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The goal of this text continues in the path of earlier
editions: to offer an introduction to motor learning
and motor control for students who aspire to be-
come practitioners in a variety of professions. In
some of these professions, individuals will work
with people who perform motor skills very well,
such as elite athletes; in others, they will work with
people who have difficulty performing motor
skills, such as those with physical disabilities. Re-
gardless of the characteristics and needs of the peo-
ple with whom the practitioner works, he or she
will need a solid understanding of the concepts and
applications of motor learning and motor control.
With this understanding as a foundation, the prac-
titioner can adapt to the specific demands of each
professional setting.

This edition includes specific changes de-
signed to enhance the gquality of the book as well
as the educational experience of the student. The
changes are the result of welcomed comments from
instructors who use the book in their classes and
from the reviewers of the previous edition.

NEW TO THIS EDITION

New Title

This new edition features the term motor control
added to the title, The incentive to add this term
came from reviewers of the text, who indicated
they were not aware that motor control issues are
included in the book. However, a comparison of the
chapter titles in this seventh edition with the titles
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in previous editions shows that motor control is-
sues such as motor control theories, motor control
of complex skills, the roles of proprioception and
vision in the control of motor skills, and action
preparation, have consistently been included in
previous editions. It is important for users of previ-
ous editions of this book to understand that the title
change does not mean that the emphasis of this edi-
tion has changed; only the title has been changed
to reflect the content of the book more accurately.

Chapter Restructuring

Reviewers of the sixth edition expressed their con-
cern that the book contained more chapters than
could be covered in a typical one-semester course.
Although it is difficult to write a textbook that
would be an exact fit for every user’s semester or
instructional term, I have addressed this issue by
reducing the number of chapters. The seventh edi-
tion includes 18 chapters, rather than 23 chapters,
as in the sixth edition. This reduction was achieved
by combining several of the sixth-edition chapters:

e Chapter 8 (Attention) combines the
separate chapters on attention and visual
selective attention.

e Chapter 11 (The Stages of Learning)
combines the sixth edition’s chapters on
the stages of learning and predicting
performance for later learning stages.

¢ Chapter 14 (Augmented Feedback)
combines the three chapters that formerly
addressed this topic.
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¢ Chapter 16 (Amount and Distribution
of Practice) combines the sixth edition’s
chapters on the amount of practice and
the distribution of practice.

In addition to the combining of several sixth-
edition chapters, this new edition reverses the order
of two chapters in the first unit: Chapter 2 (The
Measurement of Motor Performance) was Chapter
3 in the sixth edition, and Chapter 3 (Motor Abili-
ties) was Chapter 2 in that edition.

New Research

One of the exciting aspects of the study of motor
learning and motor control is the amount of
research activity that takes place throughout the
world. In fact, this activity appears to be increasing
every year. Therefore it becomes especially impor-
tant to regularly update this textbook in order to
offer the students the most current information.
Each chapter in the seventh edition includes an up-
dating of research in the text, the A Closer Look
boxes, and the Related Readings section.

Greater Emphasis on Motor Skills Applications
As in previous editions, numerous types of motor
skills are used as examples throughout the book
to allow students to apply the various motor
learning and control concepts to specific motor
skills with which they are familiar. However, the
number of practical applications has been in-
creased to demonstrate how teachers, coaches,
physical and occupational therapists, and athletic
trainers can use motor learning and control in their
fields.

My own teaching experience with undergrad-
uates has convinced me that students acquire a bet-
ter understanding of the concepts discussed in this
book when they can relate them to their own skill
performance or learning experiences. Because of
the variety of backgrounds, interests, and profes-
sional aspirations of students who use this book,
the specific skills included throughout the book re-
late to a wide range of types of motor skills, includ-
ing activities of daily living, physical education,
fitness activities, sports, and dance.
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Chapter Objectives

Each chapter now begins with a list of chapter ob-
jectives. This new feature encourages students to
focus on the key topics, making it easier for them
to learn and review the content of each chapter.

Lab Links

The Online Learning Center developed for this
book includes a laboratory manual that features
laboratory experiences designed for most chapters
in this text. To direct students’ attention to these ac-
tivities, this edition includes a Lab Links box that
highlights a specific online laboratory activity that
corresponds to a particular chapter topic. Most of
the chapters have one Lab Links box, and some
have more than one.

NEW OR EXPANDED TOPICS

This new edition has undergone a thorough revi-
sion that includes updating in all chapters. Each
chapter features topics that are either new to this
revision or covered in greater depth than in the last
edition. Following is a sampling of these new or
expanded topics:

Chapter 1: The Classification of Motor Skills

* New figure to illustrate examples of skills
associated with the three motor skill clas-
sification systems based on one dimension
of motor skills

* Revised table presenting skill categories
of Gentile’s taxonomy to include examples
of motor skills

* New A Closer Look box to offer examples
of use of Gentile’s taxonomy to evaluate
movement capabilities in physical therapy
and physical education

Chapter 2: The Measurement of Motor
Performance
* New A Closer Look box to present exam-
ple of calculation and use of absolute
error, constant error, and variable error
* New figure to illustrate calculation of
radial error
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Revised figure showing displacement,
velocity, and acceleration with examples
based on wrist movement in dart throwing
Expanded discussion of kinetics
Expanded discussion of EMG

Chapter 3: Motor Abilities

Expanded discussion of specificity view
of motor abilities

Expanded intercorrelation table
(Drowatzky and Zuccato experiment) with
added descriptions of balance tests

Added section on balance and timing as
motor abilities

New A Closer Look box presenting
Henry’s 1961 study of the relationship
between reaction time and movement time
New table focusing on definitions,

tests, and motor skill examples of the
perceptual-motor abilities categories of
Fleishman’s taxonomy

Chapter 4: Motor Control Theories

Expanded discussion of the definition

of coordination

New A Closer Look box presenting a
demonstration used by Bernstein to demon-
strate the degrees-of-freedom problem
Added discussion of the relationship be-
tween invariant features and parameters of
a generalized motor program

Revised figure showing the results of a
study by Shapiro and colleagues to illus-
trate the differences between relative time
characteristics of walking and running
Added discussion concerning intrinsic
coordinative structures

Expanded discussion of perception-action
coupling

Revised discussion of the present state of
the control theory issue

Chapter 5: Performance Characteristics
of Complex SKills

Revised figure of examples of tasks with
different indexes of difficulty to show
approximate movement times

ix

New A Closer Look box to describe a study
investigating initial difficulties people have
trying to control upper-extremity prosthe-
ses when performing a prehension task
New section on head stability and
locomotion

Chapter 6: Proprioception and Vision

Expanded discussion of the role of propri-
oception in control of human movement
New A Closer Look box featuring the use
of eye tracking in the study of eye and
hand movements

Expanded discussion of the roles of central
(foveal) and peripheral vision in control of
human movement

Added discussion on maintaining of pos-
tural balance and the role of optical flow
New A Closer Look box describing an
experiment that demonstrates how skilled
gymnasts use vision on the balance beam
New A Closer Look box highlighting
research evidence concerning the informa-
tion that vision provides people during
stair climbing

New A Closer Look box describing mathe-
matical models that answer the question,
What control strategy does a person use to
catch a ball that requires running some
distance to catch it?

New A Closer Look box featuring conclu-
sions derived from research concerning
the question, Do general vision training
programs for athletes improve sports
performance?

Chapter 7: Action Preparation

New A Closer Look box presenting a
historical look at the use of reaction time
to study action preparation

Added discussion of the Stroop effect

in the section on stimulus-response
compatibility

Expanded discussion of postural preparation
Added discussion of setting of the amount
of force in preparation for manipulating an
object
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» Added discussion of preparation of
sequences of simple movements

Chapter 8: Attention as a Limited Capacity
Resource
* New A Closer Look box featuring a recent
research study on attention and cell-phone
use while driving a vehicle
* New A Closer Look box describing a
physical therapy study that demonstrates
the use of dual-task procedure to investi-
gate attention demands of gait for people
with Parkinson’s disease
* New discussion of a comparison of focus-
ing attention on movements versus move-
ment effects
* Added discussion of visual search and
intended actions
¢ New A Closer Look box about a study
concerning the influence of distractors on
prehension and implications for physical
rehabilitation treatment protocols

Chapter 9: Memory Components, Forgetting,
and Strategies
¢ New A Closer Look box to describe a
series of studies concerning the influence
of proactive interference on gymnastic
judges
* Expanded discussion of the use of visual
imagery and verbal labels to aid motor
skill learning
» Chapter content revised and reduced for
clarity

Chapter 10: Defining and Assessing
Learning
¢ Clarification of examples of performance
curves for kinematic measures
» Expanded discussion of assessing learning
based on coordination dynamics

Chapter 11: The Stages of Learning
* Expanded and updated terminology in the
discussion of Gentile’s model
* Expanded discussion of the relationship
between the degrees-of-freedom problem
(Chapter 4) and the freezing of degrees
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of freedom as an early stage of learning
strategy

* Revised and expanded discussion of
changes in energy cost

* Expanded discussion of changes in visual
selective attention

+ Expanded discussion of changes in error
detection and correction capability

» New discussion of specificity of use of
sources of feedback as a performer charac-
teristic that does not change across stages
of learning

* New A Closer Look box presenting views
of researchers and practitioners about the
use of mirrors in dance studios and weight
training rooms

Chapter 12: Transfer of Learning

¢ Expanded discussion on assessing effec-
tiveness of practice conditions

¢ New discussion concerning what consti-
tutes “‘component part” of a skill

* New A Closer Look box describing
research study concerning use of bilateral
transfer as occupational therapy treatment
strategy

Chapter 13: Demonstration and Verbal
Instructions
» Expanded discussion of frequency and
timing of demonstrations
* Revised and expanded discussion of audi-
tory modeling
* Expanded discussions of cognitive media-
tion theory and dynamic view
* New discussion of the action effect
hypothesis in relation to verbal
instructions
¢« New A Closer Look box describing a
research study concerning the use of im-
plicit learning-based instructional
strategy to train anticipatory skills in
tennis
* New A Closer Look box focusing on po-
tential instruction-related problems experts
may expect with beginners
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Chapter 14: Augmented Feedback

« Expanded discussion of types of
augmented feedback

» New A Closer Look box featuring a
research study that describes the stages
skilled athletes progress through in learn-
ing to use videotape replays as augmented
feedback

« New A Closer Look box to describe some
forms that concurrent augmented feedback
can take, with examples

» Expanded discussion of self-selected aug-
mented feedback

» Revised discussion of summary technique
to include average augmented feedback
technique

Chapter 15: Practice Variability

» Expanded discussion of future
performance benefits of practice variability

¢ New A Closer Look box to describe an
experiment comparing constant and vari-
able practice for learning to shoot free
throws in basketball

« New A Closer Look box to describe an ex-
periment demonstrating the application of
the contextual interference effect for physi-
cal therapy for stroke patients

+ Expanded discussion of explanations for
the contextual interference effect

+ New A Closer Look box to discuss the
relationship of practice variability to
practice specificity and contextual
interference

Chapter 16: The Amount and Distribution
of Practice
+ Expanded discussion of how overlearning
strategy can lead to poor test performance
+ New section on explanations for distrib-
uted practice benefit in relation to distribu-
tion of practice sessions across days

Chapter 17: Whole and Part Practice
+ More motor skill examples in discussion
of practicing skills involving asymmetric
limb coordination

xi

+ Expanded discussion of methods for re-
ducing task difficulty as practice strategy

Chapter 18: Mental Practice

« Expanded definition of the term mental
practice

e New A Closer Look box to describe an
experiment demonstrating the use of men-
tal practice in a physical therapy treatment
program

» Expanded discussion of mental practice
and imagery ability

SUCCESSFUL FEATURES

Motor Learning and Control: Concepts and Appli-
cations offers the following helpful features to en-
hance student learning.

Definition Boxes

Key terms, which are highlighted in the text in
boldface type, are defined in corresponding boxes
for easy reference. Other important terms in the
text appear in italics for emphasis.

Applications

Each chapter begins with an Applications section
that explains the chapter concept in practical
terms. This feature helps students understand the
relevance of the concept to professional practice.

Discussion

This section explains how the chapter concept will
be presented. It gives students the rationale for this
presentation, making the concept easier to under-
stand at the outset.

Summary

Each chapter concludes with a summary that pre-
sents the main ideas and their significance. Using
this tool, students can return easily to a chapter
topic for clarification or study.

Related Readings

For students who want to know more about a par-
ticular topic, this list at the end of each chapter of-
fers carefully selected journal articles and books
for exploration.
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Study Questions

A set of questions appears at the end of each chap-
ter to encourage students to review and analyze the
chapter content.

Glossary

At the end of the text, all terms that are defined in
the definition boxes are included in a comprehen-
sive glossary. This glossary is useful for quick ref-
erence and helpful for review in preparation for
examinations.

Name Index

In addition to the regular subject index, this book
features a name index, which highlights important
names in the field of motor learning and control—
both past and present.

SUPPLEMENTS

Computerized Test Bank CD-ROM
ISBN: 0-07-255724-9

Brownstone’s Computerized Testing is the most
flexible, powerful, easy-to-use electronic testing
program available in higher education. The Diploma
system (for Windows users) allows the test maker
to create a print version, an online version (to be
delivered to a computer lab), or an Internet version
of each test. Diploma includes a built-in instructor
gradebook, into which student rosters and files can
be imported. The CD-ROM includes a separate
testing program, Exam VI, for Macintosh users.

Health and Human Performance Website
www.mhhe.com/hhp

McGraw-Hill’s Health and Human Performance
website provides a wide variety of information for
both instructors and students, including monthly
articles about current issues, downloadable supple-
ments for instructors, a “how to” technology guide,
study tips, and exam preparation materials. It in-
cludes information about professional organiza-
tions, conventions, and careers.

PREFACE

Online Learning Center
www.mhhe.com/magill7e

The Online Learning Center to accompany this text
offers a number of additional resources for both
students and instructors. Visit this website to find
useful materials such as the following:

For the instructor:
* Downloadable PowerPoint presentations
* Lecture outlines
* Links to professional resources

For the student:

* Self-scoring chapter quizzes and online
study guides

» Flashcards for learning key terms and their
definitions

¢ Online laboratory manual

*  Web links for study and exploration of
topics in the text

¢ Information on careers in this field

PageOut: The Course Website Development
Center

www.pageout.net

PageOut, free to instructors who use a McGraw-
Hill textbook, is an online program you can use to
create your own course web site. PageOut offers
the following features:

¢ A course home page

* An instructor home page

¢ A syllabus (interactive and customizable,
including quizzing, instructor notes, and
links to the text’s Online Learning Center)

*  Web links

¢ Discussions (multiple discussion areas
per class)

* An online gradebook

» Links to student web pages

Contact your McGraw-Hill sales representative to
obtain a password.
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PowerWeb
www.dushkin.com/online

The PowerWeb website is a reservoir of course-
specific articles and current events. Students can
visit PowerWeb to take a self-scoring quiz, com-
plete an interactive exercise, click through an inter-
active glossary, or check the daily news. An expert
in each discipline analyzes the day’s news to show
students how it relates to their field of study.

PowerWeb is packaged with many McGraw-
Hill textbooks. Students are also granted full ac-
cess to Dushkin/McGraw-Hill’s Student Site,
where they can read study tips, conduct web re-
search, learn about different career paths, and fol-
low fun links on the web.

Primis Online
www.mhhe.com /primis /online

Primis Online is a database-driven publishing sys-
tem that allows instructors to create content-rich
textbooks, lab manuals, or readers for their courses
directly from the Primis website. The customized
text can be delivered in print or electronic (eBook)
form. A Primis eBook is a digital version of the
customized text (sold directly to students as a file
downloadable to their computer or accessed online
by a password).
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CHAPTER

The Classification
of Motor Skills

Concept: Motor skills can be classified
into general categories

After completing this chapter you W111 be able to

* Define and dlstmgulsh the terms actzorz and movement and give examples of each

. Descrlbe the one common motor sk1ll characterlstlc for each of three motor skill classifica-
tion systems, the two categories of skills in each system, and examples of motor skills in

each category of each system

« Describe the two dimensions used to classify SklllS in the Gentile taxonomy of motor skﬂls
and the class1ﬁcat10n characteristic included within each d1mens1on

e Discuss ways to use the Gentile taxonomy of motor skllls in physwal rehabilitation or physi-

cal education and sport contexts

Application

When people run, walk with an artificial limb,
throw a baseball, hit a tennis ball, play the piano,
dance, or operate a wood lathe, they are engaged in
the performance of a type of human behavior called
motor skills. In this book, the focus is on helping
you understand how people learn, and how you can
help people learn, motor skills such as these.

As you engage in this study, you will find it use-
ful to draw general conclusions, applying what you
learn to a broad range of motor skills, rather than
making many specific statements about many
skills. The starting point for doing this is the clas-
sification of motor skills into broad categories that

emphasize the similarities rather than the differ-
ences among skills.

For example, the skill of maneuvering a wheel-
chair through a crowded hallway and that of hitting
a pitched baseball seem quite distinct. However,
both skills have one characteristic in common.
People must perform both skills in an “open” envi-
ronment. This means that to perform the skill suc-
cessfully, a person must adapt certain aspects of his
or her movements to changing characteristics in the
performance environment. For the wheelchair skill,
this means that the person must be able to maneu-
ver successfully through a crowded hallway in
which people are walking. For the baseball-hitting
skill, the changing environment involves the ball
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itself as it moves toward the person. For both of
these skills, performance success requires the per-
former to adapt quickly and accurately to changing
conditions. When we view them in terms of this
common characteristic, we can see that these two
seemingly diverse skills are related.

Discussion

To begin your study of motor learning, you should
understand some things about the skills that are at
the heart of this study. To enhance this understand-
ing, two important points about motor skills will be
discussed. First, we will define motor skills, con-
sidering what distinguishes them from other skills;
as we do so, we will define some other commonly
used terms related to the term motor skill. Second,
we will discuss four different approaches to classi-
fying motor skills into categories that identify com-
mon characteristics of various skills. The benefit of
classifying skills is that it can provide you with an
appropriate basis for establishing generalizations,
or principles, about how we perform and learn
motor skills. These generalizations will enable you
in turn to develop theories about skill performance
and learning. Additionally, they help establish
guidelines for instructors, coaches, and therapists
who must develop effective strategies that will en-
hance motor skill learning and rehabilitation.

SKILLS, ACTIONS, AND MOVEMENTS

Several terms in the motor learning literature are
related to the term motor skills. These are skills,
actions, and movements. Each term is used in a spe-
cific way you should understand and use correctly.

Skills and Actions

The term skill is a commonly used word that you
will see in this text denotes a rask that has a spe-
cific goal to achieve. For example, we commonly
say that “multiplication is a fundamental skill of
mathematics,” or “playing the piano is a skill that
takes practice.” Of these two examples, the skill of

piano playing includes a motor skill because it is
a skill that requires voluntary body, head, and/or
limb movement to achieve its goal, which is to play
the piano. Looked at this way, the skill of piano
playing involves the goal of striking the correct
keys in the proper sequence and at the appropriate
time, and it requires finger and hand movement to
achieve that goal.

In the motor learning and control research liter-
ature, a term that has become increasingly more
common to designate a specific motor skill is the
term actions. For our purposes, we can consider
this term as synonymous and interchangeable with
the term motor skills. That is, actions are goal-
directed activities that consist of body, head, and/
or limb movements.

Note several characteristics that are common to
motor skills. First, there is a goal to achieve. This
means that motor skills have a purpose. Sometimes
you will see the term action geal used to refer to
the goal of a motor skill. Second, the types of
motor skills of interest in this text are performed
voluntarily; in other words, we are not considering
reflexes as skills. Although an eye blink may have
a purpose and involve movement, it occurs invol-
untarily and is therefore not a skill in the sense in
which we are using the term. Third, a motor skill
requires body, head, and/or limb movement to ac-
complish the goal of the task. This characteristic is
especially important because it is the basis for dis-
tinguishing motor skills from other types of human
skills. For example, although solving math prob-
lems is a skill, it does not require body and/or limb
movement to achieve its goal. We commonly refer

—

skill (a) an action or task that has a specific goal to
achieve; (b) an indicator of quality of performance.

motor skill a skill that requires voluntary body
and/or limb movement to achieve its goal.

action a goal-directed activity that consists of
body and/or limb movements.




