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The infonmation explosion has hit physicafue ation. Re-
- searchers ang discovering new links hetweledSxercise i,
human physiolagy, Others age investigating nnumlnmc al .
pects af motor contiol Using canuites sinaulation i ot
sophisticated techniques, biomechanics rosoarchor ae fingd:
INK New ways 1o analyze human movement, As 4 rosult of
renewed interest insocial, caltural, and paychological aspe iy
of mavement, a v.n-.l‘hml)ly sy uliml huodly, of knowledpe
has vmvmml N
Many physical education teac lwrs want to. use andl apply
mrurm.m(m particularly relevant 1o their teac hing, It is notan
eany task, The quantity of research .\lmw would requine o
‘dawn ta dusk readingscHedule, The s taligenl nture of thae
research tends to maky it difficult fop o |.|y|nlmn to compie ;
hend tu_lly//}nd finalislittle work hassheen directed towad
applying the research o the more practical concerms of ‘
lv.u'hvrsinlhvvﬂgl‘l(l.'l‘hus,rlhuhurgmminglm(lyul'inl’mmmiun AP

act on physical education programs in the field.  »

Q Hable 1o resciirchers and academicians bas had little im- .

n n} Sw«-
. a 1 My

[ R
The Basic Swif series s the cultmination of thi: National -~
Ass()n.ltmn for Sport and Physical Education efforts 1o cop-
front this- problem. An attempt’was made to identify basic y
knowledge relevant to ph¥sical education programs. and to
_present thyt knowledge ‘in a useful, readable format” <The 7
series is ngt concerned with physical education curricutum .
design, but ‘basic stuff”’” concepts are common’ core in-
" formation pervading any physical eclutatlc‘)n course of study,
“The's¢ gtlpn of k ledge for’ mcluslon inthe series was ¢
NS dbeda n”it‘sx‘re“ vandd\to studentg in physical education -,
ommo studentfn()tl" 25 OF PUrposes. for = .
¢ identified: health (feeling gaot), appear-
arxce%lm) " g*g, ), achievement (doing| )Q"(‘f‘) social (p,vl- "
tmg albnz.,) dez.fhetlc (lurnmg, on), and Lo})ﬁg wnh the envi- %
g ronrﬂe’nt (surviving). - Concepfs, were_then selected” which!
p}owded mformatlon usefub o, student*] in, ,lcu)mpllshln;, ' ()

tbese PUIPOSES. “wi . ‘ A
,The Basic ‘Sfuff project includes t;ﬁlypes of booklets.
Senes I is designed for use by presefUice and inservice
T f ' . ' vii
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fewc hers and cansisis ol nuﬁ-w‘unphluu coneining disi-
phnary wieass exercise pliysiology, Kinesiology, motor de-
velapiment and motor fearning, socialipaychalogical.aspedts
abmavernent, and movereat in the hunanities wit, history,
phgrophy 1 This Hist sedies stiminacizes fonation on siy-
dentpnposes. Sentes s alaadesignead 1o naes by teag hers bt
with a ditterent facus. Hde handbooks we ineladed: valy
hifdhood; childbiood: adedess ence. Pae b desopibes eaam
ples ot rmtioe anal activities whic by oo e sed o e
apprapiebabe phiyaie al edue aion concepls aeac b age grotip.

Fheedevelopiment or the Basie St aepies Tues been aconp
enative etort ol teane o s hobaecad pubibie seboal tea e,
Sehabae prenised the enpreriie i the coptent apeas g i the
development of iietiae Homal niteniady Pablic schaal
testchers dvntiied relevane e o dudents, Held tested instio
tonal activities, o epconnaged the scholars 1o wiite o
peneral undestanding, ' .

Hhe tormiat o the bookets was designed 1o he ug aid
resichables Sees b sticined as o guestion and.answver
dhalogie between students afd o teachern, Series 11 con
e s cmphasis with the iflusion ol knowledge into the
world of physical edacation ‘i‘w-luulimm}‘ WOty (i
Bope i that the Basic St sbries can he v inahe this
scenario areality. ‘ ’

. o
Linda L Bain, Hditorial Cominittee
University of Houston :
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foreword

Moo Lzaniibing Bas iiany asaviniend danisgs. it Lechiay hoi

sk s aaiial ity peioimaie e Keydihess v the labie) e

gl b the e engiloratin and eapldangiivn of the matesidls
inathinls  aitd siedchardsine o iidedie the leaniing sl
perfumiaie g of ot ohill i Lc’:cumﬁ witht thia goal this
ook focuaes aoi anie ol sia guestions sugbeated by the NASHY
{dumml Hosd guiciog #vs praject " Whiat da yon Bave o
Belp wne da hetter ™ Whitle theret 1 chaagieeienit that g
Bretter will el stiichonts feef good look gond Hed Al
i and svive. these Lt five aie wioie dives Ly answensi
thiough o opta diawin Tomn oxerise physialagy

biomies hapdos, ol pvhalagy, Bomianiticn dndd ot e

velopnnend

b aswering the question. \What i vau Juive ta help gie
o betterd the ook focuses anioa ditferent set of «onn epls
whitdh can Bie used taenbiane e stadent lenninig anied pie ko
mince throughofit s cight Chuaplees Specilie esaiples ol
Bowe theses cone epts and ides can b e orporated it e
g et prac tic e sessions e provident in this book s well as
i the Sedes 1 books i s Baske Sl seies

The chapter comider et of feaming and petlomnan e
sich s T What typres ol shitls will Heamy @ Lapien Twan,
CShauld Fpractice ditferent skl i ditferent way - (€ Tapster
Poun), “How can thave good timingd hapter Sivd, il
“How can Buse teedbae k1o mypmove pedormance?” (¢ hapter
Seven) b additbon Chapter tive provihes sefiggestions for how
pedorsance might be evaluated o ace student wngrove
ment. Fially Chapter ight sumimarizes the o« hanges
that take plac e as leanming occus. This may provide an idea of
what to expectas ey oo or hetpr o evaluate feapming
PHORI ey,

Lo makes this baoklet more readablee, traditional methods of
referencing have been avoided “Thus normat e hnowledge
ment ot the work and ideas of athers via relerend os to specatic
l)(?k or articles has beew bypassed. Howoever the soardes
Uy ~(I/2) write this imanuscnpt shoald not go unacknow fedyed
as L amvindebted to many individaal authors and researc hers
whase published work have contributed, generalty.or spef-
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, .
Motor learning can, . - Achieving success in motor skills performante requurej

contribute to . effort and concentration. Individuals learning to perform®
successin . ~ motor skills sometimes waste their time and that of. ofh s’
performing sports , because they don’t know the most effective.or efficient- waysl
and gan'Ls o of learning motor skills. This book is intended to help students

use learning and practice time to"best @dvantage by sharing

ideas concerning how they can {earn motor’skills faster and

better. A wa% "of organizingthe dlscussmn is by first ldenllfng '

- " factors that individuals™Have to consider when learmng or

performing a skill and then discussing ways in-which students
S nofght.improve ip each of these-areas. '

The information - Itis helpful if the |dent4f|ed factors can be organized into an

processing notlonis  overall framework. A recent organizing framework used in
 away of explaining 'descrubln;, motor learning and performance, which provides a

the acquisition and good overall picture of the factors, |nvolves the notlon of

performance of information processing.

motor skills In order to be successful in performing motor skills the

learner must be able to: ,
® pay .attention to the nght aspects of the envuronmeng (IN-
PUT);
e select or plan a ‘moter response which is compatlble with .
the environment (DECISION-MAKING);
e excdute the movement as planned (QUTPUT); -
¢ -ytilize movement and outcome information to evaluate the
present response and, if necessary, modify the next re-
- ‘sponse (FEEDBACK).
Jtis not sufff@ent that each of these aspects is done correctly in
isolation: the four operations must be integrated and must
relate to each other so that control flows smoothly from one
operation to another to conclude in successful performance.
To.become successful at performing skills, behavior must be
adjusted within the four operations of INPUT, DECISION-(-"
MAKING, OUTPYT, and FEEDBACK. The role of feedback is °
unique because the learner not only improves in his ability to
receive and use feedback; feedback is also absolutely neces-
sary to improve the operation of the other processes.

Successful motor  The relationship among the four operations which have
> performance been identified can be illustrated by a simple example. The
requires input, performer 1) receives input, 2)makes a decision, 3)executes a
decision-making, response, and 4) receives feedback about movement execu-
output, and tion and outcome. Let us suppose that you are playing in a
feedback basketball game and are in possession of the,pall. First you

obtain input about your position on the wurfj‘fhe sition of
your opponents and your teammates, ¥and the digtance be-
tweer} you and the basket. Second you analyze anfl interpret

N
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HowDolGetl?

Can.you identify
examples of input,
decision-m'aking,
output, and feedback?

this information with reference to your past experience in the
game of basketball and in situations similar to the present one
and decide what type of response you will plan. The choice is

- based on information about your own past successes, past

succegses of your teammates in similar situations, and the
opti(%sS that are available to you. You decide whether to
dribble, to pass to a teammate (including whom to pass to), to
shoot from your present position (including what type of shot
to take), or to stay put. You select one course of action and -
plan how to implement it. ’ ;
Third, the movement planned is executed. Finally, during
and after your response, FEEDBACK is received concerning
the course of action taken. In assessing your movement you -
may ask such questions as: “Did | shoot the way | intended?,”
“Did I release the ball too early?,”” and “‘Did I follow through
toward the basket?”” After the response you receive FEED-
BACK about the effect of your movement on the environment.
In relation to the OUTCOME you ask such questions as: “Did

I make the basket?”’ and “Was the pass accurate?”’
.t

Every skill you possess or will learn can be described in
terms of the four major operations of INPUT, DECISION-
MAKING, OQUTPUT, and FEEDBACK. Some skills may in-
volve one operation to a greater degree than other operations
butall skills require all four. Using a familiar skill try to identify
examples of input, decision-making, output, and feedback. In
tennis, for example, some of the following may have been
listed"ih each category:

INPUT
ball direction
ball speed
ball spin - _
opponent’s position
DECISION-MAKING
where ball will arrive (based on direction)
when ball will arrive (based on speed)
. how ball will bounce (based on spin)
select forehand, backhand, volley, etc.
OuUTPUT . .
when to initiate response _ :
actually performing the selected type

\

T
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" Information
processing
framework directs
investigation
of errors

. was my swing level? (MOVEMENT)-

FEEDBACK R
did | keep my wrist cocked? (MOVEMENT) B

.

did | contact the Ball in front of my forward foot?
(MOVEMENT)
did the ball go over the net? (O‘UTCOME) o
did the balt land in-bounds? (OUTCOME).,
- could my opponent hit the ball? (OUTCOME)
Information processing can also be considered from. the’

- point of view of the unsuccessful performer. Knowing what

must be accomplished to be successful can help us discern
why someone is having difficulty in"skill performance. For
example did the individual make a mistake‘duging the INPUT
operation?, during the DECISION-MAKING operation?, dur-
ing the OUTPUT operation?, during the FEEDBACK opera-
tion? That is did the individual look at the wrdng place jn the

“environment? (INPUT ERROR); did the individual misjudge

the speed of the ball and/or its time of arrival? (DECISION-
MAKING ERROR); did the person execute the movement
faster than |nténded? (OUTPUT ERRORY; did the indjvidual
fail to discriminate that the goal.was not achieved, e.g., that,,

- the ball went out of bounds? (FEEDBACK ERROR). Additional

examples of errors that can occur ateach phase of information
processing are presented in Table 1.1.

Why Does It Happen That Way?

Information
processing explains
behavior in terms
of sequential

" operations

Information processing explains behavior in terms of a set
of sequential operations that an individual performs to be
successful at motor skills. These operations involve; in part
e looking at the right place(s);
e_paying attention to the right cue(s);

e interpreting what the cues signify;

e planning what to do (a response);

® organizing the response;

¢ doing the response;

® assessing how you moved and what effect it had
These operations may be grouped into four categories:

INPUT .
_the processes involved in obtaining mformatron,

DECISION-MAKING
analyzing and interpreting what the mput means and
deciding what to do about it;

1=
2 J
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Table 1.1: ‘Examples of errors Alhal’mighl be made at the INPUT,
DECISION-MAKING, OUTPUT, an(_i FEEDBACK phases of v

information processing.

INPUT: .
player looks at the wrong portion of the environment

player pays attention to the wrong cues
players attention is focused.on too small an area
players attention is focused on too broad an area,
player cannot see the relationship among the elements
DECISION-MAKING (interpretation of input): |
“ .player misjudges the path, speed, or diregtion of teammate,
object, or opponent- . B
player misjudges distances; heights, weightsq =~ ¢
- player miscalculates time & arrival of object, opponent, or

. teammate .
DECISION-MAKING (selection of movement)

player selects wrong type of movement
player selects wrong instance of correct type of movement

player misprograms time, force, direction, or disfance of

.

movement
OuTPUT P -
player does not execute movement as planned

FEEDBACK .
player does not remember how h® moved

‘player cannot discriminate errors | C,
player cannot tell if goal*was accomplished
player cannot recognize what led to perceived error

’
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OUTPUT= -

> executingthe response you de_cided on;. .* ‘..
FEEDBACK -
,evaluating the- performance (how you moved) and the
o outcome (the result). o
The learner and ~ Theindividual who uses information processing to describe
“ - the situation ) performance views thé learner and the situation in which
constitute a system performance takes. place as a system. This implies that the

situation affects the performance and that the performance, i in

turn affects the situation. Before giving an illustrative exam-
. ple of how this occurs it is helpful to know that environment'is

the term used to indicate the situation in which performance

occurs. The environment includes both external and internal

- - elements. The external elefents of the environment at 3
basketball game may include, for each player: ~
® the positions of the other players

¢ the distance o the basket: .
® the location of the ball; ' 2
L) ® the spectators; -
Y@ thescore; ‘
’ ® the coach; a
# the time remaining in the game. : .
’ Internal elements may mclude , L e
. ® fatigue; . T
. ® ‘anxiety; - : PR .
. e pain; - - I A
' o »® distracting thoughts. 2R : .

Every situation in which sport takes place involves both mter—o_

. nal and external gfements. Some of thpelements of the envi-.
L ronment are important to success. Suchthings as the location'
.- of and distance to teammates, the-location of and distance to
opponents, and the distance to the basket are gritical for

successful performance. The spectators, feelings (L;\ anxiety,
and :}tractmg thoughts, may hamper performance if the

@

AL playef pays attention to them. . '
The situation = - The Iearner and thesenvironment should be considered a ,
- affects the learner system. The envrronment affects behavior and behavror'
and the learner changes the environment. This affects subsequent behavior
affects the , which further alters the environment. In a tehnis match, for
situation example, the position and'speed of the ball dictates player A’s

. position and swing; player A’s hitting of the ball dictates
player B’s position and swipg; player B's hitting of the ball in
turn dictates player A’s next position and swing and on and.on
‘until the rally is ended. The weave in basketball isan example

v - of the interaction between a player and the envrronment
Ml :

B

1
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{;}(teinal elements at a basketball game include
0 the basket, the location of the ball, and the

v

the position of the other players, the distan
spectators.
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- which, as we have seen, includes other players. As illustrated
‘ in.Figure 1.1, player 1 passes to playerZ with the exact speed
and duectxon of the pass depending on player 2’s direction
and speed of motion. lmmedlately upon executing the pass,
player 1 has to respond to the altered environment by running
' - ~behind player 2 to receive a pass from player 3 who has
' received the ball from player 2. Thus these three players form -
a small system in which the environment dictates the perfor-
. mance, the performance thanges the environment, the new
environment dictates the next performance #d on and on
until the basket is made or the opponents obtain the ball.
Either of these last two possubtlmes changes the environment
in ways that have special implications for performance and for
the total systenr so that:
e aplayer interacts with the environment when executing a
. skill; . .
® the environment dictates how a player must move in order
to be successful;
® a player’s performance affects the environment by chang-
lng, itin some way.
In summary the environment dictates when and how a player
must move to be'successful. Shooting a ball at a basket 0 feet
away requires less force than shooting at a basket 20 feet
away. If a receiver is running slow the ball does npt have to be
passed as far ahead as it would if a receiver is running fast.

h:*p‘ut is information As indicated earlier in this chapter information procéssing
from internal and focuses on four major operation®which affect sport perfor-
external sources - mance: INPUT, DECISION-MAKING, OUTPUT, and FEED-

BACK. INPUT is the label applied to all of the information in

Voo " the environment that ypu could give attention when perform-

'O )

b, e ing. Some of the INPUT will be important in relation to
S . successtul performances; other information will notbe i impor-
’ « - tantatall. The input includes information from inside (inter-*

.« . nal)yand Gutside (external) the body and is concerned about

‘such aspects as: =’ .

¢ searching (looking for) and orienting (looking at) the right
¢+ . elements or cues;
" ® selective attention (concentratmg on the crmcal cues and
ignoring the non-critical cues);
® noise (the unnecéssary information or non-critical cues’
which might be distracting). - d
These and®ther aspects of input will be considered in an effort
to identify ways of learning new skills faster or |mprov1ng
. . present performance more quickly.
/
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Figure 1,1: The player-environment system: a ihrec:leérson weave in basketball, _"f&'

g . Ball path

o , _P_l_a_)_'_sr'path .
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, Degisﬁn-)rrat(ing is DéCISIO'N MAKING i%thelabelapplied to the operation of

changing input to . transformlng or changing information taken from the envi-
output . - ronflent (INPUT) into an appropridte moyement response
. (OUTPUT) Like INPUT,  DECISION-MAKING involves a
™ o - Qer of individual sub-operations whith improve with
practice. We need to be concerned with:
. ® interpreting the output; .~

e deciding on a particular response;
® coordinating the response

Output is the actual ‘OUTPUT is the label apphed to the actual execution of the
executionofa  movement. It is the executlon of the motor response that has
movement been chosen (DECISION MAKING) as the best or most ap-

- proprigte.in the present 5|tuat|on Most of the preparation for

the output has already been accomplished by the time the

movement is in progress but adjusiments may be made as

performance occyrs if this is necessary. (A baseball batter, for

P example, can stop the jswing in midstream if the pitch is
. judged to be a ball rathet than a stnke The decision to stop is
made early enough in the sequence of events from |nput to

output.),
Feedback is FEEDBACK is.a term applied to the information available
information about, during or aftar the movement. It may be information either
the output ™' about the movement, i.e., howthe response was -done, or

about the éffe¢t ‘of the movement on the environment, i.e.,
-+ what was the outcome? Aspects are: ,

® types of feedback; . !

® using feedback to change performance; . .

~ ® special kinds of feedback.

]

A AN .

In ordeg,to improve the accuracy and efficiency of motor
performance the player must decide what factors lead to
successful performance and then practice in ways which will
enhance improvement of those factors. In addition the player
must learn to integrate the various factors associated with ‘
successful performance, e.g.," INPUT, DECISION-MAKING, ,
OUTPUT, and FEEDBACK. This book is designed to provide !
an understanding of the factors that influence learning and |

performance. The goal is to provide suggestions for how the!
' Iearnmg of motor skills might be approached so that the

performance improves and the success rate increases. 1

S o X I
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CHAPTER TWO

jachlevement

CLASSIFICATION

’

. Photograph by. Carlyjane Dunn Rice

What Do You Have To Help Me? {
Skills come in a SKills used in sports and active games come in a variety of
variety of types types. The differences among the types of skills influence:

practice procedures;

focus of attention (concentration);

decisions about how to respond;

when to respond;

what kind of feedback will be most helpful

.- the ease with which a new skill is learned.

~ . Before going on to detail the ““types” of skills to be considered,
two different types of skills will be reviewed with reference t6
the items listed above. The skills to be considered are the g golf

¢ drive and baseball batting.

| . 1
! [ N4
’, ¢ )
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practice, attention

response, feedback,

and cues

.The type of skill.affects” Practlce Practice of the g ;,olt drive should emphasize consis-

tency of ball height, body position in relation to the ball and
the flag, club position, bady stance, head position, grip, path
and speed of backswing, downswing, contact, and folfow-
through. The golfer attempts to ““groove” the swing to estab-
lish a consistent, repetitive swing. Thisis accomplished by
intensive practice under constant conditions. This enables a
playerto develop a consistent swing pattern. Once this consis- -

tent swing pattern is established the player uses it with a

variety of clubs and a variety of stances and ball positions to
accomplish the goal of getting the ball to the green under a-
variety of circumstances. The swing does not change to meet
changing conditions; it remains consistent.

Practicing baseball batting, by contrast, emphasizes de-
velopment pt the player's ability to execute a swing which
matches the place and time of the ball’s arrival over the plate.
In order to enable thxbatter to develop this skill the practice
session must incorp(m‘mges in ball speed and ball flight.
Inconsistency in the ball speed and ball flight should be the
rule. Practice serves to enable a player to learn to differentiate
and interpret the speed and direction of the incoming object
and to plan an appropriate respense. For this reason a variety
of speed and flight combinations should be used. Attention
will be given to organizing practice formost effective learning
in Chapter Three

Attention focus. In the golf drive the attention focus should
be on the position of the body and the ¢lub head with respect
to the flag in the address phase and on the rhythm and path of
the swing in the action phase. In a word, inward, on the
totality of the movement. In baseball batting, however, the
attention focus should be on the moving ball, outward, on the
input factors that must guide the movement.

Decision-making. There is adifference in how decisions are
made as well as in the speed with, which they need to be
made. In the golf drive the decisions regarding club, stance,
club head position, grip, etc., may be made slowly and delib-
erately. In theory the golfer can take as long as necessary to
reach a decision. The particular swing is a consistent, well-
used one and is probably not chosen from among a variety of
options but rather the golfer accomodates the swing by adjust-
ing the stance ‘and the grip for each particular situation.

In baseball batting, on the other hand, the batter has very
little time to decide what is happening and whatto do about it.
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The distance trom the mound to the plate is 90 feet. If a ball
travels at 80 mph it takes .77 seconds for the ball to reach the
,plate once it leaves the pitcher's hand (that is a bit less than
B/10°s of a second or less time than it takes to say ""swing
now”). The process of swinging the bat takes about4/10'sof a -
second leaving a bitless than 4/10%s of a second for the batter
to observe the ball flight, decide when and where the ball will
arrive, and what to do about it if a ball istraveling at 100 mph,
it takes.thout 6/10's of a second to reach the plate, leaving
210°s of a second for input and decision-making. This in
contrast to the almost unlimited time for a skill like golf.

In addition to the difference in the time the batter must.also
select the best response under the circumstances from a
greater variety of possibilities in reaching a decision. Clearly
the first decision is easy; there are only two choices, sw"ihg or
dow’t swing. If the batter decides to swing, the movement
selected or structured must meet the time-space constraints
imposed by the ball flight and must be chosen from among
several alternatives. The task of the batter is weighted more
upon decision-making-while that of the golfer is weighted
more upon the response output. ) '
Response. Followingthe line of thinking above, it is clear that
in golf the performer can respond whenever he or she is ready
while in baseball batting the flight of the ball dictates when the
response must b‘e initiated and how long it can take.

Feedback. In golf, information about the swing and move-
ment can be useful in facilitating performance. Information
concerning the flight of the ball is helpful but is usually used to
assess movement errors. For example if a golfer often whiffs or

"7 tops the ball the movement error may be: lack of hip and knee

flexion;- hyperextension of wrists; tension through legs,
shoulders, and arms. Consistent hooking of the ball or topping
may be due to the club being taken back too far inside on the
take-away. -

In batting, by contrast, feedback is used to focus on the
relationship between the swing and the ball flight. A batter
might have a'perfect swing but if it is not matched to the ball
flight characteristics it won’t do much good.

/

Learning new skills. The skill develpped in golf is probably
notreadily transferable to other skills. That is, knowing how to
play golf will probably not help in the learning of other skills
{although it might assist in developing the ability to attend to

L3
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How?

Skills are
classified in
various ways
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movement information and to analyze errors). The
decision‘making.skills that are developed in baseball batting,
however, may facilitate the performance of other skills which
involve contacting maving objects: tennis; racqetball;
squash; soccer; field haockey. .

The information about different types of skills can be used
in several ways: -

~ @ to vary theevel of the skill to bv lmmml from easy to

difficult;
® o recognize siﬁtjl.n’itios and ditierences among skills to be

leared; .

e 1o decide what a&peus of skill performance to emphasize
during practice;

e 1o determine the prerequisites for success in different skills.
When most people thinﬁxabout classifying skills they think

in terms of such categories as:

e individual vs. team sports (acchery vs. basketball);

e water sports vs. land sports (swimming vs. soccer);

® gross vs. fine motor skills 5()ftl5‘d|l throw vs. billiards);

e endurance vs. strength activities cmarathon vs. weight lift-
ing).

The categories listed above have been useful in the past for
insuring that physical education programs include a wide
variety of types of skills and sports. Very often, however, the
best coaching methods for varying skills and sports in the
same category might be very different. Swimming, surfing,
and water skiing are all water sports but the techniques ap-
propriate to teach each, and the abilities needed to succeed at
each, are very different. Some other way or ways of classifying
skills is neededrif the categories are to have meaning in terms
of doing better in sport performance

Information processing through concepts derived from it
has provided a basis for several classification schemes. Seve~
eral of these schemes will be considered and then integrated
into an overall view of the skill types learned in sports:

s open vs. closed skills —Classification of skills based upon |
whether, atthe simplest level, %environment is stationary
or moving during the skill performance, e.g foul shot vS.
3-person weave in basketball.

e self-paced vs. externally-paced skills — Clasmﬁ#atlon of
skills based upon whether control of the miti;i‘tion and
timing of movement is within the performer or in the envi-
ronment, e g., golf swing ws. D3seball batting.

o
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Skills are open if the

® hody stalulity vs hody transpart o Classification of skalls
‘Based upon whether the total hody i stationary or mhving
duning the skilf execution, e . tennis serve ve. layaip <hot.

& no manipulaticdrws. manipulation —Classification of skills
based up8n whether the individual has to control an im-
plement ttennis racket) ur object thaskethallj in addition to
the total body motion, e.g., running down ¢ ourt in hasket-
ball vs_ ranning and dribbling a baskethall.

& complesity of information pro essing
skilfs on the bass

Classification of

ot factors that may vary from simple to

complex at cach phase of infermation processing, e.g.
plasing basketball one-on-ane s, plaving basketball
hree-on-three.

<Open vs. Closed skills. Skills mav be classitied according to

&

-environment is moving. “the nature of the e ironment in w hich they otcur with pdr-

and Mosed if not

7

What are some
examples of closed
skills?
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Lar reference to how that particular enviranment controls
nm\‘én)en:. ATene extreme the em ranment is stationary as in
hizing a ball or 2 h.n{*jng tee. At the other extreme the envi-
ronment is moving as in hitting a pitched ball. Inthe stationary
ball instance movement is controlled only by spatial factors
such as the height of the ball. In the second instance the
movement is controlled by both the-height of the ball and the
hlmv]_u( darrival In the fiest case the performer must swing the
bat sa that it passes the point in space whesg the ball is
located. When the swing is initiated the speed of the s‘wing 15
noteriticalifthe height of the swing is matchelll the height of .
the ball on the batting tee. A :
In the second instandg the swingis cont
and speed ot the ball. Thé\'timing and plac
must match the time of arfival of the ball as W | %
of the ball. The height of the Swing must (‘ﬁ)nf()rl‘ﬂ to thg height
of the ball as in the tirst example but the crucial differ PRCe is
that the time of initiation of the swing aind the speed\of the
swing is dictated by the ball's speed. . :
I sport there are many examples of closed skills: the Rot-
_bal-place kicker has to match the kick to the position of the
) stationary ball; the archer has to match the flight of the arrow
to the position and distance of the center of the target; the
diver hasto mateh the dive to the distanice to the water and the
depth of the pool. Skills Tike these, and others in which the
performer’s movements must match or conform to spatial
factors’only arestermed ¢losed skills. The environment is sta-
vtionary, fixed, stable. The position of the elements in the
environment is the same before and during the skill perfor-
mance. '

the height
he swing
hejght
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" Countesy of Vigo County School Corporation

Matching the flight of an arrow, in archery, to the position and distance of the center of the °
target, is an example of a closed skill. The environment is stationary, fixed, stable.

~—.
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- What are some There are alsa-many -examples of open skills, The tennls
examplex of open player has to mateh the position of the racket and the timing of
skillst. -~ the farchand drive o the position and speed of the hall; theice

- hackey playér has to match the position and speed of move-
mentlo the position and speed of ather players on the team, or
that of the oppanents, or that of the hockey puck. The basket-
ball player who is dribbling the ball towarcl the baskel musi
match the path of movement to the hosition and movement of .
other players in addition to controlling and matching the
movements of the ball. These skills and others like them
which demand that movements match the speed, timing, and
space of other people or objects are termed open skills. The .
environment in open skills is continually in motion, unstable,
and unpredictable, : :

Environments that are termed closed are characterized by
the following: .
® the spatial elements that control movement do not vary
' " from trial to trial;
® the environment in which performance takes place does,,
not change between the time the skill is planned and th ‘ W
time it is initiated; . T
® the environment in which performance takes place does
not change much from one instance to another; '
® movements should be practiced until they become
* habitual; ' - 4
® the practice environment should be kept as consistent as
. possible (at the samg time keeping it as much like the.
' performance environment as possible). T
A Skills, other than those mentioned previously, which occur
A in closed environments are archery, bowling, basketbdll free
‘ throw, golf, diving, and gymnastics. What are the spatial
elements which control movement in some or all of the skills
mentioned? In the case of bowling you might have listed:

length of the approach; ' ’ .

width of the approach area; _

distance from the starting position to the foul line;
¢ position of the pins. ,

In contrast, environments that are termed open are charac-
terized by:

_® the time and space elem&%g change from trial to trial and

within the trial as when the pitcher throws a change-up;

+ ® the dynamic nature of the environment forces the per-

former to make predictions about the future time/space
«features of the environment, e.g.,'when the pitcher throws
the ball, its arrival at the plate must be predicted so that the

“ o 17
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Open skill -

, envlrod#!eﬁis are

" controlled by space
and lime

Open skill practice
requires a varied
environment

Closed skill practice
requires an unvarying
environment

18

swing can be initlated hefore the ball passes over the plate.
$ee the secflon on 'How can | have good timing?™;

e prediction of what will occur each time s hased on that
which has occurred in the past. If for example a tennls
player hits 8 out of 10 shots to the forehand then If the
recelver predicts forehandon the next shot he has an 8 out
of 10 chance of belng cortect abaut the prediction;

o Jvariety of gamelike sltuations should be employed sa that
players can practice predicting various helghts, speeds,
and directions and practice responding to those variants,
Suppuse you were planning to catch a ball thrown to you.

success in catching a ball requires predicting, during the flight .

of the ball, where it will arrive and when it will arrive. The

hands must then be moved to the predicted place of the ball’s
arrival. Then at the appropriate instant the closing of the hands
must be Initiated so that the ball will be trapped. If the hands
are closed too early the' ball will bounce off the fist. If the
hands are closed too late the ball will rebound off the palm of
the hand. The timing of the catching response (the’ grasping
phase) must be matched to the arrival time of the ball just as
the position of the hand(s) in space must conform to the arrival
location of the ball. Thus in open skill environments move-
ments are controlled by the spatial (place) and temporal (time)
aspects of the ball's flight. Catching a ball is an open skill
because it takes place in an open environment. Other open

skills are hitting a baseball, tennis, badmihton, playing in a

basketball game, soccer game, ice hockey, and field hockey.
When open skills are practiced it is best that the situation be

varied so that the player learns to respond to a number of
different possibilities rather than hitting, for example, a ball
tossed to the same location at the same speed and height until

the tennis stroke or swing is grooved. Practicing by hitting a

consistently tossed ball will almost guarantee that game per-

formance will be poor because: : :

e the player won't be prepared to discriminate among vari-
ous ball speeds, heights, and directions;: ‘

e the player won't be able to predict the arrival time and -

N8

place of the ball;

_ o the player won't be able to plan and initiate a response that

fits the situation. - v .
The skills necessary to do those things listed will not have
been practiced. .- _ L '

For closed skills fine tuning or adjusting the response to an
unvarying situation is very appropriate and is in factdesirable.

Some closed skills like golf and bowling require a number of -

a0
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Playing in a field hockey game is an example of an open skill.
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difforent responses to fit somegspeclal situations; when'the.
situations oceur they are consistent. Even thaugh the, setting
. . may change somewhat fron trial o trial, each tria) nuvgnljlc- ’
loss aceurs in i closed environment, ’

Skills are well-pacedd It Self pawd VA, txlenmlly-mced Another way uf«tlnnkinu

contralled by the about skills is in terms of the timing or pacing of thg mave-
perlormer and ment, I one instance the timing of the movement thitidtion
externally paced ~and execution s under the performer’s control. That s the
ifnot performer decidos when to start the movemont and how fast to

performy (L These types of movements are termed self-paced.
For example in the game |High Water, Low Water, the rope is
“stationary and setata specific helght and you decide how fast
to approach the fope and how quickly to jump over it n
jumping over a rope that two individuals are turning, how-
ever, the speed of the jumping movements and the timing of
the jumps themselves is controlled by the speed and height at
which the rope Is moving. When the mno s (|(|I( ker, move-
ment must be quicker, :

What ate self-paced The jump rope example is an externally- pace(lskill the rate
skillst externaliy- of movement is controlled by the speed of the moving rope. In
paced skills¢ externally- paced movements; in contrast to self-paced

movements, the performer needs to attend more closely 1§ the
external events (therope, the other players, the ball) so that the
pace of movement will match the pace of the external events.
In externally-paced skills, as in open skille: what the move-

. ment looks like is not critical as long as it is efficient, matches
the controls.imposed by the environment, and accomplishes
the goal."

The major difference between open skills and those termed
externally-paced is that the former category includes both
spatial and temporal aspects while' the latter refers to the
timing of the movements. The same is true of self-paced and
closed. The former includes only time aspects while the latter
includes both time and space.

Body stability skills Body Stability vs. Body Transport. inour discussion of open

" are performed in a vs. closed and self-paced vs. externally-paced skills we did
stationary position - not specify what the learner was doing (standing still or mov-
and body transport . ing, for exapple). A skill performed in a stationary position
skills in a moving {(body stability) is simpler than a similar skill performed when
position . moving (body transport). In-a stationary position there is one
~ less element to consider in movement planning and one less

element to demand attention. Bouncing a basketball while

standing still is easier than running and dribbling at the same

20
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time, In the firsy ilLﬁmnw anly the fhovément of the hall
demands attention. [In the second instance wo elements de-
maned attention, mgvement’ of the balllapel the mavement of
the body with jespét to the hall, Themavemunt of thehall
must be coordinatéd with the ranning movements ar vice
versa. I general, heding togal hody | movement 1o a skill
performance makey that performance more complex,
A skill con be sipiplified during thi legming process hy
attempting. it brietly while standing ina.$ationary position,
< Onee the ddeais clear try it while moving, In learmning to pass
i basketball the: legrmer might attenpy the l'plluwinu Steps:

Mavement makes e stanel stll and ey the pass 1o stationaryfeceiver; »
the task of . o run and pass to a stationary receiver; PR
perlorming o skill ¢ dribble and pass 10 a stationary receiver;. P
more difficult ¢ dribble and pass to a moving receiver; . L :
® dribble and pass tn a moving receiver while being guarded;
® dribhle and pass to a moving receiver who is _being

guarded, while bping guarded, »
Itis most important|that the learner doesn’t spend 100 much
time on each of these steps but that each is done lorg enough
to get the idea of what is required. The most importint prac-
tice is that undertaken ip game or gamelike situations. dding
maovement makes the task of performing a skill more difficult.s”

i . 5y
Some skills require No-Manipulation vs. Manipulation. Another aspect, that
manipulation of adds to the complexity of skills that has not tgn specificpfly
objects considered in previous cliscussion concerns man i of

implements, balls, with the hands, feet, or head. In S;?orts fike =

archery and golf which are closed skills or implements, the .
bow and arrovﬁand the gzolf club respectively must be cori-

trolled by the &fms and hands to accomplish the task. In field,,
hockey and tennis, which are open skills, the hockey stick and

the tennis racquet respectively must be manipulated to ac- .-
complish the task. This is different from track, a closed skill, in
which there is no n(?ed to manipulate objects, or basketball,
an open skill, in which only one player has control of the ball
at a time. A skill which does not involve manipulating or
: controlling an object or an implement is one less to think
' about, one less element to control, one less aspect to demand

attention, S : ,
It is sometimes helpful to think of the manipulation of
« implements or objects as a secondary task. That is one which
is done in addition to the principle or primary task of body
stability or body transport, Stability and transport are consid-
ered to. be primary tasks becquﬂhey provide the base of
! N

St
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-Manipulation of

ohjects invalves the

primary task of
buddy stability oe

transpart and the

secondary task
Invalving
wnipulation

Complexhty of &

skill may influence

any or all of the
information

processing aspecls

stimuli, the speed of events, and other

support from which all the aspects of manipulation oceur. If

the: primary task is not perfarmed well, then adding another
task will canse performance in the primary (agk to worsen, As
an illustration suppose an individual was dbl\ﬁg to run through
a complicated obstacle conrse and the time'it ook to com-
plete the conrse was used as the measare of performance. If
the same individual was then asked torwy thiough the course
while dribbling o basketball the time to complete the course
would increase, The addition of the secondary task, dribbling
the hasketball, inereased the time necessary o do the primary
task, running the obstacte course. The primary task demandedd
acertai attention level; when the secondary task was adeled
attention was diverted and shared between the prinary i
the secondary task has affecting the pertormance of llw ol
ul‘tl\ .
Asskill in the primary task increases, it demands less atten-
tion. Atlater stages of learming the performance of the primary
task (ansportar stability) becomes semi- automatic and atten-
tion can be diverted 1o the secondary task without a notlce-
able alfect on overall performance.

Complexity of Information Processing. Afinal consideration
in classification of skills relates to the four information proces-
sing operations mentioned previously: INPUT, DECISION-
MAKING, OUTPUT, and FEEDBACK. The complexity of the
INPUT phase can vary depending upon phe number of critical
actors listed in Table
2.1, In similar fashion the complexty of the DECISION-
MAKING phase can vary. Likewise, the QUTPUT and FEED-

BACK phases can differ.

Most of the complexity can be controlled in practice, but in
the game the factors will have certain values In basketball for
example:

o there are many critical stimuli;

® there is a high ratio between critical and non-critical
stimuli; . -

events occur at fast speed '

there are many confusing stimuli;

many factors must be considered in planning the response;

there are many alternative choices and the distinctions

among them are subtle;

® the times between input/decision- making and decnsnon-
making/execution are short¥

e the movements require the coordination of many body
parts simuitaneously.

.
i
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Table 2.1; Analyziug C unmluuuy pl lufummﬂuu r ulnu

Mmhmun o )Ml‘t LXI | v Maxinim
INPUT |
FEW Number of critical stimuli . ' MANY
LOW (1) Ratier betweon critical: non-caitis ulalimuli FHGH (1 10)

Sow e spesed atwhich svents ocenr 1 . FAST

HIGH Hhee intensity of thes stimulp o LOW

HIGEH) Contrast Tgtween critical and nons itical stimuli LOwW

FEwW Amoung of confusing stimall . MANY
qLONG Length of twoak between individual uyr':\t‘. SHOR)

B : DLCISION-MAKING

FEW Nuambier o factor 1o he considered fﬁ MANY

FEW , Number of aftetnative choleos # MANY

SMALL Amount of information needed LARGE

LONG Time between Inputdecision-making and’™ SHORT

’ decision-making/outpu )

oureuy )

FEW Number of sequential or simultaneous mosginents MANY

FEw Number of body p.m‘hwulvuil ” . MANY

LOW Precision required ' HIGH

LARGE Sizer of base of support . . 2y SMALL

SIMPLE Rhwthmie structure of moven My, COMPLEX

FEEDBACK .Y, v ‘

SMALL Amaount of information -W-I”dl)l("w . K " LARGE

FEW Number of transformations beforé using fuull acke MANY

AVERAGE Precision of information o ) LOW or HIGH

ij r\\ ! »
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Fask difflcylty can -

he reducesd. by
manipulating the
task companeats

The gamﬂ of tenm: by contrast tends taward less complex-
ily:
o there are few critical stimuli;
® " the ratio between critical and non-critical stimgli is low;
o the intensity is medivm; ~
the contraat is medivm; e
there are few confusing stimwilj!
there are player-controlled breaks in the action;
the Bumbier of alternative choices is comparatively low.
Thesse complesity factors imay be thought of in terms of tash
ditticabty. The difticulty of a task can e reduced hy manipu-
Lating those aspedcts related to INPUT, DECISION-MAKING,
OUTPUT, and FEEDBACK operations that atlect complexity.
Hy«.uuwulnmkollmu‘uulhm to dilficulty those skills which
are less (umplc'x can be practiced first aned then gradually
mare complex skills can be added. i addition, skills which
are complex in-some ways but easieg in other ways might
provide good practice. Finally, a particqlar skill can be varied
in complexity by manipalating appropriate aspects,

Sport Skills — An Integration

Complex skills are
easier to learn if
reduced to a
simpler form and
then gradually
made more complex

24

Skills performed in sport situations involve all aspects

which have been discussed:

e the environment may be open or closed;

e the performer may need to focus on moving through space
or on maintaining o stable position;

e the performer may manipulate an object or unplmnvnl or
perform some other secondary task;

¢ the complexity of the information processing operations -
may vary from minimal to maximal.

The level of skill difficulty may be determined in part by

analyzing it with respect to the aspects listed,

The simplest skill may involve a closed environment with
no locomotion, no object manipulation, and minimal infor-
mation processing complexity. The most difficult skill may
involve an open environment with locomotion, object ma-
nipulation, and maximal information processing complexity,
The first example can be illustrated by standing in place in-an
empty room; the second can be- illustrated by dribbling a
basketball toward the basket through a group of moving op-
ponents, When learning a skill it may be wise to adjust the skill
to asimpler form by eliminating some of the aspects that make
it more difficult and then gradually including thern as the

(%]
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Summary
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Are closed skills
really easier?
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pepfaimer’s proficieny inceases. i the basketball example
above it might be easier to teach a player e diibibile without
anyuiie on the court o impede progiess o distiact allention.
Phen 1o encourage the plaver o watch wheie he is gaing, the
playe shaubd deibiile araunid a set of stationary conea. Finally
Hie playen shauldd diibble aioviid players whao are pennitied o
iave within inntes | space. Ehe ultinate test is to use the kil
WY et nifiation

Pilterent shills oakes different dearaads on “adtention
capthilition. Ssportshilla Canche clhasaiied acconding 1o
® the envitonment i which they take place topen o clasesd);
& (he stite of your hody stationary ormaving);
® fhe prosence of o osecondary sk (mranipulation o
no neiipalation),
@ (e cotiplesity ob intomation pras essing aoatnimal or mas
jmaly; :
Same shills allow total condntation an mavement. COther
ahills vequite cancentration on hoth movement and the mov
g envitanment. b st others the player mast move throagh
Gotmoving envitonment possibly avoiding other moving
people wiae swinging a tennis racket, diibbling o soccer ball,
or pestorming somme other atention demanding task. Sone ol
the most dithicalt spent skitls are in the List category; some ol
the simplest wee in e tist, There awie, however, kit ol

- vaying degrees of ditticalty in all of the categories; these may

e assessed by evaluation of complexity. A one-handed hand -
stand s in the same environment, body and maniptlation
category as standing in place although the handstand 1
clearly more difficait. The base of stupport is smatler making
the output more complex,

In modifying movements or skills to make them easier to
perform it shoukd be remembered that although it is possible
to- praetice open skills in closed environments, for exampie,
extensive practice of this type is not likely to be very eftective,
Therefore this type of madification should be ased minimally
it at all and then only with specific goals in mind.

Finally, although closed skills may be the easiest skills to
perform when environmental complexity is considered some
closed skills demand extraordinary qualities of movement
sense (kinesthesis) and movement control on the part of the
performer. Therefore the skills of gymnasts, divers, figure

o0
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In basketball, dribbling around players who are permitted to move within limited space
involves anopen environment with locomaotion, object manipulation, and maximal informa-
tion processing complexity.

-
26

Y1y

- s

s g

ok

nes-

-

Photograph by Scott Forbes fLoudour:



O

ERIC

Aruitoxt provided by Eic:

AU

shalers. and the like showlhd not e upderestmated because
the enviranment 1 sationaiy and beoause ditierent sbibities
thap thine seduired e apen shills aie citival o sigcess
Rather each sucuasstul partivipani shaald be reganded with
awee bie atiae Ne i shie has Lieen able a pui i ol nigeiher
aptivial fashion
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achievement

PRACTICE

Why sweat 27

What Do You Have To Help Me?

How the learner
practices is the hey
to hmproving

performand
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- learned by goingto the driving range and actually hitting 200
balls per day, or by spending one day imagining hitting 200

golf balls. . . -
A
"How? =~ speedversus accuracy. There are three choices in relation to

the speed and accuracy of skill performance. The skill.can be
performed: _‘ ' ‘

Practice for speed, ® as quickly as possible as in pitching a fast ball;

for accuracy, or for ® as accurately as possible as in pitching the ball into the

both as the skill strike zone every time;

requires ® as quickly and accurately as possible as in pitching the ball

. fast and into the strike zone; "

Usually individuals refer to a speed-accuracy‘tiade-off. This
means that in order to be as accurate as possible the skill must
be performed more slowly. To perform as fast as possible
accuracy will have to be sacrificed: When both speed and

- accuracy are emphasized then both are attained to a more
moderate degree: e :

For some time individuals believed that the best way to
learn a skill was to practice it slowly at first, emphasizing the
accuracy of the movement and then gradually increasing the
speed until itreached an acceptable level. It was believed that
at slower speeds the performer could be very accurate in the
movement because the progress of the movement could be
controlled. It Wwas suggested that the performer could monitor
the progress of\the movement throughout and make adjust-
ments as necessary. : ,

The applicatio \of this suggestion to a sport skill, bowling
for instance, would, dictate that the beginning bowler should
move slowly and de\li\berately during the approach and deliv-
ery so that movements could be monitored and adjustments
made as required. An alternative would be for the bowler to
attempt to adjust the delivery so that the ball travels down the
alley as fast as possible. Neither of these methods would be
wl}plly satisfactory.

!

he best way to practice the skill of bowling would be to use *
‘moderate speed of delivery and also attempt to maintain a
moderate degree of accuracy. A performer will need to ex-
plore combinations of speed and accuracy until the right
combination-for him and the skill is attained. While bowling

may demand more accuracy and less speed, pitching a -
baseball may demand more'speed and less accuracy. In spite
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‘What Else?
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,of the fact that most tennis coaches indicate that the second
“serve should be as fast as the first, most intermediate players
and some advanced players will cutdown on the speed of the

second serve to insure accuracy. .

The size of the target generally has an effect on the speed- :
accuracy trade-off. To test or demonstrate this notion several
individuals might participate in a brief game. Make or draw
several targets of different sizes and give each person ten
chances at each target emphasizing that the balls should be’
thrown with both speed and accuracy. Do they throw at the
same speed for al targets? If they do are they more accurate at
some than at others? If they do not do they tend to throw more
slowly at the smaller targets or at the bigger targets?

Figure 3.1 illustrates the notion of the speed-accuracy
trade-off. Skills which demand high accuracy but not high

“speed are to the left; skills which demand high speed but not

high accuracy are at the right; skills which demand both are
toward the center. In bowling, pitching, and tennis the best.’
results would be obtained when both speed and accuracy are
moderate; for throwing events in track and field, speed of
movement is more critical than accuracy so speed would be
emphasized as it would in the tennis or badminton smash. In
the drop shot or hairpin shot in badminton, however, place-
ment accuracy is foremost and so this would be emphasized

"at the expense of speed. What are other skills or sports in
~which accuracy is emphasized at the expense of speed?, .

speed at the expense of accuracy?, speed and accuracy
equally? _

in summary emphasis on speed and/or accuracy requires a
trade-off. .Individuals cannot perform at top speed and be
optimally accurate also. Speed must be reduced to gain accu-
racy, and accuracy is lost when speed is gained. Each per-
former in consultation with his teacher or coach must decide
what is important in the performance of the particular activity
to be learned or practiced and then attention must be focused

_onspeed, accuracy, or both as appropriate to optimal success.

~

A skill may be practiced in its-entirety.or it may be broken
down into its parts and each part practiced separately. In
swimming for example the whole stroke may be practiced asa
single unit or it may be practiced in parts (arms, legs, bréath-
ing) and then combined into the total stroke. The lay-up shot

*
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Figure 3.1: An Hlustration of the Speed-Accuracy Trade-Off,
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may be practiced as a single unitor it may be practiced in parts
(the dribble, the approach, the take-off, the shot) and then
combined into the total skill. Finally volleyball students may
be put into a game situation and expected to learn all the
different skills of the game through playing the whole game or
each of the individual,skills, the set, the serve, the pass, the
spike, and the block, may be taught and drilled individually
before the learner is allowed to play the game..

Three situations were used to illustrate the point because
the three situations are slightly different and these differences
have a bearing on the way they should be practiced. The
swimming stroke is an example of a skill in which the parts

-occur simultaneously; in the lay-up the parts occur in se-
quence; in volleyball the game is composed of a number of
independent skills.

In swimming, the arm action, the leg action, and the brea-.
thing action are rhythmically related. In the crawl! there are.
three leg actions for each arm action, and one breath to each

- two arm actions. In skills like swimming in which the parts are
. thythmically related, practice contributesto learning the indi-

_ vidual parts and the rhythmical relationship among the parts.

What are some other skills in which the parts occur simulta-
neously? Fencing, dance, and bowling are good examples.
In the lay-up shot in basketball the actions take place in
some predetermined sequence. All the parts of the skill are
related in that the segments have a particular relationship in
sequence and in timing; successful execution requires that
this relationship be maintained. In skills such the lay-up shot
the performer not only learns the parts of the skill and their
sequence but also the intersegment timing. What are other
skills in which the segments take place in a particular se-
quence and the’intersegment timing is critical? The tennis
serve, the foul shot, the archery draw and release would be
good examples. ) 3

Finally the skills in the game of volleyball bear little rela-
tionship to one another and so may be considered as inde-
pendentskills. Each skill is distinct from the others and in fact
may be either a sequential or simultaneous skill. However
they are related because together they constitute the game of
volleyball. These skills must be learned asindividual skills but
they must also be learned in relationship to each other and to

. the total game of volleyball. Each particular skill is specifically
related to the total game in some way. What are some other
games in which the skills are independent? Basketball, tennis,
or badminton are games comprised of independent skills.

PN
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Each skill, in a game of volleyball is distinct from the
independent skills;
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Skills in which Skills in which the parts of the skill are simultaneous are

the-parts are usually best learned and practiced by the whole method. That
simultaneous are is wherever possible the skill should be performedin total asa
usually best single unit. When necessary a portion of the skill, e.g., the leg’
practiced by the action in swimming, may be isolated and practiced briefly but*
whole method it should immediately be incorporated back into the complete’

stroke. As was mentioned previously the integration and
rhythmic coordination of the parts contributes to successful -
o performance in simultaneous skills. It is this aspect that is
- practiced during the whole practice. While the teacher may
wish to have a student exercise a particular element in isola- -
tion, extensive practice in refining an aspect of a simultaneous |
skill without emphasis on the integration-of the refined gart
into the whole may be detrimental to performance of the total

skill. .
Which skills require In the case of a sequential skill where the parts follow in-a
whole practice? particular order (as in folk dance, a gymnastics routine, or the'
part practice? lay-up in basketball), the skill should be analyzed to ascertajn’,

whether the parts can be easily identified and whether they"’
are meaningful and distinct in isolation. Inlthe case of folk
dances and gymnastics routines the parts are dften megningful .
(they gan stand alone as independent skills). In the case of the
lay-up shot it is less likely that the parts as suggested previ-’
ously, are meaningful apart from the rest. When the parts of
the skill are not distinct and cannot stand alone it is best to
practice the whole skill as a total unit with allowance for extra
brief attention to a particular aspect if needed. !

Skills should be Another consideration in the case of a sequential skill is the-
practiced in part if length of the total skill. This may also be related to the memory
askillisintricate . and attention capacity of the learner. If the total folk dance, for
and/orlongand/or ~ example, is short and the students have the capacity to retain .
the learner is very all of the steps then it is probably best to practice the total:
“‘ young dance. If the dance is long, the parts intricate, or the memory

andl atténtion capacity of the learners warrant, then the skill
should be presented and practiced in parts. - '
Often in sequential skills a technique known as progressive
part is used to present and practice the skill. In a folk-dance
with five distinct and independent segments the teacher pres-
ents stepone and the learners practice step one. Then step two .
is presented and the learners practice steps one anditwo. Step-
three is presented and the learners practice one, two, and
three. This method of practice continues until all of the parts
have been learned. One problem with this technique of:
course is that the initial portions of the skill, having beeh:
reviewed and practiced the most often, are best learned. An.
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Whole-part-whole
practice is best for
sports comprised of

any independent
skills

What Else?

Massed vs,
distributed
practice

Practice time
should vary
according to

- difficulty and type
of skill and age of
the learner

advantage to learning this way rather than by the strict part
method is that the learner learns the parts as well as the
transitions from one part to the next.

In the case of a sport comprised of independent skills (vol- )
leyball, tennis, and badminton, among others) it is best to use
what is tefmed the whole-part-whole technique possibly in a
mini-game or controlled game situation. For example the
spike in volleyball is first presented in a game situation’ in
which students are given the opportunity to briefly attempt the

skill. Then with the knowledge of its relationship to the game

the students are prepared to learn and practice the skill in a
short drill situation before continuing practice in a mini-game -
or controlled game or game-like drill. Finally the students will .
incorporate the skill into the game possibly with the stipula-

tion that only points resulting from a successful spike will

count, thus encouraging the use of that skill. See Table 3.1 for

a summary of factors influencing whole-part.

b

Another aspect of concern is the amount of time the skill is
practiced as it relates to the number and placément of the rest
periods. Sometimes in class, for example, the number of
attempts at a skill or the amount of time at a particular task is
dictated by the teacher and by the nimber of students sharing
the equipment and facilities. At other times during class or
after school on the playground the performer can establish
an individual time scheclule. She can choose to spend a long
time practicing, taking many attempts, or she can take a few
attempts and spend a short time practicing. A performer might

" also choose to spend a long time practicing but might take

frequent breaks during that time for practice, rest, practice,
rest, and so on. C T
Suppose a coach wishes to schedule team practices, any
sport will serve as an example: basketball, golf, volleyball,
track, gymnastics. Practice could be set up any number of
ways. The team members might practice. two hours a day,
twice a week, and during those two hours might work or play
constantly, scrimmaging or performing for the total two hours
with only game-related pauses. Alternatively the team mem-
bers might practice only 50 minutes per day but practice every
day. The time spent in practice is almost the same, 240
minutes in the first instance as compared with 250 minutes in

4y ’ 37
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Table 3.1: Factors which influence choice of whole or part practice.

If the task:

If the learner :

Practice should/can emphasize:

Wholes

Has highly dependent
(integrated) parts.

Is simple.

Is not meaningful in parts.

Is made up of
simultaneously performed
paftS.

Is able to remember
long sequences.

Has a long attention span.

Is highly skilled.

Parts

Has highly independent
parts.

Is made up of individual
skills.

Is very complex.

If limited work an parts or
different segments is -
necessary.

Has a limited memory
span.

Is not able to concentrate
for a long period of time.

“Is having difficulty with a

particular part.

Cannot succeed with the
whole method.
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Practicing when over
fatigued is a waste of
time
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the latter case. The first would be called massed practice
because the time blocks are [onger; the second would be
called distributed because practice is shorter and more fre-
quent. As another alternative, practice might entail 90 min-
utes a day every day, with a 13 minute workout alternating with
12 minute rests for a total of 260 minutes of practice per week.
This would also be distributed practice.

The evidence regarding the time distribution of practice is
somewhat difficult to interpret due to:
® the manner in which massed and distributed are defined;
® the age of the students: *
® the type of skill to be learned.

Nevertheless certain factors can be helpfulin deciding how
much time to allot to practicing a particular task and how to
organize that time. Some suggested guidelines are presented
in Table 3.2. In the case of a gymnasticsroutine, check the
table to find out where gymnastics might fit. In gymriastics
optimal, safe performance often involves considerable
warm-up of the various muscles of the body. In addition the"
total routine is usually complex and consists of many ele-
ments. Therefore the practice time should be comparatively
long since time for warming up and time for practicing the
routine must be included. For this reason 1%-2% hours sev-
eral times per week may be more appropriate than 1 hour at
more frequent intervals. For the basketball foul shot, a repeti-
tive and sometimes boring skill, frequent, shorter, practice
periods would be appropriate. This does not necessarily mean
that an individual would go to the court each day ahd spend
10-20 minutes practicing the foul shot. Instead an entire
workout in which each of several basketball skills are prac-
ticed for a short interval several times during the practice
session would be most suitable. An example of how this might
be done is shown in Table 3.3. Each skill would be practiced
in arealistic, game-like setting. The placement and frequency
of each skill might be varied according to the needs of the
individual players. -

Continuing practice when a player is so tired that he can
hardly move can be detrimental in terms of the return on the
practice investment. This is a major consideration when
selecting massed or distributed practice. The length, organiza-
tion, and frequency of practices should be adjusted.to suit the
performer and the skill that is to be learned and practiced.

[N
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practice organizations.

Table 3.2: Factors which may influence your choice of massed or distributed

If the task:

If the learner:

Shorter and More Frequent
is simple, repc:lﬂive boring
demands intense
concentration

is fatiguing

demands close attention.-
to detail

- is young or immature
- {unable to sustain activity)

" has a short a%tention span

has poor concentration
skills

fatigues easily -

Longer and Less Frequent
is complex

has many elements

requires warm-up

is a new one for the
performer

-

is older or more mature

is able to concentrate for
long periods of time

has good ability to focus
attention

tires quickly

40
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Table 3.3: Sample time distribution for a practice.

3:00 p.m.
3:00 p.m,

3:15 p.m.
3:25 p.m.
3:35 p.m.
3:45 p.m.
3:50 p.m.
4:10 p.m.
4:20 p.m,
4:40 p.M.
4:45 p.m,
5:05 p.m.
5:10 p.m.
5:15 p.m,
5:30 p.m.

Practice begins

Warm-up, sprints, stretching, calisthenics,- jogging
around gym

Sprints with dribbling

Foul shot practice

Lay-up drill

Shots from floor,:0ne-on-one

Full scrimmage ’

Foul shot practice :
Chalk talk, new plays, problems, questions
Fldor shots one-on-one

Full scrimmage .

Sprints

Foul shots

-Cool-down exercises

Practice ends
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What Else? .

Mental practice can
improve performance

Combining mental

and physical
practice can rés
in maximum
improvement r:l~

Mental practice

works best for skilled

performers with

familiar closed skills
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. Incredible as it may seem it is possible to improve on the
performance of a skill by simply imagining or visualizing the
performance of that skill. Don't be misled by this claim,
however, because it is much better to practice a skill by

actually doing it; imagining the performance is better than not

practicing at all. Itis also true that a combination of doing and
imagining can sometimes result in more improvement than
just physically practicing. Going through the motions of per-
forming a skill by using the imagination is called mental
practice. It is important to note that during mental practice
there is no observable movement. ‘Actually performing or
doing the skill is called physical practice.

Although many individuals have investigated the role that
mental practice plays in the learning of a skill the majority of
them have tested mental practices using closed or self-paced
skills. Mental practice works well with closed skills but not as
well as physical practice. A combination of mental practice
and physical practice used in an alternating fashion seems to
be as good as or better than physical practice alone. If mental
practice is used to rehearse open skills then the moving object
must also be imagined. Mental practice in combination with

* equal amounts of physical practice, seems to work with open

. skills in the few studies where it has been tested.

Mental practice seems to work best if the skill to be per-
formed is familiar. Individuals who are highly skilled seem to
have more success with mental practice than those iridividu-
als who are novices at the skill. Although it is sometimes
helpful to have some direction, possibly in the form of verbal
or written cues, it is usually best if cues are used sparingly in
combination with non-cued mental practice. Sometimes in-
dividuals who use mental practice tally each mental attempt
to perform the skill (in mentally shooting foul shots, for exam-
ple, the student would score one point for each shot that went
through the basket). This is motivating and also helps keep
track of how many attempts have been taken. Strange as it
may seem indiyiduals using mental practice do not always
achieve i”/p%sct” score. In fact the types of scores reported
for mentatpractice trials are very similar to those obtained in
actual practice. . '

In addition .to the potential of mental practice for skill

< acquisition it can be used for pre-performance rehearsal of a
skill before executing it in an athletic competition. High jum-
pers, golfers, archers, gymnasts, pole vaulters, divers, and



others use some form of mental rehearsal of the action priorto
execution. It has been suggested that Dwight Stone,who won
a bronze medal in high jumping at the Montreal Olympics,
does not begin his approach until he has rehearsed a success-
ful jump even if it necessitates many rehearsals. In fact TV

3 viewers could almost see his eyes and head move as he
visualized the approach, the take-off, and the clearing of the
bar.

Summary

Ditferent methods for practicing were discussed in this
section. There were no easy answers presented because the
choice of ““best” practice emphasis or method depends
on: '
the skill level of the learner;
e the type of skill to be learned;
¢ the age of the leatner;
¢ the amount of tima available.
Each of these alternatives should be considered when a prac-
tice session is planned: !
® speed vs. accuracy emphasis;
e whole Vs. part emphasis;

N ‘ e massed vs. distributed emphasis;
® mental vs. physical emphasis.
Becoming aware of these alternatives will enable the teacher
or the learner to vary the practice sessions. Change or novelty
in the practice sessions often enhances learning of skills be-
cause it stimulates concentration to the task being performed.
These methods and emphases should be usedto further stimu-
late instruction and practice to maintain interest and concen-
tration.

Lad)

o 43

ERIC

Aruitoxt provided by Eic:



CHAPTER FOUR

acC
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Why sweat it?

What Do You Have T? Help Me?

Practice methods
must be appropriate
for the skill to be
learned
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Prac tl( e methods which work for one particular skill are not
ahways equally effective tor other <kills. Practic INgin in. 1|)pn)

" priate ways tor the Skill to be learned can negatively affect

pvrt()rm nce (the performer won't fearn as much as might
have been learned using an appropriate method)y. tnappro-
priate practice may leadto poorer perfonmance than no prac -
tice. Simce more material-is available on skills which take
place in open environments versus those that take place in
closed environments, that aspect will be considered in detail
to tHustrate the need for structuring, practice inways that are
appropriate to the skill to be learned, ; .
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_How and Why Does It Habpen This Way?

What type of Open and closed skills make different demands on the,
practlce works best performer necessitating the development of different
for open skills! capabilities. Practice of open and closed skills must reflect the
for cloved skillst different demands if the time and effort spent in that praetice is

10 be worthwhile. Closed skills demand consistent, habitual
movement. The environment is fixed, stable, and unchanging
and the best choice is to attempt to do the same skill in the
same manner each time. Some indivicluals use the term fixa:
tion to indlicate that a movement habit that will be successful
Is fixed or set in matching ¢losed environment demands. In
contrast, skills pérformed in open environment, i.e.,-open
skills, demand rapid discrimination, interpretation, and an-
3 T ticipation of constantly changing events. The moverment must
' he adapted to the situation of the moment. In baseball the

pitcher delivers the ball at different heights and speeds and the
batter must discriminate the differences, interpret the informa-

" tion in terms of .the arrival place and time of the ball, and
adjust the level and timing of the swing to match the particular
ball characteristics. In basketball the players shoot from dif-
ferent distances on the court and must adjust the angle and
force of their shots to conform to the perceived distance. The
need to adapt the movement'to the situation of the moment
has been termed diversification. '

: The diagram presented in Figure 4.1A illustrates what oc-

curs during learning in a closed environment. The beginning
learner makes a wide variety of responses which have varying
degrees of success. With continued practice the variety of
responses narrows until the individual executes an habitual
response consistently and experiences a high rate of success
in goal accomplishment at later learning stages. In this closed
skill situation the learner must differentiate both the correct
response and the environmental cues which are associated
with that response. Since the environment is closed there is
sufficient time to do both.

Figure 4.1B depicts Iearnlng in an open environment. The
beginning learner has difficulty discrimirating among sets of
environmental cues and among the various responses neces-
sary to match those cues. As learning proceeds the individual
is able to diécriminate among the various sets of environmen-
tal conditions and ‘their respective responses and is finally
able to match the appropriate response to its environmental
cue set. The more advanced open skill performer has a collec-
tion of responses to fit a variety of environmental situations.

§
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Figure 4.1: What occurs during learning of open and closed skills,

Figure 4.1.A: Closed Environment

initially habitual )
variable consistent response
responses which conforms
with ————— LEARNING i ) the
inconsistent unchanging
execution Eo invariant
' environments
W
Xy
Figure 4.1.8: Open Environment
initially . specific
diverse, undifferentiated responses
responses made in . - . to match

attempting
deal with
the'changing
“environment

LEARNING —————— specific .
environmental
conditions

’
v
D -

*drawings from Higgins; and Spaeth. “Relationship between consisteney of move-
ment and environmental condition.” Quest 17: 41-69.
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Fixation

Fixation = conslstenty
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Undler diverse conditlons the open skill athlete develops a
“rule’” which enables him to formulate a wide variety of
responses with sufficient practice,

The important consideration in terms of open and close
skills Is, of course, how practice Is organized to emphasize
fixation or-diversification, In the next sections fixation and
diversification are considered and examples of the types of
skills that would henefit from each type of practice and the
maethods for achieving the required type of practice are
providoed.

. '

Practice with emphasis on fixation, or sameness of en-
vironmental cues, is appropriate for closed skills. In actual
performance the environment is stationary, stable, and pre-
dictable. In addition there is little if any change from one
attempt at performance to the next. It is advantageous to keep
the environment the same in practice as it will be in competi-
tion or the same in the competition as it was in practice.

Think of the Olympic gymnast Nadia Comenici as she
prepares to execute a handspring over the vaulting horse. She
paces off the distance from the take-off board to her starting
position and meticulously places the take-off board a precise
distance from the vaulting horse. The height of the vaulting
Rorse is the same used in her practice, sessions, She and her
coach make certain that the distancés and heights are pre-
cisely the same as those she will use in the competition and
that they are consistent from vault to vault. When she executes
the vault she does not have to adapt her movements to differ-
ing heights and distances; she executes the vault precisely as
she has done in practice. If her movements match those
prescribed by the rules she will receive a maximum score of
10..In practice she*attempts to fixate or habituate the precise
performance characteristics required by the rules. This is a
difficult task though Olympic caliber performers make it ap-
pear easy. It should be noted that although the rules which
govern awarding of points in gymnastics, figure skating, and
diving prescribe ‘'movement, each performer may still have
his own "’style’” or manner-of peifformance without fear of
losing points. .

Skills such as gymnastics, figure skating, and diving, in
which your form is scored according to a point system are
special types of closed skills because the movement and the.

:
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Practice with emphasis on fixation is appropriate for closed skills
from one attempt at performance to the next.

. There is little if any change

-
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Hahituate movements
where critical cues
are fdentical

50

goal are one and the same. That Is the goal is to move in a
cortain way. The autcame, the number of points achievexl is
directly tied 1o the movement, Inather clased skills such as the
hasketball foul shot, the golf drive, the hroad jump, or the {lip
turn in swimming, goal accomplishment is separate from the
movement, Inthe haskethall foul shot, for example, any one of
several techniques or styles of shooting can he used without
affecting the suceess rate of sinking the ball in the basket. Just
think about the diversity In the movements used at the foul
line by members of professional teams (there are certain
movement principles that must be adbered 1o but a wide
range of mavenments are possible), Stll there s a distinet
advantage to habituating or fixating the movement, For the
baskethall foul€hot the basket is always the same height, the
same distance from the foul line, in the center of the key, and
the sane diameter. The background may change, thé players
lined up at the key may be different but the critical cues are
ways the same and these are the cues to which movement
should be habituated. A professional stepping up to the foul
line assumes a consistent position, tries to place the bady parts
in the same relationship to one another as on provious at-
tempts, holds the ball in precisely the same way, and attempts
to move in the same manner as on other successful foul shots, -
In essence the performer tries to-act like a foul shooting
machine which has been finely tuned to the unchanging
environmental cues associated with the foul shot. If the player
succeeds, then the foul shot percentage will be high. In fact for
most players the foul shooting percentages are hlgher thpnf
percentages from the floor. There are differences in” each
player from trial to trial, the pressures and anxiety induced by .
the game are different (imagine being fouled jn the fipat™
seconds of the game with your team one point behind). The -
player who has fashioned himself intb a foul shooting 'ma-
chine will be less affected by game pressures-and’ fatlgue than
a player who has not achieved a similar high Ievel of pérfor- ‘
mance. v -7 ‘
Think about the sports and Skl“’i listed below in rekatlon to
fixating the “perfect’” movement. What cues ik the enviroRs
ment remain constant? What aspects demand‘aﬂenhén? What *
environmental cues affect the exécution?- at asPects of

movement can be considered technlque? can
be considered personal style? N o
swimming dive S, Ly
bowling ' . ‘ . :
archery coT o ,}1 ¥
. ) " o :
. o . n)g' of
‘ 3 - e ) t, "
e - L 5 Ty
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track start S N .

volleyhall serve ™ ¢ . . o
fieleh events (m\‘/ulin lhmw, ~.hut ﬂul) M
lonnis, VO, 2

-In lmwllhu, llm position, nt lho pll’lh, the wi(leu af she alley,
thindhikfance to,the fouil lipe, the distaned frant the- foul line 1o
. the pins, tfie weight of theball, ancd thie position t{: the arrows
vl dots remain constgnt, The? inftlal positicn & the alley
shauld be the dame, (Ihmnw fraln’ the foul line, tie same .
distance in relation 10 the right slele of the .||n|);n.u h, and in the
Hane relationship Lo the' pins, 'spots, or arrows as In other
succenstyl deliverips. The cues of the hall retum, the back of
- the approach, he toul lilm the dags orarrows, and the gutters
. -might help the periprner run.m\ arfented In space and moy-
. . o iuuinlhv righullrwthm Technlgie may inelude such things
' BT fnllowlng lhrnugh Inthe direction of the pins, keeping thu}
e arm close yp the baly mrllw I()rw;ml swing, and ggleasing the
- ball close 18 the alley. Style may-Include the number of steps

A
Lo 9,, mll\ctlolfvery,tlw gripon the ball, the method of releasing the
T o lmll, andl the height of the backswing.

Dlwu]llc.m«m o "Pradtice ‘which eaphasizes diversification is appropriate
- thanuo S forskils in which the enbironment changas from trlal to trial
A% 0 and in whigh. uh;ugls and ptople move during each trlal,
S L4 These skills have been referred to as open skills. To do well at
R “ thfSe skull’s the performer must have a repertoire of move-
Loty Ly nvents or belabletto create movements' which match the ¢
© .t Y . T varigus environmental possibilities. In a tennis match, for
sl M“ ' ‘ Jn%tanee the, ball may come to the forehand at a variety of
A J' eu,hts, sgee(‘ls, positions, and spins, If the forehand drive
L overmept has been fixated through extensive practice with a
Eode S ".p - machme th‘atpro;ected a ball atthe same height and speed to
VL. Tl o thefkame court area each time the performer may be unable to
oy - . sug elsfully hit balls which come to different areas of the

'\nappmptl‘:! S cou tat diffefent speeds and different henghts in* adchnon to
practice ca - bein "“lble to generate responses for various speeds, heights,
negativdy affect (hrectlom spRns, it is necessary to differentiate argong the .
performance R vanqu possibilities. When performers practice ap open skill

& under ""closed’” conditions, they only see a partlcular combi-.

A

nation of helght speed, aqd distance and do not learn to

St U ies o differentiate amohg different combinations nor do they prac-
b LN LY tice the“various. espoises that would match those pos-
L ‘:( ) . s:bllmes When | arners practice an open skill under inap-
B . propriate fixated rclosed skill conditions they will be handi-

W% .. cappedswhen cAlted -upon to perform in the game environ-
! . w ment The ﬁam emands thatplayers be able to discriminate
) s ) ' )
S i _ T : .51
. - . b )
au,‘ .03' 9 ) . C C‘
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An abstract idea will
enable the generation
of responses for new

input conditions
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ditlerent instances of Hime, space, al (lihmnuz aned that they
dovalap approprinte motor wsponses (o ntch the various
onviranmental conditions. ‘

Appropriate practice inan open wivironment incluees sev-
erl possibilities. I the heginning there should not be toe
meny distinet possibilities presented. Perhaps thres or four
distinetly different situations might he vsed, The range of
pepsiilities shouled be limitec andd as varied as possible so the
learner will nat have any ditlic ulty recognizing their diversity,
A Dall might be projected to the player's forehaned at fast,
mwedinnn, angd slow anuml hese same specds might then be
projected to llw player's backhand side. Ax an alteinative o
medionm speed hall might be wsed and projected 1o the
player s orehand, backhand, andd center. O the slow spesed
might he ased and . projected 1o the same phices, In each
imstance the recelver would be indormed about the range ol
possibilities so that he could plan accordingly. Following
single variations of speed, distance, height, and direction,
combinations of two variablés, three variables, and all vari-
ables would be wsed, 1, Tor example, there were only three
possible specds, three possible directions, three possible
heights, and three possible distanees the total number of
possibilities which could be created are 3 x 3 x 3 X 3, atotal
ol 84 different combinations. Imagine the combinations in an
actual game! the purpose of varying the possibilities in a
systematic way as illustrated is to assist the player in, dis-
criminating among the various combinations and to create
responses to match the varying possibilities.

The diversification of practice and the use of different input
combinations enables the player to develop an abstract idea

-~ about the relafionship between input and response. What is

the response that will lead to success under a particular set of
input conditions¢ The formation of the abstract idea will ena-
ble the-player to generate responses for input conditions that
huvo not been previously presented. :

' The number of successive attempts at each partlculdr com-.
bination is important to structuring practice for open skills.
Should the player respond to each particular combination
one, two, five, or ten times in a'row? It seems clear that more
than a single attempt is ngcessary so_that the performer can
use feedback from the previous attempt to correct errors be-
fore continuing. Ten trials may be too many because the
performer begins to fixate.

in summary, the more open skills are practiced under
game-like conditions, with the changing, unstable, unpre-
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Repatition of
respOses Are
necassary o obialn
feedback to guide
wieeensful responses

(jicmhlL‘pmkihililius, the easior itwill he inthe actual gau’n, In
factthisis also trug iy the case of closed skills because pradtice
der game-like conditions means fixated, stable, and |pre-
dlictable events which shauld lead 1o habitaated moyements.

Identify some variahles that change o produgce diffaent
conditions far jhe follawing; '

haseball hatiing

fielding a ball

blocking a spike in volleyball

rebounding in hasketball

taking a lay-up shot in baskethall

FOIrIng o tennis shot

When returing o tennis shot, the following variables must
be considered; speed; direction; height; sping angle; ilis;
tance, Each of these variables can vary thiough an infiite
range to produce many, many, difforont possibilities, 1t has
been suggosted that there are perhaps more than 1000 differ-
entsets of cues, Tosuceesd the player must be able to gener-
ate aresponse to match each combination,
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EVALUATION

What Do You Have To Help Me?

Improvement
requires evaluation
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Avery important aspect of getting better is being aware of
performance improvement, to track improvement and to un-
cover what requires emphasis in practice, it is necessary to
ovaluate performance. Belore evaluation can occur, how-
ever, pefformdnee must be measared. When pedormance is
measured a number is assigned o that pertormance. This
number is called a scores Ina gymnastics balance beam
routine a 9.3 may be assigned as the score for a particular
pedormance, a 9.7 to another, and a 9.95 to a third. These
numbers represent the perfarmanee but they also indicate
that, according to the judges, the third individual performed
better than the second, and the second better than the first.
Measurement can also be used to represent the performance
of a single individual. A person who plays golf may have
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Performance process
and outcome are
measureable '
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scores ol 62 95, 0, 54, 96, and A8 e wioe hales 1 six
cansucabve vists 1o the galt codrse. The performance of this
i dividual tue taates Batanly within nine strokes. In addition
the: aveiage number af shats taken for the tirst thiee visits is 60
while the average tar the second thiee visits is 56 stiohes.
Menasurenient has revealed thal the studeit has improved o
evaliation apd interpretation af the measuiements laken have
o Judesd iar g ovenent has occurred.

Fhese twoexamples are different. bi the gyinnastivs exdim:
prles the scone represented the mavermsnt progess - haw tluid,
howv graeetil, how difticali, how eiror tree was the perfor-
nianee. I e golt exaimpl the tinal strohe count iepresented
thes cate anne on e reault Gt the pertanmer’s inavenibnt. Jhe
peatarinie inoved 10 hit the ball bt the cancemn s on the
ontcorme yather thaie the movement. The nombier o total
atrokes 1 detlodion of the perntormies s movement hut is not a
direcr meseanes of that movement i the same way that the
HYMslie s score s ditec b representation.

Ry imedsuniog and quantilying the mmovement itseli or the
otteome s apprapiiate o the type of skill ta be learned,
pectormune e can be evaluated and progiess assessed. 10 iy
HUPOELant to evadiate perdormance and assess progross for a
nuniher of easons:

@ it maintainy or heightens motivation, e, it keeps you

Hoing; '

o it enables teachers and fearness 1o assess the practice tech-
nitjues heing used;

® it penmits evahaation of etfort on the part of the student;

® it coables instraction sessions 1o be individualized for the
students” needs and achievement leved;

® it enables teachers o evatuate instractional methods;

® qtfocuses attention on the students” practice or st tional
needs,

There are many specitic ways of evaluating performanc e,
They can be grouped inlo two general ¢ategorios: measures
which tocus on the movement or the process of moving;
measures which focas on the resull or outcome of movement.
Although this section tocuses mostly on the resalts of move-
ment o few comments about measuring the process of move-
ment are relevant. ‘

When individaals watch a performer they may commenton
the performance or the miovement by saying, ““Barbara is fun
to watch; she moves effortlessly and smaothly,” or “Wayne's
form on the jump shot is texthook perfect,” orValerie's form

£~
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Pertaiidie ¢y v an b
camgraresd with past
sell perfanmam ¢
with athers uf ite
nante age wind won

Porlormam ¢
varkables ary be
averracy, distance,
st e, Tne, helght,
and weight

vt the iveding thias s cbassic, ™ o ol s giotnudstinbe i by
e b fauliess. " Fas bl these plirdases tocuses an s i
Vidals movemeit process. low he ai shie ioevedd, rathe
than the wutcame af the moveinent. The cancein s ool
whether the ball weat thiaugh the hooj. the teinis hall werit
aver the net, of the pavelin iaveted dalong distainee The ocus
B hew the predtormier Jooked. e the shitls menioned|
abiov et op sty e of wnveraent s ot geneially Consighered
o b requinerient o sticyens as fang as the perlogmer dis
nal vielate Bioiec bl faws which goaenn elbc et aial
ellee e movertent Phere wie shifls by & e, g0 w i b thae
bty G e e iovenigeng eses Bl s e ely
whal b1 edisiiend iy uummlgu\u [N LTTREIITRCN di\-um winl
Pigires ahathng. podists are awaided o imovement quadity The
|m|mw o Hhiese events sl on At Probits aecapding o
Sanvebabanate sy ateonwhic v conmaisder the depgree of moyvemsnl
diltculty . the fype of movement, aesthetic gquadity of the fotal
pretle nm.nn,«-, arid by e of thee total pesforniane e These sys
tenm e very elaborate and cambiermome aid cannot eastly
Beyiesed Dy the prentorones toudge s or Bes onn pesfonan .
Theretore wee wil conmider preafornane e onde onee s ies
that can hiee asedd o compe different porfoinan es.

s possibiles o comprire b prason’s petforian e to that of
others o saiilar ages andd sen s Dlowever sinee each mdividial
Feearnm at his own patt e (i hetlen to compare present pertor
N e 1o paasi petfonnane

Commonly, pettormane e isodeasared by assessing thee ol
COme oF Movemenl in olie oF ore aspes b aecitaey; diy
tane e speads tie; heights weight, Al of thewe aspects are
meastements of sk accomplishment, ceoto what degrese
dud baccomplishy the task Some wses of these vinione aspe b

R YR TTA TR
o hatting avernage
& scoreinarchery
® percontage of baskethall <haoty
o pintall i bowling
& porcentage of tisst lennis serves in box
Dhistance
® how Lar you can jump
e how far you can throw the javelin
® how far you can jog
e how far you can throw a haseball

Ay
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Sjwesd
® Py Fasb yaaid v e o bali®

Y B fast o senve bavels by s
& how tasl yoid Cai it

Fiing
* By dong b akhes yau b o o aile

® haw lanig it bakes you o cuniplele dospeaiie task

}[(‘JH'N
& B buglhi yoni Cane proke vandt
* Diow high you can poonp
Woesighit
® Dos i boweight yaoeiovain b

CEhE bR G e sto e Bies ty Bty osean estbinate thespaees g bl In

dividdingg vtinice oy cled by toast
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Antather wary af look g ot shill pertonnane e tevpuiies il o
sunihier of sk accomplishinsentmeasurements e ke, K.
shooting percentagen i Dashethall gamies dueing o seson or
patt ol a season and conygnired o tiad oot how <onsistent
pertormance tover the perod of time mvolved. Does shoot-
g percentagee s hanges dsstically om game o game or does
rematnrelatively constant? Stnce baskethall s team game
phayed gt a variety ot oppotents sonme variation is 1o be
expedcted Hloweves w hetter player will be more consistent
than . poorer player. Pertonmance conststency can also he
determmed by calculatiog the standard doviation of pettor-
mances e calculation ol this statistic s demaonstiated in
Fable 5ob The average pedormance can also be caleulaed
OV several games or over aseason (the technigque for ae-
complishing this s also demonstratod in Table s 1),

o obtain a clear pictare of how petotmand e may change
from time to e and o evaluate teaming, the change in
pertoman e, o pedormer might wish to plota learing curve
A learmmg curve visually displays progress over time. Fhe
leaming carve i a graph. Onthe harizontal or X -axis, plot
time, attempts, games, or whatever unit of perfformance is to
be measured. On the vertical or Y-axis, plot the task ac-
complishmaent score, shooting percentage, archery scores, or
points awarded in a dive. In Table 5.2 Valerie’s shooting
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Flgure 5.1: Shooting percentages for Valene during the flrst ten games of the 1978
and 1979 basketball seasons.

v

70 » . : s’
g,o 60 -
3]
EA
(3]
-
&
w 50 -
£
g
L
(72}
40 |-
30 L1 I | I ) ] 1 1 ]
: Tw:™ 2 3 4 5 6 7 8 9 10
Games
el
o _ y

e,

c9 e




percentages for the first ten games of lhe 1978 and 1979
basketball seasons are listed. In Figure 5.1 these percentages
have been plotted on a learning curve. It ‘can be scen that

Valerie made steady improvements in her performance dur-
ing the first ten games of the 1978 season. How do these 1978
percentages compare with the percentages attained by Val- -
erie duringthe first ten games of the 1979 season? B

The graph indicates that Valerie improved her percentage
over the first ten games of the 1979 season and that her 1979
percentages were better than those of 1978. In addition the
graph seems to indicate that her performance is steadily and
consistently.increasing. Examine the learning curves shown in
Figure 5.2, What skill is presented? When are measurements
taken? What is measured? How many people are represented
on the graph? What would you say about each person? How
do they compare to one another? Why do you think they
performed as they did? _

The skill presented is the high jump and measurements are
included for two members of the track team for eight meets in
1978. The measurement is the bar height for the best jump at
each meet. Bob's performance seemsto have worsened, since
he jumped 5’5" in the first meet of the season and only
cleared a high of 4’8" in the final meel. In addition Bob’s
performance demonstrates a steady downward trend. Dan, on
the other hand, began the season with a best jump of 4’5"/,
When the last meet was over he had cleared a height of 5'8"".
Responses such as motivation, amount of practice, distrac-
tion, physical condition, effort, commitment, and ability an-
swer the question, "Why do you think they performed as they

e did?” While some of these reasons are plausible, the underly-
ing causes cannot be analyzed without actually knowing the
k}\ndividuals being evaluated. .
Adaptability isamark  Adaptability is another aspect of skilled performance which
of a skilled performer s related to evaluation. Adaptability is the ability to perform
well under a wide variety of situations. Some individuals
consider adaptability as the mark of a skilled performer. The
term adaptability means that the shooting percentage of a
baskethall player is done equally well from many different
areas of the court regardless of the type of defense used by the
opponents. A tennis player who performs well with any-type
of equipment may be said to be more adaptable than one who
cannot perform well with different equipment. -
In assessing adaptability an individual’s performances -
might be recorded according to the conditions under which
the individual participates. For instance a high jumper mi]ght

'
&
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Figure 5.2: Comparlson of high j |ump performance for two track team members for

the 1978 season.
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do extremely well in indoor meets but poorly 'in outdoor
meets. He may -do poorly in outdoor meets when the wea-
ther is wet but acceptably when it is dry. Another high jumper
might do equally as well regardless of conditions. One bas-
ketball player might have high shooting percentages only in
certain areas of the court while another player might have
-high percentages in all court areas. In each case the performer
who does well under many conditions would be considered
more adept than the péerformer who did well in a limited

setting. W
N

In evaluating skill performance:
® itis eas(esrto use measures of task accomplishment, e.g.,
acc ?Q F.rdistance, speed;
® it is pful to plot performance scores over time on a.
learning curve to see what progress or lack of progress is
made; :
e daily, monthly and yearly graphs can provide a good over-
all picture;
® summary statistics such as average performance or stan-
_dard deviation of performance should be used to provide a
meaningful evaluation;
® large increases or decreases in the learnmg, curve should be
explained;
® keep a record of performances under different conditions,
like a shooting chart in basketball, to ascertain whether
performance varies under different conditions.
The ability to focus on task accomplishment measurements
will be helpful in utilizing feedback for performance im-
provement. '
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What Do You Have TohHelp Me?

Closed skills timing - Supérlor athletes are often said to have “good timing.”
dependsona ~ What does this niean? Is “good timing’’ responsible, even in
coordinated - part, for their superior performance? How can a performer-’
sequented use of the  develop good timing? Why is good timing important?
necessary body parts "Good timing” is a phrase often used to describe an athlete

who has an extraordinary ability:
® to be in the right place at the right time;

a

} ® to be accurate in passing to moving teammates;
® to catch and hit moving objects with high accuracy;
e to coordinate and sequence the movements of various-
’ body parts. ! :
To be successful at skill performance it is critical that:
e the body parts (hands, arms, feet, legs, trunk, and head)
’ : wark together in a smooth coordinated, sequential fash-
. ) ion; )
e 65
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e _the-timing of the execution of the total body movements

- match the time constraints 1mgosed by the environment.
Un closed skills, skills in which the environment is station-

.~ ary, the first aspect is important; in open skills, skills in which

the environment is' moving, both are important. The ability to
coordinate and sequence the timing of the body part actions
in a consistent fashion is critical for ‘successful movement
execution. In the javelin throw, for example, coordinated,
sequential action of the body parts will result in maximal
distance, limited only by the individual’s strength and angle of -
release. To assist a performer in improving performance of the
javelin throw a teacher might evaluate the coordination and
timing of the phases of the javelin throw: the preparatory
phase; the first movement phase (the approach) the second
movement phase (the release); the follow-through. A per-
former who completes the first movement phase and then
pauses before initiating the second will lose the gained
momentum. A performer whose approach is arhythmical and
choppy will lose.power. A performer whose arm/hand and
teg/foot action are not coordinated with the body weight shift
orthe release will find that performance suffers. These aspects
are related to the time course of the movement itself.

In the tennis forehand drive both the movement coordina-
tion and sequence and the matching of the movement to the

‘time constraints imposed by the ball flight characteristics are _

important. The successful performer must iniftate the
forehand drive so that the preparatory phase (backswing) and \
the first movement phase (forward swing) occur prior to the
arrival of the ball in the contact zone and.thefollow-through .
occurs following the contact. Thus thé‘“!;econd movement
phase, the contact, will occur coincidental with the arrival ‘
of the ball-in the contact zone. In open skills the successful
performer will be able to coordinate the movement execution
as well as match the execution of that movement to the
imposed environmental time constraints.

- 12

The good timing, rhythm, and coordination necessary to
successfully throw the javelin or to successfully hit a tennis
ball are related to two different types of timing. Internal tim-
ing, the timing of movements so that each part of a jump shot,

’

~ I
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The ability to coordinate and sequence the timing of the body actions and match them to the
environment in a consistent fashion is critical for successful movement execution.
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Skills are composed
of sub-routines put
together in proper
time and space

&

Practice leads to
adjustments in the
timing of sub-routine
relationships
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for_e R Lics precisely the right instant in a con-

trolled p a,;ed sequenceyfExternal timing, theummg

RO art) of your total movement, swinging the
tennis racket for ex xample, so that the arrival of the racket
head at the contact point coincides with the arrival of the
tennis ball at a precise point and time (in the tennis example
internal timing is also important).

Internal Timing

Internal timing involves the ability to coordinate and regu-
latemovements so that the various parts of the total movement
follow in the correct timing and sequence. Sometimes it is
helpful to think of the total movement of the tennis forehand
drive as a whole made up of smaller parts. The whole tennis
forehand drive is regulated by an executive plan and is made
of small parts called sub-routines. The sub-routines for the
tennis forehand drive may l’ted as:

grip;

ready position;

pivot, backswing, weight shift;

forward swing, weight shift;

contdct;
“follow-through;

return to ready position. .
For the tennis forehand drive to be successful each of these
sub-routines must occur in the proper sequence and rhythm
(timing). If a player swings the racket back and does not pivot,
the potential range of motion and the power to be gained from
a longer swing distance will be lost. If the weight is shifted
before or after the forward swing rather than with it, the extra
powe, prowded by your body weight will be lost. Every
well-fearned skill was once a set of individual sub-routines -
which were put together into a particular sequence. The
sub-ropitines are poorly sequenced early in learning. With
practide the sequence of the parts becomes established and
the performance of each sub-routine becomes more automa-

-~ tic. Continued practice leads to adjustments in the timing of or

the intefrelationships among the sub-routines.so that each

* partisinjtiated in relation to.those sub-routines that have gone

before and those sub-routines that will follow. Eventually the
parts of the forehand drive become integrated into a single
whole and the forehand drive is executed as a single unit with
little or no attention to the parts or the interpart timing. At the
same time, control of the execution of the tennis forehand

" drive passes from conscious attention to subconscious con-

trol.
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Internal timing involves the ability to coordinate and regulatehovements so that the various
parts of the total movement follow in the correct timing and sequence.
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Skill learning goes
through three stages:
cognitive; praclice;
automatic °
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At the same time the player is learning the forehand drive
and establishing sequence, timing, and automatic control, he
is also doing the same with the backhand drive, the serve, the
lob, the volley, and other strokes. As he gradually becomes
more skilledghis conscious effort is focused on selecting the
type of sh6t to use rather than the sequence and timing of a
particularshot’s execution. '

It is believed that in becoming skilled the learner goes
through three stages or phases: the cognitive phase; the prac-
tice phase; the automatic phase. These phases may be par-

‘tially differentiated according to the internal timing ideas just

presented. In the initial or cognitive phase, the sub-routines
are selected and then sequenced in what seems to be the
appropriate order discarding some sub-routines that don't

seem to fit the situation and trying other sub-routines and

sequences. Finally the learner is satisfied that the sub-routines
selected are the ones that are most appropriate to accomplish
the goal.

In the next phase the practice phase, the sub-routines are
polished in execution and gradually integrated and interre-
lated and the timing of the sequence is refined. The learner
begins to execute portions of the sequence without conscious
attention thus releasing him to plan other things, like overall
strategy or the next shot.

In the automatic phase, performance becomes indepen-
dent of attention demands and the skill truly becomes a sub-
routine within a larger whole of the tennis game. For an
illustration of the hierarchial nature of sub-routines and
executive plans see Table 6.1.

External Timing

The second type of timing requiring consideration is /'ex-
ternal timing.” External timing refers to the ability to initiate
and execute askill such as the tennis forehand drive so that the
racket and the ball arrive at the contact point atthe same exact
moment. If the racket arrives ahead of the ball it is “’early’* and
the ball will travel to the right (if you are right handed); if the
racket arrives after the ball itis ’late’” and the ball will travel to
the left (if you are right handed). It is also possible that the
timing of the swing will result in the racket arriving so early or
so late that it will miss the ball entirely. The effect of being
early or late in relation to the contact point is illustrated in
Figure 6.1, ~

Simply stated, external timing is the ability to anticipate the
arrival of a ball and to regulate the initiation of a movement so

ladl T ' % ’
v J .



Table 6.1 Executive Plans and Sub-routines in Racket Games — Hierarchical illustration.*

Racket Games in General

To other racket games

Backhand Volley Lob Serve

Game of Tennis . ' .

Forehand Drive

\

Ready position - Backswing Forward swing  Contact Follow-through

Head Feet Knees Eyes ’

» Racket position

Elbow  Wrist Shoulder

. !
*adopted from Marlenuik, R. Information Processing in Motor Skills, Holt, Rinehart, Winston, 1976. .
—
*

g




that in tennis, for example, the racket arrives at the contact

point at the same time that the ball arrives at the contact point,

There are several important aspects to be considered to be

accurate and so exhibit good external timing. The player(

must:

decide which direction the ball is moving;

determine how fast the ball is traveling,

decide when the ball will arrive at the contact pomt
decide where the contact point will be

decide what skill to use;

move to the place where the ball will arrive;
decide when to start the action so that he will be “on time."”

When to.initiate the skill execution so that the racket will
arrive at the contact point “on time’’ requires that the move-
ment begin one reaction time, and one movement time before
the ball gets to the contact point. It takes time to move to the
contact point and sufficient time must be left to get there (as in

catching a ball). This last is not the critical problem, however,

since a catcher can arrive ahead of the ball and be successful.
The hitter in tennis cannot, in contrast, swing the racket and -
stop at the contact point to wait for the ball to hitthe racket but
must start the swing so the racket moves through the contact

" point and meets the ball in course {this technique is used to
good advantage in bunting and the tennis volley but the ball
does riot have much speed or force and placement of these
shots is critical for success).

Why? * . ‘ ‘ . Y
External timing is - There are a number of factors that affect “external timing”’
affected by ability ability. These factors affect external timing in two ways: if
to discriminate the each factor is not successfully accomplished then the com-
object from the ileted response will be less than perfect; if each of these
background, speed factors use time then the more time it takes to complete each
plans, reaction, and factor the less time-left for the overall response and the more
movement time . Tushed the remaining phases must be until in thefinal analysis
the completion of'the response will be "’late’” with respect to -
the arrival of the object. The factors include: ‘
® the ability to dlsgrlmmate the object from the back[,round
® the ability to discriminate among objects moving at dlffer-
ent speeds; ‘ ;
® the ability to quickly plan or select a movement to match
' he objects’ path and speed; R
72
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¢) player swings on time

a) player swings too early

ball path

ball position at contact

ideal contact point

b) player swings too late hall path

ideal contact point

ball position at contact

A ball path

'

b ideal contact poirit -

ball position at contact

racket path

Figure 6.1: The effect of swinging a) early, b) late, and c) on time.
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® reaction time;
& movement time.
Consider each of the factors in turn with special attentjon to

improvement of oach. C
) 3

{
J

Discriminate object from background. The speecr: with
which a performer can pick an object out of the background .
depends on characteristics of the person, of the environment,
and the object. People vary in regard to the time it take"to
extract objects from the background. Some pe()pleg?'ln
difficult and it takes them more time to pick out the ¢}
Others find it easy and it takes them less time. The majofg
people take an average amount of time, The ability ¥
criminate the object from the bac M,round canbe impreved in
several ways: “

® know what to look tor; _

® practice concentrating on the object by focusing on some
barely discernable element of the object, e.g., the seamson
a baseball, the-dimples on a golf ball;’

e makéthe object stand out more by painting it a bright color
or by otherwise increasing the contrast between it and the
background; »1

e change the background so it affords more contrast for the

. object; i

® during early practice reduce the number of competing,
irrelevant stimuli but gradually include them as practice
continues;

® practice in many different contexts.

Discriminate among different objects and events. The abil-
ity to discriminate among objects traveling atdifferent speeds,
in different directions, at different angles, and such, is partly
dcpondent upon individual characteristics and partly depen-
dent upon object characteristics. It is helpful to think of gjch
flight of an object as having a number of characteristics. These
characteristics must be recognized and discriminated not
only to successfully conta)gt the ball but to be able to control
the resulting flight of thé-ball. The ability to discriminate -
among different speeds, directions, angles and spins can be
improved by:

e limiting the number of different speeds, directions, angles,
and spins at first and varying ()nly one element at a time
then gradually increasing the number of characteristics
which vary;

)
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e learding to pick out the unintentional hlnt:l\thnt an oppo- .
nent gives with respect 1o how and where the, lmll will be
Chity '

e practicing at discriminating cifférent dhloct characteristics, |

e.., standing behind the batting cage and watching the

Ca ' pltches.
. ) o J‘
Skilled performers Qulckly selecting the movement. This is the aspect, of the
select responses to chain of events that constitutes external ming that i% m
fit a sluation, affectect by practice and experience. Begir|ning players h
Beginneny create new 10 Creale Mevy responses to fit situatiopd; more advanced
responsey ‘ "N performers select the existing responge that’ best meety the

requirements of the situation, The notjon of a schema ag# fule

thal ennbl sthe quick generation ofa esponse to fit a particu-

lar situation has relevanee here.s The beginner,’ for example,.

“» has no notioh of the amount of forcg n¥eded td throw aballa
ggtven distancé,’ He must as a consequence g through the
“process of (I#egidlng how much force will propel ‘the ball a

certain distance.‘After many attempts g throwing different

. . ., distances the performer finally leams the rule, X force = X
o (Ilatance This facilitates the quick generation of the appropri-

- - ate force to throw any distance and this reduces the time taken -
© - bythe response selection process. The best way to deyelop a
. .. Schema,is to vary the environmental conditions in which
. practlcetakes place, to practice in game-like situations, andto -
* begin by varying a limited number of factor&nd.graduallyc
v - working uptoafull fange of’fxctors o

What! Youcant -~ Reaction time’and movement t Of all the factors msQ}u

improve reaction mental in.external timing, reach time is th only one’that . u

time! ® _cannot be' t?I\proved of changed ‘Wwith practice although mif-

intal changes “db take place with’age. That is children upder 10
s ..and adultsrover 60-generally have slower féaction times than

o mdwtduals between the ages of 18 and 50 AL any.a e,rhowv

ever, reaction time:is fairly consistent. Itis thetl éilt akés‘lo

initiate a response to a sngnal This value 'is conStstent and

RN ‘ .. must be accoynted for in mtttattng the m@/ement in response.

-, toan external object. - . 4 R 5o

Ahy'But you can Ll Movement tjme is the time it takes to\tﬁove a;certain dts— ‘,

lmprove movm.’u " tance. Movmg ‘the bat fr ym the starting; posniort to the contact

timel’ Voow-. - . point over the plate is; gbod eXarppleTUnlike gaactton time .

Gt movement ‘time can be"tmproved through: . h

Yo, mcreasrng the exp1ost;/e power of muscles through exer-j;-

. - . .Cise; STy ":‘: w .2 #

- . 3 4

BN

. L ‘_( "‘:.-‘ . ro"- ‘: vy ‘
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" -oPraviice ninicing
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speaple ans maving 3 .
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are different heighs, f
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5. Did Hdiscriminale : 1Y 4 4.,
the cues property - DONT KNOW -m=Gel further infunmag-
- tion or be lested by
sameong. * ‘o
YES - — e - '
NO - Practice eslimaling
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'
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cues properly? “S—mDON' T KNOW -3 Gel further ‘ ’
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y tested by someone. o T
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L e e - )
: . NO ~s=Replan your e .
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B and sequencet N IN'T KNOW ~=Ruviewsyour plm'l o
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YES o i .
9. Begin a1 Gf you failed to achleve your goal, and the answers . '
tugquestions 2-8.ue all YES, askfor assistance inthe
\ , evaluation prixess). . :
1
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"[Flgure 6.2: The relationship between declsion time, reaction time and‘movement
§ time, and successful hitting. h
- _PLAYER ACTIVITY
Decision time-Time to decide Reaction time-  Maovement time-Time to . [
how fast the ball is traveling, Time to ini- swing bat to contact
when and how lo swing. tiatd swing , .
\
| .50 seconds |- .20 seconds - l 130 seconds |
Pitcher : . * L , Ball arrives’
1€]@ases me mm we mm o o s e e e 21,00 secancls - -y’ﬂ,&— e e -~ over.the ‘
the ball o "plate
BALL TRAVEL TIME .. )
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® decreasing the distance to be nmvwl
o shortening the length of the lover, 4., tlluklnu up on (ho

h(ll [
However, it'y the relationship between the factors identified and tho
Improvement in specd of the object is iTustrated in Figure 6.2, 11t takes the ball
anticipation that 1.00 seconds 1o reach the plate and movement time s 30
really counts seconds and reaction time 20 seconds then .50 seconds will

be available for picking out the twll from the background,
deciding how fastitis traveling, when itwill arrive at the plate,
and planning a swing before it must be started or be late. If it
takes the ball 2,00 seconds to reach the plate then 1.5 seconds
would remain to u)mplulu the other aspects, A response
hegun whvn the hal) Mrbw s at the plate will always be one
reaction time and one -ovement time, or 50 seconds late.
The response must’be initiated .50 wmn(ls before the ball
reaches the umtncl .'unc

.

Both.internal and external timing are important for success
in"sport situations. Ihternal timing is important in all types of
sports for smoothyess and efficiency of movement and for

. . generating maximal, forc; with minimal.effort. External timing
is important in Skl;“S‘Wthh take place in‘open environments
. bec a se}the performfp my stinteract with moving objects and
_‘&“&qccessful Development‘ of extafnal
hours of practlce, L;nder ga;ne or game-

ag the lypes fn]u T‘nents and det15|ons

G e alethelmp m\nf moving
3 th

ts Spey od from all o eéeds
) er’e tWIIl arri @%\%t an
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What Do You Have To Help Me?

Feedback is
knowledge of results
and knowledge
of perfurmiabncae

L
g
5
&
:
2
o

Information ab()ut the outcome of pcrfornmnce and about

- the movement itself is absolutgly necessary for p(:nﬁ)rnmhL@

to improve. This information is adifed feedback.. Feodback

~ provides information. about the movement (kineéthetic feed-,

back or knpwledge of performance) and about the: effects of
#hat movement on the environment (knowledge of results). In
acluafny koth lypcs‘bf feedback are ‘roccwed gach time you
perf()rnh 1f it wecé‘;&omble to remove all-available feedback
both knowle(lge of perfornmnce (KP) and knowledg,e of re-

sults (KR), learning would; not occur, Feedback is important’
because it helps the ledingr qgclde what'to do differently the

next time. However there are ways to use it most effectively.
For illustration purpeses letus use a snmple skull tossmg, a ball
underhand at a target. )

: 35{ B
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Feedback involves,
Q
movement and

outcome information
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- with the plannedm faps
-and movement affect vl

2 Coin

Fher pertormer shauld stangl "houl fod feot fwm&
targgt placed an o wall aned toss the hall underhir ing for-
the conter. For discussion purposos let us develop g
sample pedormance. Although the actual performance may
he ditterentfrom the one we describe, itwill probably proceed
i asimilar fishion. |lu first balk thrown lands short af the
target and hits the Hum, Performance is evaluated and it is
coneluded that the ball was not thrown hard enough, The next
time the throw is more forceful but the ball is too high and hits
the wall aver the target, The conclusionis that the ball was
thrown toa hard, On the next tass “mediam foree’ is use,
[hin throw hits the wall directly below the target, In ovaluating
thes three throws it s decided that the force is appropriate but
that the balt must he released at o different point, The point of
refeanes problem is evaluatedd: if thetall s rleased too early it
will travel downward .lng hit the floor; jf ll'lq refeased too late
it will hit the wall uhuvq the targef; if«lt"is released at the
correct point it will hit the target center,

After all the adjustments have been made the next throw
lands on the target but at the outer right edge. On successive
atempts both the release and the position of the body are
adjusted until the balls land fairly ¢ (msusu'nlly in the center of

_ghe target. The feedback from attempts 1o hit the target have

Been used 1o adjust moter performance by:

e attending to the ball’s landing point;

e -establishing what might have uluse(l the batl to Ian(l where
it did;
adjusting the movement according to the decisoop.above, ’

e executing the new movement and beginning again at
(above) to evaluate it.

N -

S

movement whereltla
about the movemen& ftb
’ 'Qcome feedback
¥ vement feedback
{Ween outcome
e if outcome matchs-(ha gy al?‘%;ﬁ"rﬁoﬁgent mafches the
plan then the performer-is likely to throw the same way
agam

\—u
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impairment),

‘club head horizontal by watching the angle of th

e it outcome does not mateh but the movement does, then
the performer is likely totry anather plan aiter establishing
what went wrong;

o ifthe autcome does matc b but the movement daes not, the
performer is likely to try the orlginally intended plan;

® jf neither the outcome nov the movement mateh, then the
Blanning process begins anew.

Resulling infornation is important in the accuracy develop-

ment, It enables the performet to adjust the movement uptil

hath the owteame and the movement match with the intent. If
outcome information s not availahle the performer may be-

COME More consistent, mm};thunmvumuntfct ‘c‘lck hut will

nat become mare aceurate (it is not |)u~mmlu o eliminte

movement feedback inan aceeptable way, and most informa-

tion on-its importance s thraugh research on m-uml()gu.ll ‘

Y o

“

Knowledge of performance is information provided by the

nervous system about the movement. To use this infommllunw‘.

in adjusting performance, the performer must determine
whether the movement is the samie as that which was in-
tended. This requires the formulation of a plan of the move-
ment prior to skill execution. Then after performance, the plan
and th& actual movement must be compared. Sometimes it
helps to have somgone else provide movementinformation to
describe how the movement lookegl, However the individu-
al’s attention should be focused on tertain specific aspects of
the movement so that feedback is accutate, concise, and

useable. in golf, for example, the wrist might turn outward at

the top of the backswing; the club head might drop too far

beyond the horizontal at the top of the backswing; the body -

might sway rather than twist during the backswing ex&cutuon
An observer can help the performer work até

club in relation to the gT‘dund After egth setn‘b ' ’6ts the
observer shotld pause a moment so the -per

whether the club shaft was beyond the horizontal or short of
the horizontal. in time the performer should be able to make

~accurate judgements of the shaft position indgpendently to
correct the performance of the golf swing by *feeling’’ the -

angle of the qlub shaft The performer becomes sensutuzed to

A e .
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A

what feel right and what feels wrong. It is impartant W try to
remember haw I} “lesls’ when the angle of the ¢lub hhdfl is
corret

N

.

Knowledge of results canalso be ysed to evaluate perfor-
mance. Iy execating the tennls forehand drive, for instance,
the: cantact palnt and the path of the racket, and the angle of
the acket face can often he dotermined by abwerving the
Might of the ball wlthouglh most iIndividuals consider knowl-
eelge of rostilis to he where the hall Tands; ball flight Is In fact a
resull of dthe movement and ¢an be very helpfulsince 1t s

closertothe impactof the racket and ball), If the ball travels on
astraight dlagonal tine to the right slde of the court the nhw,ar

might have swung late or might have failed to. pivot In(o'

position. If the ball travels on a straight dlagonal line to the left

of the court the player might be swinging early. If the ball
consistently travels in a high arc whien the Intent Is for it to
travel in a straight, low line, just skimming the net, the racket

face may be openas contact oceurs; the grip may heambueu '
or too loose or the racket head may be (Iropplnd‘bmhur ll’fg ‘
)

When teachers evaluate your pvrfnmmnw and give h s on
how to do better they often use outcome information 'to nar-
row down the possible errors. Performers can learn to do this
for themselves by following the steps provided below
® Know what to look for: .

‘where the’ball goegout; -

how taf the ball travels;

what

“erfor:-
\.~" held racket too loosely;
* swung.racket in an arc; _
swung too early; Co N
‘swung too late; r
racket face was open; ’
racket face was closed; !
failed to shift weight;

led with the elbow; L

dropped the racket head.
‘& Link the performance error with the conditions in the envi-
ronment hght before you moved:




Why?
'
: T;_u‘ o
x‘f' )
o
o iy i
oy

ERIC

Aruitoxt provided by Eic:

the tlight of the hall;
the speed of the ball;
the fesl of the racket.

o Decide how the response uufhﬂ or shauld he changesd o

reduce the error, y
® Ly todathie now respanse under the copditions in which
the ald response wis dine. e

¢ Lalk to yourselt about the new response:
“Carlp thee racket tghter;”
“Swing through the badl;”
“Reep the racket head up;
“Step inta the ball;
“Follow through,”'
* Congratuluie yourself for o response well done,
o Practice the new response under many diltgeent, appropri
e condifions,
o Dequently assess the feedback frony the hody and the
envitonment (petfonmange information and outeonie in-
Stanmation respectively) o determine the status of im
provenient, ' ' ‘

Finding out why you made a mistake. Information proces.
sing can be used o identify some of the problems that might
lead to errors so that the adjustments referred toin the previ-
ous section can be made,
A miistake might have beén made during the INPUT phase:
“examining the wrong area; -
e looking at the right place but focusing on the wrong cues;

‘o foctding'on the rtght cues l)ul failing ta disc rumnalv direc-

tion, speed; - o

. (hscn,m‘m%;mg direction, speed, but predicting the wronjy

“place or (mmgt arrival,
A mistake mlght havé been made (lurmg, the DECISION-
MAKING phase: -~
] pre(llttmgmrrectly but choosmg, the wrong response;
e choosing the right response for the situation but not plan-
ning it properly,

A mistake mtght have been made in the OUTPUT phase_

(planning corfectly but not performmg, the rosponse a}
pl nned) o v}
first six errors can be called responsc 5efe'€t|on errors,

Thlblb becausé they are related to improper attention to input -

?
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teedbad b comes fram

the situation or is

adiled bdarusating

Feedback can he

m-:(unua%» v
E R

» Kiven durlng or atter

f

acimpioper deciston ghing, hoth obwhie b relage dire ly 1o
”\(it lese than O the indvament o be prerbarned. The last epor

1a Gl @ respanse execution error. The core U respionse fog

the sitiation wan selecied but was oot esecates] ay plannedd.

Forutthize feedback 0 Change the saccess raie the enor canse
st e st determined It aay be helpivl o begin e evalinag

Hon of the inovement and the owicome by anww« fing lh«ﬁr
sedjuence of guestions suggested in Table 0.2 After a byt of

practie e s sequence will heame witomistic and it will be
done e s ionsly.

Uypes of feedback,  There arg wevenil ways ino which feed-
Back can b chimaities] aa well an several means by which
teedbaeh can beadministored. Ao eviewigg the ways in
whivh Jesdback can bre clissiiied anil evaliating each in-
bt of e setudness on fearming we will foeus on the gseiul
ness ol videotape replay s ) ety of providing infommation
fecdback, His b an impeortant m;m to consider since nany
peaple believe without proor that videatape replay is niore
eftective than it actualy is when it is used, For this reason
anhivachiab might o tenpted 1o pay Tor it ise at private
istractional clinies, tennis centers, goll driving ranges, of
may he tempied 1o take dessgns rom a protessional hecanse
they ase videotape replay, .

Feedback may be classitiod into that which s, nmm.nlly
available versus that which is augmented or attiticial, Feed-
back that is normally available is information that is inherent”
to the sttuation; it is always there anless specifically elimi-
nated. Augmented toedback 4 .l(l(l(‘t' information. It is in
addlition to what would be ordinarity present in the situation.
It is usuatly better to help the performer ase the normally
available information since it will always he there in the
future. Often when augmented feedback is provided, perfor-
mance improves. When it is u-nmvul however, the perfor-
mance gains may be lost, This loss mayehe lessened or pre-
vented by using .mwm-ntv(l feedback togrovule information -
after the response has been made rather than during the'
response. ' ’

Fecdback may be administered ofter the performance s .
completed or during the performdnu‘ itself. Feegback
provided while tf individual is performing is called “concur-
rent” feedback. Feedback provided after the pvrt()rm.m( ¢ is
labeled "terminal” w(ﬂ)dc There is always some concur-
rent feedback availabsle. The sensations you get during

“movement provide infortation about movement speed, di-

PR
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reciony, abid deceleration. Sameiiies O perionnance i s
dotected eagly i the seguence pf iovemenls i« an he cong
peisated Tor by adjustinent of soie aspes ol the oy einent
peay the @i of the sequence. For exgippli it 4 bawler sensos
that the appoach will end tao far fathe right, the path can be
: abtenest so that 30wl end where aniginally iolended. 1Cinay
absiy be possibde o abie the badbrelease Gicompeensaie for ap
e e e
Feedback jpay e Noroally avagtable eininal teadback is alsa jecgivesd
connliue e canarnples are valleyhall s Ball goimg o thee net o
st ol bonisadds o the served hashetball (e hall ganng o the

Enasbeeet), b are ey e dnow it the tanged. Hhis type ol

tecdbrae b tosnmtnal teedbos b abiout e resita af pogioiiand e,
Yindbsaliiely becesaay for guoveinent. 10 puiticalaly

et when corvtcered mye combination with condimrent

tedback tormation abost the mavement and information
abiodd the testill obimovenient st e integrated o nnumw

Vo pediotang e

Atpented lvm‘nfﬁ,\l e wllb.uk iy intornation ;nuvulgtl by

SO el o -.mm-,u.m,g ehidalier pedonmanes, 1his is

asually helpial i the pedtoriier is given the opportunity o

evaliate and aess s own pettonn, ange st andd then uae thee

additional information to check his impbession. L oresample 4

caach or teammate might indicate that a player s been

canmtstently talling away om the shot in baskethall practice
anek i gamies o that a golter has been litting the head on the
tee shotin golt. The pedormer may have surmised that these
were possibilities by checking outcome errars but was not
able taadentify the procise problem, Hie extra feedback atter
peormane o Gugmented terminal 1eedback) can help players

to evaluate the cause of thelt enor, and to plan futare e

SHONSEY, ' -

Atype of feedback that has little it any lasting value in terms
L pertormance is augmented concurrent feedback. Gains
made whun llslm, this tv( hack are lost almost lmmv(lmluly

m'x.unpf’('s‘ IR
o devicesYgat he Ih p.umvu the golf swing;
e auditory ANy to help aiming;
da L “e plaves or wowring apparel that remind players when they
. do something wrong;

Whidh type of feed
h, least eflfedtive

<

*n the case at biofeedback, whose success might seem to belie this state- 4
ment, the user is encouraged to identify some inner cue which can be used

- when the augmented com urrent Im-(lh.u k i no fonger .w.nldl)h' Unle'ss this
- (Imu- RNy nmtlo will be fost o
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® clevives that bl e by g b tensinn is hestng kulul
® pracerns hat helpaonnes imannain @ constant pa e
the indiviials wha eniploy these devices hies aime clmmn
vlent upon thermn ta pedonn as sequired; once ase is disyon-
BAtes ] periiance regiesses la previous levels.

Asgiented fenminal Peedbuack may be provided inmesdiately ar it may he de-
tepadtiag b 1y g Lvused Fan st pres o af tione Ther dhistingtion betwsen these two
effes live s Ftevant omly when augimented tleetiback is cong el (the

hamman system operates g ionmally o wiring shelayed cone.

curent eedhak, processiog e, such as that indicated for
. . feac o e, etectively delao - all ot ations within
e systenn, Jeeding b bt Pow vou vl ainl abat the
alteame al v o overeil s always delayed), Since it has
beon demansteated that augiestesd conearent leedbae k iy
nobvery el we need only beconcsgined with the o iy
Fattonv ol awigmented termial ecdinek. Shoald infanmation
B gven o the pertormer inmnediaely aiter the pedonance
4 ' enth arshaudd there beeacdelay ¢ 15delay, how long should ll

bt

ool

Why?

It host o delay augmented termnal feedack Inlutly until
the pettorer independently analyzes the performanca. 1t i
alvo wetal tor the perlosgne® o dilize the intormation
provided in planning .nul,;Ww TOSPONSE dS 500N
as possibles o example, information given to the fadividgal
about the pertornianee i a game will not he as useful if the
' individual cannot have an_opportunity. 1o put the feedback .
'inln practice. In addition i player needs to have the Oppor-
ity 1o replay those sitiations about which !('(-(ll).uk i
administered. .
Veshal feedbacd iy Two other aspects of feedback are sometimes diseussed.
e disect and One telates to the mode of providing verbal or visual tvul'
inexpensive ~ back. The other relates to whether the foedback shoulkd en?
L COmpass single atte MpLor a series of attempts, In consider-
ity the verbal versuyvisual ¢ hoice, the costof providing good
visual feedback should be considered as well as the delay -
inherent in any tva otvisual feedback. Verbal feedback can
be provided m{th(- spot. The feedback can be given or ac-
companied by Cue words that the performer can remember on-.
., the nextattemipt. Itis inexpensive and can employ checklists

- L e
. P
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Viwa“l&?qhg b will -

reguire verhal
Tepslbas h 1o fosus
atlention
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ur peer abisereations o bothe and vequbses virually oo equipe,

menk The e of verhal feedbae b does have sonie drawbag ks |

m m"!u& , 4
* anyiskilled abserver niight imiss some key poings; )

o there is no lastipg focond of the actiial PRIAEAE ] -,

® 0 aay bt bie s muummlg,*m%mm kd(ll)qg b aithaugh it
iy D eiually infarmative s faran e .

Hoshauld be aoted that elffestive use ot usu.il teeylbiich ie-

quires the canconimitant use o verhal tesdback mosas the \

peromsg s aftention an elevant nfoaination.

Fhe tinal consideration owhether feedback shoghd b
provided atier every attemptor whether it should b Baaeid on
numeon atiepts, When the shill fa bie leaiest s sppile,
Fewdbae b alten eveny Briab i tha guichest, sl elleive nieans
ob it sapid progions, With complex skills Bowever, it i
alten hedter 1o walt untl the pertoriner Tue made soveral,
stempty and they tdeatity the aost prsvalent or serions e
the pedtarmer s iaking. o comples skills the pertormer s
My gt to conabdes and so b e common for epars 1o
vy somewlat from attempt o attempt. Therefore e ouimu-
Lt teedback can enable the abseaver o pick ot the single
crttical enror and focus thae Teanriors attention.on that, thus
providing o single facab point far o new seties of altenpits.

Videatape replay; One means of providing teedback which
i canunon e an public as well as Prvate ongauiZations s
videatape ieplay, often abbreviated VIR, Many skiareas, goll
cotraes, tcquethatl cdabs, teonis cubs, and the hke have
thincovered that people want to exeel quicklywithout the fuss
and-bather of tedious hours of practice. The casy aceessibility
and ever deacasfiyg cost oF VIR cquipment cofipled with the
delight experienced hy many people in “secing themselves
on V7 has led to the gse of VIR as an enticoment to “join our
chub, we provide VIR, /ski here, watch yourself improve on

TV, Mwatth your swing on V2 then we show you how to

improve it.” 1t has been shown, hawever, that VIR when used
improperly is no mord effective for learning than usual instiue -
tion procedures, In addition when it is effective it is generally
fardess 5o than individuals would like to believe, Same
‘Ruidelines tur the effective use of VIR are presented in thl-.
section
thﬁ( ues should be used in conjunction with videotape
replay Yo direct theserformer’s attention to specific aspects of
the performance that are important. Suggestions such as,
“look at your racket face, itis open,” “you steppeddorward
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bede o siailed o awing Yo baasead the ball
Bigh sl gssini thie Plaver i setig ose aspedts o jhe
Pt e hae il helgd speel i piaverient awill abn pravide
o vehial sbateivient it the Ry lGHNCE cai ierciiliern by ue
Biebiiv b at g Liter tine
beilogicad phirty o Pl ¢ anay e iy by dsing d
catieha with s zonu s Hhis can e cspedially Hedpigt
> whuen handling shills that respuire sipall siovedienis o when
tiigghily, &@\l”t‘d play e ieguing he s w e pradi olae pogion of
cohtl e anciiery @ VIR Gpieiaio Wy cof i an e
u'laf.ltw Poarind oof tie i her b basheihigll o the Pigeis of the
telewse bl e galt thie Tuigud pieiitiva ot e e af jhe
. Brad hasy g e sy imiastic s 1he bosty proaniticii vip 4 s akll
Practive ol g Qe adiniinistiaion o e VTR qind all
e imborres arevinade bt o e shill shiald he vivindificd iy
cribal ARG apen S e i aly el 1wk B bl 4t~
Hie e Heesttiaton swese e eated duing the post fesdhige
P Hee bon eaanple by g VIR b ot ola phay i oodhdd,
e om hmight s Antontan enon ot e by ces e i
prellenin o s Loy o g el the Bt 1hat darpe
LI phay apgnin s ot thee e toninani v o iﬁm:m goiected. hi
st ddeashould be caped thiongh i hashebiall e b‘;y‘
A o cer eowell as i benne, b ihninton, et
Musdeds Gl Contect pemfomnane s e ometipnies sell g
ey thee phaver inderstand whiat i eapedcted oeieqguined
Careshotilid be tahen, howeves, to oo us on penetal fapec s of
. mioverment 1 o actvities wlu et specticS torm s not
Cthetated by the vabes B tennts, tor example, the viewer™s
dttention iight be tocused on the models, werght wait, 1ol
fowinf the <haot to the net, theaebationship hetween the uutn
o o the awin Sweighthittather thagyon ])-vll“‘ltj'lll.ll'
apeceat the sy the individoad movess Bskatls ot degad
adberence 1o sprecttic donm vy divingg, woe »l\.mnH, MYy 0L S-
Bowantaronation i fegad too particubae mnvisrnent patlern
_ . Mould be pedectys appropate
Both objedtive and Fhe nuniber of gunes that VIR is adomimie dered amportant.

subjective viewing ot The o Hin O nmiber seems to be e 10 proterable o have

video-replays are mullnplu VIEWINK At each of the 1o sessions i which VIER g

needeil wsed 1 has hoeee SURHented; At thes VIR ctem o the
[

Montieal Olympic Games in N’h may have apetated 1o the
advantage”of those pertormerns wha saw themselves imore
frequently (this e unhl\vly stnce ( )lympu aliher performers
i require e homore specific feedback thin VI R can pruvide).
" . The 1ocus of VIR should be shitted 1o provide attention to
other aspects o views of (hv‘u.mu-‘ pertormance. This can he

B8 .
L t’ " ! .
A ‘ ! .ﬂl ' - - ¥
g 8 !
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» seen In the replays sometimes shown in tg¢levised foothall or
- hasketball games, When the viewing angle changes, the in-
terpretation of the event sometimes tlmngeb In the instruc-
tional use of VTR two, principal views dre used, the objective
view in which the performdr sees himself or herself as others
would, and the subjective view, the/view you see from your

position, "
What should the . The final pointis that mformdtlon pmvuled should be goal
replay show? consistent, Thatis, in diving, whofe the performer is rated on

the mavement, the VIR should/focus on the movement. In
tennis where the goal is to get the ball over the net in a way
which prevents the opponent from returning it, the VTR
should focus on the total situation. At the very least both views

v should be available,

It should be noted that the subbestlonq prqwded for VTR

verbal cues,

practice following feadback,

use of models, .

attention to isolated aspegts of performance

number of administrators,

focus and feedback, and

e poal consastency ' '

are also relevant {or other feedback modes. Attention to these

aspects can incréase the effectiveness of all types of feedback.

-

i
®
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'\What Do You Have To Help Me?

PFrfOr\lT!ance improves  Motor skill performance improves as the result of changes
in accuracy, - that take place in INPUT, DECISION-MAKING,s OUTPUT,
consistency, control,  and FEEDBACK operations. As a result of these changes in -
coordination, information processing the performer and/or the performance
adaptibility, will be:
deliberativeness, .® more accurate;
"a‘n'd planning ® more consistent; , ' -
® - more coordinated; . )
, ® more controlled; : .
® more adaplable; : . /
® more deliberate; " '
® better planned.
More accuracy results when perft)rmance resulls are c/oser to
- lhe goal.
2y
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A

Mare consistency results when the outcome ol perfor-
mance is loss variable, thé set of outcomes achieved is more
alike, the scares are closer together. Performance can bagome
more consistent without hecoming more accurate, Iy facl
once performance becomes num-( onsistent it bs easler to gain
adcuraey, -

More coordinated performance results when the hody parts..
involved in the_skill performance become hetter syn-
chronized intime and space, This results in more efficientand
effective performance.

Maore controlled performance results when the amount of
effortfused to executethe skill is appropriate to the task, The
golfer who taps the putt just h.ml enough to sink it is using
more controlled effort,

Performance is mare adaptable when the performer can
rospand effectively under a wide variety of conditions. The
tennis player who can effectively retumn tennis ball hits at
various speeds, heights, (hrv(lmns,an(lsplns |~.(lcmoﬂstra(tng
aclaptability. . v :

Performance will be more deliherate because the per-
former will not reed to rush to interpret the event, plan a
response, and initiate it at the last minute. Rather the per-
former will be able to base interpretation and response choice
on early cues {(cue abbreviation) and will thus appear unhur-
ried in the performance. The tennis player who slowly and
deliberately moves into hitting position, establishes a base,
then executes the appropriate response is more deliberate
than the player who seems frenzied and rushes to hit the ball
on the run and always appears to be arriving at the last minute.

Finally as skill increases, the performer does not have to
attend as closely to the input, decision-making, and response
phases. Thus the player is free to focus on short and long range
strategy which will lead to the performance appearing better
planned with the advanced playerq in better control of the
game or play. ‘

These observable improvements are the result of changes in
the ability to process information and in the method of proces-
sing information. Individuals have recently become interested
in how the processing of information changes as -|earn|ng
occurs. If we know how information processing changes then
we may be able to plan practices that will speed these
changes. If we know, for example, that more advancec
formers focus attention on relevant stimuli in the environment
while beginners tend to look at irrelevant stimuli, then we
might use some method of making important stimuli *'stand
out’’ to force the beginner to attend them. '

P
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The major changes that take place in the ability 1o process
information may he categorlzed under the broad headings
used earlier; INPUT, DECISION-MAKING, OUTPUT, and
FEEDBACK, These changes are:

e performers learn where to lnok;

® performers learn what to look at;

® performers spend less time absorbing information;

o poerformers learn Lo differentiate relevant (importat) and

Irrelevant (unimportant) information;

performers learn 1o predict the outcome from a few early

clies;

® performers can discount (eliminate) certain oumtcomes as
baeing lmprobable or less prohable than others;

e performers begin to process “sets”’, or patterns of stimuli

rather than individual stimuli;

o performers develop verbal labels for the patterns of stlmull
that are characteristic in their sport;

® performers can integrate information from several impor-
tant sources;

® performers have a highly developed notion of movements
to match environmental events;

® performers can quickly select appropriate movements;

® performers can respond to events that are novel;

e performers can automatically execute movement seg-
ments;

® performers can |ntegrate the separate aspects of move-
ment;

® performers are more adaptable and able to perform suc-
cessfully under a wider variety of conditions;

e performers’ attention shifts from the short range considera-
tion of “’this shot’ to consideration of overall strategy for
the long range aspect of *‘this game”’ or “this rally’’ or *this
play”;

® performers can guide their own Iearmng through use. of

©available feedback;

® performers can evaluate their own performance through

use of internal systems.

~

As learning occurs and players become more skilled these
' changes in information processing lead to quicker, more ac-
curate, more consistent performarice. To provide some notion

- of how practice might be structured to speed changes, each of

the broad segments of information processing will e consid-

' o 93
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s the coach, and . . .

. swimme for a gymnast? for a tennis player at t

oy “
ered; INPUI I)I C l‘al( IN-MAKING, a, OUTPUY; rttlJBALK It
& shoukd he nulml that impravement in each of the broad seg-
ments is neGessary bu ngtsuificient for improvement in over-
all pertormancesinee in the final analysis llw whole of mtur~
MaAtion pepcessing mml he il\\UHMlt'(l i

14

. " )
INPUT . s o - ;
Fhe miajor factors l('l\lt'tl o nupmw ment in tlw INPUT
segiment are; kY

® arienting - the ability 10 look in the right nlaw
® selective attention - the ability 1o concentrate on relevant
st aned igndre irrelevant stimali;
o cue abbrevintiops - the ahillty to predict the oute mn?~ on
the bdgs of a few, carly cues; -
o ;)mh llity planning -— e awareness of thv lkelihood of
W VArous ontcomaes or events,
l’ruvk)mly the ENVIRONMENT. has been ulontlhwl as the
ource of INPUT, The ENVIRONMENT consists of “all the
xxlorn.ll andyinternal cues affecting performahice, This for a
basketball player the vnvnmnmfnl.\l Cues are among ()lhvrs
external —
the court,
‘the stands, . .
the fans, . ‘
the referee,
the opposing players, - k .
the teammates, C

the distance to the basket;
internal —

fafgue level,

anxiety level, - _ .

pain, and - : S .

distracting thoughts, :
What would be included in a list for a football layer? for a

I(;)U S. Open? |

It is helpful to think of the environment asdconsisting of -
sections. Some sections contain information tha&s important
(relevant) to the planning or selecting of a response while .
other sections contain only unimportant (irrelevant) informa-
tion. This unimportant information may be ‘thought of as
distracting because it takes the player’s attention and concen-
tration ‘away fromghe important information. Since much of
the information that we receive from the envirgnment-is visual
let us consider onentmg with respect to the'eyes.

. . : )
s
v
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Oyienting to the sy

o tant infannation
in Taproartant t0 sivess

Experience and skill
help trigger
orienting responses

<
Beginners have a
narrow peripheral
field \
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Orienting. | ha‘imn fonmer must orient oF e the eyes towarnd
that section of the ENVIRONMENT that cantains the st
Iporant information. This response may e thoaght of as the
response the player makes 1o the guestinn “Where shauld |
look 1ar the: intormation T need 1 plan my response ¢ Bogin-
ners dadally don‘t have any idea where o o look and teachers
rarely provide any clugs about whmv the' lmuml ik informa-
tHog i= 10 be found. ,
Ojenting o the sedcan of the enviraniment which contains
the inmportant infermation inthe sk atep o gehieving sticceas

Ssince the prertornoer st create o select amavement which is

matehed 1o the environment o which it is peronned. IF the
pettormer s nal logoking i the dight secton, o the section in
which this impottant information is to be lound, then he wiill
nolsee this ipformation. There are several faetoe that will
Alecr suecess inorienting o the conect poition of the envi-
ronment:

thee familiarity of the hackgronnd;

thes size of the peripheral, visaal ield;
past experience;

verhal cues from others; -
the intensity of uninportant « s,

Asindlividualy hecome more skilled thiough past experi
ence, caes i the enviromment triggor o set off the oriciting
response. For instance as the game develops the player ex-
pects that cortain plays will occur and “looks” for cues in the
covitonment that these plays are happening. When this cue or
these cues are detected the player immediately orients toward
the section of the environment ln which they are found and

focuses on the information,
i the game occeurs ina familiar setting such as the player’s

home court, the player will be better able to detect the cues
which trigger the orienting response. This is because of the
decreased likelihood of new and different background cues
which will distract the performer’s attention. : o
The pevipheral vigual field can be deseribed as narrow or
l)m.ﬂ?{:wnh a nafrow peripheral visual field is like gazing
through a tunnel. One can only see what is directly in front of -
him. Having a broad peripheral visual field means that cues to
the side of the head can be ‘detected when the player is
looking straight ahead. The size of the peripheral visual field is
affected by:
® stress level;
® the complexity of the environment;

- 1 Oy 0 ) .
A ‘- w. '
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# the level af difficulty af the skill;

o the degiee af gneerainty of gveily.

As wach ol these incieases, the side af the pernpheral visual
field dedieanes. Far beginners each of these facton is high;
iheretore beginners can be enpectead b have a narow visual
gield. This resulls in an inability af beginoers o detect and
reahp\‘uul 10 cpes which ate pat directly io ront ol them. As
shills e tesises, thime tactois deciease sa that size of the
pestiphenal visial teld ncieases GE s iportant o iate that
sone s egiite B the pedanes pupessdully aaraow
thes foe s of vinlim fin boller copcentation; however, the
Dreginne parely has the sty of chaieesainiee cliciamsianees
e tater the sigeof the periphendl teld)

Finally verbal cies tram athees with help the pedonner o
shittvisaal fod v o Hapgrtant sections of the covironinent. In
Brashoethall 1 b commion 1o e and hear phayess sigonalling Tor
thes hall. I tenmis it s conmman tog teachers to el begimners
“wate h the bhall

1 assinting petonnes W onient o appropriate environmen -
tal e tiomm, the coaeh or eacher might ome any o sl o e
following:

e nnanipulate the familianity, complesity, and uncertainty of

“the enviromnent;
o manipubate Uas dithiculty of the task or provide verbal cues
abont whete to look, infensifying impoant «aes;

& jeduce the intensity of unimportant cues,

I addition watching games can help you develop a sense of
wlrere the action takes place an paricular plays ov i certain
sittations. It however the conditions under which practice
ocears are manipulated 1o facilitate learning they should
gradually be returned tornormal as learing occurs, Otherwise
the player will be unable o cope with the normal game
cnvironment, ' . ~

Selective attention. Orienting is the answer to the question
“Where should 1Hook¢, Selective attention is the answer to
the question “What should 1Hook at¢”. Just as the total envi-
ronment can he apportioned into sections which contain
useful or important information and those which do not, so
the cues themselves can be categorized into those which are’
important in relation to the response and those which are
unimportant. As might be expected players with more skill
and experience scem to instinctively know whatis important,
Well, for most of these players this knowledge is not “instinc-

“tive” but has begen achieved through long tedious hours of

97
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these events

Some individuals are
quicker atrecognizing
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P b e tndder game Condiians. i Bearbie situabiaies, and even
foges Ragirs an sl iy the gane, These pilayers are learning
W thicdenstaid e vegalaciies and prodi hilines o theegame
ey want o play. They Tedin that centan Hes die pigseit
wiiei et feafnisen dre sug cesstul, hey learn thal « e tain
ctes are o tant o plaimiing on sele thig arespionse. San e
Lactons which affedt the wbihity o selectively Lattend 1o the
RO LAt & ey o
* the cottomt bietwed the btpon bk i i Laid o ey,
® e o bebaesen e gt al G ey
* sl egieilein e,
o il Pintetyinity ool thie Bpoiband coes

Petone the desines v fon i on the it e el
Breaales to dibterentiote on diseimimate them feing e v
prottant caes s coseens Cantiasl AWhan wals Bing televy
son by adjsting the s antist so thaat the eiiliee pricie hie
comes alinost o stigle e Nowy seadally et tie contgas
o neinnal Beglinens aie somietionges aoahle o tel] the sliffer
ence between swhal tinipontant and what s ey idhant;
every thing looks e wame to them Fheretore 1 Cabers e
b longer toniahe deciaonms about what o look ataned they
soetines Tnive 1o ook b eveny thing one o more e 1o
decide,

AN interesting exaiple on the ability to dierentie «es

“telates taditterent types of anow. Eak e can dilterentinte 4

bypess of soow that i they have 22 00mes tor different typres of
SHOW Conditions How nrany kinds of siow « i you wdentity¢
Pyprcably Croms Contry shiers are able 1o ’lentily respedctive
ot ling waes to dittorent typres of soow. Ao aiicaltura)
spectalistean identily many ditterent types of sonk, o peologisl
ity difterent types ol 1ocke, 4 shalled baseball batter many
ditterent types of pitches. The ability (o ditferentiate ditforent
CVEIH s pretedquinsite toseloc tively attending 16 those events
and this abdity improves with practic e, The teacher on ¢ ou b
Canassist the begmnimg player to discriminate among differ
entcues by pointing out the cracial ditforences Hiat the player
should examine,

Preventing the opponent from diseriminating the Hnpottant
ctesisaprevalent strategy insport. In foothall the quatterback
attenpts ta embed the signal 1o snap the ball in o string of
numbers which vary in namber and Cadence, When the ball is
shapped the offensive: players attenpt to “hide”” the-ball so
that the defensive team members will ot know who has the
ball. What are other ways in which players attempt to camou-
flagie their intent? '

1 1

R



O

ERIC

Aruitoxt provided by Eic:

Cue ablueviation s
iniprae Lant Lo shilled

periarmiance

Sare inddby idodls die Guikokar b ditlesentiating e s
tnt i the wdnipaiianestinaal Yhis fivay Baaresalial past
enpieiienve gty e g bl Ploweves thee gie fow
peviple whoe die eativaiiely good aid few peogile whin die
wabieiely s dvshoeaverage wind candbieietitoonibic use
il
o veibal cues concenigg whiat we look
® Lo bipbpivadion Hogghbigh o on incredsiog the llsnaity o the

inipasiband cues !
o uhvanie e wanniinge abinata it e capend

Another anpee bt i cebited 1o Uie abitlitg o selao iy ey
alternl Bropiabant caen by the patia bretvweaiy the g tant ol
driopeortant coes Hhess s g dile Frapr Lt crie anid T
spdnipe it ces Bnding the Bgortaet e iy hie like

Ty o dieedle b Py sback 1 there e el impratant
coes ateh oy s o uimpon bt coes the sk owilb te e b
catnier Lo Bews and o hees shoald attempt toonsaiipobate
Hie ndio hetw e inipsrlant and uiboporaid Cues fon beegin
et s that thes ko will Bie camy at fist and then giachiatly
e the catio antl (s telnesd el

Cue abheeviation, The notion o cae abibneviation raight hie
viderstood et by chanas terizog he sport sitiabion e by
g Lo, o oiddde o o eod For nebane e whiea
Dol s thiowwn il

® legives the heower s hainl,

o teavels thongh spaece,

® nves gt youn hand

Wehave abready decnssed the tactthod the e atchng response
st begin betore the hallarives sothat the catcher eoon tone
ta calche it o tact the saoner the cotcher can predict whiere
and when the badl will anve the more time e wilt have to
plan And mitiale the coredt response. the more.complex the
movenent the more tnw necessany e phanming, selectiog,
and inntiating 10 s 1o the pertormer’s hepebit, therclone, to
establish or predictwhat wilt luppen as early aspossible. The
ability to do this i called “cue abbneviation.” Highly <abbed
pertormers can predict the end portton of . spant situation
fram . few e ues that ocour at the beginnimg. That o, highly
skitled players can el what will happen as soon s the hall
leaves the pitcher’s hand. Hhey lea that certain occanences
Or OutComes are associated with cetain early caes, Inadds
tion some ;)’Llyvrs “tedegraph’™ their intent, their intended
movements, and strategy long betore they execate the move-

99

18 7



O

ERIC

Aruitoxt provided by Eic:

}

\h‘“h foo pracalla b anlead
sl Ve e vanly tna

situatiog hclpa

Ovdering of pasibie
eveats helps

performande

100"

et Thea ey s awhy theis pgancids il A4 E NE€H b
Mo v tiui thay will i Saiiie pilayois absays daind § Ceitala
way v lier fhey Bl a taniis Bl b o ki gl Gilieis iiiay
b ab tie pitade the s bteind G b, Tancthiies a playwi bigy g
shaim bt doncient tiat Saains e wpspaancnt uf B
wiwidbon Hlofensive ,.’Lx,u: Y th. teeni tecaives . awill iy
feliguic ont st affeinive players o g thic teibids liliier s it
dhidbanin cdily voes at will givg avay the it AH pilay s
T dhsivig b s e by g b Hgtia vt s bab the vgapinaseiib w il
dhee Bl paey caotivigs thei vt fvobs deteiiniingg whiat
('u'.\ will vhi -
Phe abiiling tocpmebio ba bt o il on o carly inothe sttt
Doz presitive zpes b Hig plas er o her s oo thy predic by whiat
sl Bagppev vin thie Buiais of canly cnes
® anseledt the Lo respranee carehibly atticr i wisliliig
secdec tion iid e vitiont ad the Lt it

* can sl altentivii ta pibaniiviy shafey i fiidaie tezpizes

® el Bk e Dt paesibion for e ki

® canpnepare o the pedoniisin e athicer than bichng v aughil
vl ll.l'.llh (3
* candeeluvoantol ol e aitotion hes ase thitvgs dyipueae ta

RIS S =luh\\|\

MRt ot e s et e e Al negativ e anperc s b ogiee

Aoy edion bt opposang player owise crvigh 10 one
e A pertormes wha e stancs e tem e v oul players
forrespond oncthe avas o carly Cies oo, o instani o hit
et horelund i e tothe e place tive shiobom arow aned
theve o the tth <t e ol oo e thy the e prelii
ey mones bt e Cthe Dot to e odbye side I ald Bkl
Baad the apposiong playes will Tone predicoted B same syt s
Hu‘pw\hnr.h\v.un‘mm.nm!.ln“..nm‘.t-lulhc'-..mu'-mlc' The
ployer wall el have e o ecover and et the <hat

AWhat are sonne eaatniplen of thim Heception wy baskhethall

e moceet o hadiiitont The ability 1o ded enve an appeo

nentin the way cancsometinies ke the ditleiene o hetwoen
st and osing

Probability planning. A fial e Bwling b s sonsewhat e

Lted to cac abhieyiatton e, the ability 1o deteimine the hkell

hood ot eventomn the sport aduation and order them lom the
most probable to deast probable $ow Likely gt to example,
that.tenne opponent will uta s rons courtabior n 1esponse (o
A deep torehand retinn g 1 a permon hits a Cross court shot in
that situation 9 out of 1O time, the probability 1 90% that he
orshewdthitone the next time It he o she anly dhd that 2 out

)
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o U By, e aakiaBiuiy dial it s i e Gk i B
dialy U b e Bk bidbdic g cUTeD 1 saahd Dae oaedaer da
pivepisis & foie ol Gl didie i e luabihsd B v ive T thi
sed chiind brisddiin © C2OR G N vouhl ke wios i

Aluist e ciita Hiab s Co e Speo b aie pecbaalatiistic Phiatis disy
T R LN T R R AL he G wiblei opi i coiditioie
R ing whatifiose protaabeiditics angg wnalides prsibuieriens b
Pejen b s ek as bopiiabiabde aend soiae ke ar et
pidialide s coabdes e pidag s b pasjlare o casn e ool
Gibin daspraiaee bioaabvaes Ao hie offenzive ea flinds
Wee e e chass iy ared 0 sands G goe b focabiadh Gl ey
Lk by gyt bt it deperids opuu whicre they ave v the fickd
the defensive toan will prhat foe e pday s that ace oot Hbely
while rcinaining Hosibide e tooaspesn il the vyigeooitivag
s sanctbiingg hopredigfile thie e eins v maanibag thi
teiin gt wildl e lfw gl el vy c;c%\t:inihlc; 'sl-ﬁ‘; RETINITY
conds hos G cogage 104 B of feabiabidity pdaiisiog w b
subling uge (1218 [ERD Bhosos Fon b ek girisk i 5‘“"- gaiiie L
Luashetbiall oo Bies ad play cis pdan ditterendty oo diffareit
typras o fearns Dy lenddy o ’bi‘.ni dittemently b Jifferent

Gptpanonts

Sumniary of inpal anges. 1o Leotpiad oo ol the st

sbviation s an unfolibing one emoa by boone prerforoser e Lo

preddict whiat i going o happren biefore it actiably does while

the vipiphoabesd friers lo present bin o prren b Higg v viatedy
AL seies phHid o pretfonmier widl L rebatively setbain whiat hs
nprpronent w il dee s bodetenmined soon encngh thigugh
quick veientingg el tive attention |nn|mlniial\ phanming and
cue abbreviatiog there wilb b agnpie tione to phan aod indtiate
At appmopriate esponse sl he s estul g ot hing
the Created sitnation e tocas s on the widng pottion o the
coviornnenst l atlention e fa the wiong cues 1 the wrong
event e g ted or i the e takea todaany of thess things
i b gy, the pedtornmans con l be e cessdul o selechon
and evecation will be oo Late \

Feacher and coaches can help playvess 1o .lvk‘rlnp <hiltin
All o these aspredis by tsing the suggeshions i h\glml i this
wection Theso i luded providing verbad cues, nanipalating
probabihities Tnghlightiog ipotant Caes, ehomating i

'

, \
portant cues or helpgd phayersprepare (o perdeve

Plavers can help themselves hy L

Q/hm 1y theanelves to comnentrate,
o practicing prediction even swhen notactually playing,
® iy to (m\l out the commuonabitieon ddlerent atuabiony,
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Chunking helps

simplify information

processing

102

S L . ..

® being aware of the strategies. %gpbnen:ts Ude in attemptin

to deceive you into making a’tistake; - * 2 :

® watching better players: . “ *: ST A

® asking'questions; * = ¢ . ‘ -

® trying to make your responses automatic so that attention
can be freed'to focus on what is happening in the playing
environment. T : '

DECISION-MAKIN(_J .

The ‘major factors related to improvement in the
DECISION-MAKING segment of information processing are:
® chunking — the ability to see patterns of cues rather than

individual cues; B . -
® schema —the development of general rules to guide the

planning and selection of movements to match the en-
vironmental demands; ‘ SR
® automatization of movement — the ability' to- execute

movements without conscious attention; .
® intersensory integration — the ability to integrate and

analyze complex information. - o

Chunking. The capacity for processing information is limited
by the amount of information to be processed rather than by
the capacity to process information. Beginners tend to process
information one unit at a time while more advanced per-
formers process information in sets of units. If a football
player, for example, was unable to integrate the movements of
the various offensive players into a single whole called a play
their movements would have little-meaning for action'and the
processing would take too long for the player to be of any
defensive value. As skill level improves, sets of cues are seen
rather than individual cues. The capacity for processing’
chunks of information is constant; the more.pieces of informa-
tion (cues) which can be handled in a single chunk the greater
the total.amount of informatiqn that will be processed. If, for
example, you were asked to remember the following se-

- quenceof 0’s and 1’s it is unlikely that you would be able to do

50: 001000011101111110001. If, however, you were famil-
iar with a binary number system you could recode the 0’s and
1's by sets of 3’s where

000=0 B 8

001=1 v

010=2 @

011=3

100=4

1o



101=5

. 110=6 ]
111=7 -
-and .
- 001/000/011/101/111/110/001 K
would become A7
1035761 a

(a much simpler series to remembér). What you have done is
to chunk each set of three into a single cue. Instead of having

" to remember 21 digits you only need to remember 7, well

Practice should be in a
variety of
environmental
conditions

- force of throw = .d—g__tstanciz(;o target (x)

within your capacity. .

The cuds in sport may be thought of as the 0's and 1’s and
the chunking as visualizing patterns of cues rather than single
cues. In the sameway the information load on the system can
be reduced by chunking.-

Schema. " A schema can be thought of as an abstractien based
upon many instances_'bf motor skill perfformance. The ele-
ments that are combined to create that abstraction are:

‘e the environmental conditions; '

e the response and the result or outcomie of that response.

_.In simpler terms it may be thought of as a rule which guides

the motor response under changing environmental conditions -
so that it will alwiays be successful. This rule is discovered by

practicing under a variety of environmental conditions. After

the rule is discovered the individual can then perform success-

fully under a wide variety of conditions even if he has never

previously performed under those conditions.

- Let us suppose that a ball'is thrown at a target which is 10,

20, or 30 feet away. Through practice the following discovery
is made.

Distance to target  Force of throw " Outcome
10" 1x ~ Success
20" T2x Success -

30" 3x Su%:cess

The rule 'for the relationship between the distance to target
and the force of throw is:

f

o

To be successful the force of the throw must be the distance to
the target divided by 10, times a quantity (x) which s constant.
To throw a ball at a target which is 15 feet away substitute in

103
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 the formula or rule and find that

7 force of throw = ———-: g“'&)‘ or15x

Tty

L]

Highly developed '
motor schemas enable
a performer to select
correct response

7

&

How?

Schema is developed
by varying practice
conditions
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ST - 4 -
Using this rule how much force would be used if the target

was 25 feet away? Althougb schemas are more complicated
than what is presented in the example the general idea of

“schema as a rule to guide motor performance in future situa-

tions of a similar nature is true.

As competency increases in a particular skill, such as the
forehand drive in tennis, or the lay-up shot in basketball, the. .
schema develops so that it is possible to quickly generate an
appropriate response for a wide variety of sitdations. In a
Previous section we indicated that if in tennis there were three
possible speeds, three possible directions, three possible
spins, and three possible heights, the number of possible
combinations would be 81 (3 x 3 X 3 X 3). A highly de-
veloped schema would enable a performer to select or gener-
ate exactly the right movement to match the particular com-
bination of speed, direction, spin, and height, quickly and
easily. It would also enable the performér to accountfor

_ differences in the starting position in planning the movement
" which will be successful. The concept is very important be-_
- cause itenables a performer to be adaptable and shortens the

time it takes for him to make a decision about what he will do
in response to particular environmental situations. ‘

There are several factors that affect the formation of
schema: '
® variability of practice; :
® availability of feedback about outcome and movement; °
® intersensory integration. . ' .
The development of schema can be facilitated by varying the
practice conditions. The teacher or coach should have the
learner perform under a wide variety of environmental condi-
tions. The conditions should be game-like and.should repre-
sent a broad range of the actual possibilities. Feedback about
the outcome and about the student’s movement should be
provided and/or the student’s attention should be focused on
outcome and movement feedback. The student should be
helped to integrate -outcome with movement and environ-
mental conditions. Finally schema formation demands the

4
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‘Whaf Else?

ability to integrat’e'informatio'n from the environment with

informatiog-from- the bady, e.g., whére the limbs are and

where the body is, so that the resulting movement plan ac-

counts for both the present state of the body and th environ-

mental conditions (intérsensory integration is critical to deci-

sion-making and will bereferred to again later in this chapter).
; . . i

’

Yy

Automated executive | Automatization of movement. As skill level increases, the
plans and sub-routines movement planning, coordination, and output phases be-

enable the. performer
to devote more
attention to game
plan strategy

-

'

Well-practiced-

executive plans

become sub-routines l

-

come increasingly automated. This enables the performer to
devote more attention to overall game plan and strategy be- -
cause close moriitoring of the movement phase is no longer
necessary. A favoyite analogy here- is based on computer
operation. Induvrduals refer ta executive plans and sub-
routines. An executive plan is an organizational process that
controls the order and timing of a sequence of mevements. A
sub-routine is a standard movement sequence that is always
executed in e\xactly the same way. It is perforTed without
conscious attention. The executive plan by contrast is a flexi-
ble sequence of sub-routines consciously structured by the
performer at each execution.

" Examples of sub-routlnes used in performing the forehand
drive in tennis are:
® the grip;
® the ready position;
® the pivot;
® the backswing;
® the forward swing;
® the contact;
® the follow- through v
When appropriately executed in time and sequence, they
make up the skill known as.the forehand drive. It should be
understood, however, that when the ready position was first
" learned it was an executive plan under conscious control and
the sub-routines were the foot position; the body position, the
knee position, the racket arm position, the non-facket arm
position, etc. This executive plan became automated and no
longer required conscious control. At that point the ready
position became a sub-routine. In similar fashion each of the
other sub-routines of the forehand drive were first executive
plans and became automated, and so, sub-routines. Through
participation in and practice of tennis, the sub routines which
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make up the executive plan, forehand drive, wilt become less
distinguishable and less and less attention to the individual
portions -of the forehand drive is required. When the execu-
tion of the forehand drive becomes automated the forehand -
drive becomes a sub-routine in theag}mﬁw tennis along with
the other sub-routines of backhand, lob, yolley, cross-court,
and serve. The automation of thé strokes of tennis enables the
performer to plan overall strateg,y and to concentrate on the
total game rather than on each individual shot. , .
It is important to note that the action plans i the repertoire,
of movement sub-routines weré executive plans that became
fixed sequences through practnce and experience. In addition -
these sub-routines are available for incorporation into other
movement sequences. An individual who has had extensive
past experience with racket games*will be able to use the
movement sub-routines in formulating executive plans for
racquetball; squash, ‘and other racket games and will not be
starting from scratch in learning a facket game (in a similar
manner some of the perceptual leafhings will be useful, e.g.,
judgm'g speed, dlrectlon and spin ofthe ball).
Intersensory mtegratlon It was noted prevnously that.inter-
sensory integration, the abrhty to Judge the  equivalence of”
input to different senses, is generally crucial to the operation
of schema and to success at perceptual motor skills. A simple -
example would be to view a ball-moving and to realize that .
the ringing sodnd you hear is related to that movement. To'see
a ball‘at arm’s length and be able.to reach out the precise

-~ distance and grab it or be able to close your fingers and pICk

up a pencil bn the table are other éxamples. .
Abitity to recognize these equivalences is based upon prac-
tice atseeing and doing,Eye-hand coordination is based upon
intersensory |ntegrat|on You see an object and you reach the
precise'distance and grab it. Young children have dlfflculty

- accomplishing these tasks. With practice they w:H soon de-

velop a visual-motor schema and capability to reagh for ob-
jects. When children first learn to throw a ball toward a distant
target they are not always accurate. With practice,they soon

. develop the abilify to precisely throw the ball the cofrect

".distance. They are able to do this because they receive feed-

back from the-environment on each attempt regarding how far
the ball traveled and its error in relation to the distance to the
target. They keep attempting to throw to targets of different

_distances, sensing the amount of force used to throw, receiv-

. ing feedback about the throw, analyzing the error, changing -

l '{ 4')
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the plan, and repeating the steps. Eventually they form a
schema such as the ope described at the begifining of this

section. This schéma.was based upon the integration of visual

input. and klneStheth input (integration of information from
two sensory’ systems), external lnformatton and internal in-

formation.

To perform effectively a player must have a notion of what
is happeping in the environment, on the tennis court, on the
basketball court, and realize where he is in space, where his
limbs are, and how he is positioned. To plan or select and
execute a movement thdt will be successful in matchiﬂg the
environment, input from the body with respect to its pbsition
and its position in space must be considered.

: /!
OUTPUT

" The single most nmportant change in the output segment is
the ability to control movement execution. As players im-

v f

prove they -are able tomove-their bodies as they.plan. The

movement they plan is the,movement they execute. The force
they want to impart to the. ball is the force generated. Move-
ments become integrated. - Coordmatlon of simultaneous
body movements is possible. The player coordinates legs,
arms, and breathing in the swimming stroke. The player can
toss the ball’and swing the terinis racket at the same time.
Response execution does not have to be rushed; you are ready

. to execute the skill. Initiating the formulated response at pre-
cisely the right time is the psimary problem.

3
¥

FEEDBACK . . S , e

Although there isa separate chapteron feedback itis uséjl

here to enumeratq le chapges that take pldce in the use of -

feedback as perfonin’ers become more htghly sktlled. These
changes are:

- ® advanced performers know what input to attend to in gb-

taining feedback;

"® advanced performiers can evaluate the cause and effect

relationship between the response and the feedback;
® advanced performers-can decide what adjustments are
required in the response to correct the perceived errors;
® advanced performers can make the necessary corrections.”
The physical education teacher and coach can help the
beginner become a self-directed learner who can analyze and
correct performance on the basis of feedback by helping the
Iearner attend to and. evaluate avatlable feedback. Some
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examples from tennis would be useful in illustrating an ap-
proach that might be taken. - '

The teacher might tell a beginning tennis player to observe
the flight of the ball as it comes off the racket face and to
remember whether the ball had a flat, high, or low trajectory.
The teacher would then explain the relationship between the
angle of the racket face and the resulting ball flight. The
teacher might then point out the relationship between the
racket grip or the looseness of the player’s grip and the result-
ing angle of the racket face. Finally the teacher might pdl“ht out
how the player. could adjust or change the 8rip to reduce the
size of the error for the next attempt. The sequence of steps'
were: ) 3
e tell the learner what to look for; -
® explain the cause (what | did) and effect (what happened to

“the ball) relationship;

e explain movement cause (grip) and effect (racket face posn-
tion) relationship;

o explainf how the movement error ca be corrected;

® have the player try it again.

This sequence is elaborated in the section on feedback

through the use of an analysis of error table. '

We have seen in this chapter that important changes take
place in the way input is processed; in the speed and effl-
ciency of decision-making, in the control of output, and in t
way feedback is utilized for performance improvement. T

~ changes in information procéssing capabilities underlie the

observable changes which take‘place as skill increases:

® performers learn where to look;

¢ performers learn what to look at;

® performers spend less time taking in-information;

® performers learn to differentiate relevaﬁWTmportant) and

irrelevant (unimportant) information; , Te

L performers Iearn to predict the outcome from a few early
cues;

e performers can discount (ehmlnate) certam outcomes.as
being improbable or less probable than others;

Il

® performers begin to process “sets’”” or patterns of stimuli

rather than individual stimuli;
® performers develop verbal labels for the patterns of stimuli
that are characteristic of their sport;

RN
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. perfgrmers can mtegrate lnformat(on irom several 1mpor~
" tant’sources; . . .
® performers have a highly developed notlon o,f,movements
to match environmental ev'ents LT e
.. ‘performers. can quickly select approprlate movements
: .. ® performers can respond to Enovel events;
® performers can automatléally execute movement seg-
ments;
: performers are capable of |ptegrat|ng the separate aspects
" - of movement;
® performers are more adaptable, capable o(\s_u\ccessful per-
formance under a wider vahety of conditions;
® performers’ attention shifts from the short range conSIdera-
tion of “this shot”* to ‘consideration of overall Strategy for
the long range aspect of“thls game’’ or “this rally” or “’this
play”;
. performers can gmde thelr own learning through use of
available feedback; |
® performers can evaluate thelr own performance through
use of internal systems,
| /
é@ .
Where Can I Find More Informatio ? 3
. Arnold, Ree K. ““Motor Skills: Theorylnto Practlce In DeveloplngSport Skills}
Newtown, CT, 2 ]
. Berlin, Pearl, et. al., eds. "’Skill Learning and Performance ' Research Quarterly,
43; 263-397.-
Locke, Lawrence, ed. Quest XVIl: Learning models and the acqu:smon of motor
_ skills. NAPECW-N,CPEAM 1972.
- Robb, Margaret. The Dynamics of Motor Sk/ll Acqu:s:tlon Englewood Cliffs, ”
~NJ: Prentice-Hall, 1972.
Sage, George. Introduction to Motor Behav:orz A Neuropsycholog/cal Ap-
proach. 2nd edition. Reading, MA: Addison- -Wesley, 1977. : .
Singer, Robert N. Motor Learning and Human Performance 3rd Edition. New
York: Macmillian, 1980.
Whiting, H.TA, Acqumng Ball Skill. Philadelphia: Lea & Febiger, 1969.
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