (h=172)
assessment
(n=97, 21 assessments)

k.

Included

www. Musclestone. Hty. Gh. 2021.
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o Gender: By gender we mean sex both boys and girls, gepldgr
important role in developing motor skill. Boys hawere advance
motor skill than girls because there are typicathpng and more
aggressive while girls have advance eye and hand to
coordination’s, they have low central of grawthich make them
in both fine gross motor skills.

3.2 Factors that influence Motor Skill

Sharon Boiling (2017) states that, many factorsaotp the rate at which
children develop motor skills: Environmental, cudtuand social factors
all play a role, while there are genetic aspectotsider when evaluating
gross and fine motor skills, most researchers afgetenon genetic factors
have an equal effect.

3.2.1 Environmental Factors

A child's living conditions, level of parental invement and educational
experiences all affect motor skill development, &cing to a 2009
article for the "early children education journditled "environmental
factors affecting pre-schoolers motor developmpatént and caregivers
influence the level at which a child develop maoskills. The articles
explain that higher socioeconomic status and exejpositively correlate
with more advance motor developmemnirce. Parent and caregivers who
provide consistent opportunities for active plagairages the growth of
motor skill in a child's environments at home ahdchools.

3.2.2 Cultural Factors

A child's culture directly influences the rate degtel of motor skills
development. Typically, American child roll (s) ovat the rate of 3
months, sit (s) at 6 months, and walk (s) at 12 thmrhowever, in other
cultures around the world, the time frame for depatent can differ.
Natural observation of the world’s cultures shotest tclimate, housing,
and culturally based child-rearing practice (s)osgly impact the
development of motor skills.

3.2.3 Social Factors

Self-perception and self-motivation are examplsafial indicators that
impact motor skill development. Albert bandura wd@®cial Learning
theory focusses on how child learn in all areadefelopment suggest
that children who believe they can acquire new skd more likely to try
harder when challenged, less likely to become disgge and more likely
to positively reacts to learning experiences, haveghildren who view
their aptitude tend to have a negative reactionnwthey have trouble



KHE 335 MOTOR LEARNING AND HUMAN PERFOMANCE

mastering a skill.

Robert S. (2018) stated that, there are sever@réift factors that affect
motor development, which include growth, environimegenetics,
muscles tone and gender. We will explore each @sedhfactors
individually.

SELF — ASSESSMENT EXERCISE

I Define Motor Skill?
il Factors that influence motor skill

4.0 CONCLUSION

Motor competence reflects the degree of proficipatformance in

various motor skills and is essential for develgpam active and healthy
lifestyle. If a child has motor problems and i kefitreated, he is likely
to transfer them into adulthood. Moreover, low mmatompetence can
lead to risks for a mixture of behavioral, emotipaad social difficulties.

Additionally, it also significantly impacts the wiigness of participation
in physical activity and overall performance infeient sports.

5.0 SUMMARY

Here we need to acknowledge the role of the Ceheavous System
(CNS), which integrates the whole process in ondefunction with
appropriate movement behaviors in a changing enmemt. The CNS
gets activated to identify and perceive sensorytspand thereafter to
determine useful actions, and then to execute thosens with correct
movement sequencing, timing, and coordination. &llthese brain
activities are referred to as information procegsgstem. Information
processing as a system could be conceived as thefvexplaining how
human beings think and perform deliberate and dounscactions. In
motor learning context, it explains how athletessmously interpret,
understand and control their movements. Now thatiue pertains as to
how much it is crucial to for the coaches or tresn® follow this model
of information.

6.0 TUTOR-MARKED ASSIGNMENT

1. Explain the term Motor Skill.
2. Factors that influence motor skill
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UNIT 2 GROUP MOTOR SKILLS
CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1  Definition of Groups of Motor Skill
3.2 Growth of The Child
3.3  Muscles tone

4.0 Conclusion

50 Summary

6.0  Tutor — Marked Assignment

7.0 References/Further Reading

1.0 INTRODUCTION

A motor skill is learned ability to cause a predet®ed movement
outcome with maximum certainty. Motor learning isedatingtimely)
permanent change in the ability to perform a sglla result of practice
or experience. (source). Performance is an actadfwging a motor skill.
The goal of motor skill is to optimize the ability perform the skills at
the rate of success, precession and to reducengrgye consumption
required for performance. Continuous practice gpacific motor skill
will result in a greatly improved performance, Inat all movement are
motor skill (Wikipedia. Com 2019).

2.0 OBJECTIVES
At the end of the lesson the students will be &dblearned the following:

o Groups of Motor Skills.
. Muscles Tones
. Growth of the child

3.0 MAIN CONTENT
3.1  Definition of Groups of Motor Skill

Stallings, Loretta. (2015) motor skill are movenseahd actions of the
muscles. typically, they are categorized into twougs:why not new
APA style of citations and referencing

o Gross motor skill

This requires the use of large muscles groupsrto fotask like walking,
balancing and crawling. The skill required is nxtie@sive and therefore
are usually associated with continuous task, miicheodevelopment of
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those skill occur during early childhood. The periance level of gross
motor skill remains unchanged after periods of nee-

o Fine motor skill

This required the use of smaller muscle group tdopam smaller
movement with the wrists, hands, finger and th¢ ded toes. These task
that are precise in nature, like playing the pianating carefully and
blinking generally. There is retention loss of fmetor skill over a period
of non-use.

In children, a critical period for the acquisitiohmotor skill is preschool
year (age 3-5) as fundamental neuroanatomic steistitows significant
development, elaboration and myelination over tha$e of this period.
Many factors contribute to the rate that childremelop their motor skill,
unless afflicted with a sever disability, childrare expected to develop a
wide range of basic movement abilities and motoill. siMotor
development progresses in seven stage throughoundandual’s life:
reflective, rudimentary, fundamental, sports skithwth and refinement,
peak performance and regression. A motor skidasried ability to cause
a predetermined movement outcome with maximum icgytaMotor
learning is a relating permanent change in thetglhd perform a skill as
a result of practice or experience.

Motor skill learning has been defined as a setnbérnal processes
associated with practice or experience leadingetatively permanent
changes in the ability for skilled behavior. in ethwords, motor skill
learning is when complex processes in the brainuroat response to
practice or experience of a certain skill resultimghange in the central
nervous system that allow for production of new onakill. Wikipedia.
Com (2019) define motor skill learning as a learaddity to cause a
predetermined movement outcome with maximum cegtaMotor skill
learning is the relatively permanent change iretbiéty to perform a skill
as a result of practice or experience performascanaact of executing
motor skill.

According to James C. Houck (2018) motor skill feag is a variety of
motor skill occur in various forms of movement: Woiplay, sport,
communication, dance and so on. The theoretical apeérational
emphasis of this field parallel to those in sub donof learning, and
cognitive skill not mutually exclusive and in pagcause of anatomical
advances that show the underlying modular architeatf the brain.
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3.2  Growth of the child

Most motor development skill has age specific targeges, the skills are
also influence by children being smaller or tal fleeir age, their weight
and their mental development.

o Environment: Gross and fine motor skill increase when children
are encouraged to play with their hands, hold audh smaller
items, feed themselves and draw or colors.

o Genetic Children are affected both by the genetic ofrtparents
and their own genetic. If there are genetic weakrtbgy may have
slower motor skill development than general guitkdisuggest for
their age range.

3.3 Muscles tone

As mentioned earlier, muscles tone can affect msltois. The stronger
a child is, the more ability the may have to mowmd aontrol their body.
Muscle are a fundamental factor in a child havimg strength to move
their body and control their action e.g.
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o Gender: By gender we mean sex both boys and girls, gepldgr
important role in developing motor skill. Boys hawere advance
motor skill than girls because there are typicathpng and more
aggressive while girls have advance eye and hand to
coordination’s, they have low central of grawthich make them
in both fine gross motor skills.

SELF — ASSESSMENT EXERCISE

Define Motor Skill?
Explain Muscles Tones
What is Growth of the child

40 CONCLUSION

Motor competence reflects the degree of proficipatformance in

various motor skills and is essential for develgpam active and healthy
lifestyle. If a child has motor problems and i kefitreated, he is likely
to transfer them into adulthood. Moreover, low nmatompetence can
lead to risks for a mixture of behavioral, emotipaad social difficulties.

Additionally, it also significantly impacts the wiigness of participation
in physical activity and overall performance infefent sports.
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5.0 SUMMARY

Here we need to acknowledge the role of the Ceheavous System
(CNS), which integrates the whole process in oirdefunction with
appropriate movement behaviors in a changing enment. The CNS
gets activated to identify and perceive sensorytspand thereafter to
determine useful actions, and then to execute thosens with correct
movement sequencing, timing, and coordination. &lthese brain
activities are referred to as information procegsgstem. Information
processing as a system could be conceived as thefvexplaining how
human beings think and perform deliberate and g¢ouscactions. In
motor learning context, it explains how athletessmously interpret,
understand and control their movements. Now thatiue pertains as to
how much it is crucial to for the coaches or tresn®e follow this model
of information.

6.0 TUTOR-MARKED ASSIGNMENT

1. Define the term Motor Skill
2. Draw a human Muscles Tones
3 [llustrate the Growth of the child

7.0 REFERENCES/FURTHER READING

Robert S. (2018), Factors influencing motor develept: chapter
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James C. Houck (2018). Detonation of motor sk#irfeng. Wikipedia.
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Sharon H. Boiling (2017). Environmental, culturablesocial factors that
influence motor skill development in children.

Schmidt R.A. (1975). A schema theory of discreteanskill learning.
Psychol Rev.

Whiting H.A. (1975). Concepts in Skill Learning. fugs Book, London.

Kantak S.S, Winstein C.J. (2012). Learning-perfarogadistinction and
memory processes for motor skills: a focused reviemd
perspective. Behave Brain Res 228: 219-231.

Hallgat6é E, Gyri-Dani D, Pekér J, Janacsek K, Nemeth D. (2018 T

differential consolidation of perceptual and mdg&arning in skill
acquisition. Cortex. In press.
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MODULE 2
Unit 1 Motor Development
Unit 2 Psychological Factors

UNIT 1 MOTOR DEVELOPMENT
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Meaning of Motor Development
3.2  Factors That Affect Motor Development
3.2.1 Child Growth
3.2.2 Environment
3.2.3 Muscle Tone
4.0 Conclusion
5.0 Summary
6.0 Tutor — Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

Development results from the interrelated processiesnaturation,
physical growth, and learning and may be observedjanetic and
environmental adaptation. Maturation guides develep genetically in
the physical changes that occur during organ diffeation in the
embryo, myelination of nerve fibers, and the appeee of primary and
secondary ossification centers. Growth is the m®e@erereby changes in
physical size and shape take place, as withessedydidolescence when
dramatic changes in facial and body growth occutagtation, on the
other hand, is the body's response to environmeititauli. A muscle
increases bulk with strength training, the immurystem produces
antibodies when exposed to a pathogen, bones tieahdracture. All of
these processes illustrate adaptation. Researchegte

2.0 OBJECTIVES
After studying this chapter, the reader will beeatd:
o Define motor development.

o Understand the relationship between motor developnzad
dynamic systems theory.

11
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3.0 MAIN CONTENT
3.1 Meaning of Motor Development

Motor development is the change in motor behawpeégenced over the
life span. The process and the product of motoelkbgwnent are related
to age, and motor development's study has rootdiatogy and
psychology. Typically, researchers in motor develept study
individuals of different ages performing the samaski{ describe age
differences in terms of performance, and suggest-aggpropriate
standards for judging the motor performance of ntga children,
teenagers, adults, and older adults. Motor devedopratudies are less
likely to be concerned with changing one's perforoga than with
documenting naturally occurring age-related charigetor behavior
changes occur to meet our needs across the life §servable changes
are the result of the interaction between bioldgarad environmental
factors. Biological factors are not stable overetiand are evidenced by
differences in rate of growth, magnitude of growgansory processing,
flexibility, strength, and speed of response. Mation and learning
depend on each other because learning does nat waless the system
is ready to learn.

The rate of maturation is affected by the amourd g#pe of learning
experiences, and the type of learning experienseaffected by the
sociocultural environment. Environmentally, theiables are infinite and
include physical surroundings, family structure;ess to motor learning
experiences, and culture. Needs are related tovaljrsafety, motivation,
psychological development, and sociocultural exgtemts. Together, all
of these factors produce change or adaptationenrtbtor behaviors of
the individual. Changes in growth are used as marke development.
Growth charts are familiar ways in which a child&ght, weight, and
head circumference are monitored during the coofsdevelopment.
Children can be classified as an early, an averagey late mature
according to the relationship between physiologgra@wth parameters
and chronological age. Despite the smooth trajext@een on standard
growth curves, a child's growth is not continuousdpisodic. Growth is
episodic at all ages with more growth occurringight than during the
day land 2. The effects of physical size and badypgrtion on motor
skill acquisition or movement proficiency have beeramined in
adolescence but are only now being explored in geuage groups.

3.2  Factors That Affect Motor Development
There are several different factors that affectandevelopment, which

include growth of the child. These factors inclueleyironment, genetics,
muscle tone, and gender. We'll explore each okthesors individually.

12
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3.2.1 Child Growth

As children grow and learn, their ability to perfomore activities with

their body and understand actions improves. Thisbeaaffected by age
and size. While most motor development skills hage-specific target
ranges, the skills are also influenced by childsbemg small or tall for

their age, their weight, and their mental developine

Researchgate.net.2000.
3.2.2 Environment

The child's environment has a large effect on thmiotor skill
development. The more opportunities they have veldg both gross and
fine motor skills, the faster their capacity inges. For instance, if a child
is encouraged to play outside on park equipmeottar areas where they
can climb, run, and play, their gross motor skilii develop quickly.
Additionally, fine motor skills increase when chigth are encouraged to
play with their hands, hold and touch smaller itefeed themselves, and
draw or color.

3.2.3 Muscle Tone

As mentioned previously, muscle tone can affectamaikills. The
stronger a child is, the more ability they may havenove and control
their body. Muscles are a fundamental factor ihilldhaving the strength
to move their body and control their actions. Ifstle development is
weak, their motor skill development will be slower.
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SELF-ASSESSMENT EXERCISE

I Give the Meaning of Motor Development
. Define Child Growth

4.0 CONCLUSION

We begin this section with a summary and histopeaspective of motor
control theories. The control of human movementleen described in
many different ways. The production of reflexivet@matic, adaptive,
and voluntary movements and the performance dfiefft, coordinated,
goal-directed movement patterns involve multipleypgystems (input,
output, and central processing) and multiple levalhin the nervous
system. Each model of motor control that is disedsa this section has
both merit and disadvantage in its ability to syppal comprehensive
picture of motor behavior.

5.0 SUMMARY

The movement plan is customized by communicationsrg the frontal
lobes, basal ganglia, and cerebellum, with fune@i@oennections through
the brain stem and thalamus. During this processifip details of the
plan are determined. Postural tone, co activato timing of trunk
muscle firing are set for proximal stability, batanand postural control.
Force, timing, and tone of limb synergies are eealtow for smooth,
coordinated movements that are accurate in directidrajectory, order,
and sequence. The balance between agonist andoaisfagnuscle
activity is determined so that fine distal movenseate precise and
skilled. This process is complicated by the numinér possible
combinations of musculoskeletal elements. The CNftnsolve this
“degrees of freedom” problem so that rapid execubibthe goal-directed
movement can proceed and reliably meet the desuredmeOnce these
movement details are complete the motor plan iswgeé by the primary
motor area in the precentral gyrus of the frorahEl

6.0 TUTOR — MARKED ASSIGNMENT
Explain the following terms:

1. Motor development

2. Child growth
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UNIT 2 PSYCHOLOGICAL FACTORS
CONTENTS

1.0 Introduction

2.0 Objective

3.0 Main Content
3.1  Factors That Affect Motor Development
3.2  Personality

4.0 Conclusion

5.0 Summary

6.0 Tutor — Marked Assignment

7.0 References/Further Reading.

1.0 INTRODUCTION

Development results from the interrelated processiesnaturation,
physical growth, and learning and may be observedenetic and
environmental adaptation. Maturation guides develap genetically in
the physical changes that occur during organ diffeation in the
embryo, myelination of nerve fibers, and the appeee of primary and
secondary ossification centers. Growth is the m®eeereby changes in
physical size and shape take place, as witnessedjddolescence when
dramatic changes in facial and body growth occutagation, on the
other hand, is the body's response to environmeititauli. A muscle
increases bulk with strength training, the immurystem produces
antibodies when exposed to a pathogen, bones tieahdracture. All of
these processes illustrate adaptation. Researchga®®00.

2.0 OBJECTIVE

After studying this chapter, the reader will beeatd:

) Define psychological factors of development.

3.0 MAIN CONTENT

3.1 Factors That Affect Motor Development

There are several different factors that affectandevelopment, which
include growth of the child. These factors inclueleyironment, genetics,
muscle tone, and gender. We'll explore each okthesors individually.
a. Learning

It is impossible to explain behavior without refece to learning, it is the
process comprehensively covering all interactioesperiences and
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transformations, which an individual happens toenduring his lifetime,
and which leave, more or less, permanent effettion If learning were
removed from human life, a person would be helplBsside this, there
would be no such general characteristics of sdoglavior such as
intolerance, hate, love, shame, envy, jealousy,psyhy, etc., because
these all are learnt. There are a lot of psychckdglefinitions of learning.
It's a process that brings together cognitive, énat, and environmental
influences and experiences for acquiring, enhan@ngnaking changes
in one's knowledge, skills, values, and world views

b. Amount of Practice

By repeating over and over again, the reaction fesoautomatic. This

Is somewhat similar to the law of use and disusevblves principles of

exercise, and of repetition or practice or drille\WVéarn and retain by use,
and forget by disuse. Individuals learn by doingadice of aerobics,

gymnastics, shooting, typing etc. are the obviotergles of this law.

Highlighting the application of this law in physi@ducation and sports,
Charles A. Bucher has stated "the law of exerdiserespect to the

development of skills in physical education, metrad practice makes
for better coordination, more rhythmical movemdess expenditure of
energy, more skill, and better performance.

C. Attention and Concentration

Everything in life responds to attention. Peoplgeots, stocks of
inventory, and money. Attention is the concentratad consciousness
upon one object rather than upon another. It igotibeess of getting an
object or thought clearly before the mind. It helpsbringing mental

alertness and preparedness, and as a result, comée alert and alive,
and tries to exercise one's Mental and physicalepas effectively as
possible.

d. Intelligence

Is aggregate mental capacity or energy of an iddafi to act
purposefully, to think rationally, and to deal effieely with one's
environment. Defining intelligence in concrete teras all through been
a challenge with psychologists, philosophers andcationist over
centuries probably because the list of functiopgrations and activities
attached to it is so exhaustive. Individuals difiem one to another in
their ability to understand complex ideas, to adefbectively to the
environment, to learn from experience and to engagarious forms of
reasoning "Intelligence is a very general mentglatdity that, among
other things, involves the ability to reason, plaolve problems, think
abstractly, comprehend complex ideas, learn quickig learn from
experience. The relationship between physical igtand intelligence
has psychologists. The nature of this relationdimpyever often depends
on how close the physical and the intellectual elet: are embedded in
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an activity. On this issue, Digiovanna (1937) studt intelligence is
exercised in the analysis of skilled movement,nioge complex and the
more interpretative the movement, the greater amofinntelligence
necessary to comprehend it. Intelligence in attdediso exercised in the
strategy in various games. Given a series of athlasks, administered
under the same conditions and with all other factofluencing athletic
achievement to two individuals, identical in physqbut differing in
intellect, it is reasonable to believe that the enmtellectual will prove
superior. The assumption now is that intelligenlegy$ apart in athletic
achievement Intelligence of an individual plays iamportant role in
effecting physical performance. The more complexd @he more
interpretative the movement, the greater the amainintelligence
necessary to comprehend. Sports activities invaeeplex skilled
actions. Since all skilled behavior is intelligebehavior so, the
relationship between sports performance and igeslice cannot be
denied. Individuals differ from one another in thability to understand
complex ideas, to adapt effectively to the envirentm to learn from
experience, to engage in various forms of reasgningovercome
obstacles by taking thought. Although these indigidifferences can be
substantial, they are never entirely consistegiven person's intellectual
performance will vary on different occasions, irifefient domains, as
judged by different criteria. Concepts of "intedligce” are attempts to
clarify and organize this complex set of phenomerdthough
considerable clarity has been achieved in somesarea such
conceptualization has yet answered all the impbgaastions, and none
commands universal assent. Indeed, when two dazenipent theorists
were recently asked to define intelligence, thewegdawo dozen,
somewhat different, definitions. Intelligence haseb defined in many
ways: the capacity for logic, understanding, selaeeness, learning,
emotional knowledge, reasoning, planning, creatiwtitical thinking,
and problem-solving.

3.2 Personality

Personality is the entire mental organization lofimnan being at any stage
of his development. It embraces every phase of huwharacter: intellect,
temperament, skill, morality, and every attitudatthas been built up in
the course of one's life. The concept of persgnaitdynamic because
human self is dynamic - always acting, interactadapting, adjusting,
assimilating and integrating. This fact assumeatgmgnificance when it
comes to understanding the personality developrihawever, it is good
to remember that the relationship between sportfopeance and
personality is far from crystal clear, it seems alyutrue that certain
general conclusion can be drawn. Athletes diffemfrnonathletic on
many personality traits. One research showed thitas who participate
in team and individual sports are more independante objective, and

18



KHE 335 MODULE 2

less anxious than non-athletes from other rese#nshalso clear that
athletes are often more intelligent than averagme@ally, athletes differ
from non-athletes in many personality traits. Faample, it can be
demonstrated that athletes are generally more exakmt, objective, and
extraverted than non-athletes, but less anxious.
Coperatefinanceinstitute.net. 2000.
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A. MOTIVATION

Motivation is the process that initiates, guides, and maistajoal-
oriented behaviors.Motivation involves the biological, emotional,
social, and cognitive forces that activate behavioeveryday usage, the
term 'motivation” is frequently used to describe why a person does
something. It is difficult to imagine anything bgimore important to
success in motor skill learning and sport perforoesthan motivation. In
psychology, motivation refers to the initiationratition, intensity, and
persistence of behavior. Motivation is the founalafior all athletic effort
and accomplishment. Without your desire and detaxtion to improve
your sports performances, all of the other meraatdrs, confidence,
intensity, focus, and emotions, are meaninglessb&come the best
athlete, you must be motivated to do what it takesaximize your ability
and achieve your goals. Motivation, simply definédthe ability to
initiate and persist at a task. To perform yout besu must want to begin
the process of developing as an athlete and you biswilling to
maintain your efforts until you have achieved ygoals. Motivation in
sports is so important because you must be willingrork hard in the
face of fatigue, boredom, pain, and the desire doother things.
Motivation will impact everything that influencesoyr sports
performance: physical conditioning, technical arattital training,
mental preparation, and general lifestyle inclutkes, diet, school or
work, and relationships. There are two primary sy motivation...
Intrinsic and Extrinsic Motivation. Extrinsic Mo@ion is geared toward
external rewards and reinforces. Extrinsic motatmay come from
social sources, such as not wanting to disappoijpérant, or material
rewards, such as trophies and college scholarships.

Extrinsically motivated athletes tend to focus ¢w tcompetitive or
performance outcome. An over-emphasis on extrinsativation may
lead athletes to feel like their behavior is colt by the extrinsic
rewards. On the other hand, athletes may contmte=t like they control
their own behavior even with the presence of esitinewards. Intrinsic
Motivation is geared toward internal rewards andfogces. Intrinsically
motivated athletes participate in sport for intém@asons, particularly
pure enjoyment and satisfaction, and intrinsicatiptivated athletes
typically concentrate on skill improvement and gtiow

B. EMOTIONS

Emotions are our feelings. Literally, we feel thenour bodies as tingles,
hot spots and muscular tension. Emotions are hicddly based

adaptations that assist us in responding to péaticexternal stimuli.

Wikipedia. We win a soccer match, we jump with joxg, lose a dear one,
we feel sad, we see a beggar, we ~ laugh, and s@dlorost every

situation evokes some feeling, and as the situdt@momes intense, it is
expressed as emotion. No aspect of our mentaislifieore important to
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the quality and meaning of our existence than emetibecause emotions
actually express our true feelings Emotions areespanse which is
characterized by the Generation of energy withanltbdy and psyche.
They provide energy for us to confront challengésotions play a
central role in sports performance. Without beinggonally aroused an
athlete's "psyching up" procedure is not compleAd. winning
performance is invariably a result of arousal rattlean emotional
upsurge in the athlete. Emotions have both fatiigaand debilitative
effect on athletic performance. In general, whigsipve emotions like
joy, happiness, elation, etc., have facilitativéeetf on performance
negative emotions such as anger, fear, anxiety;-anoeisal, etc., put
hurdles in the way of performance. Research on idsse is full of
contradiction and still inconclusive.

However, several studies indicate that optimal @nstcan initiate and
maintain the required amount of effort for a tadleaning that when, for
example an athlete's anxiety level is optimal befand during
competition, his or her chances of performing keest also optimal.
Optimal emotions keep the athlete energized asuwtref which his or
her level of motivation level remains high. Higloasal due either to
anxiety or aggression in sports like soccer, hockey basketball, may
result in an increase of anaerobic power, but gsfy may reduce the
level of accuracy and movement precision as ematiarousal is said to
blur it vision and imping upon concentration. Sestudies indicate that
high arousal coupled with some emotions impairskigr memory.
Adeyanju 1989.

C. INDIVIDUAL DIFFERENCES

Nature has not made two individuals exactly thees@ameven similar.
People differ from one another in height, weiglaipc, appearance, and
speed of reaction, character, personality, behaand the like. That
people differ from each other is obvious. How anaywhe differ and
what impact do the difference among them has anledavior, learning
ability to acquire various skills and career setecin life is less clear.
This subject of individual differences is generatlgalt with under
individual differences in psychology or differertigosychology.
Psychology studies people at three levels Aparinfrohysiological
differences such as height, weight, etc., therdbaumd to psychological
differences as well. Some athletes may be outgammagextrovert whereas
other may be shy, introvert and withdrawn, and thmay also differ in
their levels of perception. Some athletes are lstnong psychologically
while others have weak dispositions. Athletes widrak disposition fall
to accomplish their task.
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THORNDIKE'S LAWS OF LEARNING :

I Law of readiness: speaks about learners' enthusiasm

. Law of exercise: about repetition

iii. Law of effect: about learners' encouragement

lv. ~ Law of primacy: speaks about the opinions of the learner

V. Law of regency: As per this law, people often remember the
most recent things they have learnt

Vi. Law of intensity: law states that you have to develop
innovative online courses in order to dive into tearners'
concentration

Motor learning has been defined as a "set of ilalgrrocesses associated
with practice or experience leading to relativedymanent changes in the
capability for skilled behavior."” In other wordsptor learning is when
complex processes in the brain occur in respongeatdice or experience
of a certain skill resulting in changes in the cahhervous system that
allow for production of a new motor skill.

SELF-ASSESSMENT EXERCISE

I Describe the term Psychological Factors
. What is Personality

40 CONCLUSION

As children grow and learn, their ability to perfomore activities with

their body and understand actions improves. Thisbeaaffected by age
and size. While most motor development skills hage-specific target
ranges, the skills are also influenced by childsbemg small or tall for

their age, their weight, and their mental developime

We begin this section with a summary and histopesispective of motor
control theories. The control of human movementleen described in
many different ways. The production of reflexiveit@natic, adaptive,
and voluntary movements and the performance dfiefft, coordinated,
goal-directed movement patterns involve multipleypgystems (input,
output, and central processing) and multiple levalhin the nervous
system.

5.0 SUMMARY

Personality is the entire mental organization lofimnan being at any stage
of his development. It embraces every phase of huwharacter: intellect,
temperament, skill, morality, and every attitudatthas been built up in
the course of one's life. The concept of personaditdynamic because
human self is dynamic - always acting, interactagapting, adjusting,
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assimilating and integrating. This fact assumeatgmgnificance when it
comes to understanding the personality developrii@etmovement plan
is customized by communications among the frootad$, basal ganglia,
and cerebellum, with functional connections throtigg brain stem and
thalamus. During this process specific detaildhefglan are determined.
Postural tone, co activation, and timing of truniscie firing are set for
proximal stability, balance, and postural contFarce, timing, and tone
of limb synergies are set to allow for smooth, cmated movements that
are accurate in direction of trajectory, order, aaquence. The balance
between agonist and antagonist muscle activitgierchined so that fine
distal movements are precise and skilled. Thisgseds complicated by
the number of possible combinations of musculoséelements. The
CNS must solve this “degrees of freedom” problem tsat rapid
execution of the goal-directed movement can proegetreliably meet
the desired outcom@nce these movement details are complete the motor
plan is executed by the primary motor area in tieegntral gyrus of the
frontal lobe.

6.0 TUTOR — MARKED ASSIGNMENT

Explain the following terms:

1. Personality
2. Learning
3. Intelligent
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UNIT 1 MOTOR CONTROL
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3.1 Definition of Motor Control and Motor Learning
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1.0 INTRODUCTION

Motor control theories provide a framework for mpieeting movement
and behavior. Motor control is the ability to orgamn and control
functional movement. The field of motor controlgrprimarily from the
specialized study of neurophysiology in an attertgptexplain how
functional movement is produced and regulated imdms. From a
historical perspective, several different theoaesl models have been
proposed. Some models approach motor control fropimysiological
perspective, and others have a psychological petispeRegardless, it is
important to realize that these theories are elaanging and evolving
based on contemporary thought and the current n@se&Vhen the
explanations of an existing theory are no longér@ent to interpret the
research data, new theories are developed. Liveiggs and man, in
particular, continuously influence their environrhand adapt to varying
situations. Adaptation is an active function anitical for survival (and
reproduction), and often involves learning, tramhally defined as a
relatively permanent change in a behavior potatytisthat occurs as a
result of reinforced practicel), and the flexibbatol over and execution
of what has been learned. Among the important fanstfor interacting
with the environment are movement and actions. g lsestrong evidence
that the learning and control of such motor skillsstitutes a specific
domain of competence. Thus, changes in motor behéwiotor learning)
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usually require practice and often last longer thmawly acquired
declarative knowledge and memories. For exampleg @m individual
has learned to ride a bicycle, he or she usualiyntaias this motor skill
over many years without further practice.

2.0 OBJECTIVES
After studying this chapter, the reader will beeatd:

Define motor control and motor learning.
Explain Skills Behaviour.

Practice.

Models of Motor Control

3.0 MAIN CONTENT
3.1 Definition of Motor Control and Motor Learning

Motor - in physical education and studies of thelybdhis refers to
movement. ... Motor learning refers to the brainability to
develop control over the body' muscular skeletadteay to produce
coordinated and timed movements in response tadémeands of the
surrounding environment. Motor control is a compbegcess occurring
in the brain in response to practice or experi@ie@ecertain skill resulting
in changes in the central nervous system. It allimwvghe production of a
new motor skill. ... Motor control requires praetic feedback and
knowledge of results. Motor control involves leaugnia skilled task and
then practising with a goal in mind until the sksliexecuted automatically
(Schmidt & Wrisberg 2007). For example, learninglay a song on the
piano initially takes a lot of thought and practisefore the task is
automatic and executed skilfully. In a book entitéuman Performance,
the well-known psychologists proposed three stafésarning
motor skills: a cognitive phase, an associativesphand an autonomous
phase. During the twentieth century, scholars gitechto explain the
mechanisms of motor control. Initially, it was tlghi that the brain
organized movement through reflexes alone or aseearchy. Later
models were developed that described feedback ragagmming within
the nervous system. A systems model is the moseongorary model of
motor control at this time. Motor control is theildy to organize and
control functional movement. Each of these modeliscussed in turn.

3.2 Skill Behaviour
There are several concepts which play a key roleigntheory. One such

concept is skill. The definition of skill is vaguis defined by Vanpatten
& Benati (2010) "Skill refers to ability to do rah than underlying
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competence or mental representation”. To clarify toncept, Cornford

(1996) has mentioned nine separate defining atggwf "skill* and

"skilled performance" from a psychological perspagtargued to be the

most valid in accounting for skill acquisition ammerformance by

individuals. These defining attributes are:

Skill is learned;

Skill involves motivation, purpose and goals;

Schemas are prerequisite for skilled perforraanc

Skills require content and context knowledge;

Skills are performed and transferred in thesgnee of specific

stimuli;

Skills involve problem solving relevant to thentext.

Skill involves relative judgments with individudifferences in

skilled performance evident.

Standards of excellence are important;

Skill involves comparable replication;

0. Considerable periods of time are requireceexin high levels of
skill.

arwnPE

~N o

B © 0

The other important concept in Skill Acquisition éldry is "priming”
which, according to Trofimovich & McDonough (2013Yefers to a
cognitive repetition phenomenon in which prior esp@ to specific
language forms or meaning facilitates speaker'seqent language
processing”. For example, a words or structure used speaker will
influence the comprehension and production of Wad or structure by
the interlocutor. Therefore, it "may underlie thenteractive,
communicative use of language" (Trofimovich & Mcuogh). At the
same time, it can be categorized under the impéaining since it often
happens with little awareness and conscious effothe part of language
user (Trofimovich & McDonough).

Automaticity The other concept within this theory automaticity.
According to DeKeyser (2007), in skill acquisitiarodels, the learning
processes which are involved in the acquisitionskills entails a
transition from attentive to automatic mode. Hijis{2002) believes that
performance fluency is the outcome of implicit l@ag, and a
concomitant, incidental feature of implicit leargiis automatization. But
defining auto maximization is not an easy task. mesntioned by
Dekeyser (2007), "In the broadest sense, it reéfetise whole process of
knowledge change from initial presentation of tlerin declarative
format to the final stage of fully spontaneousop#dféss, fast, and errorless
use of that rule, often without being aware ofnymore. In a narrower
sense, it refers to the slow process of reducing eate, reaction time,
and interference with/from other tasks that takekce after
proceduralization. In the most specific sense, @sighates a merely
guantitative change in the subcomponents of prae¢&nowledge to the
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exclusion of any qualitative change or restrucwirine., excluding
changes in which small subcomponents make up puoakkinowledge
at a given stage of skill development or how theykitogether)." In fact,
as acknowledged by Cohen, Servan-Schreiber, & M@k (1992), the
term automaticity embodies some different phenonteatoften differ
from one definition to another. Nevertheless, thioWwing core set of
phenomena seem to reappear in most discussiongarhaticity: -

e An increase in speed of performance with pract@wing a
power law diminishing requirements for attentiorthmpractice,
with a commitment release from attentional controlor
involuntariness (i.e., the involuntariness of audtimprocesses)
immunity from interference with competing processasd the
requirement that practice be “consistently mappéat’ these
phenomena to develop. It should be mentioned theeyser
(2007) has chosen the term automatized knowledgefeo to the
knowledge which may still be conscious but therleahas access
to it in actual communication. In Dekeyser's vieautomaticity
rather than being an all-or-nothing issue has aegre

3.3 Practice

According to DeKeyser (2007), among researchers wfuay skill
acquisition processes there is a consensus thatqaeravith a given task
gradually decreases reaction time and error reads@h (1997, as cited
in DeKeyser, 2007) has defined practice as “reepéeformance of the
same (or closely similar) routines”. As it can leserved, this definition
Is fairly vague and seems to reflect behaviorigis rather than those
of cognitive psychology. DeKeyser (2007) believess tis not what
Carlson means. Therefore, he has found the deimity Newell and
Rosenbloom (1981, as cited in DeKeyser, 2007) tmbee precise, i.e.,
“Practice is the subclass of learning that deally avith improving
performance on a task that can already be sucdlgsgkerformed”.
Practice which is required for learning in skill uasition Theory,
according to Dekeyser (2007) should be meanindgfufact, Dekeyser
has questioned the utility of mechanical drills dynsidering them to
provide just language-like behavior rather thamisage behavior.

Power law of practice Newell & Rosenbloom (1981)véastudied
practice and its following performance improvemedsh theoretically
and experimentally. On the theoretical side, theyweh formulated
‘chunking theory of learning' which is rooted ingodive psychology.
And on experimental side, they have argued thabhgeslaw, i.e., the
“log-log linear learning law" or the "power law pfactice" describes all
of the practice data. According to Newell & Rosemoh, this ubiquitous
guantitative law of practice, states "plotting tbhgarithm of the time to
perform a task against the logarithm of the trianber always yields a
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straight line, more or less". Hulstijn (2002) bebs that auto matization
conforms to the power law of learning both in waipta & Dell (1999)
name "repetition priming" and "skill learning”. Thamer occurs when
we process identical stimuli over and over agam,(the same word is
processed the many times), whereas the latter ®aehien we process
stimuli which (1) vary in some respect at the stefabut (2) share
similarities or regularities at an underlying leeéktructure. D. Theories
Spellman (2005) believes that there are two gradipseories regarding
skill acquisition. The first group holds that slatquisition results from a
process of strategy refinement. This is the idedetying the theories of
Crossman, Anderson (ACT-R), Newell et al. (SOARadWay, and some
connectionist theories. And the other group hdids skilled performance
Is the results of improved memory retrieval. Thisa can be found in the
theories of Logan (Instance theory) and PalmeriK&B.

Adaptive control of thought model (ACT) According Vanpatten &
Benati (2010), Adaptive Control of Thought (ACT) deb, developed by
John Anderson, is the most well-known models oll-Blesed theories.
Anderson (1982) proposed a framework for skill asdgjon including
two major stages in the development of a cogniki#, i.e., declarative
and procedural stage. In this framework “facts areoded in a
propositional network and procedures are encodedpraductions”
(Anderson, 1982). According to Vanpatten & Ben2@10), "Within this
theory, development involves the use of declardin@wvledge followed
by procedural knowledge, with the latterautomatization." Therefore,
SLA is conceived to be a progression through tistages, declarative,
procedural, and autonomous. These three stagesbikesthe three stages
of cognitive, associative, and autonomous stagehvhitts (1964, as
cited in Taatgen, 2002) posits for skill acquisitidaatgen (2002) has
linked Anderson and Fitts stages by saying "In tognitive stage
knowledge is declarative and needs to be intergretsterpreting
knowledge is slow, and may lead to errors if thievant knowledge
cannot be retrieved at the right time. Procedunavdedge on the other
hand is compiled and therefore fast and free obrgyrand can be
associated with the autonomous stage. The asscsliafge is an in-
between stage, during which part of the knowledgeédclarative and
another part compiled.

Prevention programs at work

Prevention programs can be divided into primary astondary
prevention programs. Primary prevention focuses reducing the
incidence of new episodes of injury. Primary prei@nprograms aim to
assist the worker by increasing his or her restgdn musculoskeletal
injury  (proper lifting techniques, material handjjn behavior
modification) or to improve the work by reducingthhysical demands,
usually through the ergonomic redesign of tasks wmik spaces.
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Secondary prevention programs are designed priyndal reduce

disability or work absenteeism for people who alsehave a problem;
the programs are categorized as work place-basedvémtions and
health system interventions. Work place prevenpimgrams include an
active physician or therapist at work who is imemvwith instructing

workers immediately after a muscular skeletal mjand modifying

duties at work. In the secondary prevention prografithe health system,
health care givers who diagnose and treat workerseguired mainly to
minimize pain and disability, and structure rehéddion programs.

Prevention programs vary from place to place, yatst back injury

prevention programs include:

(1) Back belts,

(2)  Exercise/flexibility training,

(3) Back schools, and

(4) Educational classes.

These programs may include combinations of educatio back
pain/injury prevention, wearing the belt, fithessli mechanics, lifting
ergonomics, and structure and function of spinanatestration and
practice of body mechanism and basic exercisesina in injury
prevention methods; ergonomic improvements; paintrob relaxation;
and supervised practice sessions with individuatliiack. Despite the
existence of some evidence about the efficacy etgmtion programs,
there is uncertainty and even disagreement amoafjhhprofessional
about the outcome of intervention programs for peeapth MSD. Most
programs for exercise/flexibility training and basthools were found to
have positive effects whereas, evidence suppattiegise of back braces
and back belt programs and education programslumsiny is conflicting.
Carlton found that there was no carryover of th@rimation learned
regarding proper body mechanics to the actual vedek Furthermore,
Frank et al. reported that in some places wherergkry prevention
program was offered at the workplace, the workezscgived these
programs as pressure for premature return to wodeed, very few
interventions have produced a clear reduction ie ihcidence of
musculoskeletal injuries when evaluated by rigorscgntific criteria.
Moreover, despite intervention attempts, the ovénehd for work related
injuries has been relatively stable over the pagtial decades, or on the
rise as claimed by some. Minimal progress in rddacinay be due to
lack of etiologic understanding, lack of approp@isitervention selection,
or lack of appropriate intervention implementatidirner, argues that
when researching prevention programs, the lengtimef of follow up is
critical. She claims that workers who attended k&adtool programs do
show significantly fewer sick-leave days duringitheitial pain episode
than those in a placebo treatment. However, theme wo differences
between back school, physiotherapy, and placebgpgron measures of
pain, function or recurrence of pain during follap a year later. Her
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findings concur with other researchers who foundt threvention

programs were less effective during follow-up. Friti@ above discussion
it is apparent that primary and secondary work @néen programs are
limited in their effectiveness. In an attempt tetify this situation, it is

proposed that principles of motor learning can sastie therapist in
structuring prevention programs, in order to faaié workers learning of
correct movement patterns. Motor control is defiasd‘the systematic
transmission of nerve impulses from the motor cotte motor units,

resulting in coordinated contractions of muscles.

This definition describes motor control in the siegh terms—as a top-
down direction of action through the nervous systémreality, the
process of controlling movement begins before the s executed, and
ends after the muscles have contracted. The eskeafdtails of a
movement plan must be determined by the individhedbre the actual
execution of the plan. The nervous system actiadjysts muscle force,
timing, and tone before the muscles begin to cohtmntinues to make
adjustments throughout the motor action, and coegpanovement
performance with the goal and neural code (direshiof the initial motor
plan. This extension of the definition takes intoc@unt that the
body accesses sensory information from the enviemtjrperceives the
situation and chooses a movement plan that it\edieto be the
appropriate plan to meet the outcome goal of thk that the person is
attempting to complete, coordinates this plan withhe CNS, and
finally executes the plan through motor neurons in the brain stew a
spinal cord to communicate with muscles in postaral limb synergies,
plus muscles in the head and neck that are timddeadn a specific
manner. The movement that is produced supplieosefeedback to the
CNS to allow the person to (1) modify the plan dgrperformance, (2)
know whether the goal of the task has been achjemad (3) store the
information for future performance of the same igekl combination.
Repeated performance of the same movement plars tendreate a
preferred pattern that becomes more automatictur@mand less variable
in performance. If this movement pattern is desigaed executed well,
then it is determined that the person has develapsdll. If this pattern
Is incorrect and does not efficiently accomplisé thovement goal, then
it is considered abnormal.

3.4  Models of Motor Control

We begin this section with a summary and histopeaspective of motor
control theories. The control of human movementleen described in
many different ways. The production of reflexiveit@natic, adaptive,
and voluntary movements and the performance dfiefft, coordinated,
goal-directed movement patterns involve multiplepgystems (input,
output, and central processing) and multiple levelhin the nervous
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system. Each model of motor control that is disedss this section has
both merit and disadvantage in its ability to syppl comprehensive
picture of motor behavior. These theories serva basis for predicting
motor responses during patient examination andnirexa. They help
explain motor skill performance, potential, constis, limitations, and
deficits.

They allow the clinician to (1) identify problems motor performance,
(2) develop treatment strategies to help clieniseghate performance
problems, and (3) evaluate the effectiveness @rwention strategies
employed in the clinic. Selecting and using an appate model of motor
control is important for the analysis and treatmehftclients with
dysfunctions of posture and movement. As long asetivironment and
task demands affect changes in the CNS and thedodil has the desire
to learn, the adaptable nervous system will coetiauearn, modify, and
adapt motor plans throughout life.

Motor programs and central pattern generators

A motor program (MP) is a learned behavioral pattéefined as a neural
network that can produce rhythmic output patternth ver without
sensory input or central control. MPs are sets@fement commands, or
“rules,” that define the details of skilled motatians. An MP defines the
specific muscles that are needed, the order of imastivation, and the
force, timing, sequence, and duration of muscleractions. MPs help
control the degrees of freedom of interacting bstiuctures, and the
number of ways each individual component acts. Aegalized motor
program (GMP) defines a pattern of movement, ratiamn every
individual aspect of a movement. GMPs allow for thdjustment,
flexibility, and adaptation of movement featurescading to
environmental demands. The existence of MPs and S8R generally
accepted concept; however, hard evidence that amMPGMP exists
has yet to be found. Advancements in brain imadeahniques may
substantiate this theory in the future. In conttad¥lPs, a central pattern
generator (CPG) is a genetically predetermined meave pattern. CPGs
exist as neural networks within the CNS and hawe dhpability of
producing rhythmic, patterned outputs resemblingma movement.
These movements have the capability of occurrinthaut sensory
feedback inputs or descending motor inputs. Twaatttaristic signs of
CPGs are that they result in the repetition of nmosets in a rhythmic
manner and that the system returns to its stadorglition when the
process ceases. Both MPs and CPGs contribute talelkelopment,
refinement, production, and recovery of motor caolritiroughout life.

Motor control evolves so that people can cope i environment

around them. A person must focus on detecting mébion in the
immediate environment (perception) that is deteeaiito be necessary
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for performance of the task and achievement ofi#sered outcome goal.
The individual is an active observer and explorethe environment,
which allows the development of multiple ways inig¢hto accomplish
(choose and execute) any given task. The individoalyses a particular
sensory environment and chooses the most suitablefficient way to
complete the task. Thaerson consists of all functional and dysfunctional
body structures and functions that exist and ictevdath one another.
Thetask is the goal-directed behavior, challenge, or poblo be solved.
Theenvironment consists of everything outside of the body thadtexor
is perceived to exist, in the external world. Allée of these motor control
constructs (person, task, environment) are dynandcvariable, and they
interact with one another during learning and pobiden of a goal-
directed, effective motor plan.

Body Structures and Functions That Contribute to The Control of
Human Posture and Movement

Keen observation of motor output quality during t{herformance of
functional movement patterns helps the therapiderdene activity
limitations and begin to hypothesize impairmentthimi sensory, motor,
musculoskeletal, cardiopulmonary, and other bodytesys. The
following section presents and defines some of ehkey factors,
including sensory input systems, motor output sgsteand structures and
functions involved in the integration of informatian the CNS.

Role of sensory information in motor control

Sensory receptors from somatosensory  (exteroceptasd
proprioceptors), visual, and vestibular systems tasle, smell, and
hearing fire in response to interaction with théeexal environment and
to movement created by the body. Information abibwise various
modalities is transmitted along afferent periph@&mives to cells in the
spinal cord and brain stem of the CNS. All senswacts, with the
exception of smell, then synapse in respective asgnsuclei of the
thalamus, which acts as a filter and relays thi®rmation to the
appropriate lobe of the cerebral cortex (e.g., fosmmsory to parietal
lobe, visual to occipital lobe, vestibular, hearilagd taste to temporal
lobe). Sensory information is first received anccpeved, then associated
with other sensory modalities and memory in theeission cortex. Once
multiple sensory inputs are associated with ond¢rempthe person is then
able toperceive the body, its posture and movement, the enviroriaueah
its challenges, and the interaction and positiothefbody with objects
within the environment. The person uses this pduapnformation to
create an internal representation of the body rfiaiemodel) and to
choose a movement program, driven by motivationdesire, to meet a
final outcome goal. Although the sensory input amator output systems
operate differently, they are inseparable in functwithin the healthy
nervous system. Agility, dexterity, and the abilibyproduce movement
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plans that are adaptable to environmental demagftéct the accuracy,
flexibility, and plasticity of the sensory-motorsigm.

The CNS uses sensory information in a variety ofsita regulate posture
and movement. Before movement is initiated, infdrama about the
position of the body in space, body parts in retatio one another, and
environmental conditions is obtained from multigensory systems.
Special senses of vision, vestibular inputs thapoad to gravity and
movement, and visual-vestibular interactions suppdgditional
information necessary for static and dynamic badaard postural control
as well as visual tracking. Auditory informationirgegrated with other
sensory inputs and plays an important role in th@ng of motor
responses with environmental signals, reaction ,tirasponse latency,
and comprehension of spoken word. This informaisomtegrated and
used in the selection and execution of the moversgategy. During
movement performance, the cerebellum and otheraheantres use
feedback to compare the actual motor behavior thi¢ghintended motor
plan. If the actual and intended motor behaviorsxdbmatch, an error
signal is produced and alterations in the motorlm are triggered. In
some instances, the control system anticipates raakies corrective
changes before the detection of the error signais Tanticipatory
correction is termetked-forward control. Changing one’s gait path while
walking in a busy shopping mall to avoid a collisie an example of how
visual information about the location of people abgects can be used in
a feed-forward manner.

Another role of sensory information is to revisee theference of
correctness (central representation) of the MPrbatas executed again.
For example, a young child standing on a balanaenbgith the feet close
together falls off of the beam. An error signal wscbecause of the
mismatch between the intended motor behavior ardattiual motor
result. If the child knows that the feet were tdose together when the
fall occurred, then the child will space the featlier apart on the next
trial. The information about what happened, fallorghot falling, is used
in planning movement strategies for balancing onrearrow object such
as a balance beam, log, or wall in the future. &nsformation is
necessary during the acquisition phase of learaingw motor skill and
is useful for controlling movements during the axemn of the motor
plan. However, sensory information is not alwayseassary when
performing well-learned motor behaviors in a stalld familiar context.
Rothwell and colleagues studied a man with sevane@y neuropathy in
the upper extremity. He could write sentences Witheyes closed and
drive a car with a manual transmission without \watg the gear shift.
He did, however, have difficulty with fine motorstes such as buttoning
his shirt and using a knife and fork to eat whemieie visual information.
The importance of sensory information must be wedyhy the
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individual, unconsciously filtering and choosingagpriate and accurate
sensory inputs to use to meet the movement goal.

Sensory experiences and learning alter sensorgseptations, or cortical
“maps,” in the primary somatosensory, visual, anditary areas of the
brain. Training, as well as use and disuse of sgnaformation, has the
potential to drive long-term structural changeghiea CNS, including the
formation, removal, and remodelling of synapses at@hdritic
connections in the cortex. This process of corfasticity is complex
and involves multiple cellular and synaptic meckanrs.

SELF — ASSESSMENT EXERCISE

I Define motor control and motor learning.
. Explain Skills Behaviour.

1 Practice.

Iv. Models of Motor Control

4.0 CONCLUSION

This selective review has shown that cognitive ascientific studies
have contributed considerably to resolving contrexa and unclear
issues related to motor learning and motor conirbls does not only
concern the elucidation of the underlying neurcamatal systems but —
more importantly — the mechanisms implemented ese¢hsystems.
Therefore, imaging and ERP studies have alreadyeprto be valuable
tools for deepening our understanding of motorrieay and control. As
these approaches are adapted to increasingly hstigrasituations,

considerable progress can be expected in the uaddimsg of motor

learning and control, and in the application ottkhowledge in sports
science, motor rehabilitation, and educationatifel

5.0 SUMMARY

Motor control theories provide a framework for mpeeting movement
and behavior. Motor control is the ability to orgamn and control
functional movement. The field of motor controlgrprimarily from the
specialized study of neurophysiology in an attergptexplain how
functional movement is produced and regulated imdms. From a
historical perspective, several different theol®sl models have been
proposed. Some models approach motor control fropmysiological
perspective, and others have a psychological petispe
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6.0 TUTOR — MARKED ASSIGNMENT

1 Define motor control and motor learning.
2. Explain Skills Behaviour.

3. Practice.

4 Models of Motor Control.

7.0 REFERENCES/FURTHER READING

Kimble G.A. (1961). Hilgard and Marquis’ Conditiong and Learning.
Appleton-Century- Crofts, Inc, New York.

Squire LR, Wixted JT. (2011). The cognitive neuresce of human
memory since H.M. Annu Rev Neurosci 34: 259-288.

Squire L.R. (1987). Memory and Brain. New York: @vd Univ Press.
Schmidt R.A. (1975). A schema theory of discretetan skill
learning. Psychol Rev 82: 225-260.

Whiting H.A. (1975). Concepts in Skill Learning. ugs Book, London.

Kantak S.S, Winstein C.J. (2012). Learning-perfarogadistinction and
memory processes for motor skills: a focused reviemd
perspective. Behav Brain Res 228: 219-231.

Hallgatoé E, Gyri-Dani D, Pekér J, Janacsek K, Nemeth D. (2018 T
differential consolidation of perceptual and mdg&arning in skill
acquisition. Cortex. In press.

Adams J.A. (1971). A closed-loop theory of mot@rieng. J Mot Behav
3:111-150.

Keele S.W. (1968). Movement control in skilled nrofmerformance.
Psychol Bull 70: 387-403.

Breedlove S.M, Watson N.V, Rosenzweig M.R. (201Bjological
Psychology: An Introduction to Behavioral, Cogndtjvand
Clinical Neuroscience. Sinauer Associates Inc.,dgdand, MA,
USA.

36



KHE 335 MODULE 3
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3.1  Motor Control Theories
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1.0 INTRODUCTION

Motor control theories provide a framework for mpeeting movement
and behavior. Motor control is the ability to organ and control
functional movement. The field of motor controlgrprimarily from the
specialized study of neurophysiology in an attergptexplain how
functional movement is produced and regulated imdms. From a
historical perspective, several different theod®sl models have been
proposed. Some models approach motor control fropiysiological
perspective, and others have a psychological petispeRegardless, it is
important to realize that these theories are elaanging and evolving
based on contemporary thought and the current ndse&Vhen the
explanations of an existing theory are no longéi@ent to interpret the
research data, new theories are developed. Liveiggs and man, in
particular, continuously influence their environrhand adapt to varying
situations. Adaptation is an active function anitical for survival (and
reproduction), and often involves learning, tramitlly defined as a
relatively permanent change in a behavior potatytisthat occurs as a
result of reinforced practicel), and the flexibbatol over and execution
of what has been learned. Among the important fanstfor interacting
with the environment are movement and actions. g lsestrong evidence
that the learning and control of such motor slillsstitutes a specific
domain of competence. Thus, changes in motor behéwiotor learning)
usually require practice and often last longer thmawly acquired
declarative knowledge and memories. For exampleg @m individual
has learned to ride a bicycle, he or she usualintaias this motor skill
over many years without further practice.
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2.0 OBJECTIVE

After studying this chapter, the reader will beeatd:

) Discuss the basic theories of motor control andomiearning.
3.0 MAIN CONTENT

3.1  Motor Control Theories

The major theories of motor control are descrilveich include, motor

programming theory, systems theory, the theoryyofachic action, and
the theory of parallel distributed processing, &l s the factors that
influence motor learning and its applications inume rehabilitation.

Motor control theory emphasizes that skills areuaregl using specific

strategies and are refined through a great deapetition and the transfer
of skills to other tasks (Croce & De Paepe, 1983ner and Henderson
(1995) provide an overview of motor control relatito hand skills in

children.

Early perspectives of motor control date back &l#te 1800s, when two
similar views were proposed that pointed to a haiaal organization.
In separate research, the authors claimed thabiseimput was necessary
for the control of motor output. James suggestatl dhsuccessive chain
of muscular contractions inherent in a habitualonaict were triggered
in sequence by associated sensations, or chaiBwyghe turn of the
century, Sharon, proposed his reflex model, wheeeisequence of
reflexes formed the building blocks of complex nroteehavior.
Unfortunately, these two related theories did nql&n movement that
occurs without a sensory stimulus, nor did theylarphow actions are
modified depending on the context in which theyusce.g., varying
speed, novel conditions). As a framework for thespnt review, some
important concepts and models of motor controllaadhing will first be
explained. One should distinguish between motoitrobmf slow and
rapid movements. When relatively slow movementstarge executed,
one can use proprioceptive and visual feedbacknmdtion in order to
achieve the predetermined results by correcting discrepancies
between the attempted and achieved movement. dked:loop theory8)
emphasizes the importance of the perceptual trdcat is, the
representation of an attempted movement. When ikesediscrepancy
between the perceptual trace and feedback infoomatoout an ongoing
movement, an error signal will be sent to the matontrol system
allowing for an appropriate correction of the omgpmovement. Closed-
loop control occurs only when feedback informatzan be used, and
therefore does not operate for purely ballistic sroents (see below).
Examples of closed-loop movements are figure skateaking near
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perfect circles while keeping their balance or davers performing a
turn, precisely adjusting steering directing anididg speed. In contrast
to slow movements under closed-loop control, kalimovements are
thought to be controlled by motor programs that iacependent of
feedback, which is referred to as open-loop contkdele (1968)
formally defined a motor program as “a set of mesdmmands that are
structured before a movement sequence beginshahdltows the entire
sequence to be carried out uninfluenced by pergilfeedback. Thus,
performers of ballistic movements cannot use pomeptive feedback to
evaluate and modify their ongoing movement befbre completed. For
example, hard punches in boxing and batting in teels@are primarily
controlled by motor programs and cannot be altededing their
execution by means of proprioceptive or visual bek. Hence, learning
ballistic movements can only rely on the informaticeturned after
movement completion, whereas for no ballistic skdhuisition closed-
loop control can be used to evaluate success awemgcdthe movement.
Motor Control Theories include the production oflerive, automatic,
adaptive, and voluntary movements and the perfocmani efficient,
coordinated, goal-directed movement patterns winsiolve multiple
body systems (input, output, and central proce$sind multiple levels
within the nervous system.

In order to initiate a movement according to theset loop theory), one
has to retrieve the intended actionl from previexperience (i.e.,
memory trace). This theory suggests that one muste hstored
representations of many different movements. Howes idea poses
two problems. First, if every conceivable motor ex@nce was stored in
memory, storage capacity would soon be exceededals problem).
Second, contrary to a prediction of the closed-ltdmory, subjects can
perform even novel skilled movements relatively lweh the first
occasion (novelty problem). To overcome the storage novelty
problems, Schmidt proposed the so-called schenmaytheAccording to
this theory, only abstract forms of movements carstored in memory
(i.e., a schema or rule). In addition, we seemde generalized motor
programs (GMPs) that regulate similar kinds of moeats, belonging to
the same motor class determined by the invariaariacieristics of actions
(e.g., throwing a ball and spiking a ball in volb@yl share similar motor
properties). A GMP contains an abstract representahbout the
temporal structure of events (i.e., phasing), #lative force, and the
sequence of events that is needed to produce thenadike a
mathematical formula a schema represents the oe$dtip between
internal motor parameters and movement outcomedétermine this
relationship, only a few experiences of perforntimg movement may be
sufficient. Once an individual has constructed @lleschema, they can
inversely determine specific parameters to be egdbh the GMP. Thus
they can easily succeed in throwing a ball at getalocated at a distance
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that they have never aimed at before, by determimirspecific force
parameter from the recall schema and applying théoGMP associated
with the throwing movement. According to the scheheory, the recall
schema dominates in ballistic movements. For slowevements the
recognition schema is more important. The recogmgichema represents
the relationship between sensory consequences aveinent outcomes.
By means of the recognition schema one’s own mowencan be
evaluated). The schema theory and closed-loop yheake different
predictions for the optimal practice schedule ofoael movement. The
closed-loop theory suggests that the repetitiothefsame movement is
essential to learn a skill, strengthening the paered trace; this idea
seems to fit an individual's daily experience. Hoee the schema theory
predicts better performance after practicing sdiifeerent, but related
motor tasks, and variations of a task, even wittefetrial numbers than
repeatedly practicing the same task. In a tesh@dd predictions, Shea
and Kohl (1991) examined the learning effects fourf practice
conditions in a target force production task (26ckk consisting of five
test trials: 150 N, Experiment). In the specificspace condition, the
learners practiced only the test trials (150 N &#arey 100 test trials in
total) with 16-s intervals between trials (intaeaknnterval: ITI). In the
specific + specific condition, the learners perfeththree additional test
trials during the ITI, resulting in 4-s intervalstiveen trials (340 test trials
in total). In the specific + variable conditiongtlhearners exerted three
trials during the ITI, but the target forces wefed?2 50 N above or below
the target force on test trials (i.e., 100, 1255,1&nd 200 N). In the
specific + alternative condition, the learners perfed a tracking task
during the middle 12s of the ITIl. Poorer performafice., larger errors)
was found in the specific + variable condition thathe other conditions
during the acquisition phase. However, on a retarteést on the next day,
the specific + variable condition showed the bestqggmance, whereas
the specific + specific condition was worst (theotether conditions
showed intermediate results). Similar results wafso found in
Experiment), and these results were consistenttivdin previous study).
This inversion of performance, between training aetention test,
supports the predictions of the schema theory. fhigisry is not properly
explained to bring out a meaning.

There are many methods for studying neural mechemnisf motor
learning and motor control, such as functional nedignresonance
imaging (fMRI), positron emission tomography (PEBc¢ordings of the
electromyogram (EMG), electro enphalogram (EEGY awvent related
brain potentials (ERPS), transcranial magneticigtaion (TMS), and the
elicitation of reflexes. Because of their relatease and noninvasiveness,
excellent time resolution, relative mobility, anmtexpensiveness, ERPs
are of special importance. Therefore, we (who)? wilroduce this
technique in some detail. ERPs are derived from EE&€drdings by
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averaging selected time epochs synchronized toamtgor example, to
a stimulus, muscle activation, or a button predse &verage signal
derived by this process consists of a complex wavefvith positive and
negative deflections during certain time intervated with a specific
voltage distribution across the head surface. Usunth characteristics,
so-called components can be defined; and in masgscthey can be
related to putative cognitive sub processes thkatpéace in specific brain
systems. Some of these components are of spetaksh for motor
control and motor learning. Make the subtitle usterdable to the
readers.

Motor control evolves so that people can cope i environment
around them. A person must focus on detecting mébon in the
immediate environment (perception) that is deteeaiito be necessary
for performance of the task and achievement ofi#sered outcome goal.
The individual is an active observer and explorethe environment,
which allows the development of multiple ways inie¢hto accomplish
(choose and execute) any given task. The individoalyses a particular
sensory environment and chooses the most suitablefficient way to
complete the task. Thaerson consists of all functional and dysfunctional
body structures and functions that exist and ictevdath one another.
Thetask is the goal-directed behavior, challenge, or poblo be solved.
Theenvironment consists of everything outside of the body thadtexor
is perceived to exist, in the external world. Allée of these motor control
constructs (person, task, environment) are dynandcvariable, and they
interact with one another during learning and pobidem of a goal-
directed, effective motor plan.

3.2 Choice of Motor Pattern and The Control of Valintary
Movement

A choice of body movement is made based on theop&rperception of
the environment, his or her relationship to objeatkin it, and a goal to
be met. The person chooses from a collection aispthat have been
developed and refined over his or her lifetimea hovement plan does
not exist, a similar plan is chosen and modifiedniet the needs of the
task. Once the plan has been chosen it is custdnigeghe CNS with
what are determined to be the correct actions tec@e given the
perceived situation and goal of the individual unitie following:

A. Coordination

The movement plan is customized by communicatiomsre the frontal
lobes, basal ganglia, and cerebellum, with funei@onnections through
the brain stem and thalamus. During this processifip details of the
plan are determined. Postural tone, co active tiamdg of trunk muscle
firing are set for proximal stability, balance, goaktural control. Force,
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timing, and tone of limb synergies are set to alfomsmooth, coordinated
movements that are accurate in direction of trapgctorder, and
sequence. The balance between agonist and antagurssle activity is
determined so that fine distal movements are peeaisl skilled. This
process is complicated by the number of possiblmbooations of
musculoskeletal elements. The CNS must solve tlagrees of freedom”
problem so that rapid execution of the goal-dirgcteovement can
proceed and reliably meet the desired outcddmee these movement
details are complete the motor plan is executeithé@yprimary motor area
in the precentral gyrus of the frontal lobe.

B. Execution

Pyramidal cells in the corticospinal and corticddawl tractsexecute the
voluntary motor plan. Neural impulses travel doWwese central efferent
systems and communicate with motor neurons inrti@ lstem and spinal
cord. The corticobulbar tract communicates withrbsdem motor nuclei
to control muscles of facial expression, mouth tomjue for speaking
and eating, larynx and pharynx for voice and swallgoluntary eye
movements for visual tracking and saccades, anctlesisf the upper
trapezius for shoulder girdle elevation. The caodmnal tract
communicates with motor neurons in the spinal corte ventral
corticospinal tract system communicates primaritjhyproximal muscle
groups to provide the appropriate amount of adbwato stabilize the
trunk and limb girdles, thus allowing for dexterousstal limb
movements. The lateral corticospinal tract systeomrounicates
primarily with muscles of the arms and legs—firmlgha motor neurons
in coordinated synergy patterns with appropriatévig in agonist and
antagonist muscles so that movements are smootipi@wise. Other
motor nuclei in the brain stem are programmed te fust before
corticospinal tract activity in order to supply prsl tone. These include
lateral and medial vestibular spinal tracts, reétispinal tract, and
rubrospinal tract systems. Adequate and balancestimtone of flexors
and extensors in the trunk and limbs occurs auticaibt, without the
need for conscious control. These brain stem nelee tonic firing rates
that are modulated up or down to effectively prewdore or less muscle
tone in body areas depending on stimulation froavigy, limbic system
activity, external perturbations, or other neuraaivity.

C. Adaptation

Adaptation is the process of using sensory inpais fmultiple systems
to adapt motor plans, decrease performance eamdspredict or estimate
consequences of movement choices. The goal of @t@aptis the
production of consistently effective and efficieskilled motor actions.
When all possible body systems and environmentalditions are
considered in the motor control process, it is @asynderstand why there
is often a mismatch between the movement planglaiosen and how it
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Is actually executed. Errors in movements occurcause problems that
the nervous system must solve in order to delivirctve, efficient,
accurate plans that meet the task goal. To soigeptioblem, the CNS
creates an internal representation of the bodytlegurrounding world.
This acts as a model that can be adapted and dhamgjee presence of
varying environmental demands. It allows for thditgbto predict and
estimate the differences between similar situati®hgs ability is learned
by practicing various task configurations in refd-lenvironments.
Without experience, accurate movement patternsabasistently meet
desired task goals are difficult to achieve.

D. Anticipatory control

Anticipatory control of posture and postural adpehts stabilizes the
body by minimizing displacement of the centre adwgty. Anticipatory
control involves motor plans that are programmeddbin advance of
movement. A comparison between incoming sensomgramition and
knowledge of prior movement successes and failemebles the system
to choose the appropriate course of action.

E. Flexibility

A person should have enough flexibility in perfomoa to vary the details
of a simple or complex motor plan to meet the @make presented by any
given environmental context. This is a beneficlmcteristic of motor
control. When considering postural control, for myde, a person will
typically display a random sway pattern during dtag that may ensure
continuous, dynamic sensory inputs to multiple egnsystems. The
person is constantly adjusting posture and positianeet the demand of
standing upright (earth vertical), as well as teksmformation from the
environment. Rhythmic, oscillating, or stereotypisaay patterns that
are unidirectional in nature are not consideredilfle and are not as
readily adaptable to changes in the environmentk lcd flexibility or
randomness in postural sway may actually rendep#reon at greater
risk for loss of balance and falls.

Define motor control and then explain what it takesmentioned above,
it has been suggested that motor preparationlectetl in activity of the

brain regions associated with motor control andnlieg. Therefore, the
BP has been investigated as an index of activittho$e brain regions.
Indeed, focusing on the BP, several studies havestigated brain

activities associated with retrieval of the geneesl motor program. In a
target force production task, Masaki and colleagc@spared a task
repetition condition where participants repeatepigduced the same
target force (i.e., 13 N) and an alternation coaditwhere they

alternatively produced three different target fer¢ee., 5, 13 and 21 N)
in every trial 43).
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When participants repeatedly exerted the samettéogee, they were
considered to repeatedly apply the same force pateanto the motor
program. Of course, they had to modify the forceapeeter at each trial
using feedback information (knowledge of resultsjt the modification
must have been less effortful than in the alteamationdition, in which
they had to apply a different force parameter ® rtiotor program in
every trial.

Motor control section summary

Motor control theories have been developed and bawkred over many
years as our understanding of nervous system steuand function has
become more advanced. The control of posture andement is a
complex process that involves many structures awdld within the
human body. It requires accurate sensory inputsydooated motor
outputs, and central integrative processes to medkilful, goal-directed
patterns of movement that achieve desired movemeals. We must
integrate and filter multiple sensory inputs fromotlb the internal
environment of the body and the external world adus to determine
position in space and choose the appropriate npdéorto accomplish a
given task.

We combine individual biomechanical and muscle sagsof the body
into complex movement synergies to deal with tHenite “degrees of
freedom” available during the production of volugtanovement. Well
learned motor plans are stored and retrieved ardified to allow for
flexibility and variety of movement patterns andgpoes. When the PNS
or CNS is damaged and the control of movement isaired, new,
modified, or substitute motor plans can be gendrete@ccomplish goal-
directed behaviors, remain adaptable to changingremments, and
produce variable movement patterns.

SELF — ASSESSMENT EXERCISE

I Theories of motor control and learning
. Choice of Motor Pattern and The Control of Volugthtfovement

4.0 CONCLUSION

Motor Control Theories include the production oflerive, automatic,
adaptive, and voluntary movements and the perfocmant efficient,
coordinated, goal-directed movement patterns winslolve multiple
body systems (input, output, and central proce$sind multiple levels
within the nervous system.
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5.0 SUMMARY

Motor control theories provide a framework for mpeeting movement
and behavior. Motor control is the ability to orgam and control
functional movement. The field of motor controlgrprimarily from the
specialized study of neurophysiology in an attertgptexplain how
functional movement is produced and regulated imdms. From a
historical perspective, several different theoa®sl models have been
proposed. Some models approach motor control fropmysiological
perspective, and others have a psychological petispe

6.0 TUTOR — MARKED ASSIGNMENT

Explain Choice of Motor Pattern and The Control @bluntary
Movement under:

1. Coordination

2. Execution

3. Adaptation
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UNIT 3 MOTOR PROGRAMS AND CENTRAL PATTERN
GENERATORS

CONTENTS

1.0 Introduction

2.0 Objectives

3.0 Main Content
3.1 Definition of Motor Programs and Pattern
3.2 Reflex Model Theory
3.3  Control of Voluntary Movement

4.0 Conclusion

5.0 Summary

6.0 Tutor — Marked Assignment

7.0 Reference/ Further Reading

1.0 INTRODUCTION

The original reflex model of Sherrington was pratisc on the reflex
being the basic unit of movement. Reflexes arestgpical responses to
specific sensory stimuli. Sensory information tegga motor response.
There is no response without sensory input. A deadon reflex is an
example of a monosynaptic reflex. Other reflexesraore complicated
and involve more than one level of the nervousesyssuch as an
asymmetrical tonic neck reflex. Sherrington thoughat voluntary
movement was the product of chains of reflexedqmether by the brain.
Although this explanation of movement being basedefiexes persisted
for quite some time, itis incorrect. Movement caour without a sensory
trigger. Reflexive movement tends to be very stgyqaoal with little or
no variability. Motor control theories provide aaimnework for
interpreting movement and behavior. Motor cont®lthe ability to
organize and control functional movement. The fiefdmotor control
grew primarily from the specialized study of neurggiology in an
attempt to explain how functional movement is piatlband regulated in
humans. From a historical perspective, severakwfit theories and
models have been proposed. Some models approaci cooitrol from
a physiological perspective, and others have ahmdggical perspective.
Regardless, it is important to realize that thégeties are ever changing
and evolving based on contemporary thought ancctineent research.
When the explanations of an existing theory ardonger sufficient to
interpret the research data, new theories are oleeé! Living beings and
man, in particular, continuously influence theiveanment and adapt to
varying situations. Adaptation is an active functiand critical for
survival (and reproduction), and often involvesrhgag, traditionally
defined as a relatively permanent change in a behaotentiality that
occurs as a result of reinforced practicel), amdfléxible control over
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and execution of what has been learned. Amongntipertant functions
for interacting with the environment are movemend actions. There is
strong evidence that the learning and control athsmotor skills

constitutes a specific domain of competence. Tkhanges in motor
behavior (motor learning) usually require practcel often last longer
than newly acquired declarative knowledge and meraoFor example,
once an individual has learned to ride a bicycle,dn she usually
maintains this motor skill over many years withtwther practice.

2.0 OBJECTIVES

After studying this chapter, the reader will beeatd:

o Define movement pattern.
o Know the Reflex model theory.
) Identify Control of Voluntary Movement.

3.0 MAIN CONTENT
3.1 Definition of Motor Programs and Pattern

A motor program (MP) is a learned behavioral pattiefined as a neural
network that can produce rhythmic output patternth vor without
sensory input or central control. MPs are sets@mfement commands, or
“rules,” that define the details of skilled motatians. An MP defines the
specific muscles that are needed, the order of imastivation, and the
force, timing, sequence, and duration of musclerections. MPs help
control the degrees of freedom of interacting bsttyctures, and the
number of ways each individual component acts. Aegalized motor
program (GMP) defines a pattern of movement, ratiam every
individual aspect of a movement. GMPs allow for théjustment,
flexibility, and adaptation of movement featurescading to
environmental demands. The existence of MPs and SGBIR generally
accepted concept; however, hard evidence that amMPGMP exists
has yet to be found. Advancements in brain imadeahniques may
substantiate this theory in the future. In conttad¥lPs, a central pattern
generator (CPG) is a genetically predetermined meave pattern. CPGs
exist as neural networks within the CNS and hawe dapability of
producing rhythmic, patterned outputs resemblingmad movement.
These movements have the capability of occurrinthaut sensory
feedback inputs or descending motor inputs. Twaatttaristic signs of
CPGs are that they result in the repetition of nmosets in a rhythmic
manner and that the system returns to its stadorglition when the
process ceases. Both MPs and CPGs contribute talelkelopment,
refinement, production, and recovery of motor cointhroughout life.
Motor - in physical education and studies of thelybdhis refers to
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movement. ... Motor learning refers to the brainability to
develop control over the body' muscular skeletadteay to produce
coordinated and timed movements in response tadémeands of the
surrounding environment. Motor control is a compbegcess occurring
in the brain in response to practice or experi@ie@ecertain skill resulting
in changes in the central nervous system. It allimwvghe production of a
new motor skill. ... Motor control requires praetic feedback and
knowledge of results. Motor control involves leaugnia skilled task and
then practising with a goal in mind until the sksliexecuted automatically
(Schmidt & Wrisberg 2007). For example, learninglkay a song on the
piano initially takes a lot of thought and practisefore the task is
automatic and executed skilfully. In a book entitéuman Performance,
the well-known psychologists proposed three stafé=arning
motor skills: a cognitive phase, an associativesphand an autonomous
phase. During the twentieth century, scholars gitechto explain the
mechanisms of motor control. Initially, it was tlghi that the brain
organized movement through reflexes alone or aseearchy. Later
models were developed that described feedback ragagmming within
the nervous system. A systems model is the moseongorary model of
motor control at this time. Motor control is theildy to organize and
control functional movement. Each of these modsigliscussed as
follows:

a. The person, the task, and the environment: an ecajacal model
for motor control
Motor control evolves so that people can cope i environment
around them. A person must focus on detecting mébion in the
immediate environment (perception) that is deteeaiito be necessary
for performance of the task and achievement ofi#sered outcome goal.
The individual is an active observer and explorethe environment,
which allows the development of multiple ways inig¢hto accomplish
(choose and execute) any given task. The individoalyses a particular
sensory environment and chooses the most suitablefficient way to
complete the task. Thaerson consists of all functional and dysfunctional
body structures and functions that exist and ictevdth one another.
Thetask is the goal-directed behavior, challenge, or poblo be solved.
Theenvironment consists of everything outside of the body thadtexor
is perceived to exist, in the external world. Allée of these motor control
constructs (person, task, environment) are dynandcvariable, and they
interact with one another during learning and pobidem of a goal-
directed, effective motor plan.

b. Body Structures and Functions That Contribute to Tlre
Control of Human Posture and Movement

Keen observation of motor output quality during therformance of

functional movement patterns helps the therapiderdene activity
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limitations and begin to hypothesize impairmentthimi sensory, motor,
musculoskeletal, cardiopulmonary, and other bodytesys. The
following section presents and defines some of ehkey factors,
including sensory input systems, motor output systeand structures and
functions involved in the integration of informatian the CNS.

C. Role of sensory information in motor control

Sensory receptors from somatosensory (exteroceptasd
proprioceptors), visual, and vestibular systems tasle, smell, and
hearing fire in response to interaction with théeexal environment and
to movement created by the body. Information abibwgise various
modalities is transmitted along afferent periph@&mives to cells in the
spinal cord and brain stem of the CNS. All senswagcts, with the
exception of smell, then synapse in respective agnsuclei of the
thalamus, which acts as a filter and relays thi®rmation to the
appropriate lobe of the cerebral cortex (e.g., fosmmsory to parietal
lobe, visual to occipital lobe, vestibular, hearilagd taste to temporal
lobe). Sensory information is first received anccpeved, then associated
with other sensory modalities and memory in theeission cortex. Once
multiple sensory inputs are associated with onérempthe person is then
able toperceive the body, its posture and movement, the enviroriaueah
its challenges, and the interaction and positiothefbody with objects
within the environment. The person uses this pduapnformation to
create an internal representation of the body rfiaiemodel) and to
choose a movement program, driven by motivationdesire, to meet a
final outcome goal. Although the sensory input amator output systems
operate differently, they are inseparable in fuorctwithin the healthy
nervous system. Agility, dexterity, and the abilibyproduce movement
plans that are adaptable to environmental demagftéct the accuracy,
flexibility, and plasticity of the sensory-motorsigm.

The CNS uses sensory information in a variety ofsita regulate posture
and movement. Before movement is initiated, infdrama about the

position of the body in space, body parts in retatio one another, and
environmental conditions is obtained from multigensory systems.
Special senses of vision, vestibular inputs thapoad to gravity and
movement, and visual-vestibular interactions suppdgditional

information necessary for static and dynamic bataard postural control
as well as visual tracking. Auditory informationirgegrated with other
sensory inputs and plays an important role in th@ng of motor

responses with environmental signals, reaction tirasponse latency,
and comprehension of spoken word. This informaisomtegrated and
used in the selection and execution of the movers#ategy. During

movement performance, the cerebellum and otheraheantres use
feedback to compare the actual motor behavior thi¢ghintended motor
plan. If the actual and intended motor behaviorsxdbmatch, an error
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signal is produced and alterations in the motorllem are triggered. In
some instances, the control system anticipates raakies corrective
changes before the detection of the error signais Tanticipatory
correction is termetked-forward control. Changing one’s gait path while
walking in a busy shopping mall to avoid a collisie an example of how
visual information about the location of people abfects can be used in
a feed-forward manner.

Another role of sensory information is to revisee theference of
correctness (central representation) of the MPrbatas executed again.
For example, a young child standing on a balanaebeith the feet close
together falls off of the beam. An error signal wscbecause of the
mismatch between the intended motor behavior aedatitual motor
result. If the child knows that the feet were tdose together when the
fall occurred, then the child will space the featlier apart on the next
trial. The information about what happened, fallorghot falling, is used
in planning movement strategies for balancing onrearrow object such
as a balance beam, log, or wall in the future. &ynsformation is
necessary during the acquisition phase of learaingw motor skill and
is useful for controlling movements during the axemn of the motor
plan. However, sensory information is not alwayseassary when
performing well-learned motor behaviors in a stalld familiar context.
Rothwell and colleagues studied a man with sevane®@y neuropathy in
the upper extremity. He could write sentences Witheyes closed and
drive a car with a manual transmission without \watg the gear shift.
He did, however, have difficulty with fine motorstes such as buttoning
his shirt and using a knife and fork to eat whemiei@ visual information.
The importance of sensory information must be wedyhy the
individual, unconsciously filtering and choosingragpriate and accurate
sensory inputs to use to meet the movement goal.

Sensory experiences and learning alter sensorgseptations, or cortical
“maps,” in the primary somatosensory, visual, anditary areas of the
brain. Training, as well as use and disuse of sgnatormation, has the
potential to drive long-term structural changeghiea CNS, including the
formation, removal, and remodelling of synapses at@hdritic
connections in the cortex. This process of corfasticity is complex
and involves multiple cellular and synaptic meckanrs.

d. Movement preparation

As has been pointed out above, ballistic movemieawe to be prepared
in advance; but preparation for non-ballistic moeeais is also important.
Usually there are two kinds of preparation, timeparation and event
preparation; although, in practice, both types Uguao-occur. Time
preparation relates to the moment in time at wlaichovement is to be
executed. For example, the better a sprinter pesplar the moment of
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the start signal, the quicker he or she will bezabl leave the starting
block. In contrast, event preparation refers tokind of movement to be
performed. A goalkeeper preparing for a penaltytshmay ready
himself/herself to jump to the left or right. Obugly, correct preparation
will greatly increase his or her chances to cabehitall. Because there is
less neuroscientific work on time preparation (xcegtion), we will
focus on event preparation (for a more in-depthemgvsee Leuthold,
Sommer, & Ulrich, 2004).

The paradigm, which has been used most often tly &tvent preparation
from a psychophysiological perspective. In this goigm a prevue
provides more or less advance information about ab&on to be
performed in response to a subsequent responseal.signtypical
experimental result is that the higher the amodimtformation provided
by the prevue, the shorter the reaction time véltdthe response signal.
For example, Rosenbaum (1980) reported an expetrithah required
participants to perform a button press with theé ¢efright hand on a
button that was located either at a short or lastadce from a home key
in a direction towards or away from the participanthe required
response was fully specified by a response signjaite-cut preceding the
response signal could provide advance informatiooutthe required
response. The more information the pre-cut provided shorter the
reaction time (RT) was to the response signal. Thaad information
shortened the reaction time, relative to an unmttive pre-cut, and
information about hand plus direction shortened BE even more.
Rosenbaum (1980) suggested that the RT benefirobacause pre-cut
information allows parts of the motor program taalsesembled in advance
of the response signal. This position was contebiedsoodman and
Kelso (1980) who suggested that the advantage wasoda reduction of
stimulus response alternatives, which are obvioteslyer when more
information is provided, and hence would be funtaity localized at the
response selection stage.

3.2 Reflex Model Theory

Take it up from reflex theory. The original reflexodel of Sherrington
was predicated on the reflex being the basic Umb@vement. Reflexes
are stereotypical responses to specific sensorgnubti Sensory
information triggers a motor response. There isregponse without
sensory input. A deep tendon reflex is an exampla monosynaptic
reflex. Other reflexes are more complicated analver more than one
level of the nervous system such as an asymmetooad neck reflex.
Sherrington thought that voluntary movement waspifegluct of chains
of reflexes put together by the brain. Althoughstl@xplanation of
movement being based on reflexes persisted foe qame time, it is
incorrect. Movement can occur without a sensorgger. Reflexive
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movement tends to be very stereotypical with lititeno variability. The
nervous system does have local circuits at theasmard level that
coordinate reflexes. Reflexive movement is only oretegory of
movement.

Influence of Neuromuscular Action On Coordinated Masements in
Sports

Muscular strength is the base of physical healtd @tmess and is
fundamental for all sports (Khajeh Ne'mat, et &@14). Increasing
muscular power and neuromuscular coordination isn@ortant physical
fithess factor for both body builders and physicalitive individuals and
a minimum level of strength is needed to live dthgdife (Rahimi, et al.
2014). Poor coordination between muscular groupsceaise abnormal
movements in body parts and this may lead to peofopnance and
malformation (Hemayat Talab, 2012). Strength tragsi improve
physical performance by increasing muscle massepastrength, speed,
kinetic performance, balance and neuromuscular dboation and
(Kraeme & Ratamess, 2004). Most researchers belieae muscular
power increases through neural or muscular compadéi® or a
combination of both. They believe that before bemgig a structural
change in the muscle, its strength may increaserasult of the change
in motor units (Banayi Far, et al. 2011). In otiverds, strength trainings
create new neural channels ending in higher coatidin between
muscular groups involved in a specific musculaivagt(Damirchi, et al.
2007). Several studies have investigated the sffétrength training on
the number of Acetylcholine receptors (AchR) andeheeported that
strength training significantly increases AchRhe muscle (Parnow, et
al. 2012). However, in spite of the undeniable @ffe strength training
on muscle structure and underlying neural mechagisetent studies
have focused on the effects of strength trainingperformance. For
instance, Kavei, et al. (2014) demonstrated thgbrpktric and speed
trainings have similar mechanism and the plyometiercise or
plyometric exercise combined with speed runninguasd similar
performance improvements. They suggested that thmepsovements
might have been originated from neural adaptatmoably caused by
further motor units’ recruitment and faster neuligcharge. Yet, it does
not seem that changes in motor reflex play roleha@se adaptations. In
contrast, Hamre (2013) indicated that fitness f&ctocluding reaction
time and neuromuscular coordination did not chafojjewing a six-
week plyometric training. In spite of this contretehn, other studies have
reported bilateral effects between strength trgimamd neuromuscular
coordination. Enoka, et al. (2012) suggested treabiost important factor
increasing neuromuscular strength and coordinagidime neural system.
They found that without neural adaptations strengthild not increase.
Regarding physiological effects of strength tragnion neuromuscular
system Zareli, et al (2013) showed that that plyométaining induces
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great changes in neuromuscular coordination andpathlity which
leads to increased muscles power, faster reactdniraproved sports
performance. Accordingly, studies conducted by Mt@Ga et al. (2012),
Tine-Alkjear, et al. (2013) and Menz, et al. (20Xf)proved of the
relationship between two variables.

However, the nature and manner of neuromusculardewion and

compatibility induced by strength programs is netywwell understood.
Moreover, results from various studies are conttady (Wulkow, et al.

2011). Studies have reported that developmentsunah system occur in
primary stages of training and structural formatiafi muscles

(hypertrophy) follows this stage. Furthermore, lack enough

understanding about the nature of neural condugtiwwhether it is

hereditary or adaptability, poses a question tkeata compatibilities do
not occur or are not significant in trained athdet@ompa, 2008).
Considering the contradictory results and incregpaiention to strength
trainings to improve physical fithess, proposingvelosolutions for

succeeding in international events of differentrigpmcluding emerging
individual and team sports seems to be crucialréfbes, this question
arises that whether strength training increaseameuscular coordination
and compatibility in pool players and improves @riyacking and shot
control. Thus, the present study investigates tfiects of strength
training on neuromuscular coordination in pool play

The neuromuscular junction (NMJ) is a synapse fien peripheral

nervous system that allows communication betweemto neuron and
skeletal muscle fibres. NMJ architecture is fornisdpre- and post-
synaptic compartments. Each compartment consists se¥eral

components, such as peripheral axon, myelin shé&thwann cells,
acetylcholine (ACh) vesicles and receptors (AClaRgtylcholinesterase
enzyme, and muscle basal lamina.

One classical feature of this morphological streeta the great plasticity
that it suffers across age. Experimental data dsirated greater NMJ
density in juvenile than adult rats. From youngattult age, skeletal
muscle fibre goes from a multi-innervated conditiom a unique
NMJ/muscle fibre state. As time passes by, nensystem begins to
suffer a slow and continued reduction of its fuoics. At late ages, NMJ
begins to undergo a process of functional denamatieading to
compensatory functional hypertrophy frame. This Ina@sm is an
attempt to prevent the muscle fibres are permapestiervated and
undergo apoptosis. This process may lead skelatatlm to sarcopenia
process.

Many strategies are studied in order to stop arréimerse the sarcopenia
process and muscle strength decrease resulted fhemadvanced
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biological age. Undoubtedly, one of the most redezdt and used strategy
Is physical exercise. Physical exercise can beidered as any physical
activity previously scheduled. The relationshipAmtn physical exercise
and NMJ is studied since the middle of last centlrercise can promote
positive changes in NMJ and thereby promote funetiocapacity
improvement of young and old human and animalsréibes, this type
of intervention is extremely important to maintée physical functional
condition over time. Despite some information oe #ffect of exercise
training on the structure of the NMJ, many studiealysed different lab
techniques, skeletal muscles, exercise types amirtg protocols. These
methodological differences might lead us to cotifig, confusing and/or
divergent results.

Many molecules have been proposed to participatéval adaptation to
exercise. Recently, Nishimune and colleagues readeviterature-
showing probability of molecules such iasulin like growth
factors (IGFs),Bassoon protein, neurotrophin 4 (NT-4) and other to
induce NMJ physiological and morphological adaptattio training.
However, more data are needed and further mechanmight be
involved in this scene.

Currently, the clinical literature uses systematviews and meta-
analysis to identify possible studies methodoldgiitierences, quality
of the surveyed studies on a given topic and thst suatable intervention
for a specific treatment. Therefore, this study ednto carry out a
systematic review on the effects of exercise on Nldhpartments of
young, adult and aged animals. Motor competendecatsfthe degree of
proficient performance in various motor skills argl essential for
developing an active and healthy lifestyle. If dcchas motor problems
and is left untreated, he is likely to transfer nhento adulthood.
Moreover, low motor competence can lead to risksaamixture of

behavioral, emotional, and social difficulties. Aduhally, it also

significantly impacts the willingness of particigat in physical activity

and overall performance in different sports.

Volleyball is one of the most intense anaerobicrigpthat include a
combination of explosive movements with short resgvperiods. In
volleyball, the physical performance plays an esskrmole, since the
actions in this sport include a variety of changéslirection in sagittal
and frontal planes, frequent sprints, and differgmyes of jumps.
Explosive strength represents the ability of theramuscular system to
manifest strain as quickly as possible and is aiattundamental aspect
of successful volleyball performance. Besides thedrtance of physical
performance, volleyball can also be consideredlalsksed and complex
game, which requires well-developed motor coordomaievels. The
importance of effective motor behavior optimizatiamd decision-
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making in different motor games was establishedng. Moreover, Pic

et al. found that girls and boys show differenaeshie effectiveness of
motor behavior and respond differently when theyvéthin a complex

interactive  structure. Therefore, well-developed ogpams and

methodologies are essential and can significaottyrdoute to motor skill

learning and improving movement competence.

Therefore, different kinds of training models hdve=n tested to improve
the performance of volleyball players. Howevery¢his a high degree of
inter-individual variation in the development of wement competence
during early and middle childhood. Accordingly, exise and health care
professionals agree that we should put the focuappmopriate training
models for the youth. The evidence says that arsigeel strength
training program is effective and safe for childrand that they can
successfully improve their overall health and siterby participating in
such a program. The neuromuscular training (NMTdgpam was
identified as a new innovative approach for scheoldren. It aims to
include general and specific physical activitiesetthance health (e.g.,
endurance and strength) and skill-related (e.glanice and agility)
physical fitness components with a combinationeasistance, balance,
dynamic stability, plyometric, core strength, andility exercises.
Faigenbaum et al. reported that the NMT progranwsldoresults in the
enhancement of children’s fundamental movementsskihd fitness.
Faigenbaum et al. demonstrated significant imprargm after eight
weeks of 15 min NMT before-school physical eduagtim curl-ups,
push-ups, 0.5-mile run, and single-leg hop perforteacompared to the
control group. While the mentioned research addisabde meaning to
NMT, there is still a lack of NMT research on yowleyball players.
In adolescent female volleyball players, the NMdgyam resulted in the
improvement of their neuromuscular control and ease of anterior
cruciate ligament (ACL) injury risk by improving dgmic knee stability.
Another study showed that regular participation NMT enhanced
countermovement jumping performance in young vdiédly players.
Sugimoto et al. demonstrated on a sample of 21 bajtool women
volleyball players that the high compliance to NBIgnificantly elevated
the hip abductors isokinetic strength. However tipld questions remain
regarding the efficacy and utility of NMT as a tdol enhance motor
competence and physical performance in young athletspecially in
volleyball. Besides that, there is not a sufficiamount of research on
this field on the female population. Females maeemlly benefit from
multicomponent NMT since they usually display desex baseline
levels of power and strength in comparison withrttede population.
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3.3 Control of Voluntary Movement

MODULE 3

Table below provided by researchgate.net shows bibdy system
processes involved in motor control, their acti@m] the body structures
included. The following section explains these pgses in more detail.

Components of Motor Control: Body System Processdavolved in
Motor Control, Their Actions, and The Body Structures Included

BODY STRUCTURES
PROCESS ACTION INVOLVED
Sensation Sensory Peripheral afferent neurons,
information, brain stem, cerebellum,
feedback fronp  thalamus, sensory receiving
exteroceptors areas in the parietal,
and occipital, and temporal lobes
proprioceptor
Perception Combining, Brain stem, thalamus,
comparing, sensory association areas in
and filtering the parietal, occipital, visual,
sensornyjinputs and temporal lobt
Choice  of Use of the Association areas, frontal
movement perceptual lobe, basal ganglia
plan map to access
the
appropriate
motor plar
Determining Frontal lobe, basal ganglia,
the details o cerebellum, thalamus
Coordination the pla
including

force, timing,
tone,
direction, an
extent of th
movement o
postural an
limb synergie
and action
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BODY STRUCTURES
PROCESS ACTION INVOLVED

Execution Execution qf Corticospinal and
the motor plaf corticobulbar tract systems,
brain stem motor nuclei, and
alpha and gamma motor
neuron

4

Adaptation Compare Spinal neural networks,
movement cerebellum

with the motot
plan ang
adjust the pla
during
performanc

—

Role of the cerebellum

The primary roles of the cerebellum are to maingaature and balance
during static and dynamic tasks and to coordinabeements before
execution and during performance. The cerebelluatgsses multiple
neural signals from (1) motor areas of the cereboatex for motor

planning, (2) sensory tract systems (dorsal smeedbellar tract, ventral
spinal cerebellar tract) from muscle and joint ptoes for proprioceptive

and kinaesthetic sense information resulting fromovement

performance, and (3) vestibular system informatarthe regulation of

upright control and balance at rest and during mm@s. It compares
motor plan signals driven by the cortex with whatreceived from

muscles and joints in the periphery and makes sacgadjustments and
adaptations to achieve the intended coordinatedemewnt sequence.
Movements that are frequently repeated “instrustiare stored in the
cerebellum as procedural memory traces. This isethe efficiency of
its role in coordinating movement. The cerebelluso glays a role in

function of the reticular activating system (RAShe RAS network

exists in the brain stem tegmentum and consist étwork of nerve

cells that maintain consciousness in humans and pebple focus

attention and block out distractions that may dffaotor performance.
Damage to the cerebellum, its tract systems, ostitscture creates
problems of movement coordination, not executiorclosice of which

program to run. The cerebellum also plays a rolamguage, attention,
and mental imagery functions that are not consai¢oetake place in

motor areas of the cerebral cortex.

58



KHE 335 MODULE 3

The Cerebellum Plays Four Important Roles in MotorControl

1. Feed-forward processing: The cerebellum receives neural signals,
processes them in a sequential order, and senalsnafion out,
providing a rapid response to any incoming infoiioratlt is not
designed to act like the cerebral cortex and dasshave the
capability of generating self-sustaining neuraterais.

2. Divergence and convergence: The cerebellum receives a great
number of inputs from multiple body structures, qgasses this
information extensively through a structured ingmmetwork, and
sends the results out through a limited numbeugiut cells.

3. Modularity: The cerebellum is functionally divided into
independent modules—hundreds to thousands—all dvfitrent
inputs and outputs. Each module appears to function
independently, although they each share neuroistingt inferior
olives, Purkinje cells, mossy and parallel fibremd deep
cerebellar nuclei.

4. Plasticity: Synapses within the cerebellar system (betweeallphr
fibres and Purkinje cells, and synapses betweersyrfdses and
deep nuclear cells) are susceptible to modificatibtheir output
strength. The influence of input on nuclear cedisadjustable,
which gives great flexibility to adjust and fineatithe relationship
between cerebellar inputs and outputs.

Role of the basal ganglia

The basal ganglia are a collection of nuclei logatethe forebrain and
midbrain and consisting of the globus pallidus apugn, caudate nucleus,
substantia nigra, and subthalamic nuclei. It hamay functions in motor
control and motor learning. It plays a role in digog which motor plan or
behavior to execute at any given time. It has cotioies to the limbic
system and is therefore believed to be involvetreward learning.” It
plays a key role in eye movements through midlbcammections with the
superior colliculus and helps to regulate posttoaE as a basis for the
control of body positions, preparedness, and cesgta

Information processing

The processing of information through the sensoput, motor output,
and central integrative structures occurs by varimethods to produce
movement behaviors. These methods allow us towidalthe temporal
and spatial components necessary for coordinatéormotput and allow
us to anticipate so that a response pattern mayprepared in
advanceSerial processing is a specific, sequential order of processing of
information through various centres. Informationogeeds lockstep
through each centr@arallel processing is processing of information that
can be used for more than one activity by more tbae centre
simultaneously or nearly simultaneously. A thiradlanore flexible type
of processing of information. This type of procaegscombines the best
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attributes of serial and parallel processing. Wtiensituation demands
serial processing, this type of activity occurs. dibher times parallel
processing is the mode of choice. For optimal m@sicg of intrinsic and
extrinsic sensory information by various regions the brain, a

combination of both serial and parallel processsmthe most efficient
mode. The type of processing depends on the camtsti the situation.

For example, maintaining balance after an unexpectxternal

perturbation requires rapid processing, whereasiileg to voluntarily

shift the centre of gravity to the limits of statyilrequires a different
combination of processing modes.

Methods of information processing

In summary, information processing reinforces amdines motor
patterns. It allows the organism to initiate congagary strategies if an
ineffective motor pattern is selected or if an ymexted perturbation
occurs. And, most important, information processiagilitates motor
learning.

Movement patterns arising from self-organizing subgstems
Coordinated movement patterns are developed amedefia dynamic
interaction among body systems and subsystemssponse to internal
and external constraints. Movement patterns usext¢omplish a goal
are contextually appropriate and arise as an emergeoperty of
subsystem interaction. Several principles relate stif-organizing
systems: reciprocity, distributed function, consensand emergent
properties.

Reciprocity implies information flow between two or more neural
networks. These networks can represent specifitn bcantres, for
example, the cerebellum and basal ganglia. Alterslgt the neural
networks can be interacting neuronal clusters &mtatvithin a single
centre, for example, the basal ganglia. One modeddémonstrate
reciprocity is the basal ganglia regulation of mab@havior through
direct and indirect pathways to cortical areas. itoge direct pathway
from the putamen to the globus pallidus interngnsent provides net
inhibitory effects. The more indirect pathway fréne putamen through
the globus pallidus external segment and sub thelaotleus provides a
net excitatory effect on the globus pallidus inedisegment. Alteration of
the balance between these pathways is postulatgatoiduce motor
dysfunction. An abnormally decreased outflow frdra basal ganglia is
postulated to produce involuntary motor patterndjictv produce
excessive motion such as chorea, hemiballism, ontentional tremor.
Alternatively, an abnormally increased outflow frone basal ganglia is
postulated to produce a paucity of motions, as geethe rigidity
observed in individuals with Parkinson disease.
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Systems model of motor control

Distributed function presupposes that a single centre or neural network
has more than one function. The concept also imitat several centres
share the same function. For example, a centre sgaye as the
coordinating unit of an activity in one task andynserve as a pattern
generator or oscillator to maintain the activity amother task. An
advantage of distributing function among groupse@drons or centres is

to provide centres with overlapping or redundantnctions.
Neuroscientists believe such redundancy is a sédatyre. If a neuronal
lesion occurs, other centres can assume criticational roles, thereby
producing recovery from CNS dysfunction.

Consensus implies that motor behavior occurs when a majaoityprain

centres or regions reach a critical threshold tmpce activation. Also,
through consensus extraneous information or inftonathat does
require immediate attention is filtered. If, howgva novel stimulus
enters the system, it carries more weight and veseimmediate
attention. A novel stimulus may be new to the systenay reflect a
potentially harmful situation, or may result frohetconflict of multiple
inputs.

Emergent propertiesmay be understood by the adage “the whole is
greater than the sum of its parts.” This concepplies that
braincentres, not a single brain centre, work together to preduc
movement. An example of the emergent propertiesajairis continuous
repetitive activity (oscillation). a hierarchy represented by three
neurons arranged in tandem. The last neuron endsresponder. If a
single stimulus activates this network, a singpomse occurs. What is
the response if the neurons are arranged so thdhitld neuron sends a
collateral branch to the first neuron in additianthe ending on the
responder In this case a single stimulus activa¢eson No. 1, which in
turn activates neurons No. 2 and No. 3, causingspanse as well as
reactivating neuron No. 1. This neuronal arrangdrpesduces a series
of responses rather than a single response. Thosegs is also
termedendogenous activity.

Another example of an emergent property is the yetdn of motor

behavior. Rather than having every MP stored inkifan, an abstract
representation of the intended goal is stored. & time of motor

performance, various brain centres use the pressrgory information,
combined with past memory of the task, to develgpappropriate motor
strategy. This concept negates a hardwired MP qganteMPs were

hardwired and if an MP existed for every movemenetr gperformed, the
brain would need a huge storage capacity and waalkdthe adaptability
necessary for complex function.
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Controlling the degrees of freedom

Combinations of muscle and joint action permitrgéanumber of degrees
of freedom that contribute to movement. A systerthwai large number
of degrees of freedom is calledhigh-dimensional system. For a
contextually appropriate movement to occur, the loemof degrees of
freedom needs to be constrained. Bernstein sughtdsiethe number of
degrees of freedom could be reduced by musclesimgpik synergies,
that is, coupling muscles and joints of a limb t@duce functional
patterns of movement. The functional unit of mab&havior is then
asynergy. Synergies help to reduce the degrees of freedamsforming
a high-dimensional system into a low-dimensionakey. For example,
a step is considered to be a functional synergyepator the lower
extremity. Linking together stepping synergies witle functional
synergies of other limbs creates locomotion (ifiteb coordination).

Functional synergy implies that muscles are activated in an apprégria
sequence and with appropriate force, timing, anectional components.
These components can be represented as fixedatives ratios, and the
control comes from input given to the cerebelluonirhigher centres in
the brain and the peripheral or spinal system eord prior learning. The
relative parameters are also terngedtrol parameters. Scaling control
parameters leads to a change in motor behaviocdonaplish the task.
For example, writing your name on the blackboardneplifies scaling
force, timing, and amplitude. Scaling is the prdjooral increase or
decrease of the parameter to produce the intendéat mctivity.

Coordinated movement is defined as an orderly sequence of muscle
activity in a single functional synergy or the alglesequence of
functional synergies with appropriate scaling ofivation parameters
necessary to produce the intended motor behaviorcotrdinated
movement can occur at the level of the scalinganitol parameters in
one functional synergy or inappropriate couplindgusictional synergies.
The control parameter of duration will be usedllastrate scaling. If
muscle A is active for 10% of the duration of thetar activity and
muscle B is active 50% of the time, the fixed raifcA/B is 1:5. If the
movement is performed slowly, the relative timetfoe entire movement
increases. Fixed ratios also increase proportipnaltiting your name on
a blackboard very small or very large yields thmsaesults—your name.
Timing of muscle on/off activation for antagonisticuscles such as
biceps and triceps, or hamstrings and quadriceggziato be accurate for
coordination and control of movement patterns. ne anuscle group
demonstrates a delayed onset or maintains a lahgation of activity,
overlapping with triceps “on” time, the movement llwappear
uncoordinated. Patients with neurological dysfuncoften demonstrate
alterations in the timing of muscle activity witHfumctional synergies and
in coupling functional synergies to produce moveimé&hese functional
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movement synergies are not hardwired but represeatgent properties.
They are flexible and adaptable to meet the chgdierof the task and the
environmental constraints.

Finite number of movement strategies

The concept oémergent propertiescould conceivably imply an
unlimited number of movement strategies availalde perform a
particular task. However, limiting the degreesreeflom decreases the
number of strategies available for selection. Imi@woh, constraints
imposed by the internal environment (e.g., musdadletal system,
cardiovascular system, metabolic activity, cogmnitioand external
environment (e.g., support surface, obstaclestitighlimit the number
of movement strategies. Horak and Nashner obsénaga finite number
of balance strategies were used by individualesponse to externally
applied linear perturbations on a force plate systé/ith use of a life
span approach, VanSant identified a limited numbé&rmovement
patterns for the upper limb, head-trunk, and loWab for the task of
rising from supine to standing.

The combination of these strategies produces tbessary variability in
motor behavior. Although an individual has a prefdror modal profile,
the healthy person with an intact neuromusculatesyscan combine
strategies in various body regions to produce dififemovement patterns
that also accomplish the task. Persons with negicab deficits may be
unable to produce a successful, efficient movenpatiern because of
their inability to combine strategies or adapt eatsgy for a given
environmental change (e.g., differing chair heidbt sit-to-stand
transitions).

Variability of movements implies normalcy

A key to the assessment and treatment of indiveduath neurological
dysfunction lies in variability of movement and the notion that
variability is a sign of normalcy, and stereotypibahavior is a sign of
dysfunction.

Age, activity level, the environment, constraint§ @ goal, and
neuropathological conditions affect the selectibpaiterns available for
use during movement tasks. When change occursdroomore of the
neural subsystems, a new movement pattern emérgeselement that
causes change is calle@antrol parameter. For example, an increase in
the speed of walking occurs until a critical speewl degree of hip
extension are reached, thereby switching the momepettern to a run.
When the speed of the run is decreased, theresisifaback to the
preferred movement pattern of walking. A controtgmaeter shifts the
individual into a different pattern of motor behawi

63



KHE 335 MOTOR LEARNING AND HUMAN PERFOMANCE

This concept underlies theories of development dedrning.
Development and learning can be viewed as moviagsytstem from a
stable state to a more unstable state. When ttieotwariable is removed,
the system moves back to the early, more stabte.st& the control
variable continues to push the system, the indalidpends more time in
the new state and less time in the earlier statiietbe individual spends
most of the time in the new state. When this ogehesnew state becomes
the preferred state. Moving or shifting to the npreferred state does not
obviate the ability of the individual to use therlem state of motor
behavior. Therefore, new movement patterns takeeplahen critical
changes occur in the system because of a contraimader but do not
eliminate older, less-preferred patterns of moveamen

Motivation to accomplish a task in spite of funo@b limitations and
neuropathological conditions can also shift theviddial's CNS to select
different patterns of motor behavior. The muscudbstal system, by
nature of the architecture of the joints and muatiachments, can be a
constraint on the movement pattern. An individuaihwa functional
contracture may be limited in the ability to bendiat only into a desired
range, thereby decreasing the movement repertoiadable to the
individual. Such a constraint produces adaptive omobehavior.
Dorsiflexion of the foot needs to meet a criticabtee of toe clearance
during gait. If there is a range of motion limitatiin dorsiflexion, then
biomechanical constraints imposed on the nervosgesy will produce
adaptive motor behaviors (e.g., toe clearance dugmt). Changes in
motor patterns during the task of rising from sepio standing are
observed when healthy individuals wear an orthimsignit dorsiflexion.
The inability to easily open and close the handhwatation may lead to
adaptations that require the shoulder musculatupdace the hand in a
more functional position. This adaptation uses laara trunk muscles
and will limit the use of that limb in both fine @ngross motor
performance.

Preferred, no obligatory movement patterns thatstable yet flexible
enough to meet ever-changing environmental conditioare
consideredittractor states. Individuals can choose from a variety of
movement patterns to accomplish a given task. kamele, older adults
may choose from a variety of fall-prevention moveingatterns when
faced with the risk of falling. The choice of mof@an may be negatively
influenced by age-related declines in the sensgoutisystems or a fear
of falling. For example, when performing the Mullirectional Reach
Test, an older adult may choose to reach forwaadkward (lean), or
laterally without shifting the centre of gravityward the limits of
stability. This person has the capability of periorg a different reaching
pattern if asked, but prefers a more stable pattern
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Obligatory and stereotypical movement patterns esgghat the
individual does not have the capability of adaptioghew situations or
cannot use different movement patterns to accompligiven task. This
inability may be a result of internal constraintstt are functional or
pathophysiological. The patient who has had a sth@s CNS constraints
that limit the number of different movement pattetimat can emerge from
the self-organizing system. With recovery, the gratimay be able to
select and use additional movement strategies. iGmgnand the
capability to learn may also limit the number of vement patterns
available to the individual and the ability of therson to select and use
new or different movement patterns.

Obligatory and stereotypical movement patterns ats®e from external
constraints imposed on the organism. Consider xtermal constraints
placed on a concert violin player. These exterpaktraints include, for
example, the length of the bow and the positiothefviolin. Repetitive

movement patterns leading to cumulative traumardesoin healthy

individuals can lead to muscular and neurologi¢enges. Over time,
changes in dystonic posturing and changes in theasisensory cortex
have been observed. Although one hypothesis cassttiat the focal

dystonia results from sensory integrative probletms,observable result
IS a stereotypical motor problem.

To review, the nervous system responds to a vaoétinternal and
external constraints to develop and execute mogdrawor that is
efficient to accomplish a specific task. Efficiencgn be examined in
terms of metabolic cost to the individual, typenafvement pattern used,
preferred or habitual movement (habit) used byilkdévidual, and time
to complete the task. The teatiractor stateis used in dynamical
systems theory to describe the preferred pattehabitual movement.
Individuals with neurological deficits may have lied repertoires of
movement strategies available. Patients experiwght various motor
patterns in order to learn the most efficient, ggeronscious motor
strategy to accomplish the task. Therapists camiptarventions that help
to facilitate refinement of the task to match thettignt's capability,
allowing the task to be completed using a variétynovement strategies
rather than limited stereotypical strategies, legdio an increase in
function.

SELF — ASSESSMENT EXERCISE
I Explain Neural basis of motor learning.

. Define motor control.
iii. Give account of motor learning theories.
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4.0 CONCLUSION

There is no response without sensory input. A deadon reflex is an
example of a monosynaptic reflex. Other reflexesraore complicated
and involve more than one level of the nervousesyssuch as an
asymmetrical tonic neck reflex. Sherrington thoughat voluntary
movement was the product of chains of reflexedqmether by the brain.
Although this explanation of movement being basedeflexes persisted
for quite some time, it is incorrect.

5.0 SUMMARY

The concept underlies theories of development aedrning.
Development and learning can be viewed as moviagsitstem from a
stable state to a more unstable state. When theotweariable is removed,
the system moves back to the early, more stabte.sts the control
variable continues to push the system, the indalidpends more time in
the new state and less time in the earlier statietbhe individual spends
most of the time in the new state. When this ogd¢hesnew state becomes
the preferred state. Moving or shifting to the npveferred state does not
obviate the ability of the individual to use therlies state of motor
behaviour movement.

6.0 TUTOR — MARKED ASSIGNMENT

1. Define movement pattern.
2 Know the Reflex model theory.
3. Identify Control of Voluntary Movement.
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MODULE 4
Unit 1 Kinaesthesia
Unit 2 Skin and Sensory Function

UNIT 1 KINAESTHESIA
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Meaning of Kinaesthesia
3.2 Kinaesthesia as a part of a more general nootatrolling
mechanism
3.2.1 Muscle-tendon system
3.2.2 Joint Structures and their Sensory Role
4.0 Conclusion
5.0 Summary
6.0 Tutor — Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

People rely on their senses to successfully intevéhb the surrounding
environment. During movement, specialized sensablerperception of
self or extrinsically induced movement of our badi€hree different but
basic senses have been recognized, to be of inmgertar regulation of
human movement. These are vision, vestibular anmcbskihesia or
proprioception (Guerraz & Bronstein, 2008; Mergr&fQ7; Soechting &
Flanders, 2008). This review is going to focus oraksthetic sense but it
should be kept in mind that other senses are fomaly and
neurologically linked or interwoven with kinaesttgesin sports, the
development of the kinaesthetic sense itself isoatmever the primary
focus of training interventions. Its improvemerthiex happens in parallel
to other functional and structural changes whi@hthe primary aim of a
certain type of training. Kinaesthetic sense istjd to be developed by
some degree using sensory-motor training (Vuillermeasdale, &
Nougier, 2001). In the last decade, kinaesthessalbe®n correlated to
sports injury prevention and rehabilitation, andp®posed to be an
important factor in re-establishing proper motomtcol after injury
(Riemann & Lephart, 2002). But kinaesthesia isarisolated sense or
ability, rather an integral part of the movementtcolling system. As its
sub-modality, kinaesthesia is responsible for pemcg specific
characteristics of our own movement, and for beibte to correct it
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accordingly to the goals or demands of the movenaert the task
performed (Proske, 2006).

Kinesthesia takes five different perspectives amegihesia, beginning
with its evolution across animate life and its bagital distinction from,
and relationship to proprioception. It proceedddoument the historical
derivation of “the muscle sense,” showing in thegass how analytic
philosophers bypass the import of kinesthesia by @fd'inaction,” for
example, and by redefinitions of “tactical deceptioThe article then
gives prominence to a further occlusion of kinaesitnand its subduction
by proprioception, these practices being those oéll-known
phenomenologists, practices that exemplify an &ltperspective
supported in large part by the writings of Merld2anty. Following this
extended critical review, the article shows how $¢ubs phenomenology
enlightens us about kinaesthesia and in doing Brsolis substantive
clues to the phenomenology of learning as it takésce in the
development and acquisition of skilful movement.

2.0 OBJECTIVES
At the end of the studies the students will le&enfollowing:

Proprioception of the muscle sense and kinaesthesia
Evolutionary considerations.

An adultism perspective exemplified.

Husserl’s insights and phenomenological methodology
Empirical validation of Husserl’s insights andirtsport.

3.0 MAIN CONTENT
3.1  Meaning of Kinaesthesia

Kinaesthesia is the awareness of the position amdement of the parts
of the body using sensory organs, which are knosvpraprioceptors, in
joints and muscles. Kinaesthesia is a key componemiLiscle memory
and hand-eye coordination. The discovery of kirfeesa served as a
precursor to the study of proprioception. While téns proprioception
and kinaesthesia are often used interchangealely attually have many
different components. Often the kinaesthetic sensdferentiated from
proprioception by excluding the sense of equilibrior balance from
kinaesthesia. An inner ear infection, for examplght degrade the sense
of balance. This would degrade the proprioceptieass, but not the
kinaesthetic sense. The affected individual wowddable to walk, but
only by using the sense of sight to maintain badatiwe person would be
unable to walk with eyes closed. Another differeimgeroprioception and
kinaesthesia is that kinaesthesia focuses on thdy’$oamotion or
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movements, while proprioception focuses more orbthgly’'s awareness
of its movements and behaviors. This has led to ribgon that
kinaesthesia is more behavioral, and propriocepsianore cognitive.

Reflexes combine the spinal sensory and motor caems with a
sensory input that directly generates a motor mrespoThe reflexes that
are tested in the neurological exam are classifiedtwo groups. A deep
tendon reflex is commonly known as a stretch refled is elicited by a
strong tap to a tendon, such as in the knee-jdlidxreA superficial reflex
is elicited through gentle stimulation of the skimd causes contraction of
the associated muscles.

Knee-jerk reflex, also called patellar reflex, sudden kicking moeam
of the lower leg in response to a sharp tap orp#tellar tendon, which
lies just below the kneecap (Fig.3.1.1). One ofsieral positions that a
subject may take for the test is to sit with knbeat and with one leg
crossed over the other so that the upper foot helegs of the floor. The
sharp tap on the tendon slightly stretches the rigegak, the complex of
muscles at the front of the upper leg. In reactibase muscles contract
and the contraction tends to straighten the leg ikicking motion.
Exaggeration or absence of the reaction suggeststliere may be
damage to the central nervous system. The kneegrlalso be helpful
in recognizing thyroid diseaskinaesthesia is the ability to sense motion
of a joint or limb. It is primarily influenced by wscle spindles and
secondarily influenced by skin receptors and joageptors. In research,
as well as in sports and rehabilitation literatutiéferent terms such as
proprioception, sensory-motor function, balance lkandsthesia are often
interchangeably used. Usually the same subjecttefast is discussed
but from various perspectives. Proprioception reenloften falsely used
to describe function of the motor controlling meagisans during
movement, especially awareness of movement, reatmigperturbation
and prevention of injury. As argued by Riemann kephart (2002) and
Lephart, Reimann, and Fu (2000) proprioception ieen well defined
by sir Sheringhton in the beginning of the 20thtagn Sheringhton's
description of proprioception was not as broad &s today’s
understanding is. He described it as the sensdoynration originating
from proprioceptors, being sensory organs sensitiveéhanges that take
place in the organism itself (Lephart et al., 200@day proprioception
is often discussed in the context of joint stapilkunctional joint stability
is one of the prime sports injury preventive fastd@ensing unpredicted
joint rotations is the basis for proper motor reaw. The concept of
active joint stability is focused on sensory-mdtarction. kinesthesia as
a sense of position and movement of the limbs &edttunk. For an
overview of the discussion on the different defams of kinesthesia, the
reader is advised to reed previously publishedsajhephart et al., 2000;
Proske & Gandevia, 2009). Kinanesthesia is an itapopart of human
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movement control and provides us with better urtdasng of specific
movement system adaptations to fatigue, trainingd anjury.
Additionally, decreased

3.2 Kinaesthesia as a part of a more general motor cordlling
mechanism

Kinesthesia can be an injury predisposing factdnjctv stresses the
necessity for its assessment in sports injury preéme programs. First,
terminology and functional concept of kinesthesipresented in relation
to other related concepts like proprioception amssery-motor function.
For better understanding, basic underlying neuroddpackgrounds are
discussed in chapter two, encompassing periphenslosy fields as well
as the basics of the central processing. Additlgndctors affecting
kinesthesia and its adaptations to training aresemeed. Functional
aspects are discussed, supporting the role ofsasas of kinaesthesia in
sports and rehabilitation. In the third chaptepraeposal for measuring
methods classification is given. The kinaesthetitsg is from functional
and neurophysiological perspective a part of a mobmtrolling system
and represents its sub-modality. This informatisnnnportant for the
movement controlling system which must be supporteth the
information on the movement in progress. From therspective,
information of the onset of the movement, velociggceleration,
direction of movement, and position of an indivibiirab or joint in time
are of importance to enable detection of the movenpeogress and
deviations from the expected trajectory. Theseatmns can be caused
by extrinsic or in- transit perturbations. For exden perturbations like
unexpected change in load that is being carriedtber unexpected
environmental changes. Perturbations, like suddenease in radial
forces during skiing on divers snow or unforesebange in ground
consistence during running demand adaptive actvityhe locomotor
system. Based on this feedback better comparisoveba expected and
actual movement can be better met. Researchgakf0et

3.2.1 Muscle-tendon system

Muscle spindles and tendon organs are types of psotated

proprioceptive sense organs found in skeletal nreysoid important for
motor control. Tendon organs typically have sirggasory endings of
group Ib nerve fibers and are located at the mpdit®us junction. The
golgi tendon organis a proprioceptor, sense otigah receives
information from the tendon, that senses TENSIONieW you lift

weights, the golgi tendon organ is the sense dtfga@intells you how
much tension the muscle is exerting.
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An important role to perception of human movemers been ascribed to
the proprioceptors located in the muscles. Thederatgan is a stretch
receptor that signals the force developed by thecteu The sensory
endings of the afferent are entwined amongst thecolar tendinous
strands of 10-20 extradural muscle fibers. Two m@iaprioceptors,

thought to significantly contribute to kinesthetire the muscle spindle
and the Golgi tendon organ as indicated in theréidoelow figure as

shown with pictures.
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Muscle spindle is a fusiform-shaped organ, witlpakar ends attached to
muscle fibers. It is a specialized organ that iasof encapsulated
muscle fibers, called intrafusal muscle fibers (Wiarst, 2007). From
functional perspective there are different typesmiscle spindles, but
this diversity surpasses the scope of this texthéncenter of the muscle
spindles, lie small nerve endings, sensitive tetslr of the capsule, or
intrafusal muscle fibers.
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When they are stimulated, afferent impulses are/&ped to the spinal
cord. It differs from other sensors by its own nmotonervation of
intrafusal muscle fibers via themotor neuron. As the nature of the
muscle spindle structure suggests, it is senstoveension induced by
muscle stretch. It is thought that it contributestiie sense of muscle
length, velocity of its contraction and the ratenmiiscle stretch. Some
researchers argue that sensory information arrifingn the muscle
spindle is far too complex to contribute to the sserof position
(McCloskey, 1978; Proske, 2005). Their argumergsbaised on specific
characteristics of the muscle spindle innervatems its influence on the
afferent output. Intrafusal muscle fiber can corttrand stimulate
intrafusal nervous structures, causing the musgmdie afferent
discharge, even if the muscle is not stretched.

Sensory signals derived may not be exclusivelyrsequence of change
in the muscle length. This discrepancy betweemdirafter muscle
stretching resulting from outer forces or stretghdue toy activity is
enabled by a complex coordinationcofndy motor neurons, called y
captivation.

This debate remains open for future research. Nesfess, the motor
system controls the excitability of muscle spindsesl consequently
influences sensory information and consequentlyaheusontraction. But
the muscle spindle system can be influenced by éélotors that have an
important effect on the way sensory informatiodischarged. The motor
neuron is governed by higher nerve centres. Theralao evidences that
suggest that other proprioceptors from joint ligatsecapsule, menisci
and skin can influence the excitability of muscfansle with direct
influence on the-motor neuron (Johansson et al., 1991). The exsdata
of these connections remains unknown, but resehashshown that
peripheral sensory information can profoundly dftee muscle spindles
afferent firing (Johansson, Pedersen, & Bergenh2080; Johansson et
al., 1991). This suggests that the position ofai@ and stress put on the
skin can influence kinesthetic sense fibers of ¢esd

3.2.2 Joint Structures and their Sensory Role

Joints can be thought of as hinges, where an actaaément of a body
segment takes place. Different soft joint tissuescfion as joint
movement restraints and act as stabilizers. Dumagement this soft
tissue is mechanically stressed, causing stimulatid imbedded
proprioceptors. It was not until the mid-20th cewtthat the first proofs
were presented that joint ligaments have a neuicdbfunction besides
their already recognized mechanical stabilizingction (Solomonow,
2006).
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Some basic classifications of these sensory orgaiss, but because not
all afferent nerve fibers can be ascribed to omssclexclusively, the
classification remains relatively open (Johansdaal.e2000; Johansson
et al., 1991). The distribution of these afferatfitfers between ligaments,
joint capsules and cartilage structures (FigureLijaments have been
most often the subject of research. In some, digion of proprioceptors
is homogenous throughout the length of the ligamehile in others most
afferents are located near the ligament inserbahé bone (Johansson et
al., 1991; Solomonow, 2006). As described by Soloomo (2006) there
are two theories trying to explain the functionaler of the diverse
distribution of sensory afferents. As sensors i@ llony insertions of
ligaments are under lesser strain due to high#nesis of surrounding
tissue, their excitation threshold is elevated.sAsh, afferent excitation
will be produced only at higher strains causingaigent elongation.
Conversely, if afferents are evenly distributedha ligament, this may
indicate an ongoing service as a sensor for trexteh of angle, position,
load, joint velocity, etc.

These proprioceptors are not limited to ligamentdusively. Basically
four types of proprioceptors can be found in aft 8ssues of joint. These
are Golgi-like tendon organs, free nerve endingsfil and Pacinian
corpuscles (Johansson et al., 2000; Macefield, 2860®monow, 2006).
For a specific location of specific proprioceptars extensive review is
provided in literature (Johansson et al., 2000).aéditional functional
characteristic is the fast or slow adaptabilityrtechanical stress. Sensors
that are slow adapting contribute sensory inforamtduring static
positions as well as during slow movements.

Primary Angular Motions

Mechanical Analogy

Anatomic Examples

Hinge joint

Pivot joint

Ellipsoid joint

Ball-and-socket joint

Plane joint

Saddle joint

Condyloid joint

Flexion and extension only

Spinning of one member
around a single axis of
rotation

Biplanar motion (flexion-
extension and
abduction-adduction)

Triplanar motion (flexion-
extension, abduction-
adduction, and
internal-external rotation)

Typical motions include slide
(translation) or combined
slide and rotation

Biplanar motion; spin
between bones is possible
but may be limited by
interlocking nature of joint

Biplanar motion; either
flexion-extension and
abduction-adduction, or
flexion-extension and axial
rotation (internal-external
rotation)

Door hinge

Doorknob

Flattened convex ellipsoid
paired with a concave
trough

Spheric convex surface paired
with a concave cup

Relatively flat surfaces
apposing each other, like a
book on a table.

Each member has a
reciprocally curved concave
and convex surface oriented
at right angles to the other,
like a horse rider and a
saddle

Maostly spheric convex surface
that is enlarged in one
dimension like a knuckle;
paired with a shallow
concave cup

Humero-ulnar joint

Interphalangeal joint
Humeroradial joint

Atlanto-axial joint

Radiocarpal joint

Glenchumeral joint
Coxofemoral (hip) joint

Carpometacarpal joints (digits IT to IV)
Intercarpal joints

Intertarsal joints

Carpometacarpal joint of the thumb
Sternoclavicular joint

Metacarpophalangeal joint
Tibiofemoral (knee) joint

Clinicalgate.net.2020
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4.0 CONCLUSION

Kinaesthetic sense is an important component obmmintrol system.

Perception of limb and body position and movemardbée planning

oncoming and correcting ongoing movement. Percepsobased on
sensory information derived from specialized pegiplh sensory organs
called proprioceptors. These are located in varjound, muscle, tendon
and coetaneous tissue. Their role is to convertham@cal stress in
messages that can be understood by the centrabusesystem, which
uses this information in process of movement plagninitiating and

repairing. Main processing that is thought to Ispomsible for conscious
perception of position and movement sense is thoiogiake place in the
motor and sensory cortex. But same informatiorsesiby the cerebellum
in unconscious motor programming as well.

Kinaesthetic sense has been correlated with semsotyr deficiencies
following injury and disease. Other effectors s@ashcold, stretching,
fatigue, age and training experience have beensioaiter kinaesthetic
acuity. Based on its relevance in movement corittmécame of interest
to sports and medicine. Different kinaesthetic saassessment methods
have been developed. Specialized group of metlomisés on measuring
the function of kinaesthetic underlying neuro-pbiagical mechanisms.
These methods are useful for research and in-dpéening purposes,
but are not appropriate for practical use in relitabon and sports.
Second group of methods assesses kinaesthetic sens&untary and
conscious perceived movements. Methods from tlaamare relatively
simple to use, and are therefore appropriate fa& s sports and
rehabilitation settings.

Methods such as active and passive joint reposiiprsense of passive
movement and sense of force represent this grotgrkihg methods
represent the third group. These methods can bd tseupgrade

previously described methods and combine individtesdts. More

functional sports testing can be performed usiege¢imethods. Partially,
balance and equilibrium assessment methods casdokfor kinaesthetic
sense screening as well. Because these tests deawtind motor

reactions, outcomes of these tests are not soletpresequence of
kinaesthetic acuity. In sports an interesting nesights into movement
adaptation to fatigue and training is being studisihg these methods.
Effects of specific training modalities have beardgd, but still data on
its specific relevance for movement skill and spgrerformance are
missing.
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5.0 SUMMARY

Kinaesthesia takes five different perspectives ioadsthesia, beginning
with its evolution across animate life and its bgital distinction from,
and relationship to proprioception. It proceedddoument the historical
derivation of “the muscle sense,” showing in thegass how analytic
philosophers bypass the import of kinaesthesia &y @f “inaction,” for
example, and by redefinitions of “tactical deceptioThe article then
gives prominence to a further occlusion of kinaesitnand its subduction
by proprioception, these practices being those oéll-known
phenomenologists, practices that exemplify an @&hltperspective
supported in large part by the writings of Merld2anty. Following this
extended critical review, the article shows how $¢uks phenomenology
enlightens us about kinaesthesia and in doing Brsofis substantive
clues to the phenomenology of learning as it takésce in the
development and acquisition of skilful movement.

6.0 TUTOR — MARKED ASSIGNMENT

1. Explain the Joint structures and their sensory. role
2. Outline the Classification of Measurement Methods.
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UNIT 2 SKIN AND SENSORY FUNCTION
CONTENTS

1.0 Introduction
2.0 Objectives
3.0 Main Content
3.1 Skin
3.2  Neurological and Functional Background
4.0 Conclusion
5.0 Summary
6.0 Tutor — Marked Assignment
7.0 References/Further Reading

1.0 INTRODUCTION

The skinacts as a sense organ because the e@deermis,
and the hypodermis contain specialized sensoryenestvuctures that
detect touch, surface temperature, and pain. is.ridin innervation helps
us sense our environment and react accordingly.sKimeprotects us
from microbes and the elements, helps regulate bexhperature, and
permits the sensations of touch, heat, and colich. I&ks three layers: The
epidermis, the outermost layer of skin, providegaserproof barrier and
creates our skin tone. Additionally, to muscle gndt sensory function,
coetaneous sensory system has been shown to kaffesthetic sense as
well (Macefield, 2005; Rowe, Tracey, Mahns, SaRaianusic, 2005).

2.0 OBJECTIVES
At the end of the studies the students will leartmedfollowing:

o The skin of human body.
o The sensory organ of human body.

3.0 MAIN CONTENT
3.1 Skin

The skinacts as a sense organ because the e@dedsrmis,

and the hypodermis contain specialized sensoryenestvuctures that
detect touch, surface temperature, and pain. is.ridin innervation helps
us sense our environment and react accordingly.sKimeprotects us
from microbes and the elements, helps regulate bexhperature, and
permits the sensations of touch, heat, and colich. I&ks three layers: The
epidermis, the outermost layer of skin, providegaserproof barrier and
creates our skin tone. Additionally, to muscle gndt sensory function,
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coetaneous sensory system has been shown to kaffesthetic sense as
well (Macefield, 2005; Rowe, Tracey, Mahns, SaRalyanusic, 2005).
Basically these receptors are located in the skirg differ between
different coetaneous regions of the body. Basiesyare Meissner and
Pacinian corpuscles, Markels complex and Ruffimiegs. As discussed
previously, coetaneous receptors can affect theaditty of muscle
spindle and as will be presented in the followiegtt can be more
important than the muscle and joint receptorstiergerception of a joint
position.

3.2  Neurological and Functional Background

As mentioned by sir Sherrington in the beginninghef 20th century, our
body’s poses specialized sensory organs calledipogptors located in
different peripheral tissue (Lephart et al., 2000)jost commonly
described are joint-, muscle-, tendon- and cutamedissues.
Proprioceptors are specially designed to be seaditi certain types of
mechanical stress like elongation, compression iaockased pressure
induced by the movement deformation (Morrissey, 91 9%®ung, Stokes,
& lles, 1987). There are also other types of sensensitive to chemical
irritants, called nociceptors. Inflammation or @articular effusion
usually stimulates their activity. This abundants®y information is
then sent via different ascending neural tracthéohigher levels of the
neural system for processing (Kandel, Schwartzegséll, 2000). Effects
of the specific proprioceptive fields on movemetvé been studied
mostly in rehabilitation studies. Anterior crucidiggment has been given
a lot of attention, because it affects reflexivee&nstabilization
(Johansson, Sjblander, & Sojka, 1991; Krogsgaaghr®Poulsen, &
Fischer-Rasmussen, 2002). Similar function has ladésmsuggested for
the shoulder capsule (Myers & Oyama, 2008) in gleameral
movement. Other sensors located in the ligamergsjsui, tendons and
skin, were shown to contribute to perception aff@ngle and movement
as well (Proske & Gandevia, 2009; Riemann & LepHz002).

Basically these receptors are located in the skrg differ between
different coetaneous regions of the body. Basiesyare Meissner and
Pacinian corpuscles, Markels complex and Ruffimiegs. As discussed
previously, coetaneous receptors can affect théadity of muscle
spindle and as will be presented in the followirgtt can be more
important than the muscle and joint receptorstiergerception of a joint
position.
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Skinfunction: Overview
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The first level where sensory information is pr@sskis the spinal cord.
Clinicalgate.net. After reaching spinal level, smwysinformation is
conducted to higher levels of the nervous systethnaotor information
back to the muscles.

81



KHE 335 MOTOR LEARNING AND HUMAN PERFOMANCE

Most simple and most often described neural cinsuithe stretch reflex.
As the muscle spindle is excited by muscle streiclsends sensory
impulses via afferent fibers that enter the spooadl in the posterior horns
of the spinal grey matter. There it connects veasynapse to themotor
neuron and causes it to fire. Tlwemotor neuron and its branches
terminate on muscle fibers that it innervates aralises muscle
contraction (Enoka, 2008; Kandel, Schwartz, & J&s2©€00). More
complex neuronal connections are present, besiagdesmonosynaptic
stretch reflex. Local networks can be divided ing&- bi or oligo —
synaptic loops, also called reflex loops. An exampf bi-synaptic
connection is the pre-synaptic inhibition, moreotrex control of which
by the higher nerve centers represents oligo-symaphnectivity. Other
examples of oligo-synaptic reflexes are cross etemand withdrawal
reflex. The bigger the number of synapses, the momglex is the reflex,
and the bigger is the chance to be controlled gl nervous structures.
This first functional connectivity between sensangl motor connections
is thought as a basic blueprint of simplest motehdvior. But their
contribution to kinesthetic sensations is impor&sso far as the sensory
information can be modified by mechanisms suchnaseased muscle
spindle discharge.

The sensory information that is used for percepbbrkinaesthesia is
transmitted via lateral dorsal tracts to the sgnsmrtex (Riemann &

Lephart, 2002). There the information is supposetid processed and
enable perception of kinaesthetic senses (Nait@4 R0 his information

can be used by the motor controlling system to gne@nd execute
voluntary movement.

The information on current body posture, movemertt arientation in
space plays a considerable role in adapting ongonoyement to
constraints of the environment. In motor contraji@r processing of
sensory information is thought to contribute to tredaborate adaptations
of movement. The comparison of the planed and betagement enables
the motor controlling system to prepare correctainthe following
movement or prepare new ones.

Based on the time constrain rationale kinesthetisation cannot directly
contribute to open loop control or to fast adaptadi of movement.
Although kinesthetic sense is thought to demanc tiend is not fast
enough to contribute to faster movement correcfitins might not be the
case. Perceived change in body posture can infuéast open loop
movement adaptations.
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Due to such information, the motor controlling gystis able to adapt to
the otherwise fast and by kinaesthetic sense wtatfenotor responses.
An example can be the adaptation of a cyclist’'snegsculature during
steep uphill riding (Fonda & Sarabon, 2010). Othecific adaptations
to perception of body posture or limb position ooton output have been
shown (Knikou, 2005; Niessen, Veeger, & Janssed9R0

When mechanical stress is applied to the jointppoceptors are excited
according to their responsiveness to a specifichareical stress and the
tissue being stressed. Experiments performing densn ligaments in
animal models have shown that sensory informatiwmf stressed
ligaments starts firing as ligaments are stressB@bo4of their maximal
strain (Holden et al., 1994). This data lines uphvthe outcomes of
studies that measured the strain put on ligamemtsigl walking. The
sensory subsystem is extremely sensitive and $tantg already during
the support phase of walking, where knee ligamestsbe stressed up to
6% of their maximal strength (Henning, Lynch, & €Xj 1985; Johansson
et al., 2000), suggesting that ligaments produces@®y information
during less demanding activities.

There is some evidence that the proximal joints §moulder) have lower
thresholds for movement detection when comparéuketdistal joints (the
elbow and most distal inter-phalangeal joints) egped in degrees of
movement until movement detection (Proske, 2006ipplr Uhl,
Mattacola, Srinivasan, & Shapiro, 2006). This ssgge difference in the
sensory function between proximal and peripheiatgo Proximal joints
have a specific role from the perspective of fgpoeduction as well as
from perspective of movement accuracy affecting pbsitioning and
movement of distal segments. They are the beginwiitige kinetic chain
producing power and represent the spatial groursek bar the distal
joints. As the movement continues in more distadtg their function is
to produce velocity of the movement, and compengate¢he possible
spatial error in positioning of proximal joints. $¥ible compensations can
cause distal joints to be active in a wider rangmotion. For example,
the torso and shoulder joint must be positionedcasirately as possible
when a subiject is trying to hit tennis- or a voliel} ball. EIbow joint and
wrist must compensate for possible but small eradrghe trunk and
shoulder positioning. This small errors result ohaptive movements
performed through a wider range of motion in th&alijoints (Tripp et
al., 2006). The discussion on the importance o&mebus receptors in
kinaesthesia is still in progress. In their revi®woske and Gandevia
(2009) argue that sensory information derived fromulti-articular
muscles on single joint position and movement ihaiaambiguous.
Cutaneous information aids muscle spindle to dejertt specific
movements. This has been shown in the fingers, evtier stretching of
the skin proved to be of importance for detectwigtjposition.
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Certain factors such as cold, fatigue, vibratiojury, disease and training
have been shown to effect kinaesthesia. Theirenite can substantially
influence the ability to correctly perceive joinbgition and alter motor
control. In sports, injury might develop as a capusnce of the inability
to perceive incorrect body alignment, movement posture. This can
sometimes result in an injury (Myers & Oyama, 20@)vironmental

factors such as decreased temperatures or crypthezan affect

kinaesthesia as well as sensory-motor functiontefsrted by Uchio et
al. (2003) the nerve conduction velocity after ¢hgvapy is reduced.
Moreover, sensory-motor control can be affected dsyotherapy

(Wassinger, Myers, Gatti, Conley, & Lephart, 20Q30ssibly resulting

in reduced joint stability. However, there is con&rsial evidence
regarding the effect of cooling the tissue hashenjbint position sense
(Costello & Donnelly, 2010).

The relevance of the cold on conditioning kinestheense remains a
matter of debate. Based on the mentioned reportye nspecific
guidelines to the athletes and their coaches, dar, tannot be given. In
sports, fatigue is a constant companion of contisuand strenuous
activities. The description of fatigue is basicdiigsed on the definition
of a decreased ability to sustain production otikgired force (Gandevia,
2001; Gandevia, Enoka, McComas, Stuart, & Thom895)L On the
other hand, fatigue can cause other changes setisory-motor function
as well, as it influences the sensory functionigtet can develop at the
periphery or centrally in the central nervous sysi@andevia et al.,
1995; Sacco, Thickbroom, Byrnes, & Mastaglia, 2008acco,
Thickbroom, Thompson, & Mastaglia, 1997).

The causes of a compromised sensory drive areplaulChanges can be
due to muscle metabolites that can affect musciadkp activity
(Djupsjobacka, Johansson, & Bergenheim, 1994; Eisé& Schéfer,
2005), changes in sensory relevant contribution specific
mechanoreceptors in the joint (Tripp, Yochem, & #007a, 2007b) or
central changes (Miura et al., 2004). Many stud@ssidering the effect
of fatigue on kinaesthetic sense were performethenshoulder girdle
and on the knee. Different fatiguing protocols iceld decreased joint
position acuity due to altered sensory-motor fuorctof the exposed
limbs. Adaptations to training different trainingodualities have been
shown to affect kinaesthetic sense.

Most often effects of sensory-motor training (iexercises requiring

balance and functional joint stability activitieepve been reported
(Taube, Gruber, & Gollhofer, 2008).
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As shown by Tripp, Faust, and Jacobs (2009) trackinedefined
movement with online feedback and vibrations apblie the hand
improved kinaesthesia. Fong and Ng (2006) and Wo(2610) showed
that a long-term practice of tai-chi can influerigeraesthesia as well.
Without doubt most frequently used modality is $poechnique training.
Posing awareness on the movement performed, kiretessensations
are thought to be additionally stressed and refitredractice, a superior
sensory-motor function was observed in expert tdhleompared to non-
athletes (Vuillerme, Teasdale, & Nougier, 2001)séw&ch, however,
presents no beneficial effects of expertise ondtimetic sense (Freeman
& Broderick, 1996; Kioumourtzoglou, Derri, Mertzaou, & Tzetzis,
1997). Some authors even suggest that specifictefté sports training
might even decrease kinaesthetic sense (Allegri¢biiney, Lephart,
Irrgang, & Fu, 1995). Others, however, presentevee that experienced
athletes poses superior awareness of movementiporeding sports
specific tools like rackets (Fourkas, Bonavolomaenanti, & Aglioti,
2008). In the future, more task specific orientadlies are needed to
illuminate the specific adaptations of kinaestheticareness to specific
sports.

Central adaptations have been proven as a consexjoérpalance and
skill training. It was shown that cerebral areasdmee less active in well
adopted movements, suggesting an increased invelvieoh sub-cerebral
centres (Taube et al.,, 2008). When novel movemémtegies are
demanded, the activity of cerebral centres incieaseausing
remodulation of the already established connectiand movement
strategies (Adkins, Boychuk, Remple, & Kleim, 2008oniface &
Ziemann, 2003). This suggests that novel movenaskstshould be used
to cause re modulation of the already acquired ibappropriate
movement strategies. Specifically, sensory inforomas less probable to
be altered as a result of training (Ashton-MilMfojtys, Huston, & Fry-
Welch, 2001).

As argued by Ashton-Miller et al. (2001) centrahnbes in processing of
sensory information are more probable to take placabling more
efficient awareness and perception. From the fanati point of view,
these changes are shown in improved balance, jstability,
intramuscular coordination, muscle strength, kittzetgc sense and
jumping ability.

This can be important in skills where precise malaton of hand-held
objects is important. Moreover, cutaneous recepanes an important
source of information to perceive body sway (Fulajd¥agata, Ishida, &
Minamitani, 2001).
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As proposed by Schweigart and Mergner (2008) andseju (2007)
information used to perceive body movement andtjposican vary
according to the de- minds and availability of eifint sources of sensory
information. This enables adaptability of the sepsystem that provides
us with the relevant information. Factors affectkigaesthesia. Certain
factors such as cold, fatigue, vibration, injurisedse and training have
been shown to effect kinaesthesia.

Their influence can substantially influence the ligbito correctly
perceive joint position and alter motor control. dports, injury might
develop as a consequence of the inability to peecéicorrect body
alignment, movement and posture. This can sometiggest in an injury
(Myers & Oyama, 2008). Environmental factors such decreased
temperatures or cryotherapy can affect kinaesthesiaell as sensory-
motor function.

As reported by Uchio et al. (2003) the nerve cotidacvelocity after
cryotherapy is reduced. Moreover, sensory-mototrobnan be affected
by cryotherapy (Wassinger, Myers, Gatti, Conley,L&phart, 2007),
possibly resulting in reduced joint stability. Howee, there is
controversial evidence regarding the effect of icgpthe tissue has on
the joint position sense (Costello & Donnelly, 2DIChe relevance of the
cold on conditioning kinaesthetic sense remaingsienof debate. Based
on the mentioned reports, more specific guidelingke athletes and their
coaches, for now, cannot be given.

In sports, fatigue is a constant companion of cmus and strenuous
activities. The description of fatigue is basicdiigsed on the definition
of a decreased ability to sustain production otiegred force (Gandevia,
2001; Gandevia, Enoka, McComas, Stuart, & Thom895L On the
other hand, fatigue can cause other changes setisory-motor function
as well, as it influences the sensory functionigtet can develop at the
periphery or centrally in the central nervous syst@&andevia et al.,
1995; Sacco, Thickbroom, Byrnes, & Mastaglia, 2008acco,
Thickbroom, Thompson, & Mastaglia, 1997). The caussf a
compromised sensory drive are multiple.

Changes can be due to muscle metabolites thatffeant muscle spindle
activity (Djupsjobacka, Johansson, & Bergenheim94t9Fischer &
Schéafer, 2005), changes in sensory relevant caoniib of specific
mechanoreceptors in the joint (Tripp, Yochem, & #007a, 2007b) or
central changes (Miura et al., 2004).
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Many studies considering the effect of fatigue oraksthetic sense were
performed on the shoulder girdle and on the kna#erent fields of
research and practice have provided the methodolsgpd for the
assessment of kinesthetic sense (Chung, Cho, & 2@@6; DeMyer,
2004; Gandevia & McCloskey, 1976; Kelley, 1969; Khbe 1922;
Kurillo, Gregoric, Goljar, & Bajd, 2005; Tripp et.a2007a). Based on
the nature of various approaches, methods candasiaed in two main
categories (Table 1). First category includes tdsdt are specialized in
assessing electrophysiological functions of medmsi underlying
kinesthesia (Knikou, 2008; MacDonald & Paus, 20@&iaszek, 2003;
Roland, 1987; Roland & Mortensen, 1987; RuohoneKahu, 2010;
Tibone, Fechter, & Kao, 1997; Zehr, 2002). Thessistancorporate
different neurophysiologic methods that are usuaberved for medical
assessment and research, and therefore we pajiko@lsattention to it
in this paper. The second group includes methods d@he focused on
assessing kinesthesia in the context of voluntamg &onsciously
perceived movement (Chung et al., 2006; Gandewéc&loskey, 1976;
Koerth, 1922). This class can be further subdivided methods for
assessing sense of joint or limb position, senseavfement, force, effort
and tracking tests. A nonspecific element of th@ug is balance testing
that cannot be exclusively considered as kinestheseasurement
technique. But these methods do provide some insighthe functional
perspective of balance, where kinesthetic senses @a important role
(Benvenuti, 2001; Winter, Patla, Prince, Ishac, i&l@Perczak, 1998). It
is important for kinesthesia measuring methodologgnable progression
from basic towards more functional testing (Cate€&anaugh, 2009).
Basic measures focus on individual subsystems mplsi isolated
movements (Kurillo et al., 2005). Measures of siiecieurophysiologic
functions or kinaesthesia of isolated joints shobéd the methods of
choice. In rehabilitation and sports, progressioward functional
assessment is warranted, for providing the insigtd the functional
movement aspect of kinaesthesia (Chung et al., )200Gse provide
gualitative data on the rehabilitation or trainprggression as well as on
the extent of deterioration after injury or diseéSates & Cavanaugh,
2009; Chung et al., 2006; Kurillo et al., 2005)n8ar testing movements
can be used in different measurement techniquesieSoethods are
simpler to use, because they do not use speciakgegpoment. For
example, clinical neurological examinations of sepdunction usually
include reports of appropriate perception of mowetrdirection of a
passively moved finger or a limb (DeMyer, 2004)h&tmethods apply
sophisticated technology enabling more precise oreasof different
movement characteristics. For example, precise meaf individual
joint angles enable quantification of kinaesthedense as well as
expressing its importance as a part of a functiomati-joint unit (Tripp
et al., 2006). Another illustrative example candrawn from balance
assessment methods. Simple time measures of dbitystain in balance
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can be upgraded with specialized equipment, er@abti@asuring of body
sway (Le Clair & Riach, 1996; Tyson & Connell, 200%Vith it, an
important insight into the hidden but importanteets of specific
kinaesthetic components on motor behavior is ptessgirishnamoorthy,
Yang, & Scholz, 2005).

4.0 CONCLUSION

Sense is an important component of motor contrstiesy, perception of
limb and body position and movement enable planmingoming and
correcting ongoing movement. Perception is based semsory
information derived from specialized peripheral s@y organs called
proprioceptors. These are located in various jomiscle, tendon and
coetaneous tissue. Their role is to convert mechasiress in messages
that can be understood by the central nervous reysidich uses this
information in process of movement planning, iritig and repairing.
Main processing that is thought to be responsiiriednscious perception
of position and movement sense is thought to tékeegn the motor and
sensory cortex. But same information is used by deeebellum in
unconscious motor programming as well. Sense digameen correlated
with sensory-motor deficiencies following injury dardisease. Other
effectors such as cold, stretching, fatigue, age ta@mning experience
have been shown to alter kinaesthetic acuity. Baseds relevance in
movement control it became of interest to sportsraedicine. Different
kinaesthetic sense assessment methods have besopel Specialized
group of methods focuses on measuring the funci@ense underlying
neuro-physiological mechanisms. These methods sefilufor research
and in-depth screening purposes, but are not apptefor practical use
in rehabilitation and sports. Second group of mashaassesses
kinaesthetic sense of voluntary and conscious p&gdemovements.
Methods from this group are relatively simple t@,uand are therefore
appropriate for use in sports and rehabilitatiatiregs. Methods such as
active and passive joint repositioning, sense aspa movement and
sense of force represent this group. Tracking nustmepresent the third
group. These methods can be used to upgrade pshvioescribed
methods and combine individual tests. More fun@li@ports testing can
be performed using these methods. Partially, balara equilibrium
assessment methods can be used for kinaesthedie sereening as well.
Because these tests demand active motor reactotspmes of these
tests are not solely a consequence of kinaesthetidy. In sports an
interesting new insights into movement adaptatiofatigue and training
is being studied using these methods. Effects acifip training
modalities have been studied, but still data orspscific relevance for
movement skill and sports performance are missing.
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5.0 SUMMARY

Sense is an important component of motor contrstiesy, perception of
limb and body position and movement enable planmingoming and
correcting ongoing movement. Perception is based samsory
information derived from specialized peripheral s@y organs called
proprioceptors. These are located in various jomiscle, tendon and
coetaneous tissue. Their role is to convert mechhsiress in messages
that can be understood by the central nervous reysidich uses this
information in process of movement planning, ititig and repairing.
Main processing that is thought to be responsiiriednscious perception
of position and movement sense is thought to tékeegn the motor and
sensory cortex. But same information is used by deeebellum in
unconscious motor programming as well.

6.0 TUTOR — MARKED ASSIGNMENT

1. Draw the skin of human body.
2. Explain sensory organ of human body.
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