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. - KBSTRACT
The functiona}_independence of the memorfjand percep~-
tual tracee in.Adamg' (lé?l) model was’{nvestigated. employ-.
ing a slew self-paced graded eeeponse. The task, confaining
the two main elements of a slow selfa-p;a‘cec@.reSponee.”r'lamelyJ
“direction and exteﬁt. involved the recall of a movement in a
léO degree direction and the recognition ef-a movement six
"inches in length. Three levels of sensory fb (distorted,
normal, and heightened) were studied as sperces ef-response-
produced feedback on 100 ecquiéition trials with no.KR. early
KR withdrawal-an&_lafe KR withdrawal. 72 universfty student
volunteers, 36 men and 36 women, were systmatically rotated 'f
into one of the nine 1ndependent cells, so ‘that upon completlon
of testing there were eight subjects per cell. The results
were analyzed by single‘factoq.~tﬂo factor and three factor

ANOVA with repeated meagures on ihe blocks factor and discussed

in terms of predlctlons from Adams® (1971) closed loop model

and sxgnal detection theory. The error detection, ampllflcatlon

and correction process was indexed by CE, the error detection
crlterlon level, and VE, the sen31t1v1ty of the error detection
mechanism to the adopted crlterlon level. The accuracy of" the
memory and perceptual traces, uslng the establlshed crlterlon
level, was descrlbed by ‘AE, whlle thelr strength was measured.

-

by AV. " . |
While the present data was able to epppore'eeveral pre-

dictions from Adams (1971) closed loop modea; it was unable |

to substantiate the functional independenoe of the memory and

 perceptual traces. Since the present findings indicated that



ii
.

the memory irace, like the perceptual trace, is self-regulating
on the basis of sensorx_fb the functional 1ndependencg of the
Itwo traces in memory has become infinitely more dlfflcult to

- egstablish,. both memory ppocesses belng able to 1mprove by Szans
of subaectlve relnforcement. In view of thls 1nformatlon. .
Adams Orlglnal (1971) model was reconceptuallzed as a closed
loop model operating on two dlstlnct leVels. The first level,
the error detection, amplification and correction prgcesses

ig partially closed loop with the criterion level operating
without sensory fb, but the mechanism's sensitivity being
continually modified by incoming sensory fb. The second level,
the controlling'ageﬁts of direction and extent performance,
namely the memory and perceptual traces. respectively, are both
closed loop in nature. Hence, control of skilled perforﬁﬁnce
via a cloéed loop system via sensory -fb has recelved consider-

able support as the superior explanatlon of moVement *control.

»
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o CHAPTER ONE

INTRODUCTION,
2

Control of skllled performance has been-a toplc of *
consagerablelnterest in the twegz/zth century. Sporadic
1nves;1gat10ns were made at the beglnnlng 05 the centurﬁ._
which have led to greatly heightened research efforts in
recent years. However, in spite of the volume of studies
whichlha;e been conducted to shed light on the guestion
"How is movement controlled?" as of yet, there is no definite
answer. Due to the number and complexity of the proéesses
angd mechanisms that act siﬁultaneéusly to produce the exacting
control andqﬂfganiiation. the sheer grace and beauiy. that
typify the'perforﬁance of the skilléd athlete, research has
been able only to provide answers to many 5pecific instances
of movement control. Currently, a general theory of move -
ment control is lacking, but there are two mainstreams into
whlch proponents of\a theory of movement control fall, Open
or central control v1a a éotor program versus closed oop
control v1a sensory feedback (fb). .

In the past. theorles of learning (i.e. assoc1atlve,-
stimulus-reSponse,.cpgnltlve and fleld) have beenlprlmarlly
open loop, a system that has no fb or mechanism for error
.regulation. = An oﬁen loop system, regulated by a motor
brégram may be viewed as

"a set of muscle commands that are siructured before
"a movement sequence, ‘begins, and alléws the entire

RS

A

sequence to be carrled out, uninfluenced by perlphezal .

1 8
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The motor commands are Iormulated on the ba31s of pertinent

input and executodftbrfulflll a desired goal. Once the pro—

' gram has been i,ltioted it continues until completion.'since
perlpheral errof 1h$ormat10n 'is-not used to modify the ongoing
program, .A new_motor ppogram may be sent out to correct an
errot.in:}he.p;evious"program. but the original program itself

" may nqt beé corrected. ‘Motor‘program formulation isffhought

to. be under the, control of the central nervous system. . . <

- Ovc;.the years, a substantial amouht of data has support- >
) : . s

,éq;movemEnt contfol;via a motor program. It has been found ;j
ufhgtAﬁotoc performancg is still possible after complete or
7baftiol removal of sensory fo. (Lashley. 1917: Lashley and : \
- McCarthy, 1926; Lashley and Ball, 1929; Wilson, 1961y Wilson °
and Gettrup. 1963; Wllson. 1964 Wilson, 1968; Chase et. al.
1961 ; ‘Laszlo, l96?a; Laszlo, ;?6?b). Furthermore, 1t-has
.been demonstrated that motor skill acquisition can occho in
the absence of sensory fb. (Laszlo. 1966; Laszlo and Mannlng._
1970a; Taub aﬁd Berman, 1968), The fact that both motor -
learning and mdétor performance are’ stlll achlo;able. after
gensory fb has been eliminateéd, prOVldes strong support for
_an open loop view of movement control.
| In contrast to an open loop system, a closed 1oop bystem
requires the' detection and correction of errors, while the
moyement is being execﬁtedm The fooc'essential elements of.
. all closed loop systems includc'(l) a ;eferehce mechanism

that sPecifiés the desired response: (2) sensory fb from the:

response oo%ppt._which may be used both during and after the

. | L
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movement; (3) comparison of the sensory fb to the reference
inechanism, yielding error information; (&) the correction of
the error, once it has been established. A closed looP system
is self regulating, by detecting and correcting any departuree
from ;the reference. ' | |

Attempts to utilize the closed 100p model to explain
skilled performance have come from various scientific fields.
Following World War II, ehgineerihg peychologists used the
closed loop system to account for tracking behaviour. In
1954, Fairbanks developed a closed loop model. of speech con-
trol and in 1965, Chase, a medical-biologist produced an
information fiow model, which was the first of its kind to
centre’ around the processes of error detection and error
correctlon. A simultaneous 1nterest in closed loop theory
was also occurring. at thls tige in the U.$.S.R. Prominent
Soviet psychologlsts Bernstein (1967) and Anokhin (1969)
developed very exp11c1t closed loop models 1in explanatlon of
skilled performance..

It is from this background that Adams (19?1) ‘developed
'hie'closed loop theory of motor learning. (Flgure 1).
Unlike Chase “and the Sovxet behav1ourlsts. whose models have
no specific frame of reference and are advanced in explanatlon
" of skilled performance in general, Adams has prOposed,a model
onl& in explanation of -the simple, self-paced graded response.
Adams' reasons for resfricting his model, at-the present, 1)
the self-paced graded response are threefold. Firstly, Bart-
lett (l9u8) malntalned that the beginnings of skill are found

in the simple, graded response. According to Barﬁéett. graded

4
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PRACE UPON INITIATION OF THE MEMORY
TRACE. °

Figure 1 Adams' (1971) Closed Loop Hodel of Motor Learning
{ j

movements are a part of virtually all skills and the—sensory

—

fb that control it. Secondl&. in order to generalizé to more
complex skilled behaviour, it is necessary to initiaé; research
with simple motor moveﬁents.' nce an understaﬁdihg of the

very simple movement is comple e, the basis f&i'édmprehending_

" more compléx forms of sﬁilled'pefformance will be laid down.
Thereforé;‘in order to keep the movement'simp;e. Adams restrict-
ed it to a self-paced response, hence eliminating tiﬁing.
which adds considerably to the édmplekity of a response.

. And lastly, a substanfial body of literature,alreaéy existed

on the simple graded res;;nse. providing Aéams with a great
dealiof data with which to work. Elaboratihg on ‘the gradedl

response since it is the frame of_reference for Adams' model, -

L) ’
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it is a serles of steps, which in succession produce‘the o

' appearance of a slow, continuous movement under the control
of sensory fb. Theee steps are affected by various conditions,
such as the rate of appllcatlon of the stimulus, duration of
the stimulus and state of adaptation of the peripheral organs.
(Bartlett, 1948). Operationelly defined, in terms of the
present th331s. the eimple'graded response ie'the learning

. of a 51x 1nch horizontal line and an angle of 120 degrees.

A Description of the Model

Adams® model of motor performance and learning postulates

movement control through closed loop circuits. Crucial to
the develupment malntenaqse and 1mprovement of skilled behavi-
our are knowledge of results (KR) and sensory fb. KR is in-
formation about proficiency "in a problem §olving situation,
provided by an experimenter, instructor or coach. It is a
function of.gérof and can be of any precision. In the present
thesis.‘quentita%?Ve KR was -used, providing error information,
in terms of degreeé for moyeéent direction\and 1/20 inch units
for'Tovemenf extent. - o

' Sensory fb, ‘on the other hand, is the stimelus conseeuences
of a movement after it has begun. Sdurces of sensory fb
include proprioception, tactpalrand pregsure,. as well as
vision and audition. ﬁ%wevef. the ‘most important source.
in terms of Adams model. is proprloceptlon. T

N

d As _stated earlier, Adams model is proposed 1% exPlana-

ﬁ_,/t“hg.of the 51mple, self—paced. graded responee. Since choice

-of d\iectlon and exteht of movement are the two main propertles
l

'of a 51mple self-paced response (Adams. 1971), Adams has posi- .

}

RNV



ulated two indéﬁendent functional traces in memary. which are
’ responsible for each of phege properties and ultimately for.
motor learning and performance. o
The first is termed the memory trace, which is defined-"”
?f a modest motor program that selects and initiates the res-.
ponse-and its direction, preceding the use of the perceptuai
trace. (Adgms 1971 aﬁd 1973). The memory trace must be cued
to action, at which time it arouses the perceptual trace,
associated with the desired position. It is essentially open
loop in nature, operating without sensory fb, its strength
growing as a function of KR and the amount of practice.
| The second is.termed the perceptual trace and it is the
representations of ther;ensory consequences of past responses.
It is the construct which is responsible for the extent of
“the movement and it is what the subject uses as a reference
to adjust his next movement, on the bagis of KR. Movement
initiation by the memory trace, causes an anticipatory arousal
of the perceptual trace. and sensory fb from the ohgoing response
iSHCOmpared fo it. Rather than being one single state, the
perceptual trace is a complex distribution of tfaceé. On each
trial..a new trace is laid déwn and the accumulation ¢f old
and.new traces is the distributioﬂ.
Iﬁ order for learning to occur, KR, as well as the per-
ceptual trace for a partlcular response and sensory fb are
essentlal. The subject must use KR to make his next response
.dlfferent from the previous one. Without KRJ_thg subjeck is

forced to repeat incorrect responses, since the perceptual

trace laid down on the previous response was incorrect.
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Early in ledrning, or.what Adams calls the Verbal-Motor Stage
when the error ¥epexted.in KR is large, the distributiog of
perceptual traces is vague. In this stage, corrections are
based on KR and vanal transforms of it. (Adéms. 1971).

The large errors observed earlj in*learning undoubtedly

result from compafing_sensory fo to an uncertain variable
reference. Performance. in the Verbal-Motor Stage is on

the congcioﬁs level. However, late in learning, when the
erréf.reported in KR has been consistently small for somé
time, the distribution of perceptual traces develops a sharply
defined modal value. During this late phase of learning,

. which Adams calls the Motor Stage, the perceptual trace for
the specified response is strong, sinée the corréct.r;sponsé
_or a very close approximation of it, has been repeated a
.numberlof times. In the Motor Stage of motor learning, the
subject moves until incoming sensory fb from the present move-
ment has zero error when-compared to the perceptual frace.

KR, provided by the experimenter is now unnecegsary, supplying
redundant ihformation to fhe subject, who can now learn on

the basis of internally produced error information. This ¢
self-generated error .information is derived from a comparison
of sensory fb to the strong, well deyelOpetherceptual trage,
a process which: Adams calls subjective reinforgement,.. -
Performance has now become automated. n contrasf to the
memory trace, the_perceﬁtual trace ié/éiosed loop inhp?ture.‘
its strength, growing as a function of KR, the quality and
quantity of sensory fb and the amount of practice.

In summary, all adjustments of a self-paced motor



response are based on a gomparison of current sensory fb

~with the perceptual trace for .the determination of error.

When an error is detected through a mismatch between the
two, the subjéct will attempt to bring the sensory fb in

allgnment with the perceptual trace untll the error is zero.

It is extremely important to physical educatora to know
how motor skills are acquired, improved upon and maintained and
to have an understandlng of the mechanisms controlllng skilledn
performance. If moto; skills are under the control of a closed
loop mechanlsm. such as the one advanced. by Adama. which by
nature is a function of gensory fn, then this knowledge offers
gu}derlnes in the teaching of motor skills., Under such circum-
stahces in the early stages of legrﬁing, sﬁecific.infqrmation
should be given to _the performaf. simultaneous to or immediately

following performénce in order to aid the performer in the mean-

ingful interpretation of his sensory fb. As learning progresses

" and performance becomes automated, these cues supplied by the

teacher should become redundant, the performer nOW‘learﬁing by
means of self—éenerated error information. In contrast, if-
motor skills are controlled by an open loop mechanism: which
by nature is carried out uninfluenced by sensory fb, simultaneous
information about performance would be useless sincé the motor
program must continue until completion. KR under these circum-
gtances, would be of a different nature, since it would not aid

in the meaningful interpretation of sensory fb. Hence, the

‘present thesis whigh investigates Adams’ closed loop model,

which has been proposed as the superior explanation of movement
~ . -
control, hopes to shed light on the mechanisms controlling

human performance.



'CHAPTER TWO
REVIEW OF LITERATURE

Introduction

A review of the 1iterature concerning the control of
skilled performonce indioates that sensory fb is important,
hence favouring some type of closed loop monitoring. As
mentioned previously, numerous studies have been conducted
in the hopes of providing emplrlcal evidence in support of
elther open loop control via a motor program Or closed loop
_control via sensory fb. A review of the data concerning .
movement control through an open loop motor program, has
revealed a dec1ded Jack of evidence that the motor program
nsig/assume sole control of skilled performance. (Lashley-
- and McCarthy. 1926; Lashley and Ball, 1929. Wilson, 1961:
Wilson and Gettrup, 1963: W1lson. 1964; Wilson, 1968; Chase
et al., 1961; Laszlo; 1967a; Laszlo, 1967b). Although in
all of these studies, motor performance was still p0351ble
‘after complete or partial removal of ;ensory_fb. the fact that
it was impaired indicates that sensory fb does indeed play a
role in"the control of skilled perY¥ormance. Consequently,
as\Adams (1971) has‘prOposed. closed loop theory. is alter-
natively, the superior explanation'pf movement control. It
is this closed loop model of motor learning, developed DY
Adams (1971) that is the topic of inyostigatioo of the present

thesis. Empirical verification of this model and all of its

ramifications 1is essential in the substantiation of a closed
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loop.theory of movement control.

ConSLderable research’ has been done on two of the four
components of Adams model, KR and fb, the elements giving
the model its closed loop designation. The importance of
tﬂese two variables in.tpe control of skilled performance
will briefly pe discussed. Since research in the verbal
domain has usually preceded its motor counterpart, a closed
loop model of verbal learning and its implications for the.
motor realm will be considered, followed by an extensive re-
view of the research already.conducted-on Adahs‘ closed loop
model. |

. The Impoftance of Sensory FD

Receng empirical data make the importance of sensory
fb.in the control of skilled performaﬁce difficult to deny.
Chase (1965, Part I) maintains that the most preclbe inform=-
ation which might be utilized-to inform the nervous system -
about mgvement is expected to result from specialized pro—
prloceptors in skeletal muscle or its attachment. Similarly.
Pew (1973), when developxng a hierarchy of different types-
of information in relatlon to a desired goal, placed KR at
the base, with the exteroceptors. primarily vision and audi-
tion coming next, followed by the proprioceptors., foilowee
at the highest level by efferent ‘signals.

In support of the tremendous 1mportance of sensory fb-.
to movement control. are studies in which sensory fb has- been
'elther delayed, dlstorted. reduced or ellmlnated Chase g} al.
(1961) distorted or delayed all sources of sensory fb, includ-

ing prOprioceptlve. tactlle. visual and audltory fb channels,
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" both singly and in combination, during.the performance of a

tapping task. It was found that delayed sensory fb produced

distorted performance in tapping. Moreover, it was observed f

that elimxnatlon of all four fb channels together produced -

no greater a_performance decrement than distortion of proprio-
ceptive fb alone. -Consequently, Chase suggested that proprio-

ception might be the most important source of fb for movement

- cpptrol in fast and rhythmical_tapping.

Similarly, Laszlo (1967a) found thct the reduction of
proprioception alone caused a greater performance decrement
than_the reduction of -exteroception inlfcst and rhythmical
tapping and iracking skills: However, she noted that each
task was affected to-a different degree by the proprioceptive
sense.loss. Further evidence that loss of proprioceptive fb
caused'marked‘performance decrements was produced by Laszlo

(1966 and 1968). While Laszlo (1967a) showed that loss of \

proprioception greatly impaired the ability to perform a

Ri
familiar task, Laszlo (1968) demomstrated that loss of proprio-

ceptlon also impaired the performance of a novel task from
the very gpglnnlng of training. Furthermore. she also refuted

the previously held Qypothe51s that in the initial stages of .

learning a skill, extercccpﬁive cues: are utilized preédominantly,

while during the later stages of skilled performance, -proprio-

ceptlve cues assume paramount 1mportance. Quite to the con-

.trary subjects deprived of propr10cept1va fb early in learnlng.

ghowed markedly more impairment than subjécts deprived of

I .
vigion. (Laszlo, 1968). In additionm, Laszlo and Bairstow

(19715) demonstrated that in the absence ¢f sensory fb, error
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detection and erorwcorrection.in_a novel\and accurate move-
ment did not occur ‘dand consequently no improvement was possiblo.
Moreover, not only did the loss of sensqry fb result in decided
performance decrements but it also produced a wide range of
individual dlfferences (Laszlo. 1967a; l967b; 1968, Laszlo

i

and Mannlng. l9?0a) -,

Such strong emplrlcal support of the importance of sensory
fb in both the aCQUlSltlon and maintenarice of skilled perfor-
mance 1end.oonsiderable credonce to movement control via a

closed loop éystem.

The Importance of KR

Also of paramount importancé in the control of skilled
benaviour, along with sensory fb, is KR. The importance of
KR in the acqulsltlon and maintenance of skilled performance
had lts beglnnlngs in Thorndlke s Law of Effect. The Law of
Effect states that what comes after a stimulus-response
connecﬁ}on acts upon it to alter its strength. (Thorndike,
1927). To test his theory, Thorndike employed‘a }ine drawing
‘task of 3, 4, 5, or 6 inches and qualitativo KR of “"Right" or\ r
"Wrong" was given, folIOWEng each response. It was found.that
the satisfying ;timuius-rESponse connections i.é. the responses //’
that were rewarded by the exper&nenter saying "Right" were
strengthened and the percent of forrect responses rose?rapldly.

In contrast, when no KR was glven at all. no 1mprovement was
evidenced. This experlment provided crucial empirical ev1d-
ence that the consequences of a stimulus-response connection

work back upon it to influence its strength.

Since the early work of Thorndike, a considerable amount
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of data supporting the importance'of KR in the acquisition

_and maintenance of skilled behaviour has accumulated. In

an extensive review of this data Bilodeau (1969) made the
comprehensive statement that learning depended ﬁpon'fﬁé pfe-
sence of KR and its absolute frequency. She further, elabor-
ated that experiments manipulating KR, as an independent

variable, repeatedly demoﬂgtrated the three following empirical

effects: (1) perfofmance failed to improve unless KR was intro-

duced; (2) performance improved with KR; and (3) performance
either deteriorated if KR was withdrawn or showed no further

improvement.,

Since it had been repeatedly \demonstrated that formance

\
~
did not improve unless KR was present (Thorndike, 1927; Rrow-
bridge and Cason, 1932, Dyal, 1966) and the more precise the

KR, the more rapid the improvement (Trowbridge and Cason, 1932)
and the more superior the performance (Nuttin and Greenwald,
1968), KR came to be viewed asfa_stimuiﬁé for eérror correction.

In support of this notipr, Elwell and Grindley (1938) conducting

research on KR in conjunction with different motor tasks, ob-

_served that man, unlfke aniyals,.did not. repeat;rewarded res-

y

on the

d‘correct his .€rr
basis of KR. Similarly, Nutt§>\ap§.creenwg (1968) concluded
| ‘ a ?§ inch line was
playlng an error correcting role. | ' - |
Furthermore, it was sfated that
with ﬁ% was 1ncreased the amount “of error progre851vely de-

’ r.

creased, until an asymptotlc mlnlmal error scor3 das achieved.

s the amouni of practice

(Bilodeau,’ 1969) In addltlon. sustalned perfornance or what
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Bilodéaﬁ (1969) called residual benefits were greater wh;h
KR was withdrawn, after greater amounts gf practice with KR
had .been permitted. | ' i
However, -the importance of KR in the acquié&tion and
maintenance of skilled performance 1is efgﬁ more abparent.
when it -is considered along with sensorj fb. Both sensory
fb and KR are essential for learning to occur. Neither a
learning cﬁrve nor evidence of latent learning have been
demonstrated when sensory fb was present. wlthout KR (Bilodeau,
1969).. In fact, Bilodeau (1969) suggested that learning could
be- vmewed -ag the building of a scale relatlonshlp between sen- .
sory and KR. )Experlence with KR improved the subject's

W“\‘_/
ability to use sensory fb by providing the information necess-

ary to make the appro\?iate transformations, in the processxﬂg
o{ gensory fb. ’

In another attempt to explain how KR was functional in
the learning aqﬁ performance of skilled behaviour, Dyal (1966)
utilizing a line draqug;task and manipulating imqediife.
delayed and no KR, in an acquisition and withdrawal paradigm,
'concludea.like predgcessofs'and contemporaries that perfof—
‘mancé‘did not improve unless KR was administered. However,
he .went onlto-state that the effect of KR on_iearning occqrred
via modification of the subJect's reference mechanism toward
the correct response, defined by KR. When KR was ﬁithdraﬁn.
the subJect was forced to rely upon his own reference mech-
‘anism. This reference mechanism, which had develOped over
trials, relied on KR in the early stages of learning.

.This information, which was essential to the task, could not
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be removed without a loss bf efficiency., In a similar line
of’ reasoning. earlier research on KR by Annett and Kay (1957)
led them to suggest that if the tralnlng process was SO arranged
that KR..whh‘y had helped the subject initially, lé}er became

redundant, then KR could be removed without any seflous loss

of efficiency.

In summary, the importance of KR in the.athisitionoahd
‘maintenance of ékilled performance lies in fts cépacity-to
define the correct response so‘that it can be reﬁ;agsed.
Consequently.over-trials, KR' assumés an error correqtﬁﬁg‘foiﬁi.f
Since error correction is one of the essential compd;éntg
of é closed loop system, the importance of KR %p-é closed
loop system of movement_cbntrol is undeniable,

A Closed Loop Model of Verbal Learning

Since Adams' (1971) closed loop model of motor learning
was born of a verbal mother, a destriftion of the essentials
o;“this closed loop model of verbal learning seems approﬁriate.
Employing a paired associate learning situation, Adams and
Bray ﬁ1970) made the crucial conclusion that recall and recog-
nition of verbal materials were based on two funétional pfaces
inHMema}y. rathér than one. It was observed that it was one
thing to recall a responsé and quite another to recognize 1it.

Since responses couig‘ﬁfzgn be recognized but not recalied.
‘recbgnitidn was considered to be the'more sensitive of the
two m;asures. Thé memofy trace was thought to be re5ponsib1e'
'for recall, while the perceptual traqe’was thbught to be res-
ponsible for recognition. 'Tﬁe memory and perceptual traces

in motor memory are.analogous to the traces allowing recall
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and recognition, respectively in verbal memory .

| It was also found that subaects were able to distinguish
.‘correct from incorrect responses. Adams and Bray suggested
that External stimuli laid down & perceptual Erace and the
gengory fb from the verbal response, pfOprioceptiVe. tactual
and auditory in nature, were compared to this perceptual
trace. If a feellng of familiarity was evoked, the subject
reported that he recognlzed the response. Verxflcatlon of
re8ponse recognltlon in tnls manngp was thought to be deter-
mined by sensory fb fectors; including lntenslty. the number
of fv loops and the similarity of the response to the correct
one. As the contlnual matchlng process between current sen-
sory fb and the perceptual trace produced progressively smaller
disérepancies. a feeling- of famlllarlty develo}ed and not
surprisingly, the gubject's confldence in the correctness of
his” responée also increased considerably. As this correct
response was rehearsed, it was  assumed that its perceptual
trace etrengthened and‘keg\dfto operate as an intgrnal refer-
ence about the correctness of the respons€. Al 1 is poxnt,
KR could be withdrawn and continued learning via subjective
reinforcemert evidenced. -

Adams (1971) by his own admissien. has transposed some
of the essentials of'a-closed loop theory of verbal learning
(Adams and Bray, 1970) to the motor domain. ?Of paramount
1nterest to the present the81s ;éfwhether the lndependent
-functlonal traces, allowing recall and recogri¥tion in verbal
.menory remain functionally independent in moter memory .

Empirical Verlfxcatlon of Adamg’ Closed Loop Model
The mpst important aspect of Adams®' model is the postu-
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lation that the memory and perceptual traces are independent
, functional traces. 'Any additional hypotheses derived from
%hé_model rest necessarily on this crucial assumption.
Amazingly enough, this critical assumption has never been‘
empirically substantiated with reference 4o the slow, self-
paced graded response. Failing to first verify the very
basis of the model, renearchers have proceeded blithely
onwands. providing avenues of-empirical supporf for other
predictions of Adams' model. ' |

Adams, Goetz and Marshall (1972). Uslng a Iﬁufnbh linear
displacement task, found that the amount of practice and the
amount of fb influenced motor performance. Manlpulating
visual, auditory and proprioceptive fb in\?igh\or low amounts,
they found that in acquisition the more fb permitted, the
more accurate the pefformance. Mbreover.‘during KR withdrawal
“trials, when the fb in acquisition and the fb during KR with-
drawal were the same, it was noticed that performance was more
accurate with augmented than nitn minimal fb. Both these
observations support the predicéion from Adams' model that
_ the strength of the perceptual trace is a fun?tion of the
amount of sensory fb. Furthermore, it was found that per -
mance during acquisition and during KR withdrawal trials,
when fb was unchanged, was positively related to the amount
of practice during acquisition, substantiatiné the prediction
that the perceptual trace strengtnens as experience with .
sensory fb increases. Performance was worse, during KR
withdrawal trials when the conditions of fDb were changed due

.to an incompatibllity between current sensory fb and the
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already existing perpgptual trace. Performance was also worse
during KR withdrawal trials, when only small amounts of sen-

sory fb were avallable, since the perccptual trace that had

formed was weak. ,
Similarly, Marteniuk and Roy (1973), uéinga timed 32
inch linear displacement task, found that there were signifi-

cant increases in constant and variable error.1 when. fb was

changed. The increase in both constant and variable error

indicated that changes in sensory fb caused subjects to become

- less accurate in achleving thg\gziired position and more in-

consistent or less precise in thel -efforts to do so.

Adams, Marshali and Coetz (1972) went on to investigate
thg effects of fb elimination on forgetiing. It was observed
ihat attenuation of the visual, auditory and propffaceptive
fo channels caused a significant loss of reténtion. Minimal
fb produced a weak trace which was not resistant to decay over
a retention interval.

Similarly. Burwitz (1972), employing an 8 inch lipear
levi;/positioning task, observed that impoverished

duced’ a weak perceptual trace compared to the on roduced
when the.visuél'and auditory channels were i

prioceptive fb was heightened. Since the aubject's ability to

1. 1In the present thesis, consistent with signal detection
theory. constant error will be used as an indicator of
the accuracy of the established criterion level for
error detection and variable error will be used as an
indicator of the sensitivity of the error detection
mechanism at the established criterion level. In
contrast, absoclute error will .be used-as an indicator
of the accuracy of the memory and perceptual trace, :
using the adopted criterion level while average deviation
will be used as an indicator of the precision and hence
the strength of /the memory and perceptual tracqg. Hence
CE and VE will be measures’of the signal detection, ampli-
fication and error correction processes, while AE and AV
will be meausres of the state of the memory and perceptual
tragés. :
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accurétely estimate his own performance was significantly
impaired in the impgverished fb condition, the strength of
-the peréeptual trace was assumed to be weak. The weak trace
was difficult to rehearse and consequently was gusceptible

to forgetting. - T

Despite the fact that Lhe previous studies were all able

to provide some measure of empirical support for Adams closed
1oop model, Adams (1972) himself was only very weakly able

to verify his own model. InQ?\Q x 2 factorial design, in
which augmented and minimal sensory fb and 2 or ;O practice
trials were the independent variables manipulated, it was
found that subjects required/ég learn 8 crite£ion movements,
ranging from 3.9 to 10.9 inches and to repeat these movements
in a test phase, were acdurately able to detect their errors.
However, both the practice and fb variables failed to reach
significance, forcing Adams to conclude that neither fb\nor
practice played a role in error detection. In a sequel
experiment.‘kdams (1972) discovered that subjecis.were defin-
itely able to correct errors. While the fb variable was
again insignificant, indicating that fb did not ﬁlay a role
in error correction, the practice variable‘was.significantr‘*
suggesting that practng did play a fole in error correction..
Nevertheless, the data still failed to support Adams! primary
assumption that the stéength of the perceptual trace is a
function 6f the amount 6f fb and the amount of practice.

| Commenting on Adams (1971) closed 100p model, Schmldt
(1972) hypothesized that empirical validation of the model

was difficult because the roles of the memory and perceptual
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‘trace werg confounded in the self-paced response. Since

the memofy trace's éolelgunCtion was the selection and initi-
ation of a response with control then shifting to the perceptual
tréce. the independebt functioning of the two traces seemed |
1mp0551ble. Mg;eover, Schmidt also maintained that error

detection was infeasible. He reasoned thaf if the subject

~ was using his perceptual-trace as the basis for positioning,

:according to the model, he ‘would then move to that position

%o; which he received a match between the tfqpe.gnd sensory fb.
Upon being questioned about the mégnitude of his error, theo-
retically the subject should say thag.he has not made an error,
since he moved to that posftion tﬁat the perceptual trace and
sensorf fb deemed correct. Therefore, error detection did
not seem possible. )

As a solution, Schmidt prop%Sed that the slow self-paced
graded response be replaced by é ballistic response. In such
a response, the memory trace WOuld produce the response and"”‘k\\\
the perceptual trace would evaluate its correctness after the .
response Was over. Slnbe the two. traces would havekzﬁg,unlque
functions, Adams' processes of error detection and correcqion
could now be realized. Within-subject correlations between .
objective (actual) and subjective (J&Egéd) errors, indicated

that when the slow self-paced graded response/was used, the

mean correlation was approximately .2, suggesting that the

subject did not-have a very clear idea of his own error state.

'}
Conversely, when a ballistic response was employed the mean

within-subject correlation soared as high as .9. ‘This high
correlation indicated to Schmidt that, in a ballistic response,

subjects had a better idea of their own error state.
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Consequently, sevaEQ\Ezrgﬁtigators have taken Adams'
‘model out of its original frame of reference and have tested
it, using the ballistic response. .C;ucial to closed loop
fheory and the ballistic response was Schmidt .and White's
(1972) study, in which it was concluded that‘all of the pre-
dictions from Adams' model and ballistic responses were support-
‘ed. Given 170 ‘trials, 10 gubjects were reqﬁired-to move a
slider 9.5 inches in exactly .150 msec. KR was withdrawn during
trials 11 J/EE and 141 - 170 in experiment one and after trial _
2 in experiment two. It was reported that in early practi&e.- %
i.e. after only 2 trials, XR withdrawal praduced a marked per-
formance decrement. When KR was withdrawn late in practice,
pérformance wag maintained and ; slight trend for iearning
was evidenced. Moreover, as practice continued, not onlj did |
the discreparicy betweeﬂ the subject's actual errors and his
estimation of those errors de¢rease, but also his confidence
in éhercorrectness of his estimations increased, indicating
the developmeﬁt of a strong perceptual trace.

In an extension of Schmidt and White's :(1972) research
Schmidt and Wrisberg (1972) attempted to substantiate the
crucial assumption-that the mgmory and perceptual traces were -
indeed two independent functional tra ; A gecondary purpose
was to provide further evidencé thai the error detection mech-
anism depended upon the quaiity of sensory fb in acquisition.
Utilizing egsentially the same ballistic task as Schmidt and
.White (19722. 52 subjects were required to move a slide left-
ward through a distance of§26 inches in 200 msec. In an
attempt to verify that each trace was functionally ?ndependént\
the effects of KR withdrawal, both early and late in pfactice.

4

¢
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on therehavioural sjndice of each trace were observed. The
measure of the etrength of the memory trace, whose role in a
ballistic movement ig response production, was absolute error
i.e. the abeolute value of the difference between the objec-
tive time and 200 msec. The measure of the strength of the
perdeptual trace, whose role 13 response evaluation, was the
within-subject correlation between the objective and subjective
times. Suppori for the functional independence of the memory
and perceptual trace was obtatned. when it was shown that KR
thhdrawal produced marked decrements in the absolute accuracy
of-reeponding. whileé it had no reliable effects on the objective-.
subjective correlation. However, only partial support of the
‘prediction that the error detection mechanism developed as 2
function of the quality of gensory fb was procured.' The sub-
éjective-objective correlations for subjects denied vision and
audition were not significanily different from those co;relat—
ionetof subjects who could both see and hear. Nevertheless,

it was reported that. when KR was withdrawn, subjects with the
etandard fo maintained performance significantly better than
sub jects w1th the limited fb. Schmidt and Wrisberg (1972)
concluded that greater amounts of sensory fu, in the absence

of KR, contributed to the deueisznent of a more ‘sharply defined
perceptual trace. ‘ ) |

evelopgent of the Problem

Despite the fact that Schmidt and Wrisberg (1972) have'.
demonstrated that the memory and perceptua} traces are indepen-
dent memory functions. their conclwsion was made with reference
to the ballistic‘response. Since Adams progosed his model in

explanation of the gimple self-paced graded Tesponse, the

Y _ .

s



23 "

memory and perceptual traces must be empirically verified as
independent functiaﬁai traces w:thin this frame of reference
before the model can be propbsed in Fxplanation of more complex
motor tasks. Moreover, Adams (1971) emphatically defined the
memory traée as a modest motor program that only choos;s and
initiates- the response and its ﬁirection.hrather than controll-
ing a longer sequence. Consequently, Schmidt and White (1972)
and Schmiat_and Wrisberg (1972) aé well as all other investiga-
tors employing a ballistic response, in which the memory trace
executes or controls the movément'seqqénce. have provided little
in fhe wﬁy of additional information about the validity of
Adams' closed loop model, as originally presented.

Furthermore, while QEVeral closed loop theorists, especi-
ally of Soviet origin, suggest that movemeni control may ﬁe‘
actualized through the operation of only one neural mechaniéﬁ\x\
Adams (1971) cites three reasons, why another independent i
mechanisﬁ. namely a memory trace, is essential for movement
control. Firé% and foremost, ’

"if the agent that fires the response also is thé

reference against which the response is tested

for correctness. the response must necessarily

be judged correct because it is compared against

itself. Response activation and evaluation :

require independent mechanismd (Adams, 1971, p.126).
Secondly, since coﬁtrol of the response is pegmitted through
a comparison of fb to a reference mechanism, some other
mechanism is required to fire the response in the first place.
And lastly, avldencet}rom a verbal study. (Adams and Bray,
1970) has demonstrated that recall and-recognitioh of verbal

regsponses are based on two independent traces rather than one,

recall being associated with response production and repognition
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being associated with stimulus and responge identification.

"The starting of the movement is motor recall
and it is based on the memory trace. Knowing
whether the movement is proceeding correctly or
not is a matter of response recognition and the
perceptual trace along with ongoing fb govern it.”
(Adams, 1971, p.126)

The Problemn

L)

A further investigation into the functional independence
of Adams' memofy and perceptual traces is essential.
Tﬁerefore. the purpose of the present’ thesis was 1o determine
whether the memory and perceptual traces are idgeed independ-
ent memory functions. The fraﬁe of reference Qaa the slow
gself=paced graded response, the same frame of feference for
which the model had originally been proposed. Since the
postulation that the two traces are functionally independent
is %he most important aspect of Adams'model and any additiona}
predictions derived. from the model rest necessarily on this ‘
crucial assumption, this investigation igs of immediate import-
a'ce. Rather than being the next logical step in a guccession
og\sfsearch. this study shotld have been the first step.
Hypotheses | | | |

Separaté hypotheses were formulatéd concerning accuracy,
precision, direction and extent, direction and extent being
the behavioural responses of the memory~and'ﬁerceptual traces

respectively. Although signal detection concepts were used

to interpret iwo of the four dependent error scores used, the -

‘hypotheses were stated in terms of absolute error, which was

the measure of the accuracy of the memory and perceptual trace
and average deviation, which was the measure of the precision

and thus the strength of the memory and perceptual trace.



25

- In summary AE and AV descri;:} the actual state of the memory
and perceptual traces. Since‘KR was the independent variable
expected to cause different: effects upon the behavioural indice
of each trace, the hypotheses were presented in terms of the’

appropriate KR paradigm, first for the memory trace and then h]

for the perceptual trace; . o )
All hypotheseé concerning practice without KR (hjpotheses

one to six for the memory trace and ninqteen to twenty-four

fbr the pérceptual trace) were formulatéﬁ from several studies,

investigating reinforcement and learning. (Thorndike 1927;

Trowbridge and Cason, 1932; Dyal, 1966; Bilodeau, 1965). j

These studies concluded that performance failed to impf;ve |

unless KR was introduced. Furthermore, Adams (1971) stated

that in order for learning to occur, the subject must use KR

to make his next response different from his previous one.

In three conditions of the present experiment, since KR is

not available, the subject lacks the necessary information

" to form eilther a correct memory trace or a correct perceptual

trace for the required movement. Hence neither the accuracy (AE)

nor the precision (AV) of the memory or_ﬁerceptuél trace can

improve. //

All hypothages involving early KR withdrawal and the
memory trace (hyﬂotheses seven to 'twelve) originated -mainly
from Adams’ (1971) closed loop model but indirect derivations
from research conducted.on Adams' model were also present.
ﬁccording to Adams, the direction of a response is the resp-
onsibility of the memory trace and the memory trace unlike

the perceptual trace is ngt a function of sensory fb.

Therefore, withdrawal of KR should cause decrements in both L
/ L.
/o : .



L

“ballistic performance.
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the accuracy and the precision of direction performance since
the only source of érrorlinforﬁation for error correction to
the trace has been remded. Moreover, Adams (1971) maintained.

that the withdrawal of KR produces dgterioration of performance

when the level of training is low or moderate. Similarly,

Schmidt and White (19?2) and Schmidt and Wrisberg (1972} showed
that early KR withdrawal produced & severe deterioration in
<

The hypotheses concerning late KR withdrawal and the
memory trace (hypotheses thirtéen to eighteen) were<§erived
directly from Adams' model. Adams (1l971) stated that after
a relatively large amount‘of training, learning can continue
when KR is withdrawn, by means of subjective reinforcement.
However, according to Adams (1971 and 1973} the memory trace
is not a function of sensory fb. As a result, continued
learning, when KR is withdrawn cannot ve expected, There-
fore, the accuracy and precision of direction performance
is expected to stabilize during late KR withdrawal, being
maintained by a étrong memory trace, which has developed as
a function of practice with precise KR.

The hypotheses involving early KR withdrawal and the
perceptual trace (hypotheses twenty-five to thirty-one)
ocriginated directly from Adams'modél. as well as from research

conducted on Adams'model. Adams (1971) maintained that KR.

~ withdrawal produces deterioration of performance when "the -

level of training is low.or moderate. This belief was also
corroborated by Schmidt and White (1972) and Schmidt and ¢
Wrisberg (1972). Schmidt and Wrisberg (1972) also found

"V '
that, during early KR withdrawal, subjects with limited sensory
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fb demonstrated an 1mmediate and pronounced decrement. while

eubaecfe w1th etandard fb produced a decrement that emerged

over triale. but never became ‘as large as that ghown by subjects -

w1th llmited fo. The extensive review of the research on KR
by Bilodeau (1969) also aided in the formulatlon of the hypo-
theses concernlng extent performance. In her summgry. she
cited evidence that both sensory fb and KR were eseentxal for
learning to cccur. Since, subjects had had a very limited
time with which to practice with KR before it was withdrawn
early in learning, they lacked .the necessary experience -with
KR by which to improve their ability to use sensory fb. )
Consequently, decrements in both the accuracy and precision

of extent performance were expected., ’

The hypotheees concerning late KR withdrawal and the

erceptual trace (hypotheses thlrty-tWO to thirty- elght) were
also derived from both Adams' model 1tself and research con-
ducted on the model._ Adams (1971) stated that learning could
continue, when KR was withdrawn, through subjective reinforce-
ment. However, in order for this process to occur, the percep-
tual trace must be a strong approximation of the correct res-
ponse. Both Schmidt and White (1972) and. Schmidt and ersberg
(1972) empirically verified that subjects deveIOped‘a strong
perceptual trace over trials. In both these studies, ‘sensory
fb was available in the 1nterresppnse interval. However, in
‘several other studies in.whlch sensory fb was attenuated, it
was found that impoverished sensory fo produced a weak
perceptual trace, which was difficult to rehearse. (Adams,

Marshall and Goetz, 1972: Burwitz, 1972}. This weak per-

ceptual trace led to pcrformance'deterioration on KR thhdrawal

o)

I E——— TR LT



28

trials. (Adams, Goetz and Marshall, 1972). Conseqﬁently.'gn
the present-thesis.'it was expected that thé’group/lacking
sensory fb should_detefioraté in both the accuracy and pre-
'cision of their line drawing performance. However,.Schmidt
gnd White (1972) ddemonstrated that during late KR withdrawal,
when sensory fb was present, continued iearning occurred.
Since the perceptual trace was said to be a funcﬁ?én of sen- .
sory fb (A?ams. 1971), then it was expected that augmented
g%nsory fb would enhancévyhe development of a stironger percep-
tual trace, enabling'the subjective réinforcement process to
.be more accurate. Hence, greater improvements in both the
" accuracy and precision of line drawing performance was expeci-
ed from subjects, with qéightened sensory fb, in comparison
. , i

to subjects with normal sensory fb. R

State of the Memory Tracé for the Recall of the Direction
of "'a Movement - .

No Kndwledge'of Results

' Distorted Feedback

) Hypothqsié Une:
. Practice without KR wi;l cause no change in_a§Curacf'for
\l directian perfoﬁmgnée. when sensory fb is distorted.
“\,J. Hypothesis Twos .
s Practicé without\KR will cause no changé in precigioh
for direction pgrfor::;be; when sensory fb is distofted.

Normal Feedback = . o

Hypothesis Three:
‘Practice withowt KR will cause no change in accuracy
f¢r direction performance, when sensory fb 1is normal.

!

Hypothesis Four:

Practjce without KR will cause no change,ij/srecision
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+ for direction performance, when se?sory fb is

Heightened- Fe edback )
Hypothesis Five: |

Practice without KR will cause no change

for direction performance, when ‘sensory fb is
. . . g
o _Hypothesis Sixt
" _, Practice without KR will cause no change

 for direction performance, when sensoxy fb is

Early Knowledge of Resukfs~Withdrawal

Distorted Feedback

Hypothesis Seveni

Early KR withdrawal will cause a decrement in accu

normal.l'
in accuracy
heightened.

in precision

heightened.

for dlrectlon performance, when sensory fb is distorted.

Hypothesls Eight:

Egrly“KR:withdrawal will cause a decrement in precis

for direction performance.‘when gengory fb is distorted.

Normal Feedback

Hypothesis Nlne-

Early KR withdrawal will cause a decrement in accuracy

for direction performance. when sensory fp is normal.

1

Hypoﬂhesls Teng .

Early KR withdrawal will cause a decrement in precision

for direction_ performance, when sensory fb is normal.-

—

Heightened Feedback

Hypotheeis Eleven:

for dlrectlon performance, when sensory fb is heightened.

Hypothesis TWelvez

34
Pl

™

L.
o

\\\Early KR withdrawal will cause a decrement in accuracy

racy

ion

Early KR w1thdrawal w111 cause a decrement ln precision.

-
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for direcfion performance, when gensory fb is heightened.

‘Late Knowledge of Results Withdrawal ‘

Distorted Feedback™

Hypothesis Thiriteen: v -

Late KR withdrawal will result in,a stabilization in
accuracy for dipection performance.'when gensory fb is distorted.
Hypothesxs Fourteen:

-

Late KR withdrawal lel result in a Btabzllzatlon in |

precision for direction performance, when sensory fb=is distorted.

" Normal Feedback

Hypothesis Fifteen:

Late KR withdrawal will result in a stabilization in

‘-accuracy for dir#ction performance, when sensory f{b is normal.

Hypothesis Sixteen: 4
Late KR withdrawal will result in a stdabilization in

precision for direction performance, when sensory fb is _normal.

Heightened Feedback“ ;/g
Hypothesis Seventeent '
Late KR wlthdraWal will result in a stablllzatlon in

accuracy for dlrectron performance.when sensory fb is helghf/;ed.

AT . .
Hypqﬁgg§3é Eightedn: o .

-

late K%/w1thdrawal will resw¥t in a stabilizatioen in
8 . . . .
precision for direction performance, when sensory fv. 1s

heightened.

(

'State of the Perceptual Trace for the Hecognltlon of the:
.Extent. of a ilovement b _

€
No Knowledge of Results
) -

Distorted Feedback ~_ -

. Hypothesis Niggt ens h :
' Practice wit t wi;% cause no change in accuracy-

. + - 4
v . .
.
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.for extent performance, when sensory fb is distorted

Qﬁf Normal Feedback

31 r“\,d
L7 :
for extent performance, when sensory fb ls distorted.
Hypotheois Twenty:

Practice w{thout KR will cause no change in pregision

Normal Feedback : -

Hypothesis Twenty-Onei.

Practice without KR will cause no change accuracy for

extent performance, when sensory fb is normal.

-

Hypothesis Twenty-Twof( ~

Practice without ?ﬁ>3111 cause no change in precision

for extent performancd( when sensory fo is normal.

Heightened Feedback

Hypothesis Twenty-Three: N

Praqtice without KR will cause no change in accuracy
for extent performance, whén sensory fb is heightened.

Hypothesis Twenty-?éurs

Practice withou{/KR will cause no chénge in.precision

for extent performance, when sensory fb is heightened.

Early Knowledge of Results Withdrawal

Distorted Feedback

Hypothesis Twenty-Five:

"Early KR withdrawal will cause a decrement in accuracy
for extent performance,| when sensory fb is distorted.

Hypo?hesis Twenty=-5ix:

Early KR withdrawai will cause a decrement in precision

for extent performance, when sensory fb is distorted.

7
Hypothesis Twenty-Seven:

Early KR withdrawal will cause a decrement in accuracy - .

-
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_for extent perfopymance, when sensory fb is normal.
ﬁypotheéis Twenty-Eight: , - ) '
Early KR withdrawal will cause a decrement in precision

for extent performance when sensory fb is normal.

hHeightened Feedback

Hypofhesia Twenty-Nine:

Early KR withdrawal will cause a decrement in accuracy
for extent performanée. when sensory fb is heightened.

Hypothesis Thirty:

Early KR withdrawal will cause a decrement in prgcision
for extent performance, when gensory fb is helghtened.

Hypothegis Thirty-One: "

The group with distorted sensory fb will exhibit the
largest decrements in both accuracy and precision for extent
performance, with the group receiving normal sensory fb exhib-
iting a smaller decrement and the group,receiving heightened

sensory fb exhibiting the smallest decrement.

Late Knowledge of Results Withdrawal

Distorted Feedback

Hypothesis Thirty-Two:

Late KR withdrawal will cause a decrement in accuracy
for extent performance, when sensory fb is distorted.

Hypothesis Thirty-Three:.

Late KR withdrawal will cause a decrement in precision
_fbr extent performance, when sensory fb is distorted.

Normal Feedback

Hypothesis Thirty-Four:

Late KR withdrawal will cause an improvement in accuracy

for extent performance, when sensory fb is normal.
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Hypothesis Thirty-Flve:
late XR withdrawal will cause an improvement in

precision for extent performance, when sensory fb is normal.
' 4

HeLghteneQﬁFeedback

Hypothesis Thirty-Sixi
Late KR withdrawal will cause an improvement in accuracy
for extent.performance. when sensory fb is heightened. -;
Hypothesis Thirty-Seven:
Late KR withdrawal will cause an improvement in
precision for extent performanﬁe. when sensory fb is
heightened. _
Hypothesis Thirty-Eight: | ) ‘
The group receiving heightened sensory fb #ill exnibit
a larger improvément in both accuracy and precision for extent

performance than the group receiving normal sensory fb.
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CHAPTER THREE
METHODOLOGY
. Sample

" Seventy-two student volunfeers from the University of
Windsor were used, with the restrictions that all subjects
were right-handed and that there were an equal number of male
and female subjects per experlmental cell. The average age
ﬂaé 22 years, J montihs with a standard deviation of 1 year,

8 months. ' -

Independent Variables

Three factors were chosen as independent vaniableé.'KR.
sensory fb and practice.

Three levels'of KR were used, HO™KR, early KR withdrawal
and late KR w1thdrawal. In the no KR condltlon. subgecgé
were given né'informaﬁion"whatsoever during the 100 trials,
regarding.their performance on the required task. In the
early K3 withdrawal condition, KR was given during trials
1-20, withdrawn during trials 21-45 and given aéain during
trials 46-100. In the late KR withdrawal condition, KR was
given during trials 1-75 and withdrawn during trials 76-100.

Three levels of sensory fb were maﬁipulated. Since the
other sources of sensory fb, namely vision and audition,
were eliminated throughout the éxperiment; proprioceptive
fb was the only source of sensory fb that was man}pulated.
The three levels consisted of distorted proprioceptive 'fb,

normal proprioceptive fb and heightened proprioceptive fb.

The third factor was practice and it consisted of 100 trials
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which were divided into twenty blocks of five trials each,

Experimental Design

The three levels of each of the first two independent
var ablés Qere combined to produce nine'éxperimental conditions.
Theae_nine experimental conditions were observed over the third
‘factor, blocks, of which there were twenty. Each subject was
tested under only one condition. Therefore, the experimental
design was a three factor fixed constants model, with repeated
measures, which was Winer's fase ~model. More specifically, .
the experimental design was a 3 x 3 x 20 factorial design with
repeated measures on the last factor. "

All subjects completed 100 tfials. which were divided
into the twenty blocks, described abé&e. for statistical
analyses. e

A\
Intervening Variables

Four intervening variables were used, connecting the actual
error scores (AE, and AV, CE and VE) to the two traces and their

respective error detection mechanisms; (1) accuracy of the estab-
lished criterion leﬁel of the ;rror'detection mechanism (a) for
direction (b) for extent and; (2) sensitivity of ‘the errof de~
tection mechanismhfb the established criterion level (a) for
direction (b} "for extent and (3).accuracy of the memory p;ocesses
(a) accuracy of the ﬁémory trace for igcall of the direction of
__movemen't, using the adopted criteriop level (b) accuracy of the
perceptual trace for reéﬁgnition of the extent of movement, |
.using the adopted criterion level; and (4{ précision and hence
strength of the memory proceaseé (a) precision (strength) of the

memory trace (b) precision (strength) of the perceptual trace.
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Dependent Vériables

Memory Tracet.

. L]
Criterion Level and Sensitivity of the &rror Detection
Mechanism for the Direction of a Movemehg* )

(1a) Accuracy of the established criterion level of the

error detection mechanism, which was determined.by the
subject's constant error (CE), was the signed difference in .
degrees bétween the aqgle drawn by the subject and the required
120 éegree anglev

(2a) Sensitﬁfit& of the error detection mechanism at the estab-
lished criterion level, which was determined by the subject's
variable error (VE), was the vgriability‘of his error scores
arounﬁ his mean CE.

Both CE and VE scores were calculated for blocks of five
trials. Therefore, one CE score and one VE score were mean
error scores for Tive trials. CE and VE gcores were calculated
for twenty such blocks of trials.

§E§te of the Memory Trace for the Recall of the
Direction of a Movement

(3a) Accuracy of the memory trace, using the adqpﬁed criterion
level, which was determined by the subject's absolute error
(AE), was the absolute difference in degrees between the anéle
drawn by the subject and the required 120 degree angle.
(+4a) Precision or strength of the ﬁemory trace at the adopted
criterion level, which was determined by the subject's avé?agé
deviation (A¥), was the variability of hisjerror scores arouhd
his mean AE.

Both AE apd AV were calculated as mean error .scores over

the same twenty blocks of trials'lis descrited for CE and VE.
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Perceptual Tracei

Criterion Level and Sensitivity of the Error Detection
Mechaniam for the Extent of a Movement ‘

(1b) Accuracy of the established criterion level of the error
detegtion mepﬁaniam. which was Qetermined by the aubjeqt's CE,
was the signed difference in 1/20 inch units between the line
drawn by the subject and tﬁe required s{x inch line.
(Zb) Sen31t1vity of the error detection mechanism at the estab-
lighed crlterlon level, which was determin;d vy the subjeci's
VE, was the variability of his error scores around his mean CE.
Both CE and VE scores were agalﬁ calculated as mean error
scores over the same‘twenty blocks of trials as described for

the memory trace.

State of the Perceptual Trace for the Recognition of
. the Extent of a Movement

(3b) Accuracy of the perceptual trace, using the éstéblisﬁed -~
criterion level, which was determined by the subaecf)s AE, was
the absolute di%ference 1ﬁ'1/20 inch units between the line
drawn.P{dﬂpe subJect and the required o}x ineh line.
(4b) Precision or §trength of the pnrcnptual trace at the
adopted criterion level, which was determined by the subject's
AV, was the variability of his error scores around his mean AE.
Both AE and AV ﬁgares were again calculated over the same
twenty blocks as described‘above.
Apparatus | E ' -
The apparatus consisted of é glass surface suppértea bj
a wooden frame. (Appendix A) Under the glass surface.was 2

Lo watt electric light, which illuminated 2 twelve inch line

* 4
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‘marked off in 1/20 inch units on 20 x 20 square graph paper.
-An 'L' shaped strip of plastic % inch thick and fifteen inches
long was fasténed to the frame at each end and served the dual
purpose of providlng the subject with a permanently fixed .
stralght edge along which to draw the required six inch hori-
zontal line and a corner which designated the starting point.

A roll-of 3% inch wide paper was attached to a roller on the
left side of the frame and was inserted under the plastic bound-
ary but over the marked graph paper and fed across the glags
surface to another roller on the right gside of the frame.

This roller was equipped with a handle to fac1litate easy
movement of the paper once a’ trial had been completed and the =
error scores had been recorded. A 1/1000 second chronoscope

was attached to the 'L’ shaped plastic strip such thatgwhen

the subjegt's pen left the gtarting point, it was activated—
and recorded the length of time the subject took to draw his
estimation of the six~inch line. As soon as the subject's

pen left the straight edge, to move in a sideward direction

of 120 degrees, the chronoscope was deactivated.

Task | :_ : »

Subjects were required to draw a six inch horizontal .

line along the. fixed straight edge, immediately followed

y an angle of 120 degrees in a sideward direction. (Figure 2)
The entire movement was performed in one contlnuous motion.
.The subjects could perférm the movement,at their own speed. '\
being advised that accuracy rather than speed was of the

utmost importance. .

Testing Procedure . e

Subjepts vwere systematically rotated into one of the
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i

Figure afThe Required Response _ o

" nine experimental conditions by means of a Greco-Latin

square in order-to counterﬁalance for order effects in

the testing on the part of the experimenter, with the
' . .

reqﬁ;iction that there were equal numbers of male and

u-rﬂ&-r.'!’

female subjecté per cell. The same Greco-Latip square
was used separately for both male nd female subjects ~
to ensure that there were an equal number of each per
cell. | |

-“The apparatus was on a table. with the subject seated
invfront of the table and the experimenter standing to the
rigpt of the subject. Appropriate instructions were read
to each Subject according to his experimental condition
and vibrators we;ikthen strapped-to the underside of the
forearm just below and to the Jateral side of the elbcw
and to the f:onf of the shoulder over the axilla. These,
ftwd Wahl electric massage vibrators, set at 60 cycles per
,sgcond distorted incomihg gensory fb. ﬁhen ﬁeightened sen- '
sory fb was required, the subject used ; pen fastened to a
stem, with mefal weighté attached at the bottom.

These weights\provided a resistance of l.lipounds. Vision
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and'hear§n34were also eliminated at this time by means of a
blindfold and nbise'geapectivd%gig The noise for blocking
auditory fb was set at the 80 decibel level at 750 cycles
per second with a masking frequency of 50 cycles per second.
It was delivered to the gub ject's headset from a Beltone
audiometer. \\\“

| The cue for the afart‘of a trial was the onset of noiée.
The noise served as the signal for the subject to place his
pén at the starting point and begin his response. Following
completion of the movement., the experimenter switched off the
noise and the vibrators. KR iﬁ degrees and 1/20 inch units
were then provided by the experimenter, according to the
experimental condition and error scores for direction and
extent were recorded as well as the time score. The vibrators
were switched back on, for those subjects in the three experi-
mental conditions in which sensory fb was being distorted.
Five seconds later, the noise was égain resumed, signalling
the‘subject to begin the next trial. 100 trials were completed
in this manner.

Treatmenf of the Results ‘/

1. Although direct support of.the'experimental hypotheses
would not be achieved by a three factor analysis of variance
with repeated measures on the last factor, 3 x 3 x 20

analyses of variance were computed in order to determine the

effects of KR and sensory fb On the criterion level and.

S

sensitivity of the error detectlon mechanism and the state
of the memory and perceptual trace over the entire twenty
blocks of trials.

2. Single factor analyses of variance with repeated measures
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were computed eeparafely over blocks 1-20 for each of. the
threeeeeneory tb groups, practicing without KH.'to determine

if learning had occurred. : 3

3. Two factor analyses of variance with repeated measures _f/“?-
on blocks were computed over blecks 5-9 for the three sen-

‘sory fb groups, who had -had KR withdrewn early in learning,

to determine the effects of early KR withdrewal.,

) bm Two factor analyses of variance with repeated measures -

- , J

on blocks were computed over blocks 16-20, for the three -
sensory fb groups, who had had KR withdrawn late in learning,
to determine the effects of late KR withdrawal:

»
5%  Tukey (a) tests were calculated for all significant main

effects.
wé. )ﬁraphs were drawn for all significant mein'effeéts. - fj
7 Correlaﬁlons between “actual performance (AP) for extent

and the mean movement time for each block of trials were com-
puted over the twenty ks'to determine whether subjects
were timing tneir response ' or moving to a match between in-
coming sensory fb and the develoning perceptual trace.

8. (a) TheeA= ,001 level of confidence was accepted for
al}'experimental hypotheses; expecting no significant
differences. i

(b) Thecﬂ-= .05 level of confidence was accepted 3&::;__Eh_

all other experlmental hypotheses, as well as for all the

results pertaining to the criterion level and gensitivity of

the error detection mechanism.

--.-_'_'_'--" )
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RESULTS

Adams'model has been proposed in explanation.of the
simple self-paced graded response. Briefly recapitulating,
since choice of direction and extent of movement arelthe two
main properties of a simple self;paced response, Adams has
postulated two independent func£ional traces in memory, which
are responsible for each of these properties. In his closed
loop model, Adamé stated that the memory trace selectis and
'initigtes the motor response and its direction,. while the
perCeptualrfracé is responsible ior_tﬁe extent of the’
movement. The_percéptual.trace is a'fuhction of\both KR and
éensory fb, while the'memb#y trace is only a fuéction of KK.

In the presént thesis, the required task, the drawing
of a six inch horizontal line followedfl mediately-by moving
at a 120, degree angle in a S;EEWagéigiféttion. contained
botﬁ.propérties of a simple self-paced response. According
to Adams' model, the memory ﬁrace is responsible for the
moveﬁent in a 120 Qgg%ge Qirection and the perceptual trace
conirols the extent of the six inch liﬁe. Hehce. the effects
of KR withdrawai, both early and late in practice.‘6ﬁ the'ﬁwo
behavioural.indices‘of éach tracé‘(iﬁ and AV) 'and on the two -
behavioural indices of each error detection mechanism (CE and
VE) were observed in an attempt to substantiaté‘the'functionai
independence of the two tracés. However, before this could
be done, the effects of practice'without KR on the fbur

' \l

»
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behavioural indices wefe'observed in order to provide suppgrﬁ.
using‘the-pregenf data,for the previously established
phenomenon that performance failed to improve unless KR was
infroduced. In the present thesis, the fact that,iearning
could not occur in the absence of KR was a necessary
antecedent to the expected effects of early and late KR
withdrawal. on the memory and perceptual trace. (i\\')
Since Adams' model is by nature closed loop, the accuracy
and strength of the perceptual trace may be ‘considered to be
the result of some internal servo mechanism. - A servo
mechanism, after the desired response has been specified, by
definition, consists of three pasic functional components:
an error detector, an amplifier and an'error corrector.
Consequeﬂ?ly. it was considered that the most meaningful
interpretation of the data would be obtained through the use
o% signal detection concepts. : 4
“Two different distributions of error scores described
the data. Thé CE, VE distribution were indicators of the .
signal detection, amplification and error correction
prodesseé. More specifically, CE was a measure of the
accuracy of the established criterion level for error
detection, in both the 120 degree angle and the six inch line.
VE was a measure of the sensitivity of the error detection
~d correction mecham.’ ms, at the-adopted ‘criterion level.
In contrast, the AE;.AV distribution described the
‘actual state of both the memory ahd‘perceptuél_traces. ‘In
:this4distribution.7IE represented the accuracy of both the

memory and perceptual traces, using the adopted criterion

-~
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level. AV, on the other hand, indicated the precision and

hence the strength. of both the memory and perceptual traces,
using the adopted Q{iterion level.

~ue to the duaignature’bf the interpretation chosen, the
results were presented separately’ in terms of. the criterion
level of the error detection meqhanism and its sensitivity
and the actual error state of the two respective traées.

; Memory Trace

Criterion Level and Sensitivity of the Error Detection |
Mechanigm for Direction of Movement

. N~
" All analyses, computed on data for % rror detection

mechanism, were used to remain consistentewit the analyses
'—of the data under the same experimental conditions for the

"*F? state of the memory and perceptual traces.
' No Knowledge of Results

_ . r4 )
All analyses, in this section, were separate single
factor analyses of variance with repeated measures over the

~ twenty blocks of five trials, on CE and VE.

-
-

- Distorted Feedback

- -
A significant change in the criterion level’for

detecting errors in the required movement in a 120 degree
direction was observed. (Table 1) Ingpection of Figure 3
indicated that initially the léO degree ahglé was overshot,
with the criterion level for error detection then ﬁassihg
* through a perfect level of detectiﬁn and then changing to
undershodting aftenj?iock 5. It was this shift in the
adopged.criterion level, from positive to negative, that
cauged the significant blocks effect, rather/than an

rimprovement in the error detection-processes. Analysis of

¢
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. TABLE 1
F® RATIOS OF THE STACE OF THE ERROR DETECTION MECHANISM FOR

DIRECTION OVER TWENTY BLOCKS FOR GROUPS‘EECEIVING NO
KNOWLEDGE OF RESULTS

Location of ’
ANOVA Tables Distorted Fb  Normal Fb Heightened Xb
Appendix C - CE - 3.29% 1.24 21.33*%
Tables 19, 23, 27 |

ndix C VE  1.05 . 0.62 - 0.93

Tables 20, 24, 28

+ significant at the .05 level J : |

-~

. ., Distorted Sensory Fb

Heightened Sensory Fb

. Bloek Number

Pigure 3 Criterion Level for Error Detection for the B
Direction of Movement for the Distortied and
Heightened Fb Groups Recelving No Knowledge

. of Results \ '
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variance on VE revealed no change in the sensitivity of the
error detection mechanism at the adopted criterion level,
over the twenty blocks of trials. (Table 1)

Normal Feedback

Analyseqfof variance on EE and VEbindicated that neither
~the accuracy .of the subjects' established criterion level for
error detection nor the mechanism's sensitivity to error
signals at that criterion level changed 51gn1ficant1y over
the twenty blocks of trials. (Table 1)

Heightened Feedback

Analysis of variance on CE revealed a significant change
in the subjécts' ;riteridn level for detecting errors. (Table
1) 1Inspection of Figure 3 revealed the same trend observed
under conditions of distorted fb. The shift in the édOpted
criterioﬁ level for error detection caused the significant
blocks effect, rather than an improvemgnt in the accuracy of
the criterion level. Analysis of véinnce on VE failed to
reach signifiéance. demonstrating that the sensitivity of the
error detectidn‘mechanismfét the adopted criterion level

did not change over the twenty blocks of trials.

Early Knowledge of Results Withdrawal

Two factor analyses of variance (ifb X blocks) with
repeated measures on blocks were computed on CE and VE 'in
the early KR w1thdrawal condltlon. '

KR was given during blocks 1-4 (trials 1-20) and then
withdrawn during blocks 5-9 (trials 21-45). The ingignificant
main effect for blocks, for both TE and VE, indicated that

neither the accuracy of the criterion level for detecting
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errors in a movement in a direction of 120 degrees, nor the
error detection mechanism's sensitivity at the adopted
qpiteriqn level deteriorated when KR was withdrawn early in
learning. (Table 2)

The inaignificant main effect for sensory fb for CE
demonstrated that‘there were no diffeéences in the accuracy
of the established criterion level for error detection
between groups differing in sensory fb. (Table ZiJ The main
effect for sensory fb was also insignificant for VE,
showing that the sensitivity of the error detection mechanism
at the adopted critefion level was not influenced-by sensory
fb. (Table 2) However, a significant fb x blocks interaction
for VE indicated that the effects of sensory fb on the
"sensitivity of fhe‘error’detection mechanism changed over
the five blocks of trials, during which KR was withdrawn.
(Table 2) ' -

TABLE 2
F RATIOS OF MAIN EFFECTS AND INTEBACTION OF THE STATE OF THE
.ERROR DETECTION MECHANISM FOR DIREC’I‘IdI\' OVER FIVE BLOCKé FOR
GROUPS DURING EARLY K.NOWLEDGE OF RESULTS WITHDR_AWAL

Location of

ANOVA Tables Fo (A)  -Blocks (B) Fb x Blocks (AB)
Appendix C CE . 0.73 " 1.65 , 1.08

Table 31

Appendix € VE . 3.09" 0.67 2,22+

Table 32 : -

#» gignificant at the .05 level
* gignificant at the .07 level
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Late Knowledge of Results Withdrawal

Two factor analyses of variance (fb x blocks} with
:

repeated measures on blocks were also calculated for CE

and VE in the late KR withdrawai_condition.'

KR was given during blocks 1-15 (trials 1-75) and

withdrawn during blocks 16-20.(trials 76-100). Insignificant

main effects for blocks for both CE and VE demonstrated that
neither the accuracy of the established criterion level for
detecting errors in a movement in a 120 degree direction nor

the sensitivity of the error detectlon mechanism to the

‘adopted crlterion level changed when KR was withdrawn late

in learning. (Table 3)

Af insignificant fb effect for TF indicated that, similar
to groups during early KR withdrawal, there were no differences
in the accuracy of the established criterion level for error
detection, between groups differing in sensory fb. The fb x
blocks interaction for CE, too, was insignificant,
revealing no change in the fb e ct over the five blocks of

::je no differe&ﬁ%‘\dn the

accuracy of the error detection mechanism as a function of

trials. (Table 3) However, des

sensory fb, a significant main effect for sensory fb for VE
showed that the sensitivity of the error detection

echanism to sthe established criterion level was indeed a

f ﬁction of/:ensory fb'. Secondary analysgs by means of a

ukey (a)'Test indicated that the sensitivity of the error
detection mechanism of both the distorted aRd heightened

gensory fb groups differed from that of the group receiving

normal fb. (Table 3) The sensitivity of the erxor detection
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TABLE 3

F RATIOS OF MAIN EFFECTS AND INTERACTION OF THE STATE OF THE -

ERROR DETECTION MECHANISM FOR DIRECTION OVER FIVE BLOCKSIFOR
GROUPS DURING LATE KNOWLEDGE OF RESULTS WITHDRAWAL

Location of

ANOVA Tables Fb (A) Blocks (B) Fb x Blocks (AB)
Appendix ¢ CE 0.43 . 0.68 0.56 -
Table 35 .
, Appendix C  VE 3. b6 0.75 0.83
/ Table 36 : :

# significant at the. .05 level

DIFFERENCES BETWEEN THE THREE LEVELS OF SENSORY FEEDBACK FOR

VARIABLE ERROR DURING LATE KNSWLEDGE OF .RESULTS WITHDRAWAL
"TUKEY (a) PﬁOCEDURE"

TOTALS ap ( P) © .a; (-P) agy {+P)
‘(degrees) 115.52 173.47 175,68
115.52 A §7.95% 60.16%

17347 | gx\ 2.21
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mechanjsm at the adopted criterion level was significantly
better for suhjegts receiving normal sensory fb. Nevertheless,
the effects of fb on the sensitivity of the error detection
mechanism remained constant over blocks, as indiéated by the
insignif;cant fb x blocks interaction for VE. (Table 3)

Overall Analysis of Data Including All Levels of Knowledge of

Resuits and All Levels of Sensory Feedback Over Twenty Blocks
of Trials

A 3 x 3 x 20 analysis of variance (KR x fb x blocks)

with repeated measures on the last factor was computed for

+CE and VE in order to'ﬁrovide some additional insights into
the criterion leve senéitivity of the error detection '
mechanismy. - ‘

Significant main effects for blocks for GE and VE
indfzgted that an improvement in both the accuracy of the
established cr;terion level for detecting errors in a movement
in a direction of 120 degrees and thg sensitivity of thg
errofffzfzction mechanism to the adopted criterion level had
occurre ver the twenty blocks of trials., {Table &)

Surprisingly, both main effects for KR for CE and VE.
were insignificaht.-indiéating that neither the éccuracy of
the criterion level for error detection nor the sensitivity
of the error detecti;:régéggzﬁﬁm at the adopted criterion’
level were influenced by different KR paraduguh (Tabielh)
However, the effects of KR on both the accuracy of the criterion
‘level for error detect&on and the sensitivity of the error
detection meéhanish at the adopted criterion level did not
remain constant over the twenty blocks of trials, as

indicated by a significant KR x blocks interaction for CE

]
'



and VE. (Table &)
TABLE 4

¥ RATIOS\EF MAIN EFFECTS AND INTERACTIONS OF THE STATE OF THE

ERROR DETECTION MECHANISM FOR DIRECTION OVER TWENTY BLOCKS

!

Location of KR Fb KRxFb
ANOVA Tables

Blocks

h (A) () (AB) (C) - (AC) (BC)  (ABC)

- — L—_-—-\
Appendix C CE 0.05 2,03 0.89 3.56% “4,28% 1,75% 1.57*
Table 39 : -

Appendix C VE 0.79 6.58% 0.88 9.8h* 1.52% “1.246 0.8

Table 40
» gignificant at the .05 level

The insignificant main effect for sensory fb for CE

indicated that sensory fb did not play a gignificant role in

the established criterion level for error detection.

However, the effects of 'sensory fb on the crite

rion level-

changed over the twenty blocks -of trials, as indicated by a

significant fo x blocks lnteraction for CE. (Table L)

contrast. a significant sensory fb effect fo

In

r VE demonstrated

that the sensxt1V1ty of the error detection mechanism at the

o

adopted criteri&n level was indeed influenced by sensory fb.

Nevertheless, this fb effect remained constant over the

twenty blocks of irials, as indicated by an insignificagt

fb x blocks interaction for VE.

Neit?er two way interaction betwee
d VE reached significance, but the KR x fb x blacks .

. A —
interaction for CE was significant.

(Table &)

Hence,

o

)

n KR and fb for CE

the effeqts of

i ———
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the relationahlp between KR and fb on the accuracy of the
criterlon level for error detection did not remain constant
over the twenty blocks of trials.

State of the Memory Trace for the Recall of the Directlon of
— a Movement

%

No Knowledge of Results

All apalyées in this section were separate single ‘factor
. analysis~of variance with repeated measures over the twenty
blocks of five trials for AE and AV. A single factor analysis
of variance was used for two reasons. Firstly, KR was the
independent variable of concern oyer the twenty blocks of
trials. It was the efTebts of practice without KR over the
twenty blocks that was important to the present thesis.
Secondly, since learnlng has not been evidenced when sensory
fo was present, wi@hout KR, no differences were expected
between groups differing in sensory fb and as a consequence
comparisons beiween fb groups were not necessary.

Distorted Feedback

In accordance with expectations, (hypotheses (h.) 1 and
2) an analys?s of variance on AE and AV indicated that there
was no change in the state of the memory trace during practice
without KR. (Table_s) Neither the ‘accuracy of the memory
trace, %sing the adopted criterion level, nor the prgcisién
of the memory trace impfoved without KR.

Normal Feedback

Analysis of variance conducted on AE and AV, for
subjecfs receiving normal sensory fb, produced the same
results observed under conditions of distorted fb.

Insignificant blocks effects demonstrated that neither the
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| TABLE 5 |
F RATIOS OF THE STATE OF THE MEMORY TRACE OVER TWENTY BLOCKS
!
FOR GROUPS RECEIVING NO KNOWLEDGE OF RESULTS

Location of
ANOVA Tables Distorted Fb Normal Fb Heightened Fb

[

Appendix € AE 1.3, .  1.13 0.97
Tables 21, 25t 29

Appendix C AV . 1.40 0.67 1.19
Tables 22, 26, 30 .

* gignificant at the .00l level®

accuracy nor the precision of the memory trace improved in

)

the absence of KR. (Table_s)

Heightened Feedback

Analysis of variance, computed on AE and AV, for
subjects receiving heightened sensory fb, produced the same
results_obser%ed under conditions of both distorted and

normal fb. Insignificant blocks . effects indicated that the

memory . trace neither became more”accurate nof more precise
P
T

without KR.

Eé;ligxnowledge of Resultg Withdrawal
Two factor anal&ses of variance (fb x blocks) with
repeated measures on blocks were computed on ‘AE and AV in the
early KR withdrawal condition in order to observe the effect§

of both sensory fb and practice on the state of tﬂ& memory:

-

2 The .001 level of significﬁnce was chosen for all

. experimental hypotheses stated in the null in order
to minimize the chances of cimmitting a Type 1 or alpha
error. . :
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tfaca. when KR was withdrawn early in learning.

The expected décrements in direction performance (h.7-
12), when KR was withdrawn were not evidenced in either AE
or AV scores. ‘The insignificant main effects for blocks
- indicated that neither the accuracy of the memory trace
for the recall of a movement in the dipection of 120 degrees,
using the adopted criterion level nor its strength
deteriorated when KR was withdrawn early in learning. (Table 6}
However, inspection of Flgure 4 indicated that the trend was
in the expected direction, although it was ot statistlcally
slgnlficant.‘ -

According to predictions (h.7- 12). lnslgnlflcant main
effects for sensory fb for AE and AV indicated that neither
the accuracy nor the precision of thelmemory trace was ‘

affected by sensory fb. The fb x blocks interactions.for
| AE and AV, too, were insignificant revealing no change in
the fb effect on the state of the memory trace over the five
~blocks of trials, during which KR was withdrawn. ('rable ?)

Late Knowledge of Results Withdrawal

Once again, consistent with the early KR withdrawal
condition, two factor analyses of variance (fb x blocks)
" with repeated measures on blocks were computed on AE and AV
in order to observe the effects of bofh sensory fb and
practice on the state of the memory trace, when KR was
withdrawn late in learning.

The xnslgnsflcant blocks effect for AE and AY indicated
that the expected stablllzatxon in both accuracy and precxslon
fog direction performance had 1ndeed occurred (h.13-18).

{Table 7)

.
~
e e et T o
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TABLE 6

MEMORY TRACE OVER FIVE BLOCKS FOR GROUPS DURING EARLY

KNOWLEDGE OF RESULTS WITHDRAWAL

Table 34

/
!
Location of ' o
ANOVA Tables Fb (A) Blocks (B) Fb x Blocks (AB).b
Appendix ¢ AE 0.55 1.77 : 0.82
Table 33
Appendix C AV 0.93 1.1 - 1.56

* gignificant at the .05 level

9
| o

27}

[

-

o

o .

<6 b

< | )
° ¢ F o ”,f" Distorted Sensory’{?
) > .. Normal Sensory Fb |
g - — o . Heightened Sensory Fb
5 4 P . .
d
< A 1 | I 1 1

Block Number v

Figure.ﬂ ' Accuracy of the Memory Trace for the Direction of
Movement for Fb Groups During Early Knowledge of

Results Withdrawal
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Although the .001 level of significance was required in order

«to avoid committing a Type 1 error, it was observed that the
blocks effect was'significané'at the ,02 level., However, ?
‘because the comparison beiween bloch was extremely -

' important to Adama' theory and‘the experimenter did not wish
to mistakenly miss a real-difference, if one did exist. a
post RocMekey (a) Test was computed on the five blocks of
trials. (Table 7) It was observed that the only 51gniffaant

" difference cccurred between block 16 and block 20. There

¥

were no other significant differences between the blocks,
thus lending statistical support to the expected atabilization
in accuracy for the memory trace.

_ Consistent with the @esults cbserved during early KR
withdrawal and with predictions (h.13-18), iﬁaignificant
main effects for sensory fb for AE and AV indicated that
neicﬁer the d@ccuracy nor the precision of the memory trace
was affected by sensory fb. (Table 7} The fb x blocks
interactions ffr AE and AV. too, were insignificant fevealing
no change in the fb effect on the state of the memory irace,
when KR was withdrawn late in practice. (Table ?) -

Qverall Ana1351s of Data Including All Levels of Knowledge of
Results and ALl Levels of Sengory Feedback oOver Twenty Blocks
. of Trials ‘ :

A 3'x 3 x 20 analysis of variance (KR x fb x blocks)
“with repeated measu?es on the last factor was compuied for
.AE and AV in order to prov1de additional insights into the
state of .the memory trace. Since the preV1ous two factor
analyses of variance were calculated over only the five

blocks of trials during which K% was Withdrawn. it was
. / .



{

_ _ TABLE 7
F RATIOS OF MAIN ERFECTS AND INTERACTION OF THE STATE OF THE

MEMORY TRACE OVER FIVE BLOCKS FOR GROUPS DURENG LATE - %

KNOWLEDGE OF RESULTS WIiﬁQBAWAL

C

r

Docation of >

ANOVA Tabliﬁ,ﬁ\\;//r"‘~4§} (A)

Blocks

(B) Fb x Blocks (AB)}

Appendix CL\_,%E &%;é

Table 37

. &
Appendix C AV 2.22
Table 38

» -_(
=i

3.0%7 L 1.10

2

L6

2.32%

* significant at the 2001 level
significant at the .02 level,

'

I

* DIFFERENCES BETWEEN THE FIVE BLOCKS OF TRIALS FOR ABSOLUTE

-

\

Y

. "TUKEY (a) PROCEDURE™

ERROR DURING LATE KNOWLEDGE OF RESULTS WITﬁbﬁég?Lj)gﬁ:

— 1

B &2

A

i

TOTALS \ b16 bl? blg big >b20 ‘ /‘
_ , o
(degrees) 102,60 125.40 125.80 132)40 152.90
A \ s o
. N < ‘
102.60 22.80 * 23.20 29.80 50.30%
| . 0.bo 7.00  27.50 e
‘ 6.60 *27.10
Y - .
- S 20.50
.8 ' .
. &
__.__JI f"{;
v ‘.-
L e
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. .
though advanfhgoouoifo observe the effects of both KR and
sensory fb on the state o?.the momory éface over the entire
twenty blocks of five triafsfx- .
Signifigant main effects for blocks for AE and AV . - \
indicated that an improvement in both the accuracy and
strength of the memory trace for a.movement in a 120 degree
direction, u51ng the established crlteftﬁm level had occurred
over the twenty blocks of trlals.'(Table 8) As expetted, the
main effects for KR for AE and AV were both signifxcant.

demqpstratlng that the state of the memory trace had lmproved

. as a funcgﬁon of KR. Moreover, the effects of KR‘on the

accuracy of the memory trace dxd not rema fant. over
blocks. as indicated by a significant Kg/in;j;i;éhnnteractlon
for AE. The KR x blocks interaction for AV (‘]E/fa.\.led to
reach significance. (Table 8) ' : T

-

Contrary to predictions, significant main effects for

sensory fb for both AE and AV implied that the state of the'

tea
memory trace was also a function of sensory fb. A

sigrfificant fb x blocks 1nteractlon for AE’ 1nd1cated that
the ®€fects of sensory fb ogmthe accuracy of the memory
trace chQnged over the twenty-blocks of trials. The fb x

blocks interactiom or AV just failed to reéach significance.

(Tablg'aj'

Neither two way 1 teraction"between KR and fb reached

- .

signifitance. Similag%y. neither three way interaction for

AE or "AV were significant, mganing’that the interactlon
petween KR and fb was not a function of p:actice;.(Table 8)

- - . - -

-
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TABLE 8
F RATIOS OF MAIN EFFECTS AND INTERACTIONS OF THE STATE. UF THE

MEMORY TRACE OVER TWENTY BLOCKS
\ \ .

Location of KR Fb  KRXFD "Blocks
ANOVA Tables )

(A) (B) (AB) (C) (AC) (BC) (ABC),

Appendix C RE 25.15% L4.20% 0.72 5.41% 1,64% 1,68% 1«4;:)
Table 41 : ' .

Appendix C AV 4.37% 9.03% 1.?3 7.54%  1,36% 1.3%% 1.05
Table 42 _ ] .

-

% significant at the .05 level
significant between the .07 and .08 levels

Perceptual Trace

Criterion Level and Sensitivity of the Error Detection
Mechanism for Extent of Movement

ALl anaiyses computed on data for the error det?ction
mechanism were used to remain éonsistent with analyses of the
data under the same experimental conditions for the state of
the memory and perceptual traces.

No Knowledgse of Results

All analyses in this section were separate single factor
analysis of variance with repeated measures over twehtj
blocks of five trials, on CE and VE,

Distorted Feedback

-

Analysis of variance ¢n CE revealed a significant change
in'thg criterion level for detegting errors in the required

six inch line. (Table 9) Inspection of Figure 5 indicated

: . ~~ . _
that the accuracy in detecting errors improved over the

\
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twenty blocks of t;igls. the majority ‘'of this improvement
ﬁoccurring in the first seven blocks. Analysis of variance
computed on VE revealed a significant change in the
-sensixiﬁtfy‘of the error detectibn mechanism to the adopted
criterion level. (Table. 9) However, inspection of Figure 6
indicated that the significént blocks effect observed was
the result of tremendous vgpiability in the error detection'_
mécnﬁﬁiéﬁ?s sensitivity at ‘the established criterion level,
?gther than the result.of an improvement in its sensitivity.

oo

Normal Feedback

Anaiysis of variance on CE demonstrated that there was
no change in.thei!!cﬁracy of the established criterion
level for detectihg errors in the reqhirqd six inch line,
during practice Jithout KR. (Table 9) Analysis of variance

computed on VE showed that there was a significant change in

- TABLE 9
F RATIOS OF THE STATE OF THE ERROR'DETECTION‘MECHANISM FOR
ENT OVER;TWENTTA%LOCKS FGR GROUPS RECEIVING NO (KNOWLEDGE

QF RESULTS
Location of , :
ANOVA Tables _ Distorted Fb Normal Fb Heightened 'Fb
Appendix C TE  6.94* 0.46 2.334”’7‘
-Tables 43, L7, 51 . ( ‘
Appendix C VE  2.05% 1.72% 1.63%

Tables 44, 48, 52

* gignificant at the .05 level
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the sensitivity of the error detection mechanism at the
adopted criterion level. (Table 9) Inspection of Figure 6 .
indicated that, contrary to the distorted fb condition, the
significant blocks effect observed was the result of an
improvement in the sensitivity of the error detection
mechan;sm at the adopted criterion level. | e

Heightened Feedback

.« Analysis of variance on CE reveaied a significant changé
in the criterion level for error detection. (Table 9) -
Inspection of Figure 5 revealed the same trend observed under
conditions of distorted fb. The accuracy of the criterion

level for error detection improved over the iwenty blocks of

trials, the majority of the improvement occurring in the first

. four blocks. Analysis of variance computed on VE revealed
the same trend obsérved ;nder conditions of normal fb.
Inspection of Figure 6 indicated that once again the
signifigant blocks effect observed was the result of:an
improvement in the error detection mecﬁanism's sensitivity -

to the adopted criterion level. B

Earlj Knowledge of Results Withdrawal

Two factor analyses of variénce (fp x blocks) with

repeated measures on blocks were computed on.EE and VE, in
-the early KR withdrawél condition.

Insignificant main effects for blocks for CE and VE
indicated that neither.fhe accuracy of the criterion levgl
for detecting errofs in a gix inch line nor tﬁe error.
detection mechanism's sensitivity“at the adopted griterion
level deteriorated when KR was withdrawﬁ ear{y‘in learning.

(Table 10)

. ] ) \ . . .“"‘ ) /49 |

s
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TABLE. 10 |
F RATIOS OF MAIN EFFECTS AND INTERACTION OF THE STATE OF THE
ERROR DETECTION MECHANISM FOR EXTENT OVER FIVE BLOCKS FOR
GROUPS DURING EARLY \(NOWLEDGE OF RESULTS WITHDRAWAL

/ d

1

" Location of

ANOVA Tables Fb (A) Blocks (B) TFb x Blocks (AB)
Appendix ¢ CE 0.20 0.40 0.69

Table 55 - ' '

Appendix C VE ,-0.50 0.83 0.91

Pable 56 :

* significant at the .05 level

The main effeéts for sensory fb also failéd to reach
significance demonstrating that there were no differences in
either the accuracy of the estaélished criterion level for
error'détection or the error detection mechanism's sensitivity
to the adopted criterigg level between groups differing in
sensory fb. Both fb i blocks interactions; too, were -
insignificant revgaling no chaﬁge in the fb effect on the

criterion level and sensitivity of the error detection mechanism

over the five blocks of trials. (Table 10)

Late Knowledge of Results Withdrawal C =

- .
Two factor analyses of variance (fb x blocks) with

—~

repeated measures on blocks were computed on CE and VE in the

-
late KR withdrawal condition.f

~

An insignificant blocks effect for CE showed that the

accuracy of the established criteﬁion‘level for detecting
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errorg in a six inch line did not change, when KR was
withdr e in learning. (Table 11) Howevec. the analysis
of variance computed on VE yielded a significant main effect
for blocks, imflicating that the sensitivity of the error
detection mechanism to the established criterion level *
deteriorated when KR was withdrawn latein learning.
Secondary analyses by means of a Tuke;82>3 Test on.the five
b}ocks of trials'demonsfrated that the only significant
differences between the blocksloccurred'between blocks 17 and
19, (Table 11) Inspection of Figure 7 revealed that the
deterioration in the error detection mechanism's sensitivity .
was attributable mainly to the group receiving distorted
sensory fb. The sensitivity of the error detecticn.ﬁechanism
at the adopted criterion level for groups receiving normal
and heightened sensory fb appeared to stabilize when KR was
withdrawn late inilearning. A

. In51gn1f1cant main effects for sensory fb for both CE
and VE were observed, indicating that there were no differences
in either the accuracy of the established criterion level -
for error detectlon or the error detection mechanism's
sen31t1v1ty to the adopted criterion level between groups
differing in sensory fb. Both fb x blocks interactions, also,
were ingiénificant revealing no change in the fb effect over
the five blocks of trials during which KR was withdrawn late
w .
.ﬁg practice},(Table 11} Hence, sensofy\ihngﬂinot affect the

critepioh level or the sensitivity of the error detection

mechanism. T '
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TABLE 11 ‘
F RATIOS OF MAIN EFFECTS AND INTERACTION OF THE STATE OF THE
~ERROR DETECTION MECHANISH FOR EXTENT OVER FIVE BLOCKS FOR

F
GROUPS DURING LATE KNOWLEDGE OF RESULTS WITHDRAWAL

3

Location of

, ANOVA Tables . Fb (A) Blocks (B) Fb x Blocks (AB)
B )
! Appéndixkc /,/Eﬁ 0.31 ~0.18 0.99
' Table 59 ‘ '
< - . )
. o Appendix € VE 3.07% . 2.6%5 1.54
Table 60 _

A .
o * significantf;%/fﬁ;/.OS level
‘ + significan the .07 level

-

. /
DIFFERNCES BETWEEN THE FIVE BLOCKS OF~TRIALS FOR VARIABLE
‘ &
ERROR DURING LAIE KNOWLEDGE OF RESULTS WITHDRAWAL o
"TUKEY (a) PROCEDURE" 4a‘"

‘ S ———
S 517./ 536

-~

b20 b18 019

TOTALS

(1/20 inch units)‘i56.06 178.54 184.85 201.54 216.39

156.06 = 22.84 szé.'?g' b5.48  60.33%

178.54 o ‘ . 6,31 23.00 37.85

: 184.85 : - 16,69  31.54
201.54 - o - T 1485
[ [ . T , 3

4
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Figure 7 Sensitivity of the Error Detection Mechanism for

the Extent of Movement for Fp Groups During Late
Knowledge of Results Withdrawal

Overall Ana]xsis of Data Including All Levels of Knowledge of
Results and All Levels of Sensory rFeedback Over Twenty Blocks
of Trials

AJx3x 20‘analysis of variance (K? x fb x blocks)
with repeated measures on the last factor was c;;;uted on CE
and Vﬁ.in-Arder to -provide some additional insights into the
criterion level and sensitivity of the erfor detection
mechanism for extent. | |

Gﬁ/-Significant main effects for blocks for CE and VE
indicated that an improfement in both the accuracy of the
‘Fstablishgd criterion level for detécting grfbrs in a six
.inch line and the sensitivity of the error detection

_mechanism to the adopted ¢riterion level had occurred over

‘the twenty blocks of trials. (Table 12)
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_ TABLE 12
F RATIOS OF MAIN EFFECTS AND INTERACTIONS OF THE STATE,OF THE
ERROR DETECTION MECHANISM FOR EXTENT OVER TWENTY BLOCKS. 1

Location of KR Fb KRxFb Blocks
ANOVA Tables ,
(A) (B) = (aB)  (C) (AC)  (BC)  (ABC)

 Appendix C CE 4.88% 0:11 0.17 20.70% 2,52% 2,12¢% 1,25%
Table 63 :

" Appendix C VE 7.69% 10.78% 0.60 24.79% 3.69% 1,25 1.03
Table 64 .

#* gignificant at the .05 level
t significant at the .08 level

Both main effects for KR for GE and VE were also
significant, demonstrating that the criterion level and
sensitivity of the error detection mechanism improved as a
function of KR.. In addition, it Qas noted that the effects
of KR on both the cygiterion ievel'and sensitivity of the
error detection méchanism changed over the twenty blocks of
triais. as indicated by significa&t KR x blockﬁziﬁteractions
for CE and VE. (Table 12) '

An insignificant main effect‘for sensory fb for CE ._-
indicated that sensofy fb did not play a ro}e in the:
established criterion level for épror‘deteétion. However, a
A significant fb x blocks'interaction for CE revealed that the
effects of sensory fb changed over the fwenty‘blocks of trials.
(Table 12) In contrast, a significant senéory fo effect for
VE demonstrated that the sensitivity of the error detection

mechanism to the adopted criterion level was indeed



68
. / '

influenced by‘sensopy fb. Nevertheless, this fb effect
remained constant over the.tﬁenty blocke of trials, as
indicated by an-insignifigcant fb x blocks interaction for
VE. (Table 12) |

Neither two way interaction between KR and fb reached
significance. The two third order interéztions aJso both
failed to reach s{gnificance. Congzgoently. it was noted
that practice did not change the effects of the relationship
between KR and fb on the criterion level and sensitivity of

the error detection mechanism for the extent of movement.
N ~/

State of the Perceptual Trace for the Recognltlon of the
Extent of a Movement

No Knoﬁledge of Resu;:EQ : ' -
"./" 3

All analyses in this section were separate sihgle factor

analysis of variance with repeated measures over the iwenty
blocks of five-trials for AE and AV. A single factor analysis
of variance was chosen for two reasons. Firstly, KR was the
independent variable of concern over the twenty blocke of
trials. It was the effecis of practice without KR over the
twenty olocks of trlals that was 1mportant to the present
thesis. Secondly. since learnlng h;s not been eyidenced when
sensory fb was present, without KR. no differences were
expected between groups dlfferlng in sensory fb and asla S
'consequence comparisons .between fb groups were not necessary..

Distorted Feedback

In accordance Wlth predlctlons (h.19 and 20). analy51s
of variance computed on AE and AV indicated that there were

" /no changes in the state of the ﬁerceptual-trace during
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practice without KR. (Table 13) though the .001 level of
slgnificance was required, in order ¢o avoid committing a -
Type 1 error, it w - bserved that the blocks effect w;E““”
significant for A ‘at the .003 level. However. inspection,
of Figure B indicated that thls blocks c;jao&\tii/phe result
cﬂ‘égemendous varlabllity in the precision of the perceptual
trace over ‘blocks, rather than the result of an improvement

ovcr blocks.

P 4 \
Normal Feedback

/’/ _ ZBAnalyses of variance conducted on KE and AV for subjecis‘

receiving normal sensory fb produced the same resuits
observed under conditions of distorted fb. Insignificant
blocks effects for both AE and AV demonstrategd that nelther
the accuracy nor the precision of the percegtual trace ’
improved in the absence of KR. (Table 13) gimilar to the
distorted fb condition,. AV, thle not being significant at
the required .001 level, was significant at the .03 level.
ggain: inspection of‘Figure 8 indicated that the blocks
effect was the result of tremendous variabiljfy in the

precision of the penceptual trace over blo

s, rather than
the result of learning.

Heightened Feedback

In accordance with expectaﬁio ' (h.23 and 24), analyses
of variance on AE and AV indigated that there were no
‘changes in the state of the perceptual trace, .during practice

without KR. (Table 13) Neither the accuracy of the perceptual
" trace, using the adopted criterioft level, nor its strength
‘improved without KR. - *

RN ! Lo
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TABLE 13
F RATIOS OF THE STATE OF THE PERCEPTUAL IRACE OVER TWENTY

' BLOCKS FOR GROYPS RECEIVING NO KNOWLEDGE OF RESULTS
. ’ ' .

Location of
ANOVA Tables . Distorted Fb Normal Fb Heightened Fb

e
v

Appendix AE  1.07 | 0.68 «  0.30
.Tables 45, 49, 53 C

i

Appendix C AV 2.33% 1.76% 7 _711.31
Tables 46, 50, 54

* gignificant at the .001 level
+ significant at the .003 and,.03 levels, respectively

‘g Distorted-Sensory Fb
A—._A Normal Sensory Fb

z
|

.
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)
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-
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)

AN 1n 1716 1a2h unTta

% % & 9 16 1% ¥ 7e 1§ a0
Block Number

Figure 8 Strength of the Perceptual Trace for the Extent
: of Movement for the Distorted and Normal Feedback
Groups Receiving No Knowledge of Results
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was withdrawn {h. 25 30) was not ev1denced in either AE or

. s ’

garrfﬂKnoJledge of Results Withdraw 9§tg,,—5\
Twoéadtor analyses of yarignde (fb x bhiiks) ‘

r’epeat“ed”{neasures on blocks v}erelgmpu'ted %n 2E gn?g'.(_l:\

the early KR withdrawal condition in order serve the

effects of both senfory fb"and.practice on th;jigate of the'

perceptual trace. when MR was withdrawn eariy in learning.

-

More specxflcallx‘ thls statistical analy31s was essential

-

. to test the experimental hypotheses. for this cnndltlon.

since dlfferences were expected between the three sensory
4 .

fb groups. A significant main effect would then permit
Secondafy analyses of the data to determine the exact l
locatidh of the difference.

The expected de decfement in extent performance, when KR

AV' scores. The 1nsxgn1f1cant main effects for blodks indicated

that nelther the accuracy of the perceptuar’frace for

©

recognition of a six lnch line, u51ng the adopted crlterlqn

. level nor its strength dete;iorate@. when KR was withdrawn

early in learning. (Table 1k) ﬂowever{ inspection of Figure
9 revealed that %here were deorements in performancetfor the

dlstorted and helghtened fb groups, although they were
w;.; _ - A

1n51gn1f1cant.
Also contrary to predlctlons {h. 31). 1n51gn1f1cant main’
effects for sensory fb for AE and-AV demonstrated that neither

a
the accuracy nor the pr901sion ‘of the perceptual trace was

affected by sensory fo. The fb x blocks" Lnteragigzns. too.
were 1n51gn1flcant reveallng no change in the fb fect on
the state of the perceptual traze)over the five blocks of

trlalsAwhen_KR ras ﬂlthdrawn. (Pablé 14) | ;‘“”“\T
e ) - . ' ‘ - ' \
o V. Y
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KNOWLEDGE OF RESULTS WLTHDRAWAL /;/‘"/ ’
" | _
" Location of . : ' - . _
ANQVA Tables . Fb (A) Blocks (B) ' Fb x Blocks (AB)
1] L = PPEET o B — -
Appendix C _ iE _ 1.6y, 1.54 jfi;;7/
Table 57 m,f\' T : ’ J\
Appendix C AV 0.78- . 0.28 0.55
Table 58
s ™ g h
¥ gignificant at 4&he 05 level
-, Distorted Sensory Fb -P
2 4_._a Normal Sensory Fb
i . _. Heightened Sensory Fb
1 - :
d -
a i}
L™
At L
)
§xnt
5
N - =
35wt
of = -
ig 1%
e [
iof
A
-] [N o
) P
s ] ]-
< ; & : ‘
. | Block Number: : 5,
« ¥ Figure 9 Accuracy of the Perceptual Trace for the Extent w
- of Movement for Kb Groups During Eﬁsly Knowl\edge ¢
- Lo ! of Reéhlts Wlthdrawal '
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F RATIOS OF MAIN EFFECTS AND INTERAJTION OF THE- STATE OF THE*

_ TABLE 14

PERCEPTUAL TRACE OVER' FIVE,BLOCKS FOR GROUPS DURING EARLY_

oy v
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Late Knowledge of Redults Withdrawal
e Again, two factor analﬁses‘of variance kfb X blocks) ™
with répeatgd measﬁres“on blocks were computed on AE and AV °
in the late KR withdrawal condition, in order to obsérve the
effects of both sensory fb and practice on the gtafe of the
percep;ual trace when KR #Es withdrawn late in learning.
More speqificﬁlly. tﬁis statistical analysis was_crﬁciﬁ;;}ﬁ
the teéfing of the expérimental hypotheses, for this cégdition.
since differences weréiexpected in both learning, as measured
by the blocks effect and between groués differing in sensory
fb. These significant main‘effects. if present, would permit -
éecondary‘analyses of the data to determ%ne the exact location
of these differences, their direction and magnitude. This
information, that is the size of these differences, if present
and their ?irection is crucial to the substantiation of the
~ functional indepen@ence of the memory and perceptual traces,
Contrary to'expectatiqhs (H.‘Bb—j%).:analysis of
variance computed on AE indicated that extent parformance
Aﬁferiorated when KR was withdrawn late in learning. (Table 15)
Hb ever, since this comﬁarison wazszruciai té‘ld&ms' fhéory.
a TuKey (a) Test was Eémputed on the&?i%é blocks. .It was
observed that.blocks 19 and 20 differed significantly from

blocks 16 and 17.. Nevertheless, neither blocks 19 and 20

nor b}°9§§/ 6 gnd 17 w signifigantIi\g}fferent from
\sblock féf (Table 15 Iﬁspection of Figure 10 ;eYealéd that
"~ fhe group hgyiﬁg distorted sensory fb producéﬁ £he'expec£ed '
| Sfih.jZ) dgterép%ﬁfion in thé;ﬁbcufa2§;of th%&perceptual trace :jg
until blpck 20.. It was also observed that the’ group receiving
heighteﬁeﬁ'sénsory fb\had a stapilizafi;ﬁ:in the accufaﬁy of

\3. . A Z ’ o
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TABLE 15

F RATIOS OF MAIN EFFECTS AND INTERACTION OF THE STATE OF THE

PERCEPTUAL TRACE OVER FIVE BLOCKS FOR GROUPS DURING LATE

"KNOWLEDGE OF RESULTS WITHDRAWAL

. o —
Location of - : }

ANOVA Tables - Fb (A) Blocks (B) Fb x Blocks (AB)

Appendix C AE 1.80 5.37%
Table 61 *
Appendix C Av 1.81 - 1.96
Table 62 -

2

2

.32%

I32* R

# gignificant at the .05 level

DIFFERENCES BETWEEN THE FIVE BLOCKS OF TKRIALS FOR ABSOLU:

ERROR DURING LATE KNOWLEDGE OF RESULTS WITHDRAWAL

“TUKEY (a) PROCEDURE"

POTALS * big = binp b18
“(1/20 inch units) 181.98 . 191.20 222.60

big

b20

259.80  264.40

,181.98 _ 9,22 40.62
'191.20 . i 31.40
4222.60 © ~ |
A
. 259.80

- 77.82%  B2,.42% {

~
[

68.60% 73.20% Y.

37.20  41.80

s

*0‘ -- 4.60'-
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Figure 10 -Accuracy of the Perceptual Trace for the Extent
- of Movement for Fb Groups During Late Knowledge
- of Results Withdrawal
. i N !
their perceptual trace when KR was withirawn late in learning.
HoweVer, contrary to expectations (h.34), the accuracy of the
perceptual trace for subjects recei&ing normal sensory fb

stabilized until block 18 and_theﬁ deteriorated. Alseo

contrary predictions (h.33. 35, 37) was the inéfgnifiqant

. blocks e ?igz;;or*ﬂV. show®ng that there ‘was no change i

the strength of the perceptual trace, when KR was withdrawn

late in learning. (Table 15)

—

" A further inconsistency ﬁifh-predictions (kh.32, 33, 38) -

‘was evidenced in the insignificaﬂ% fo effec}s:fdg‘xﬁ and AV,

. 4

which indicated that neither the- accuracy ngk th ﬁrecﬁsion

~of the perceptual trace was affected by sensory D (?9ble°15)

There were no differences in extent performance beiween groups
: mar

A
!

~
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differinc in sensory fb. when KR was withdraw {Lte in

learhiné? However, significant b x bloeks 1nteractlons for

both} AE arid AV demonstratea-a—-crrﬁgf in the fb effect on the
¥e 15)

§

Overall nal sis of Data Including All Levels/of Knowledge
ts and ALl Levels of sensory Feedback Over Twenty }
/ , _ , Blocks of Trialsg ‘

e perceptual trace with practlce. (Ta

A 3 x 3 x 20 analysis of variance (KR x fb x blocks)

with repepted measures on the last factor was calculated for

E a in order to proGide some additional insights into
the stete of the.p eptual trace. Since the previous two
factor analysee of variance were calculated only over the
five blocks of trials during which KR was witHdrawn, it‘was
thought advantegeous tofobserve the effects of both KR and
sensory fb and their interactions, if present, on the state
oé the perceptual_}race over the entire twenty blocks o{///
flve trlals _ ‘

Slgnlflcant main effects for blocks for AE and AV
lﬁdlcated that an\improvement in-both the accuracy and strength

of the perceptual Eﬂgce for the recall of a six 1nch line, "

using the established cii;ig}onalevel had occurred over the
twenty blocks of trials. {Table 16) As expected.ﬁthe main

1
effect for KR for AE was significanilxcemonstrating that the

accuracy of the perceptual trace had improved as a function

of KR. In addition, a significaﬁx KR x blocks interaction .

'for AE revealed a change over blocks in’ the KR effect on the

accuracy of the perceptual trace. (Table 16) Howevear,

contrary to expectatlons. fhﬁ}maln effects for KR for AV N
)/

failed to reach 31gn1f1cance. lndlcatlng that the pre0151on L

of the perceptual trace was no%l cted by KR. Nevertheless,

-

—
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* TABLE 16 |
Rros oF '
F RATIOS OF MAIN EFFECTS AND INTERACTIONS :OF THE STATE OF THE
. ©  PERCEPTUAL TRACE .OVER twiliTY BLOCKS

KLY

Location of KR GBS KRxFb Blocks |
AMOWVA Tables A 2 :

_(© (AC) (BC)  (ABC)

- Appendlx\EQJ"KE 40.89* ,x.és 1.84 13.11* 2.53*% 1.59% 0.70
Table 65 - ‘ \ . L

Appendix C AV 1.24 13.21% 0.73. 27.30% k.29% 1.04 126"
Table 66 : ' ‘ .

-
-

¥ qxgnlfloant at the .05 level-
+ gighificant at the .08 level

a signifjcant KR x blocks interaction for AV implied that the
e@fects;of KR ;n the strength of the perceptual trace changed
over the twenty blocks of trials. (Tablé 16)
Also inconsistent with predictions was the insignificant
main effect for sensory fb for AE, indicating that the ™
accuracy of the perceptual trace was not aRfected -by fb.
However, a significant fb x blocks interact;oﬂ/for.ﬁf
demonstrated that the effects of fB\on the accuracy of the
gérceptual trace changed over the twenty blocks of trlals.
(Table 16) A _significant main effect for fb fo AV indicated.
. that the precision of the perceptual trace improved ﬁs-a
function of sgnéory fb. However.'an insignificant fb x.
‘blocks interaction for AV showed that the effects gf fb on
Tthe strength of the perceptual trace remalned constant over .-
the twenty blocks of trials. (Table 16) .

KR x fb interactions, as well ‘as the KR x fb x blocks ,

NI S oA
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infﬁréctgpn for both AE afd. AV were‘insﬁgnificant. i} ] j><f“
' Conseqqsntly. 1earning did not change the effects of the
relationship betweean KR and fb on the $tate of the perceptual

trace for recognition of the extent of movement.

Independence of the Memory and Perceptual ’I‘rac*

The crucial test of independence of the two traces in
..memory woqld be to directlykchange the state -thegmemﬁry
.trace and observe thé chafges that occur, if any, in the per-

chtual trace, or of course, the reversﬁgﬁrocess. In short,
the state of the memory trace would be an independent variable
. and the state of &he ﬂerceptual trace wbuld be a dependent
variable. The two;processes could be said t6 be independent
if the state-of\the perceptual trace could not be derived
from knowing :::\ﬁtate ofJ%he memory traée and vice versa;
. The correlat'on between the memory and perceptual traces:
would provide evidence on the 1ndependgp§ehﬁm/rnd1v1dual differ-
; ences. A high p031t1ve correlation between the memory and per-
‘ceptual trace wotTld indicate that the differences between people
are the same in each pr&céss, while a low positive correlation
between the two traces would imply that tﬁe differences between
people are dlfferent in the two procesq6§: | \'
Therefore. 31nce correlation does not prov1de ev1dence
of independence'and since observations on thg manner .in which
the iwo traces affect each other are ﬁot‘pos;;ble. the next
logical test/pf indépendence is fﬁncﬁional independence,

FB

Suppor for(functlonal 1ndependence of the memory and perceptqal
el

. trace in the ﬁil ent study would be provided 1f a given 1ndepeh—
dent variable regsulted &n different effects on the behav1o%?al

‘indices of the two traces. In the presen® thesis, it was

. - T_."
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O . .
anticipated that late KR withdrawal would result: in different
effects on AE and AV, the behavioufal indices of the two traces. »
As expected late KR withdrawal dié ﬁfoduce different | «

/ re—1 : A’!v .
" effects on AE for the memory\and perceptual traces. However, .

inspection of Figure 1l reve

hat [while the predicted
“stabilization of the accuracy of tlht;.@ ‘orym%"f-‘ace did indeed
occur when KR was withdrawn late in learnihg. the predicted .
differences in the accuracy éf.the.peréeptual trace getween
the three fb groups did not mat;fialize. Accuracy'in the
recognit%pn of movement extent déterioéated when KR wag with- |
drawn late in learning and con:%nued learning via bjectivé° .
reinforcement as predicted by Adams' model did néészccur}
Moreover, late KR withdrawal did not resul;ﬁﬁﬁvélfferent‘effects
on AV for the memory and perceptual traces. Inspgétion of
'Figure 12 showed that the strength of the memory trace as =
measured by AV stgbil%gedfa;}ing late KR fithdrawal as ”redfg%;
ed by Eiiﬂfggpl but Gontrary to predictions from the model the
streng?;giﬁthe perceptual trace élso_stabilized during late -
KR withdrawal. |

Hence, while late KR withd;ayal did result if different

effects on -AE, it failed to result in different effects on AV.
Moreougr. the different effects observed, were not entirely ;
in the fredieted direction. Therefore, the present data failed
to p;bvidq strong enough evidence .to éﬁbstaﬁtiafw the function-
al independence of the ﬁemory and eréeptual traces. |

k4 ,
Timing Scoresgs asg Measured by Movement Time
1

In order to ensure that subjects were performing a slow
self:paced graded respohse. rather than a ballistid one, the

, movement time of the subjéct's estimation of the réquired

— >

R 4
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Bix inch line was recorded. Inspection of the mean time scores

Table 17 confirmed that the subjects were not moving

balllstlcally and tha\de81red Slow self—paced response had

been made.

L\ Correlations between AP for exﬁent and the mean movement

time for each block of trials were computed for the twenty

blocks oﬁ trials to determine whether subgects were timing ("

their response or moving to a match between incoming sensory
b end the developing perceptual trace. Sepa}ate correlations
betweenu$ovement time and AP for each of the twenty blocks
were conducted for each of the nine exferimeﬁtal cells. The

mean correlation of the ‘twenty blocks for each experimental

.condition failed to reach significance, with the exception
[ -

of the correlation for the group denied KK and receiving
distorted fb, indicating that subjects were not timing their

responses by an internal timingsmechanism. {Table 18)
< .

: . TABLE 17
MEAN TIMING SCORES IN SECONDS AS HEASURED BY MOVEMENT TIME
OVER TWENTY BLOCKS OF ‘[RIALS FOR EACH OF THE NINE EXPERIMENTAL

CONBITIONS
v
T , _ =
Knowledge of Resultis . '
¢ - No KR  Early KR Withdrawal Late KR Withdfaéel
. . .' %T_
P 338 7.3 S Tee T
Fb P 4.21_ - 5.51 ' 5.25 .
+P° 5.26 | L.34 ! . 6.36




82

TABLE 18
MEAN CORRELATIONS BETWEEN MEAN MOVEMENT TIME AND AP OVER
- TWENTY BLOCKS OF TRIALS FOR EACH OF THE NINE EXPERIMENTAL

H
£y

CONDITIONS

Knowledge of Results

No KR  Early KR Withdrawal Late KR Withdrawal

=P 76% -~ 32 Y
Fo P .35 b5 .36
+P -.15 * - .01 ' 018

-

. * - - g ‘
Obtained correlations were conver@gd/to Fisher z scores,
their mean was found and this mean was converted back to a
Pearson product moment correlation. - s

¥* An r of .71 was required for significance at the .05
level of significance with 6 degrees of freedom
However, a significant mean correlation, for the gpbup
receiving distorted fb and no KR, demonstrated that there
Qas a ﬁigh positive relationship between movement time and
the actual distance moved. Hence, uhéer éonditiﬁgg in which .
sub jects were dep;ived of all error infdrmation concerning -
their performance and consequently could not deﬁelop a
perceptﬁal trace, they employed an internal éiming mechanism

' 2
to guide their response.

~ o - c -3



CHAPTER FIVE

DISCUSSION
Control of skilled performance has been a topic of
intensivéfinvqstigation over recent ﬁéars. .Controversial
‘evidence hgs been presented, producing a severe dichotomy
between those favouring movement -control via an open loop
s&stem or motor program and those advocating movement control

via a closed loop system via sensory fD. Adams .(1971) has

el

i

; déVeiqééd”a cloged: loop model of motor learning, which he
arguéé is theﬁ?npeﬁior.explanqtion of movement control.
Hence..empiricél vérification of Adams ' model and all its
ramifiéation$ is esseﬁtial in the substantiation of a closed

loop theory of movemerft control.

!
!

important difference bpetween Adams' closed loop theory of

As suggested by Schmidt and Wrisberg (1972), the most

movement contrbl and previously popular open loop accounts

was the funqtionql independence of the”meﬁer‘and perceptual

A traées, thcb were analogous4to recall ahd'recogﬁition memory
for verbal material. Support for their functional independence
would be provided if it could be shown that a given independent
Qariaple prodﬁced @yfferent effects on the behavioural indices
W‘ of the two traces. -In the presen#.théﬁis: it Qas antiéipated

that late KR withdrawal would produce .different effects on

~
[}

: .iIE'and AV, the behavioural indices of the two traces.

Lo L eeean
X laad

In.addit{gp. Eﬁ.gnd VE, ‘the behavioural indices of the,

criterion level and sensitivity of the error detection

&

‘mechanism"wili be j}scussed in terms "of signal detection

S L W
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theory, concerning their effects on the.accpracy and strength
of the memory and pérceptual traces. Since KR was thé
independent variable expected td functionally differentiate
the two traces in memory, the'resuits will be discuséed under
. each level of KR and support or lack of support for Adams'
model will be considered. Then the present findings concern-
ing‘senébry fo and KR will be ;eviewed in relation to Adams'

model, followed bj a brief discussion of timing. -

No Knowledge &F, Results ’ . - .

4 ~

redicted by Adams' model, learning did not occur -
in tﬁe absence of KR. For learning io occur, the subject
must use KR o‘make his nex%’response different fromWhis
previous one. Since KR was not available, the suﬁjeét acked
the necéséaﬂxv:nformation to form either a2 correct memor

or correct perizsfuggatrace for the required response and

. 9
hence the error correcfion process could not occur.<QThe

fact that/& ory fﬁ was available in two out of'threéagfoups'
and‘still ﬁ§§§ormanée failed to impr%ve supported gilodeau's
(1969) concept that learning could be viewed as a scale
relationship between sensory fb and KR. inc? KR wés not
provided, the subjects could not Utilizeftheif available
sensory fb, due to a lack of information essentiai to'mdke
appropriate tfansfgrmapions in the processing of sensory fb.
Further—empirical support of‘the:importancp.of KR in
the acquisition and maintenance of skilled pérformance waé
demonstrated by the movement time-AP correlations. While
the two groups receiving sensory fb were not timing their

responses, the high positive mean correlation, evidenced';g
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the distorted sensory b group.glndlcated that subaects

deprlved of fb were using some kind of 1nternal tlmlng 2

‘ mechanlsm to ald in thelr estimation of a s5ix 1nch llne.
"Slnce KR and sensory fb were both - unavallable. this re%ulted

.ln a complete lack of 1nformatlon which could have been'

utilized for error correction and consequently subjects

estimation of.a six inch line.

'turnzf to‘a.timing mechanism to act as a guide in the

s . »
It was interesting to look at “the error detection

mechanism under_ these deprived conditions. According to

signal detection theory, the error de%ebtioh!mechanism should

‘

remain static, ln the absence of KR. gsince it has no"basisi
upon which to alter either its crlterlon level or- sen51t1v1ty

to- that criterion level. Contrary to this expectatlpn. the

criterion level- fon.aetecting errors in movement in a 120

degree dlrectlon. for groups w1th distorted and helghtened fo,
shlfted from positive to negatlve. whlle the criterion level
for detectlng errors in a movement six lnches in length for
the same fb groups became more accurate 1n detectlng errors

from biological noise, "inherent in the system. Moreover. the

‘sensitivity of the error detectlon mechanlsm for extent

showed a slight 1mprovement for the normal and helghtened_fb
groups, over the twenty blocks of_t§i§}§}_which‘suggested an
increaéed ability to detect'errbrs.' Since, KR was not.

available, these changes must have been the result of

altere}lons in the error ddiectlon'meqhanlsm. ‘made by the

# X

. subaects. ‘on the basis of prevlous representatlons in memory -

of a 120 degree angle and six inch line. Detection of errors

'.lwould be poégible fhrough a comparison of theée'represenyations

. \ o I \
| |
£, .
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in memory and the efferent copy of the motor program sentﬂk\\h;
'out to the effectors. However, these changes in the criterion
level and gensitivity of the error detection mechanism did

not result in an improvement in either the recall of a 120
degree'angle.or the recognition of a six inch line. It.
appeared that the lack of KR prevented the subjects from
effectively transmitting these changes in their error detect-'
“ion mechaniemsﬁtc improvements 1n the actual recall and recog-
nition of the de81red reSponse. fhls is not surprising, 1nas~
- much as subaects without explicit information concerning-thelr
error state, -could have hed no confidence in thelr alteted .
error detection mechar@sm and hence falled to transmit the a
changes to the appropriate controlling trace.

Early Knowledge of Resultis Withdrawal

Contrery to predictions from Adams' model the expected
performance decrements in both accﬂracy and precision for
movement dlrectlon and extent were not statistically support-
ed when KR was withdrawn early in practice. The marked per-
formance decrements, observed in the absolute accurecy of
re3pond1ng. which reflected the strength of the nemory trece
in a ballistic response (Schmidt and White, 1972; Schmidt
“and Wrisberg.'l9?2) did not occur in the present experlment.
However. there are eeveral possible explanations why the
recall of movement 1n a 120 degree direction did not
deterlorate when KR was wlthdrawn eaJ{y in learnlng.

_.It is possible that the 1mprec131on of the measurement unit
of the memory trace (degrees) masked the decrement in
dxrectlon performance. "While the subaects recall of a

mcﬁement in a 120 degree direction did deterlorate when KR

*

.
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was w1thdrawn early 1n“learn1ng. from a mean of 5.08 degrees

in block 5 to a mean of 6.59 degrees in block 9, the d ﬁt
wag decidedly small. However, in view of the fact tha:ci:ég

the entire twenty blocks of trials, the recall of direc%ioﬂ
improved from a mean of 9.40 degrees to a mean of 4,40 degrees,
a difference of only 5 degrees over 100 trials, the decrement
of 1.4)1 degrees over the 25 KR withdrawal trials became decided-
ly more meaningful.. The most llkely explanatlon of the lack

of a decrehent in the accuracy of the memory trace for the

recall of movement in a direction of 120 degrees was the

‘stabilization in the criterion level .and sensitivity of the

mechanism detecting errors %p tQat movement. Since an error
detection mechanism, which was able to maintain both its ceri- .
ter%on level and its sen51¥ivity to that criterion level,

had developed in twenty practlce trials wlth'KR.-the fact that

the memory tnace was able to malntaln 1ts accuracy and strength

in the recall of dlrectlon was not- surprising. Quite in oﬁposi-

. tion to predictions from‘Adams model, the present data attest-

ed'te the fact tﬁat both. a strong'anq accurate error detection
mechenlsm and memory 1irace fof‘the recall of a ﬁovement iﬁ a
120 degree direction were in Operatlon after only 20 practiCe
trlals. The fact-that 55 more trlals w1th KR. produced a mean’
1mprovement .of only 2.19 degrees of fered further support for

this line of reasonlng. Recent research py Hall (1974) con-

" cerning the codablllty and retention characteristics of dis-

tance and direction cues provided another avenue of support
for a strong'and accurate memory trace after-onlylzo.practige
trials, when he found that direction cues were easily codable

in memory.
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. There are also several explanations concernlng the inSLg-
nificant decrement in the recognrtlon of a 8ix 1nch llne. when
KR was withdrawn ‘early in practice. - Although both Schmidt and'
‘White (1972) and Schmidt and- Wrisberg (1972) were able to |
demonstrate decrements in the obJectlve-subjectiveLcorrelations."
reflectlng the strength of the perceptual trace in a balllstlc i
‘ "‘response. the present error scores, reflecting the strength -
and accuracy of the perceptual .trace ina slow self-paced |
graded response may have been masked by the fb effect. Whlle
the distorted fb group showed a decrement in extent performance

1 ‘ /- over the five early KR w1thdrawa1 trials, the heightened fb.

" group exhibited a performance decrement only to block 8 and
the normal fb group revealed no deterioration in extent per-
formance, whatseever: Moreover, despite the fact that the
distorted fb group was the least accurate in the recognition
of a six inch line and the heiéhtened fb‘grcnp was the_most~
accurate, these differences failed to reach significance and
thug judgement must be suspended on the prediction'from Adams*
model that the accuracy and strength of the perceptual trace'
grOWS as a p051t1ve function of exper1enc1ng fb stimuli on
each trial. In contrast to Schmidt and Wrisberg (1972) who

""""" manipulated fb channels and found that when KR was withdrawn,
in comparison to groups'denied visioniand audition, groups

. " with both these fb channels intact exhibited a much smaller

) decrement which emerged over trlals. the present experimenter
manipulated both the’ quallty and intensity of only one fb
- channel, namely proprloceptlon. The present data falied to

support the aseumptlon that the perceptual tracénjzpws as a

At was shown

T"lﬁ'

‘p031t1ve functlon of experiencing fb gtimuli wh
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that there was no difference between the‘two groups differing

in the quallty and lntenslty of these fb d1mensmons. On the
) other hand, the fact that the group with distorted sensory fb
exhibited a decrement emerging over trials provided weak support
for Adams' assumption that the‘perceptual trace:deVeloped as a |

positive function of the/qﬁalrty of* fb stlmull. " An alternate,

although less like explanatlon for the lack of a 51gn1flcant

decrement in‘the accuracy and strenzth of the perceptual trace -

A

wag a.¢ orreSpondl g stabilization in \the criterion level and
sensitivity of %Pe mechanisgm detecting errors in the recogn1t1on
}

 of movement extent.

.o . )
accurate error detection mechafiism and perceptual trace, capable

Althougha;}/ls p0531b1e that a strong and R
1 of maintaining performance when KR was withdrawn had developed
{over just 20 practice trials, previous research failed to
~ support this‘poseibl ity. Adams (19?2) was, forced to conclude
! that the error detéction mechanism was not a function of practace
and Hall (1974) concluded that distance cues were not as exactly
represented in memory as dlrectlon cues. Consequently. it was
unlikely that a strong and accurate error detector~had devalopedl
A thlrd and even more remote "possibility concerninthhe lack 01
. a decrement and the 31ze of the expected decrements in terms of
fb groups again involved the manipulation of fb. 1t is p0531ble
~that the intended difference between. fb levels had not materia-
lized in the present thesls. that is, v1brat10n 8id not dls-
tort the incoming sensory fb to 'the p01nt at whlch subJects .
were unable to decode it and helghtened fb‘dxd not increase
-. the subject's kinesthetic awareness of movement as much as

expected.

In summary, the present data provided very little support ..

-
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- for Adams' model of motor learning; Contrary to predicfions.
"a strong and‘accurate'error detection mechanisn and memory
trace for the recall of direction had developed over: 20.
practice trials with KR and were able to sustaln performance
when KR was wlthdrawn early in learnlng. Similarly, neither
the error detection mechanism nor the perceptual trace for -
the recognition of movement extent exhiblited the expected
deterioration in performance for normal and heightened fo

. &roups. While a deterioration over blocks wes evidenced for
the distorted fb group, it was felt that the perceptual trace
was not developing as a positive funétion of ohe intensity of
fb stimuli. However;, early KR withdrdwai affected both
traces in the same way, as expected.
;%xe Knowledge of Results Withdrawal ' o
As mentioned earlier, support for the functional

independence of the two traces would be obtained if late KR
w1thdrawal resulted in dlfferent ef?éctsﬁon the behavioural
indieces of the two treces. " rhe present ‘data prov1ded mixed
evidence for this-contentlonf On the one hand, it was
ooserved that KR, when withdrawn late in learniné. resulted
in dlfferent effects on the accuracy of the two traces. dn
the other hand the dlfferent effects observed were not
entlrely in the predlcted dlrectlon. While recall of a
movement in a 120 degree dlrecthn stablllzed when KR was
w1thdrawn late in learning, as péedlcted by Adams’' model,

*

recognltlon of a six inch line for groups rece1v1ng normal

¢

and hexghtened sensory fb failed %o exhlblt contlnued

learnlng thnough subaectlve relnforcement. However. the
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observed decrement emerging over blocks was, as predicfed.

~

' for the distorted fb group. When KR, which was their major

source of error information over the 75 .practice trials was

- withdrawn, the perceptual irace which had deVelOped during

this time was necessarily 1naccurate since the sensory
consequénces of movement lald’down on each trial were
distorted.r‘This deterioration in recognition supports Adams'
contentlon that the accuracy and strength of the perceptual
trace grows as a p051t1ve functlon of the quality of fb
gtimuli. The present findings were also in line with those
of Adams, Géetz and Marshall (1972) who also cbserved that
during KR W1thaFawal trials, minimal sensofy fb, that is the
reduction in the number of fb channels available to “the
subject, resultld in the development of a weak perceptual
trace. Similarly, Adams, Marshall and Goetz (19?2) and
Burwitz (1972) cbserved that reduction in the number of fb
channels resulted in a weak perceptual trace that was not

-

resigstant to decay over-a retention interval. Therefore, it .

appeared that the-perceptual trace was a p031t1ve functlon
of bpth the amount and quality of sensory fb available.

However, failure of groups’feceiving normal and

heightened sensory fb fo continue learning through subjective

reinforcement, when KR was withdrawn'late in practice, -

~~

directly contradicted predlctlons .from Adams' model. In

contrast, whlle Schmidt and ersberg (1972) observed that the

ount of fb determined how well the response was malntalned
the present experlment provided evidence that the maintenance

of the response by means of subjective relnforcement was not

affected by the intensity of sensory fb. Nevertheless.
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closer inspection of the data showed that while the normal

gsensory fb group beeame less accurate over blocks in the

'recggnition of a six 1nch line, the helghtened sensory fb

group demonstrated a gtabilization in the accuracy of extent

performance. The fact that the predicted continued 1mprove-

‘ment during trials 7

been the result of b

6 - 100 d1d not occur possibly could have

oredom and lack of sustained attention

on the part of the subjects. Consigstent with Adams model

and o}her studies manipulating sensory fb during KR withdrawal,

both the normal and

in the recognition o

heightened fb groups were more accurate

f a six inch line than the distorted b

group Slmllarly. Adams, Goetz and Marshall (1972) found

that durlng KR withdrawal trials, performance an a slow self-

paced graded respons
and heightened propr

prOprloceptlve fb).

e was more accurate with augmented (audition
ioceptive fb) rather than minimal fb (normal

As a result they concluded that the strength

of the perceptual trace wag a function of the amount of sensory

fb., Schmidt and Wri
with standard fb (vi
on a ballistic time
subjects with limite

they concluded that

sberg (1972) alsp observed that groups

sion -and auditdon) maintained performance
estimaffbn task significantiy.better than
d fo (minus vision and audltlon) Likewise,

greater amounts of sensory fo, in the absence

of KR, contributed to a more accufate perceptual trace.

Unfortunateiy. to the detriment of Adams' model, the observed

present experiment,’

not statistically si

differences in the accuracy of the perceptual trace, in_the

although in the expected direction, were

gnificant. However, both the lack of

continued learning via subjective reinforcement and the insig- '

niflcant deferences in the accuracy of the perceptual trace
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as a fhnctlon of sensory fb contrary to contentlons.from
Adams" model were the result of the acqulsltlon and malnten-
ance of the perceptual trace‘not;belng a functlon of;stlmnlus
intensity. While the present findings confirmed Adams; con:}
tentlon that the vaUISltlon and malntenance of the perceptual
trace is a p051t1ve function of the quality of sensory fb
'avallable. it ‘failed to support Adams assumptlon that the
‘accuracy of the perceptual trace is a p051t1ve functlon of the:-
'1nten51ty of sensory fb. Also, 1nterest1ngly enough. post-
experlmental reports from subaects 1nd“cated thet they felt
that the six inch line was more difficult to learn than the
moyément in a directionrof 120 degrees. This is not surprising .

in llght of recent ev1dence presented by Hall (19?U‘ who found

-that whlle dlrectlon and dlstance movement cues’ both ave access

to central processxng capac1ty. dlstance movement es .are not

as exactly represented in memory ‘as dlrectlon movement ‘cués.
| Also. contrary to Adams model, it was observed thst late *
.KR w1thdrawal resulted 1n ‘the same effect on the strength of
the two traces. Both the memory and perceptual traces maln- )
talned thelr strength when KR was w1thdrawn late ‘in learning.
Whlle this stablllzatlon in strength was expected for the memory ,
trace. it failed to support Adams assumptlon that “the strength
of the perceptual trace deve10ped as a p051t1ve function of
the intensity of sensory fb. However, it is possible that
boredom and lack of sustalned attention to the incoming sensory
flcues contrlbuted to thls phenomenon.
The fact sub;ects could have been bored and were unable

S

to concentrate fully, on the 1ncom1ng sensory cues was further

corroborated by a 81gn1f1cant deterloratlon in ‘the sens1t1v1ty
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.‘of the error detection mechanism for movement extent, at the |
adopted criterion level. While subjects maintained thejr

| established criterion level over blocks 16 to 20, their ability
in‘separating the error signal from biological noise within ’(/

" the predetermined criterion level declined. This finding was. .
consistent with signal detection theory, which states that |

! ) .the probability of detecting a oorrect signal declines over

time. If the subject's attention phlfts or his concentration

L | lapses when a signal ‘occurs, his performance is reduced.‘ it

' . was likely that the effects of boredom did not manlfest them-~

selves in either the error detection mechanlsm for direction

or the accuracy and strength of the memory trace due to the ’

more easily oodable nature of dlrectlon cues.

Brlefly recapltulatlng. late KR w1thdrawal resulted in
differem; effects 'on the accuracy of the memory and perceptual
traces but failed to dlfﬂerentlate the two traces in terms. \J
of strength. The memory trace for the recall of a movement
in a dlrectlon of 120 de@;ees malntalned its accuracy_when
KR was withdrawn late in practice and the perceptual trace
.for.the recognition of a six-inch {ene of the-distorted fo '
group deterlorated but the perceptual trace of the normalt
and helghtened fo groups failed to show continued learnlng.
Consequently. reasons for departures from expectatlons in

terms of Adams' model were twofold: firstly, the present
¢

A
' ;flndlngs 1ndrcate that whlle\\ne accuracy of the perceptual

trace grows as a positive function of the quallty of seneory
® fb, 1ts accuracy is not a functlon of the 1nten51ty of sen- :
sory fb: secondly., dlstance cues have been found to be less

-

. exactly represented in memory than dlrectlon cues, henéefﬂ*
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more difficult to code} with this phenomenon being compounded

by possiblé Qoredom'and lack of sustained attention on in-
- M .

coming SQI’IBOI‘br CUBS.u

-

Effects of Sensory Feedback ' . *

Looking at the effects of sensory fb on the. memory trace,
over the entire twenty blocks, the present findings that sen-
gory fb influenced both the accuracy and strength of the mem-
ory trace are flagrantly contradlctory to Adams' mode .

While the fb effect did not manlfesfﬁltself durlng the five
blocks of early KR withdrawal apd five blocks of rlate KB Wlthf_
drawal, over the entire twenty blocks, it exerted a sigaifié o
caat influence on the acquisition and maintenance of the mem-
ory trace with groups recelving normal and heightened sensory’
fb daveloplng;a_more accurate and strong memory trace than

the distorted fb group. _This finding is crucial to-the very
essence of Adams' modei. sihce Adama emppatically stated that

", ....s-the memory trac& ig an open—loop motor program
because 'it .operates without fb" (Adams, 1971, p.126)

Later, Adams also stated .

- "the perceptual trace is a function of b’ but not the
memory trace" (Adams, 19?3)

The present data arg the flrst to provide evidence that
Adams' memory traca.' ather than being open-loop is, 1ika_the
perceptual trace, closed loop and operates on the basis of
sensory.fb. Moreoyer.'the sensit;yity of the mechanism
-:detectlng errors in diaection performance was also affected.
by sengory fb. over the twengy.blocks of trlals. thh th:“
grouPa rece1v1ng normal and helghtened sensory fb being

more aenaitiVe to signals over noise than the distorted fb

' group. Had Adams restricted the role of the memory trace
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to the mere selection‘and initiation of the response with
control ‘then - shlftlng to -the: perdeptual trace. ne would have
been-correct in his lack of fo 1nvolvement smnce this selection
and initiation would have occurred more rapidly than the mini-
m ime for processing sensory fb. However, since he gibes
the~memory trace the respon51blllty oflthe dlrectlon of “the

response, snd_since as the present data show, subaects were

" able to utilize sensory'information in the 1ntertr1al 1nterva1

to modify the direction of their. response. a reconceptﬂalizetion

,of the open loop nature of the memory trace is necessary. ///

In a similarnview;of the effects of sensory fb on the
perceptual trace, over the twenty blocks of trials. the evidence
that the perceptual trace was a fupttion of the quality and

1ntensxty of sensory fb was confl ctlng. thle the accuracy

wof the perceptual irace over the entire twenty blocks was not.

a function of the intensity of sensory fb, the-ehrlier effects

of the quality of sensory fb. appeared %o be masked by the
1nten51ty effects. Moreover, the strength of the perceptual
trace over tweniy. blooks was fbund to be a p031t1ve functlon

of the quality-of sensaory fb but was. not affected by dlfferent
lnten51t1es of the same sensory source.. The present findings
that the perceptual trace develOped as a function of the quallty
of sensory fb was relsted o findings by ‘Adams,’ Goetz and |
Marshall (1972), Adams, rshall"’ and Goetz (i§$§?ﬂﬂﬁﬂ}w1tz (1972).
Iand Schmldt and ersberg (1972) who found -that the perceptual
\trace developed as a positive function of the number of fb
channels and hence the amount of fb. These flndings. along -
‘with those of the present thesls. provxde strong emplrloal |

support for the closed loop nature of the perceptual trace.'

.

AN
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Moreover, since the sensitivity of the error detection

mechanism for movement extent, like its direction counterpart,
- !

[N

" wag shown to be a function of the quality of . sensory b,

while the criterion level for detectlng .errors for both |
direction and extent wére not. it 1s feasible that the error :
detection mechanism's sepsitivity in detecting errors from

biological noise is itself, by nature, closed 100p; while

the predetermined criterion level is open loop, opefétihg

without sensory fb. Consequently, it is seen that Adamg closed
’ {

loop model of motor learning operates on two levels, withfsgb—

2

and correctlon processe ) to modify the second level, (the

memory and perceptual t ce) Moreq;er the closed loop nature

of both levels of the model has received substantlal support

in the present thesis.,

N
Effects of Knowledge of Results

Looklng at the effects of KR on the memory trace, over
the twenty blocks of trials, the present data, that both the

acy and. strength of the memory trace for the rgcall of ' \

ent dlrectlon improved as a function of KR prov1de

> ‘empirical support for the second lével of Adamg'modely,ﬂ

Earlier findings that man
L -

-tﬁe basis of KR (ThorndiKe, 1927; TrOWbridge and.Casgnr 1932;

empts to correct his errors on

Elwell and‘Géindley, 19383 Dyal, '1966; Nuttin and Greenwald,
1968) and thét as the amount of praétice with KR was increased,

the:amount of error progressrvely_decreased'(bilodeau. 1969)

v .-

were corroborated ln the present thesms. However, predictions
‘«.’

from 31gnal detection theory that the crlterlon level and

. sen51t1v1ty af* the error detectlon mechan;sm were a functlon '

l' .
. ; ] ]

—
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of KR were not substantlated. Nevertheless, i1t is quite
possible that subjects started w1th a strlct criterion 1e;e1
for'error detection and were sensltlve to lt throughout the *
twenty blocks of trials and that. 1mprovement in performance
was evidenced in the 1ncreased ability of the subaect to be
accurate and preclse at the adopted level.

. Further Bupport for Adams model was obtalned wheh it
was obgerved that over the twenty blocks of trials, the
acquisition and development of the accuracy of the perceptual
’trace was a function of KR. Contradictory to Adams' model
was the finding that practice with KR failed to strengthen
the perceptual %raée. Apparently. subjects were still not
consistent ahxhough they nad become more accurate, in their
recognltlon of a six inch line, Con51stent with signal
detectlon theory. both the criterion level ‘and sensxtlvity of
the error detection mechanism for extent of movement also
lmproved as practlce with KR lncreased. Hence. both levels
of Adams' closed loop model of motor learning were a
positive function of KR.J
Timihg  “ f
. The present tlmlng data al%o provide several lines of
support for Adams model. Slnce. with the except1on of the
group denied KR and receiving distorted sensory fb, the mean
‘correlations_petween thé distancé-mdved and the movement Time
'required to move that dlstance were not sxgnlflcant, it was |
exfaent that subjects were doing exactly what Adams in his’

odel predlcted - that is, subjects were movxngsuntll the

diacepancy between 1ncom1ng sensory fb and thelr perceptual

trace:wifhin,the criterion level establlshed was zero.

£
had
e
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| Figgre lj A Dual Closed Loop Model of Motor Learning
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Furthermore, an internal timing mechanism was not being used

4

ag a cue in the recognltlon of movemenf extent. Instead .

'eubaecte were utlllzing the cues provided; nabely KR and

;sensery fv, to recognize mpvement extent.

Adams*' Model Reconcegtualiged RS §

)

-

Since the present data have revealed a need to
reconceptuallze Adams® - c}osed loop- model as orlglnally
presented, an attempt to this end hae been made by the present
auther. (Figure 13). The prese%t cloged loop model of motor
learning has expanded from Adams' original medel ‘and . operates
on tﬁo dietinct levele. The first level, namely the error -
detection, amplification and correction proceeses is
structurally: identical to Adame' original model. The
crlterlon level, estahllshed by the subaect for detecting
error 51gnals from blologléﬂi nof;zﬂlnhercnt in the system{'

1 4
is open loop in nature, operatlﬁk wlthout sensory fb. Its

-
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accuracy is a positive function of practice with KR but can

be affected by the éfference copy when KR is ﬁnavailable:_
In contfast, the sensitivity of the error detection mechanism
to the criterioﬁ level established. for detecting errors is
closedrloop:in nature, being continualiy modified bygiﬁcoming
sensory fb, its strength groqing’éé a positive function of.
practice with KRrand fo. ' .

‘ The second level of ‘the model, namely the controlling
agents' of direction and extent performance, deviates from
Adams® original model in fhat it is completely closed loop.

Both the memory andrperceptual trace develop as a positive ..

1.

funftion'of practice with KR and fb.

While- several aspects of Adams' original closed loop

s !

model of motor learning have been refuted in the present

-

thesis, the closed loop nﬁture of the model has received very

strong empirical support. Since it was shown that both the

memory and !perceptual trace are self-regﬁlgﬁory agents of
movement recall and reqognitién;respectively. on the basis
of incoming sensory fb, and that the error detection »
mechénisms underiying each of these con%rolling égents are
also. closed loop in nature, control of skilied performance
via a-élosed lgop systeq yia sensory fb is considerably

énhancgd as the. superior theory of movement control.” -

<



CHAPTER SIX - -

SUMMARY AND CONCLUSIONS
' }
1!

Summar
This study was pr0po§Ed to investigate the fdnctional |

independence 6f the'memory and perceptual traces in Adams'’
3(l9?1¥ closed loop model of motor learning. The frame of
reference was the glow self-paced graded response, the same
frame of reference for which the model had been originally
proposed. Coéstant and variable error were used to measure
the crlterlon level and sen51t1v1ty of the error detection-
mechanism, whlle absolute error and average deviation scores .
were employed to measure the accuracy and preclslon. hence
strength of the two traces in memory. The 1ndependent
variables manipulated were sensory fb, KR and practice, with
the third letel of the KR variable, namely late KR withdrawal,
expected to result in different effects on the behavxoural
indices (AE and AV) of each trace, thus demonstratlng their
functlonal 1ndependence. Each of the 72 subaects were tested
under only one level of KR and fb, but over all twenty blocks
’of practice trials. The sample was drawn from a student
populatlon of the Un1Ver31ty of Wlndsors with the only

eetrlctlons tht subaects were rlght handed and that there
‘were an eqdal number of male and female subjects per cell.

Suﬁsequent to a review of the pertlnent literature

!?
thlrty-elght experlmental hypotheses were formulated. Data

were collected and .analyzed using a KR X fb x blocks analy81s

J SR
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of variance with repeated measures on blocks, a fb X blo ks
analysis of variance~wzth repeated measures on blocks anq a
gingle factor analysis of variance with repéated measures onl

. blocks. Significant main ‘effects were further amalyzed by .
means of the Tukey {a) procedure. Timing data were also
collected and correlations were computed between AP for

extent andrthe mean movement time: for each block of trials

- over the tﬁenty blocké. 'The results were discuseed in terms
of Adams*tmodel. pertinent research in the area and signal
detection theory. Which eventually lead to the more controver--
sial issue of the control of skilled performance, in explan-
ation of whlch Adame originally proposed his closed loop model.

Conclu31nns

In light of the findings of the present thesis the
following concluSLOnB concennlng the valldlty of Adams' model
and some of its ramlflcatlons were dravn,

In Support of Adams' Closed Loop-Model

1. Learning did not occur in the abhsence of KR.

- 'The memocy trace for the recall of movement dlrectlon |
malntalned its accuracy when KR was withdrawn 1ate in 1earn1ng.
3. The acquisition and maintenance of a strong.anc gccurate
memory trace for the recall of movement q3rection is'a .
posxtlve function of exper;ence with KR. |
4, The acquisition and malntenance of an accurate perceptual
trace fcr the rechnltlon of movement extent is a positive
| fx>ctlon of experien erw1th-§p | .

5. f"he aCQUISltlon and ma;ntenance of an accurate and strong ’
perceptual trace is a p031t1ve functlon of the quallty of
sensory fb. Thls conclusion when con51dered w1th earlier

-~
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_flndlnée\that the perceptual trace develops as a p031tlve function
of the number of fb channels and hence the amount of fb. provides
strong support for the closed loop nature cf the perceptual
trace.
6. Subjects, rather than using an internal timing mechanism
as a cue in the recognition of movement extent, were moving
“until the qiscrepahcy between inCOmicg sensory fb and their
perceptual trace at the established critefion level was zero.

JAu

7. Adamg'closed loop model of motor learnlng is actually a
Eifdual closed loop model: with the e%?cr detection mechanism

.

'responSLble for the detection, ampllflcatlon and correctlcn
processes operating on the first level and the actual con- -

" trolling agents in the recali of movement direction and the
recognition of movement extent on the second .level. The
‘adopted crlterlon leyel 'of the error detectlon mechahism is
open loop in nature operating without sensory b whlle the .
error detection mechanism's sensitivity to the adopted c;:kEri’h
.level is closed loop in nature, adjusting itself on the basxs
cf'cngoing seneory'fb. Both the memory trace and_perceptual
trace are also Glosed loop in nature. o .

Contradictory to Adams' Closed Loop Model

8. Recall of movement direction did not deteriorate when KR

. )‘.:.,

was withdrawn early in learnlng. A strong and accurate-memcry et

- -

trace, able to malntaln dlrectlcn performance was in Operatlon o
- after only 20 practlce trlals.
:9. The memcry trace, rather than being open- 1ocp is, like
the perceptual trace, closed loop and operates on the ba31s
f seneory fo.

1d. The aCQUI81t10n and maintenance of an accurate and strong
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perceptual trace is nct a positive function of the intensity
.of sensory fb. Furthermore. the maintenance of accurate recog-
nition of movement extent by means of subjective reinforcement
1s not affected by the 1ntenslty of gensory fb. |
11, The memory trace and perceptual trace were not shown to
| _ - be'functionally independent, .in the late KR W1thdrawal condxtion;
|2 . '1. ‘iNow that it has been shown that the memory trace ig, like the
| -perceptual, gelf-regulating on the basis cf sensory fb, the
o B functional independence of the two traces will be 1nf1ni$ely
v more difficult to empiricall& establish since both the recall

-

N .~ of movement direction and the recognition of movement extent
- 1
can 1mprove through the process of subjective reinforcement.

Future Direction

It {s evident from the results of the present study that
Kdams' closed loop model of motor learning, proposed as the
superlor'explanatlon of movement control, needs a great deal
more careful investigation.:IWhile the cloeed loop nature of
the model has recelved strong support in the present thesis
and consequently enhances the closed lcop theory of movement
confrol Adams'model.-as originally proposed,” has,recelved
far from total empirical substantiation. Rérst‘and foremost,
future research should further investigate the closed loop
nature of the memory irace. Since the present thesis.was
the first to be concerned with the memory trace's responsibility
_ of the selection and lnltlatlon of the slow self—paced. graded
response and its dlrectlon. corroboration of the role of sen-
sory fb in this function would greatly contribute to the
! “‘kﬁowledge of how motor performaqce is rnltlated. Furthermorer

while the modification of the memory trace by sensory fb ﬁﬁ%_
p .
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by experimental design limited to the intértrial iriterval, -

‘future research should investigate ‘the modlfication of the

memory trace by sensory fb ‘while the response is in progress.

- Secondly, since it was shown, in the present study, that the

ihtensiﬁy of one channel of sensory fb did not affect the
acquisition and maintenance of the perceptual trace, future

research should concern itself with the codability and retention

characteristics of sensory fbuét'different intensities.

While Adams has stated that the perceptual trace grows as 2
posltlve functlon of experlen01ng v stimull on each trial,

the present study has 1nd1cated that ongoing self-regulation

of movement through a comparisod.of.incoming sensory fb to

the perceptual trace is selectively sensitive to the character-
istics of the fb stimuli, rather than merely grow1ng as a

positive function of available fb stimuli as Adams originally

proposed.
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Instructions to Subjects

“ The following instructlions were reaﬁ to eech subjeet.
"You will be blihdfolde&'so that you cannot see and
noise w111 be transmitted through earphones 806 that you
cannpt hear for the entire experiment. Your s;gnal to begin
will be the onset of noise. As soon as it is sthched on.
you will place your pen at the ta;tlng point. making sure

that the pen is pressing igto.the corner of the plastic

boundaries. From this point draw a six inch horizontal line,

using the fixed plaeticﬁboundary as a straight edge and then
without stopping or removing your péﬁhfrom the page, draw a

120 degree angle in a 91deward dlrectlon. The 120 degree angle

18 an extension of the s8ix inch horlzontal llne and is drawn

sidewards to the right » away from the Btralght edge, This
task is to be done slowly, with atcuracy rather than speed
being 1mportant." Subjects rece1v1ng KR were given these

additlonal instructlons.

The subjects in the three early KR w1t drawal conditions

received the following instructions. ;
"You G{ii be given KR about your performanc durihg

- trials 1-20 and trials 46-100. You will receive no KR

during trials 21-45 .but you are to iry to redldce errors-on v

the basis of your own evaluation. KR for the length of your '

'line will be given in terms of how far in 1/20 inch ‘units,

which is the size of one square on the graph paper, your

line deviated from the required six inch line. The direction

—-—

of your error will be indicated. For example.eyour line was

. .
\
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- : : e
‘10 units ghort.’ Therefore. you know ‘that your line was 10/20'5
of 3 inch short of the required six inch line. KR for the
‘ dlrection of your angle willjee given in terms of how far
i%n degrees your angle dev1ated from the requmred 120 degree
‘epgle. {The diregtion of your error will be indicated. For
example your angle was 10 degrees'ehort. Therefore. you know {
that your angle was 10 degrees short of the required 120 degree -
angle or 110 degrees.' | |

) The subjects in the three late KR withdrawal conditions

-

recelved the folldwing 1nstructlons \

: "You'will be. given KR about your performance during
tpials 1-75. You will: recelve no qudurlng trials 76-100,
but you are t %% try to redﬁbeeennqhg)bn the basis of your own
evaluation.

The same instructions concerning the meaning of KR that
were given to the’ subjects in tge early KR withdrawal conditions '
were repeated here to subjects in the late KR withdrawal con-
ditions. .

The subjects in the three distorted. proprioceptive fb
conditions were given these additipnal instructions. |

"yibrators will be strapped our righi forearm just
below your elbow and on the front of your right shoulder.
‘ﬂhey will be switched on five gseconds before 'you hear the
noise, w;ich is your signal.to start and wxll be switched off
_upon completlon of the task "

'« The subjects in the three heightened proprloceptlve fb
conditions were given these additional instructions.

. “Yodﬁwill be-pulligg a weight when you &:aw the six 'inch
horizen}al line aﬁd the'iéo,degree angle. There may be a

':
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tendency to move gquickly durlng the execution of this task.

' This must be counteracted by making a consc1ous effort to
move slowlyw There may also be a tendency ‘for the line drawn
to the rlght. away from the-s?uélght edge, forming the 120

de%gee angle to bé- cuﬂVlllnear instead of straight, due to

k‘ © - the weight. This tendency to draw a curved, line sldewards to 0

,l " form the angle mustibe conéciously'countefacted and a s&i&ight
'1ine must be drawn,"
te :féTf - The subject; in~the three normal and three heightenedl.
- “?’propgloceptlve fb conditloné.;ere told that the v1brators
were being strapped to their right forearms and shoulders to
\ provide addltional resistance to their arm, while performing

‘the task.

-

I
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TABLE 19

.

SINGLE FACTOR- ANALYSIS OF VARIANCE WITH REPEATED MEASURES °
FOR THE CE OF DIRECTION,FOR THE. DISTORTED SENSORY FB GROUP

Source . S5 df | Ms F )

BET PEOPLE  22056.020 7  3150.8600°

WITH PEOPLE - B8068.941 152 53,0851 .,
TREATMENTS 2579.831 19  135.7806  3.29 0.0000
RESIDUAL 5489.105 133 41.2715
POTAL 30124,960 159

TABLE 20

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE VE OF DIRECTION FOR THE DISTORTED SENSCRY FB GROUP

Source SS df M3 F P

L™

BET PEOPLE - 223.4453

~

31.9207°

WITH PECPLE  B49.7695 152  5.5905

TREATMENTS 110.6796 19  5.8252 1.05 0.4118
'RESIDUAL 239.0898 133  5.5570

TOTAL 1073.2180 159
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maBLE 21 ) . /
SINGLE.FACTOR_ANALZEi:NOF VARIANCE WI'H REPEATED MEASURES

' FOR THE AE- OF DIRE FOR THE DISTORIED SENSORY FB GROUP

‘Source sSS af MS F - ‘P

BET PEOPLE  3056.003 7 436.5717
WITH PEOPLE 4222660 152  27.7807
TREATMENTS 663.230 © 19 34.9069  1.30 ﬁfi;;;’

-

RESIDUAL 3559.429 133  26.7626
TOTAL 7278.664 159 ~
TABLE 22

SINGLE FACTOR ANAL¥SIS OF VAKIANCE WITH KEPEATED MEASURES
FOR THE AV OF PIRECTION FOR THE DISTORTED éENSORY. FB GROUP

" Source SS ‘h MS F P

BET PEOPLE 126.0429 7 18.0061
WITH PEOPLE 580.4548 * 152 ° 3.8187

TREATMENTS 96.8499 19  5.0973 1.40 0.1362
RESIDUAL 483.6049 133 3.6361 ‘
TOTAL 206.4978 159
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TABLE 23

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES

FOR THE CE OF DIRECTION FOR THE NORMAL SENSOKY Fi GROUP

}

Source ! ss df MS " F . P
/.-\“ // / b ‘
BET PEOPLE . 10039.58 7 1434.225
w;mﬁ/;ioan 4071.91 152 26.789 _
TREATMENTS 614,65 19 32,350  1.24-  0.2322
. RESIDUAL 357,25 133 . 25.994 h
TOTAL 14111.48 159 ~

TABLE 24

SINGLE FACTOR ANALYSIS OF VARIANCE WI'T'H PEATED MEASURES

FOR THE VE OF DIREC’l‘IdN FOR THE NORMAL SENSORY FB GROUP

Source Ss df - MS F P

BET PEOPLE  195.6813 7 32.6135

WITH PEOPLE  502.3654 152  3.7771 |
TREATMENTS ~ 47.2656 . 19"  2.4876 0.62 0.8818
RESIDUAL 455.0998 133, 3.9921 |
TOTAL . 698.0468 159

-~
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“TABLE 35

SINGLE -FACTOR ANALYSIS OF V}BIANCE WITH‘REPEATED.MEASURES

. FOR THE AE OF

DIRECTION FOR THE NORMAL SENSORY FB GROUP

-

Source

- SINGLE FACTCR

FOR -THE AV OF

SS df ms  F P
'BET PEOPLE, 2198.738 7  3ihk.1054
WITH PEOPLE  2136.761 152  14.0576
TREATMENTS 296,109 19  15.5847  1.13 0.3326
RESIDUAL 1840.652 133 13.8395 ‘
TOTAL 4335.500 159 ..

TABLE 26 \

ANALYSIS OF VARIANCE WITH REPEATED MEASURES

DIRECTION FOR THE NORMAL SENSORY FB GROUP

.Source SS df MS F P

BET PEOPLE  106.5693 7  15.2241

WITH PEOPLE 315.7556 152  2.0773: ,
TREATMENTS  27.743% 19 1.4601  0.67 0.8387
RESIDUAL 288.0122 133  2.1655 '
TOTAL y22.3249 159
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SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE CE OF DIRECTION FOR THE HEIGHTENED SENSORY FB GROUP

Source SS af MS F P

BET PEOPLE, 9196.64 - 7  1313.805

WITH PEOPLE L957.98 152 - 32,618 _
TREATMENTS %732.39. 19 196.468 21.33 - 0.0000
- RESIDUAL 1225.09 133 9.211
TOTAL 14154.62 159 )
TABLE 28 .

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE VE OF DIRECTION FOR THE HEIGHTENED SENSORY FB GRaUP

‘Source SS df WS F P

Y

- BET PEOPLE 89.6892 © 7 12.8127

WITH PEOPLE  526.8815 152 3.4663

TREATMENTS 61.5786 19 3. 2409 6.93 . 0.5518
RESIDUAL 465.3029 133 3.4985

TOTAL 616.5708 159
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TABLE 29
SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE AE OF DIRECTION FOR THE HEIGHTENED SENSORY FB GROUP

Source SS df MS . F . P

'BET PEOPLE  1392.304 7  198.9006
WITH PEOPLE 2813.890 152 - 18.5124

TREATMENTS 17.813 19  18.0954 0,97 0.4950
'RESIDUAL ' 2470.078 133  18.5720
TOTAL 4206.195 159

TABLE 30

SINGLE FACTOR ANALYSIS OF VARIVANCE WITH REPEATED MEASURES
FOR-T}{E AV QOF D\IRECTION FOR THE HEIGHTENED SENSORY FB GROUP

1

Source ' ss . df @ MS F P

. BET PEOPLE  37.3293 7 5.3328
WITH PEOPLE  456.0549 152  3.0003

TREATMENTS "66.2239 19 - 3.4855 1.19 0.2760
RESIDUAL 389.8310 133  2.9311 '
TOTAL L93,3842 159 )

Al

-
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TWO FACTOR ANALYSIS.‘OF VARIANCE WITH REPEATED MEASURES ON

FACTOR. "B* FOR THE CE OF DIRECTION DUKING EAKLY KR WITHDRAWAL

Source S5 df -’ MS F P
BET SUBJ 2631.252 23

A 171,131 2 85,566 0.73 0.4936
'SUBJ W GROUP  2460.121 21" 117.149
WITHIN SUBJ 1544,813 96

B 102,694 4 25.673 1.65  0.1697

AB 133.900 8 16,738 1.08  0.3887
B X SUBJ WG  1308.220 8L 15,574

" TABLE 32

TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR “B" FOR THE VE OF DIRECTION DURING EARLY KR WITHDRAWAL

Source

ss af MS F P
BET SUBJ 162,349 23

A 36.991 2 18471 3.09 " 0.0665
SUBJS W GROUP 125.406 21 5.972 ° L
WITHIN SUBJ 332,626 96

B 8.467 l 2.117  0.67 - 0.6183
AB s6.625° 8  7.008  2.22  0.0335
BXSUBJWG  267.536 84 3.185



TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

TABLE 33

121

FACTOR "B" FOR THE AE OF DIRECTION DURING EARLY KR WITHDRAWAL

Source

SS df MS F P
BET SUBJ 499.273 . 23 *
A P 24,908 2 12,454 0.55  0.5843
SUBJ W GROUP 474,367 21 22.589 .
WITHIN SUBJ 692,078 96
B 50.229 4 12.557 1.77 0.1420
AB 46,709 8 5.839 0.82 0.5837
B X SUBJ W G 595,137 8L 7.085 '
TABLE 3%

WO FACTOR ANALYSIS OF VARIAhCh WITH REPEATED MEASURES ON

FACTOR "B" FOR THE AV OF DIRECTION DURING EARLY KR NITHDRAWAL

Source SsS df mS F - P
BET SUBJ 59.446 23

A 4.852 2 '2.426 0.93 ',o,uoéq
SUBJ W GROUP 54,593 21 2.600 '(~
WITHIN SUBJ 151.280 96 d

B ' 6.807 4 1.702 1.14  0.,3450

AB 18.695 8 2.337 1.56 0.1491
B X SUBJ W G 125.779 84 1.497 |
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-

TWO FACTOR ANALYSIS OF VARIANCE WIH REPEATED MEASURES ©N
FACTOR "B" FOR THE_EE OF DIRECTION DURING LATE KR WITHDRAWAL

~ Source 35 df MS F P

BET SUBJ 2770.648 23

‘A 107.943 2 53.972 0.43 - 0.6548
SUBJ W GROUP  2622.705 21 124,891 v
WITHIN SUBJ 949.358 96

B 28.467 4 7.117 0.68  0.6051

AB 46.615 . 8 5.827 0.56  0.8077
B X SUBJ W G 874.276 8k 10.408

TABLE 36

TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR "B* FOR THE VE OF DIRECTION DURING LATE KR WITHDRAWAL

Source SS df MS F P
BET SUBJ 234,916 23
A 58.186 2 29.093 3.46  0.0504
SUBJ W GROUP 176.728 21 8.416 .
WITHIN SUBJ 178.883 96
B ) 5,743 4 1.436 0.75 0.5600
AB 12,659 8 1.582 0.83  0.5802
BXSUBJ WG  160.484 84 1.911 o

[N

2
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TABLE 37

. L '
TWO FACTOR ANALYSIS OF VARIANCE WITH KEPEATED MEASURES ON

FACTOR "B" FOR THE AE OF DIRECTION DURINS LAYE KR WITHDRAWAL

. Source S5 df MS F P
BET SUBJ 734,145 23
A 62,453 2 31.227 0.98 0.3932
SUBJ W GROUP 671.688 21 31.985
WITHIN SUBJ B62.449 96 '
B 53.998 n 13.500 3.07 0.0207
AB 38.871 8 4,859 1.11 0.3687
B X SUBJ W G 369.582 8L 4,400
PABLE 38

TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON
PACTCR "B" FOR '[HE AV QF DIRECTION DURING LATE KR WITHDRAWAL

Source SS df MS F P
'BET SUBJ 108,361 23
A - 18.892 2 9. Llb 2,22 /0.1338
SUBJ W GROUP 89.486 21 4,260 N
WITHIN SUBJ  95.696 96
B 1,696 & 0.423 0.6 0.763

AB 17.013 8 2.127 2,32 0.0266
B X SUBJ W G ‘ 76.990 8k 0.917 '



/e

" PABLE 39
THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON
* FACTOR "C" FOR THE CE OF DIRECTION

Source SS Codf MS F D
BET SUBJ 53876.73 71
A | 71,14 2 35.571  0.05  0.9542
B 308840 2 1594.195 2.03  0.1402
AB - 271413 4 678.533  0.89  0.4748
SUBJ W GROUP 48003.06 63 761.953
WITHIN SUBJ 33960.93 1368
o 1425,.26 19 75.014 3. 56 o:oooo
AC ~ 42s.01 38 90.132  4.28  0.0000
BC 1397.12 98 @ 36.766  1.75  0.0040
ABC 2507.12 76 32.988  1.57  0.0020
CXSUBJ WG  25206.38 1197  21.038
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TABLE: 40
Q&REE FACTOR ANALYSIS OF VARIANCE WITH REPEAT
: FACTOR "C" FOR THE VE OF DIRECTION

125

a

ED MEASURES ON

i
. Source S df MS F P
.
‘ BET SUBJ . .\ 2785.082 71 | _
- A sk.u61 2 27.2305  0.79 0.4561
"B 451,125 2 225.5625 6.58 0.0025
AB 120,391 4 30.0977 . 0.88  0.4820
SUBJ W GROUP  2159.106° 63 34.2715
WITHIN SUBJ 2400.043 1368 |
c 891.152 19 46,9027 9.84  0.0000
AC r- 274,516 38 9.2241 . 1.52  0.024k4
" BC 224,883 38 5{;177 1.2  0.1L464
~ ABC 04,445 76 4.0059  0.84  0.8569
C X SUBJ W G 5705.047 1197 . 7661

"
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H TABLE 41
THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON
" FACTOR"C" FOR THE AE OF DIRECTION

 ——— - , : .
Source : ‘ SS ~af MS F p
s P .
" BED SUBS . i‘ 17491.08 ° 71
A 7061.88 . 2 ‘3530,9jé 25.15  0.0000
- S 1180.19 "2 ~ 590,094 4.20 0.0193
AB 403.19 . & 100.797 0.72  0.5827
'" 'SUBJ W GROUP~ 8845.75 63 140,409 |
WITHIN SUBJ . 17269.75 1368 '
- c 1169.81 19 .‘ 61.569 5.41 . 0. 0000
Ac i 711,06 38 18.712 ©  1.64  0.0091
BC 726,38 . 38 19.115  1.68 040068
ABC 1045.50 76 13.757.  1.21  0.1093
CX SUBJ WG - 13617.00 1197 11,378
J 3 ’ ) .
< p
, 5
K

-~
-
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'TABLE 42

THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

/

PACTOR "C" FOR THE AV OF quffiioj/// o
Source ) SS df MS F P.
BET SUBJ 1278.844 71
A 117.926 2 ' 58,9629  4.37  0.0166
B 243.539 2  121.7695  9.03  0.000k
AB 77.273 4 19.3184  1.43  0.233)
SUBJ W GROUP: 849.105 63 13.4779
WITHIN SUBJ 4326.773 1368 R
c . 4p6.914 19 21.4165  7.54  0.0000
m\ ’ 147,207 38 3.8739  1.36  0.0696
BC 144,809 38 3.8108  1.3% " 0.0803
ABC _ 226.992 76 2.9867 1.05 0.3613
C X SUBJ WG  3400.852 1197 2.8411
8§
_\J ™ -
- 2]
[ ] i \
-
7
%
. .‘ ;e .
.. % j
- ‘ NS ™~
-
- ’\/\> ’

-
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'PABLE 43

/
4INGLE PACTOR ANALYSIS OF VARIANCE: WITH REPEATED MEASURES

FOR -THE CE OF EXTENT FOR THE DISTORTED SENSORY FB GROUP

”»

Sourc e. : SS

df MS F p
BET PEUPLE 253091.80 7 36155.97
WITH. PEOPLE  46922.12 152 308.70
TREATMENTS 23363.75 19 1229.67 6.94 0.0000
RESIDUAL 23558.37 133 177.13
TOTAL 300013.90 159
TABLE 44

. SINGLE PACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES

. POR THE VE OF EXTENT FOR THE DISTORTED SENSOKY FB GROQUP

~

. _Source ss ar  us - F #i!ir
BET PEOPLE - 1635.148 7  233.5926
WITH PEOPLE  3492.609 152  22.9777
TREATMENTS 792,449 19  41.7078  2.05 0.0096
RESIDUAL 2700.160 133  20.3019
TOTAL 5127.757 159

=



N - TABLE 45 E

SINGLE PACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE AE OF EXTENT FOR THE DISTORTED SENSOQ? FB GROUP

Source S8 ‘ daf MS l F P

BET PEOPLE.  63833.37 7 9119.050

WITH PEOPLE 23052.62 152  151.662
| PREATMENTS 3055.50 19  160.816  1.07 . '0.3891
| RESIDUAL 19997.12° 133  150.354
! TOTAL 86886.00 159

{
TABLE 46

SINGLE FACTOR ANALY‘IS OF VARIANCE WITH "REPEATED MEASURES”
FOR THE AV OF EXTE&% OR THE DISTORTED SENSORY FB GROUP

e

vl P
Source Ss ar MS F P S

BET PEOPLE 797.285 7 ° 113.8978
WITH PEOPLE 1732.566 152 11,3985

TREATMENTS 432.266 19  22.7508  2.3) 0.0028 -
RESIDUAL 1300.300 133 9.7767
TOTAL 2529.851 159

\ ,
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. TABLE 47
SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES '
FOR THE TF OF EXTENT FOR THE NORMAL SENSORY FB GROUP

Source SS - df MS ~ F P

¢
.BET PEOPLE, B9814.25 7 12830.,60 f
WITH PEOPLE.  11513.12 152 75.74 ,
TREATMENTS 705.00 19 37.11 0.46  0.9747
RESIDUAL 10808.12 133 81.26 "
TOTAL 101327.30 159

TABLE 48

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE VE OF EXTENT FOR THE NORMAL SENSORY FB GROUP

Source 35 df MS F P

BET éEOPLE . 100,652 _ 72 14,3789
WITH PEOPLE ° 1729.285 152 11.3769

TREATMENTS 341,539 19  17.9757 1.72 0.0396
RESIDUAL 1387.746 133 10,4342 °
TOTAL 1829.9% 159
7 >
— :
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TABLE 49 ]

SINGLE FACTOR
FOR THE KE fb

ANALYSIS OF VARIANCE WITH REPEATED MEASURES

EXTENT FOR THE NOKMAL SENSORY FB GROUP

Source Ss ar MS F )
BET PEOPLE . 44528.25 7 6361.1750
WITH PEOPLE  8080.38 152 53,1604
TREATMENTS 715.98 19 37.6513  0.68 0.8334
RESIDUAL 7365.00 133 55.3759
TOTAL 52608.62 159
TABLE 50

SINGLE FACTOR
FOR THE AV OF

&NALYSISrOEHYARIANCE WITH REPEATED MEASURES

[ S,

EXTENT FOR THE NORMAL SENSQRY FB GROUP

" Source’

sS af MS F P
BET PEOPLE 50.363 7 7.1948

.~ WITH PEOPLE 1586.027 152 10,4344 -

- TREATMENTS 318.293 19  16.7523 1.76 0.0343
RESIDUAL j%zev.?a# 133 9.5318 | '
TOTAL 1636.390 159 | K
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TABLE 51
SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR'iﬁy ¥ OF EXTENT FOR THE, HEIGHTENED SENSORY FB GROUP

~

Fd

Source " 88 df MS F P

BET PECPLE’ 5547371.00 7 79195.81

WITH PEOPLE 22579.81 152 148.55
TREATMENTS 5556.16 292,43 . 2.28 0.0034%
RESIDUAL 17023.59 133 127.99
TOTAL . 576950.80 159
TABLE 52

SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE VE OF EXTENT FOR THE HEIGHTENED SENSORY FB GROUP

Scurce . . 85 df MS F P

BET PEOPLE  U475.352 -~ 7  67.9074
WITH PEOPLE 1903.835 152 12,5252

TREATMENTS  360.289 19 18.9626  1.63  0.0567
RESIDUAL 1543:566 133 - 11.6056

TOTAL 2379.187 159
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TABLE 53
SINGLE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES
FOR THE RE OF EXTENT FOR THE HEIGHTENED SENSORY FB GROUP

Source . S5 df MS F P

BET PEOPLE 135295.60 7 19327.95

WITH PEOPLE  13283.31 152 87.39 -
TREATMENTS 549,00 19 28.89 0.3  0.9981 -
RESIDUAL 12734.31 133 95.75
TOTAL 148579.00 - 159

TABLE 54 (’\
SINGLE PACTOR ANALYS¥4 OF VARIANCE WITH REPEATED MEASURES

FOR THE AV OF EXTENTlFOR THE HEIGHTENED SENSORY FB GROUP®
. { N

-_./‘\

1

Source SS daf MS F P

\ .
BET PEOPLE ‘\\_udit>38 7 63.1055

' WITH PEOPLE 1890.625 152 12.4383

TREATMENTS 297.641 19 15.6653 1.31 0.1886
RESIDUAL 1592.98% 133  11.9773

TOTAL 2332.363 159
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o " TABLE 55
TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON
FACTOR /"B" FOR ‘THE TE OF EXTENT DURING EARLY KR WITHDRAWAL

Source ss . df MS F P
BET SUBJ - . 18679.79 23
‘A - 347,91 2 173.957 0.20  0.8209.
SUBJ W GROUP  18331.87 21  B72.946 .
' WITHIN SUBJ 8757.13 96 |
B - 152.52 4 38.129 040  0.8104
AB 532,24 8 66.530 0.69  0.6972
" B XSUBJ WG  B072.36 B4 96.100
- TABLE 56

TWO - TOR ANALYSIS OF VA}iIANCE WITE REPEATED MEASURES ON
- FACTOR "B" FOR THE VE OF EXTENT DURING EARLY KR WITHDRAWAL

Source SS Y MS F P -
' - - o

BET SUBJ  917.570 23

A , 41293 2 20,646 0.50  0.6166
SUBJ W GROUP 876.273 21 '41.72§t | '
WITHIN $UBJ 1326727 96

B _/). 46,660 n 11.665 . 0.83  0.5085

AB 102.406 8. 12.801 0.91  0.5099

B X SUBJ WG 1177.660 84 14,020

-

[ IR

Sy
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TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR “B" FOR THE KE OF EXTENT DURING EARLY KR WITHDRAWAL

Source SS df MS F P
BET SUBJ 6230.957 23
A 828,896 2 L1k, 48 - 1,61 0.2234
SUBJ W GROUP 5402,051 21 257.240
WITHIN SUBJ 4052.234 96 |
B - 247 .629 Ly 61.907 1.54  0.1993
AB 418.059 8 52,257 1.30 0.2567
B X SUBJ W G 3386. 543 8L 40.316
TABLE 58

JIWO FACTOR ANALYSIS OF VARIANCE WITH R?PEATED MEASURES ON

r FACTOR "BY FO

R THE AV OF EXTENT DURING‘EARLY KR WITHDRAWAL

Source SS df MS F P
BE! SUBJ 634,625 23
A 43.986 2 21,993 0.78  0.4704
SUBJ W GROUP  590.645 21 28.126
WITHIN SUBJ  734.043 96
B 9.115 4 2.279 0.28 0.8916.
AB 35.926 8 I 491 0.55  0.8174
B X SUBJ W.G 8l 8.202

689.008



Facwoa’j?" FOR THE CE OF EXTENT DURING LATE KR WITHBRAWAL
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| TABLE 59 . .
TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

>

- Source

TABLE 60

SS df MS F P
BET SUBJ 5888.270 23 )
A 167.043 2 83.5%} 0.31 :© 0.7392
SUBJ W GROUP 5721.227 21 272,439
WITHIN SUBJ 3474 . 590 96
B 26.946 } i 6.737 0.18 0.9484
AB 296.369 8 37.046 ° 0.99 0.4517
"B X SUBJ W G 3151.274 84 37.515 | |

TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR "B" FOR THE VE OF EXTENT DURING LATE KR WITHDRAWAL

Source

-

sS df MS F- P
| &
BET SUBJ 1337.004 23
A 302.223 2 13{:111 3.07 N 0.0678
SUBJ W GROUP  1034.781 21  49.275 -
WITHIN SUBJ 873.023 96 ] |
B §7.822 . 4  21.956 - 2.69  0.0364
AB 1Qﬁﬁ182 8 12.523 - 1.5b  0.1573
B X SUBJ W G 685.035 84 8.155



TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATkaTEASURES ON

FACTOR *B" FOR THE AE OF EXTENT DURING LATE KR Wf&HDRAWAL
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TABLE 61

Source

ss df - MS F P
| N\
BET SUBJ 226,602 23
A 328,080 2 164,040 1.80  0.1906
. SUBJ W GROUP - 1918.523 21 91.358 T
WITHIN SUBJ 1397.637 96 | '
B 241,926 b 60.481 5,97  0.0007
AB 209,459 8 26.182 2.32  0.0264
BXSUBJWG  946.262 BN  11.265 '
TABLE 62

TWO FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR "B" POR THE AV OF EXTENT DURING LATE KR WITHDRAWAL

Source SS df /f/i MS F P
v

BET SUBJ 642,511 23 ,/)

A 9l . 240 2 47.120 1.81  0.1891
SUBJ W GROUP  548.271 21 26.108
WITHIN SUBJ.  653.191 96 .

B 46.266 4 11.566  1.96  0.1090
AB 109.826 8 13.728 2,32 0.0267
BXSUBJ WG  497.095 8k

© 5.918
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TABLE 63 . _
THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES. ON
FACTOR " "C" FOR ‘THE .CE.OF EXTENT '

Source SS ar  MS F~ . P
BET SUBJ  1065759.0 .71 77/// - |
. A - 141919.5 2 0659.75  4.88 - 0.0107
B . 3203.5 2 1601.75 . 0.11  0.8952
AB 9698.8 4 2424, 69 0.17 0.9539 °
SUBJ W GROUP 911537.5 63  1L4468.85
WITHIN SUBJ 163893.0 1368 - - \
c W626.2 19 1822.43 20,70 '0.0000
ehc 8. 3B 222.04 2.52  0.0000
BC, o 7100l9 38 186,87 , 2.12 0.0001

ABC §361.1 76 110.01 1.25 20,0756

C X SUBJ W G 105367.4 1197. 88.03
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; TABLE 64

<

THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES ON

FACTOR "C" FOR THE VE OF EXTENT .
Source . ss . df (Joms’ F P
S
~ _BET SUBJ - 925438 71 .
S G v&\ 1390.25 2 695.1250  7.69 0.0010
"B | .1949.63 2 974,8125 = 10.78  0.0001
" AB o 218,44 ﬁfiul 54, 609k 0.60 0.6610
SUBJ W GROUP  5696.06 63 - 90.4137 . -
_WITHIN SUBJ . 29759.38 1368 o A
c - 7249.88 . 19  3B1.5723  24.79 0.0000
" AC 2155.50 38 56,7237 3.69  0.0000
“BC 7 730,00 38 19.2105 ©  1.25 ° 0.1409
ABC 1201.56 76  15.8100 . 1.03 0.k173
C X SUBJ WG  18422.4l 1197 15.3905
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TABLE 65
'THREE FACTOR ANALYSIS OF VARIANCE WITH REPEATED MEASURES -
| FACTOR "C" FOR THE AE OF EXTENT -

Source SS af ? MS F P
BET SUBJ .- 61309%.6 71 | i
" A 322976.3 2 1614881 40.89  0.0000°
B ° 12261.1 - 2 6130.6 1.55 0.2197
AB 29052.9 n 7263.2 1.84  0.1324
SUBJ W GROUP  248804,3 63  3949.3
WITHIN SUBJ 85256.0 17368 _
c 0 12827.3 19 675.1 " 13.11  0.0000
AC  4o942.6 38 130.1 2.53  0.0000
BC ' 3111.8 38 81.9 1.59  0.0139
ABC - 2739.6 76 36.0 0.70  0.934%0
CXSUBJ WG . 61635.3 1197 . 51.5
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THREE FACTOR ANALYSIS OF VARIANCE NIEE>REPEATE

FACTOR "C" FOR THE AV OF EXTEN]

: h\;\

™

{

-

L

D MEASURES ON

e -

~ Source . 8§ aff - MS F P
BET SUBJ ° ' 4229.88 71
A 110,75 . 2 55.3750 1.24 0.2958
B C1178.25 2 589.1250  13.21 d¥a000
AB 130.75 4 32.6875 0.73 °'§§FB
SUBJ W GROUP 2810.13  63%  L4.6051
WITHIN SUBJ 21659.75 1368
c "*F’ 5528.25 . 19  298,9605  27.30  0.0000
AC 1738.25 38 45,7434 4,29  ©.0000
BC 420.75 38 11.072%  1.04 o%ho28
ABC . 1016.94 76 13.3808 1.26 77 0.071,
C'X SUBJ W.G  12755.56 1197  10.6563
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) TABLE 67

MEANS FOR TWENTY BLOCKS FOﬁ CE, VE, AE AND AV OF DIRECTION
FOR THE DISTORTED FB GROUP PRACTICING WITHOUT KR

Direction
Error Score - CE VE AE AV
Block Numper

1 8.2000 7.6784 18.2500

2 5.2000 6.4736 13.9000

3 6{2250 44,6204 11.4750

L 2.9750 4.7563 10.6750

5 0.2000 5.7489 11.0500

6 -4.6750 5.3577 12.2250

? -3.1125 4.9886 9.1125

8 -3.5000 4,522k 11.6000

9 - 6.0373 14.5875

10 -
11 +3.2750
12 -5.2750

13 -3.3000

14 -3.5250 L. 991 . 12.4750

15 -3.7500 5.5876 12.6500

16 -2.6000 3.4704 . 12,4500 3.1878 \\\;’
17 -2.9250 . 6.0438 | 14,6250 5.2682 | |
18 ~2.4750 5.0220 12.2250  3.9762
19 -4,3750 5.1977 15.0750 5.0104
20 -6.3250 5.8220 . 13.4250 4. 4147
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TABLE 68

MEANS FOR TWENTY BLOCKS FOR CE, VE.” AE AND AV OF DIRECTION
FOR THE NORMAL FB GROUP PRACTICING WITHOUT KR

.Direction
Error Score CE VE . AE AV
Block Number l ‘
1 2.0500  6.1861 9.6500 3.6772
2 2.2750 4.8802 9.7750 3.9582
3 3.1000 3.6550 8.9500 2.9182
b4 1.9750  4.3672 . 10.8250  4.0539
5 4.8000 4,043k 10.9500 3.6934
6 5.9750  3.6952 9.3750°  3.3869
7 : é.uooo 3,6099 10-1000 3-0332
8 6.9250 3.9728 , 9.0250 3.9728
9 ) 6.3250 3.7425 10.0750 ' 3.5162 .
.10 5.4250 3. 6664 9.5750 3.0841 °
11 2.7500 L, 5648 7.4000 L,0211 |
12 2.9000 3.4267 7.3000 2,8866
13 é.looo 4.1785 8.2500 3.8697
14 1.3750 . 3.6260 7.2000 - 13,5096
15 2.7500 3.6541 7.9500 2.76?67
16 1.8750 3.9111 . 5.7500 3.3109
17 1.4250  4.3043 7.4750 3.,8663
18 0.9500 4,0552 7.9500 3.6984
19 -0.0500 3.2233 9.9500 3.0028

20 1.1500  4.0807 7.6000 3.8739
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TABLE 69

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF DIRECTION
© FOR THE HEIGHTENED FB GROUP PRACTICING WITHOUT KR

Direction
Error Score CE VE AE AV
Biock Number |
1 4.4250  5.8060 8.9750  L.47kb
2 4.6250  3.7685 © 6.9750 3.3132
3 - 1.2875 Iy,2267 7.9875 3.3524
M -0.8750  4.0892: 8.7250 4.0199
5 | 0.4750 2.67319 7.5750 2.0873
6 -0.9750 v, 2160 ?2.9250 3.1780
7 -3.0500  4.0561 8.8500 3, 5258
8 -3.9250  4.6423 9.2750 3.4888
9 -5.8750 4.2020 *912256 3.4399
10 ~5.8250 3.5976 8.2750 3.5130
11 _6.4250  4.2463 . 8.8750 13,6701
12 _7.4250  3.744b 10.8750 3.2002
13 ~7.6000  3.3905 10.6000 2,9262
14 -9.4250  3.7601 10.7250 3.5199
1 -8.2000  3.3299 h 10.2500 | 2.7938
16 4  =B.7000 3.5531/ﬁ_ 11,1000  3.1074
17 -8.5500‘~' 4.6983 ' 10.2000 4.2415
18 -9.7000 4.2957 10.4000 3.9728
19 -10.6000 - 3.9142 10.8500 3.7019
20 -12.1000  3.9740 13.2500  3.8931
>
/

-




MEANS FOR (TWEN

FOR.THE DISTORTED FB GROUP

1k6

TABLE 70

i,

1Y RLOCKS FOR CE, VE, KE AND AV OF DIRECTION
DURING EARLY KR WITHDRAWAL

Direction
‘Error Score CE VE AE AV
. | Blopk Number '
. 1 -4.4000 B.6933 11.8375 5. 4254
i 2 -1.3250  5.7953 6.3750 3.5231
f‘ 3/ 1.6250 5,2914 6.3250  3.7540
| b -2.7250  5.5586 6.5250 4,977k
5 ~3.0750  4.0385 5.6250  3.2156
6 -1.8250  4.3394 6.8750 3.4021
7 -1.8875 5.1467 6.6375 4. 3384
8 -3.2250  4.9433 8.5250 3.0748
9 -2.3250 3.3005 6.0250 2.5716
10, ° -1.7000 . 4.5033 5.6500 3.2402
11 ' -2.8000  6.2558 6.3000 5.0716
12 0.3250 4,7204 5.4250 L 4824
17 -1.2750  4.3836 4.1000 2.14661
14 21.1750  3.8203 3.4250 2.9645
A5 -1.6750  L.2784 4.3750 2.93&5\
. 16 ~1.9250 . 3.6558 4,5250 2.8843
17 -2.7750 ° 5.0027 5.1750 3.5391
18 -1.8750  5.29%7 5.4250  &.5772
19 -1.7250 4.0777 4.6750 3.2115
20 : 4.9633 u.gooo '

-0.7000

3.7796
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TABLE 71

MEANS FOR-TWENTY BLOCKS FOR CE, VE, AE AND AV OF DIRECTION
FOR THE NORMAL FB GROUP DURING EARLY KR WITHDRAWAL

Direction
Error Score CE VE AE AV
Block Nuﬁber
1 2.0750.  7.203b 7.4250  4.7340
2 2.5750 2.8929 3.8250 1.9311
3 2.2500 4.2719 . 5.3500 2.8813
4 1.5250 4.8956 5.6250 .  3.0740
5 2.5750 i, 3217 5.1750 ©  ‘3.1843
6 1,9750 3.6160 © - 5.6250 -+ 13,0693
7 0.4750 3.1000 5.9750 2.9046
8 21,3750 54 4,1711 6.5750 - 2.8724
9 ;1.9500 3.0695 6.1000 2.8863
10 -1.4000 b, 6247 7.2000 2.9055
//)1' 1.1750 4,1816 5.3250 2.4993
12 0.6000 {rt::)osso 4.4000 2.6954
13 -0.0250 3.8235 - 4.6750  2.9302
14 0.4000 1.8985 . 4.6500 | 2.8154 .
15 1.0250 3.1806 3.9250 2.3159
16 0.3750 4,2629 8500 2.6u24
17 0.0000 4,2300  L4.2000 ' 2.5607
18 Z 20.0750 - 3.671k : 3.3750 2.3518
19 1.2000 3.4629 3.¥500  2.6060 .
20

0.5250 3.6863 3.5250 1.6233



148
TABLE 72

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF DIRECTION
FOR THE HEIGHTENED FB GROUP DURING EARLY KR WITHDRAWAL

Error Score CE VE . AE AV

Block Number

1 © 1.8250 . 7.4515 8.9250 4.7216
2 3.1250 3. 7474 7.9750 5.4lks
3 -1.8250 5.0162 N\, 6.2250 . 3.5975
4 ' 0.0500 4.8185 5.1500 2.8415
5 0.9000 4, 4004 4.,4500 2,4831
6 -1.8250  4.8297 4.8750 3.6683
7 -3.9500 3.8283 5.7000  2.,9472
8 22,0000  5.3750 5.7500 3.1893
9. .. -2.0000 6.6392  7.6500 4.0679
10 -3, 3000 4.9359 6.2500 3.7882
11 -1.7500  4.3394 417750 ~ 3.6705
12 -1.7500 4.8834 5.3500 3.2037
13 -1.1250 5.1%2g\;_ 4. 6250 13,2233
14 -1.1750 4.7639  b.7250 3.1789
15 -1.4500  3.6416  14.5500 2.6759
16 -0.9250 4.8179 4.8250 3.3707
17 -1.3250 3.1791 1.,0750 2.6790
18 -0.2000  4.0765 .  1.3000 2.7825
19 -2.2250 4.4b49s 4.7250  3.2839~
20

-1.2500 4,3788 4,8000 2.5636
\
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TABLE 73

MEANS FOR TWENTY BLOCKS FOR OF, VE, AE AND AV OF DIRECTION

FOR THE DISTORTED FB GROUP DU

»

7/

{

RING LATE KR WITHDRAWAL

Direction .
Error Score CE i VE AE - AV
_‘\P//E}ock Number :
1 -7.0750 11.5781 12.9250 9.0258
2 - -4.0500 8.9430 - 11.2500 5.316#
3 -l4,6500 6.6733 9.3500 4.3662
L -2.3250 7.2997 . 9.0250 5.1557
5 -3.1750 8.5021 8.4750 L.5108
6 -1.8750 L,7042 6.1250 53,0520
7 ~0.9750 5.5232 5.7750 3.4171
8 21.1750  5.1248 6.2625 3.5982
9 -1.5000 621722 .7.3000 3.8121
10 Z0.1000 3.3071 3. 3500 ~ 2.3380
1 -0.2250 5.3169 5,2250 3.6529
12 -0.2250 4.8691 5.3250 3,529k
13 -0.6506 5. 3044 6.0500 © 3.4309
14 0.1000 5.8266 5.6500 4. 5694
15 -1.1000 4.1162 4,8500 2.4262
16 -0.2500 4.0787 4.6500 2:5£§5 ‘
17 . -0.2750 5.5971 ‘ 4.4750 3-4556 '
18 ~1.4500 L,7608 4,5500 3.87311
19 -0.1250 L.6618 4., 6750 3. 5462
20 -2.5250 6.2250

3.5855

- 2.3796
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TABLE 74

MEANS FOR TWENTY BLOCKS FOK CE, VE, AE AND AV OF DIRECTION
____FOR 'THE NORMAL FB GROUP DURING LATF KR WITHDRAWAL

1

s
Direction ~
Error Score CE VE AE AV T
Block Number -
1 -1.5000 2.3715  6.9500 4, 0297
2 -2.2750 4. 9l68 7.1250 3.7590
3 -2.2250 3.8728 5.1750 2.7515
Y -2.5000 .  3.8066 4.7500 2.5274
5 ~0.2750 3.5552 3.2250 2.119%
.6 -0.5500 3,770  4.2000 2.6359
7 -1.3500 4.1232 4. 3250 2.5390
8 ~0.2500 4.718b 4.100Q}.U 3.1590
9"' -0.5250 '3.83&5.: 3. 4750 2.2872
10 -1.0500 2.6619 4.0500 2.0284
11 -0.9500 2.8428 3.7000 2.1409
12 -0.1250 3,0873 3.8750  2.1064°
13 20.5000 3.9832 :u.u5¢o © 2.6696
14 -0.8750 4. 2882 45750 2.9243
15 -1.0500 4.1173 14,1500 247511
16 0.3256 2.6741 3.2250 2.1275
17 0.9500  3.3540  4.5000 2.8221
18 -0.1000 2.8690 5.1500 2.4463
"19 -0.9250 2.4359 5.7500 2.3134
20 -0.9125 3.1076 4,9875

2.3716
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TABLE 75 :

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF DIRECTION
FOR THE HEIGHTENED FB GROUP DURING LATE KR WITHDRAWAL

Direction
Error Score EE: VE I“ . RE AV
Bfock Number | | '
1 2,7750 7.1782 '13.9?50' 6.1183
2 -2.5125 5.6850 # 9.0500 4.2029
] 3 -0.6250 6.4075 9.6750 3.8819
4 "-1.8000  5.3474 © 10.4250 ' 3.6205
5 "-0.6500 6.9642 9.7500  5.0854
6  -0.8000 6.1924 10.1750 3. 9467
7 -0.6875 4.3179 6.2500 3.1713
8 ~1.4750 6.2821 9.2250 3.5712
9 -1.3750 - 4.9385, 7.4750 . 3.2295
10 -1.27501 5.8698 8.4000 4.3985
11 -0.8000 3,8438 5.5000 ° 2.3756
12 ~2.0000 4.5172 9.1250 2.5810
13 -0.3750 ° 5.7646 4000 "3.9078.
14 0.2500 3.73050 (;i?295o 2.2659
15 -0.0000 4.803%  7.1750 2.2535
16 -2.7500  4.3931 6.0750 3.505
17 -2,7000 L,9678 . 6.8250 4.0296
18 -3.2500  3.7740 7.1500 3. 3744
.19 -1,2000 L,2062 6.3000 2.9207
20 -2.2000  4.6199 \ 7.4250 . 074
.
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WELE 76

. MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF EXTENT °
FOR THE DISTORTED FB GROUP PRACTICING WITHOUT KR

-

Extent
Error Score CE -VE AE AV
Block Number '
3, - .-55.2000  8.7439  56.1000 7.2646
2 46,7499  :12,2046 48.5500 . 9.6411
3 -34.1999 5.5749 | k2.6500 5.0524
4 -29.4500  7.369%  40.0500 6.9455
5 -23.9750  7.7710  41.8250 5.8877
6 w -20.3750 11.9100 . 43,8250 11.0856
? -16.8750 9.4714 41.1375 7.5905
8 -20.6250  15.0621 41.2250 10.5916
9 -17.1625  9.9005 48.8125 T9.3167
10 14,7000  10.7693 34.9500 9.9604
.11 =15.5000 8.1637 © 37.1500 ?;8053
12 -12,2000  7.9857°  39.5000 " 7.9857
13 . -8.7250 9.2558 39.6250 © 9.2558
14 "-8.1250  11.6987 38.5250 10.8655
15. -10:9560 8.6536 41.1500 7.2977
16 -11.9750  7.6292 3.5750 7.1504
17 -14,6000 6.9245 43,4500 6.2%96
18 <15.5250 - 9.3873 46.0750 8.8366
19 .12.5500  8.0322  43.1000 8.0322
20 .-16.2500  9.4129 °  43.9000

9.3268
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TABLE 77 .

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF EXTENT
FOR THE NORMAL FB GROUP PRACTICING WITHOUT KR -

-

" Extent
Error Score CE VE AE AV
Block Number 7 )
1 -30.4250 “1T™Musg 34,1250 10.7330 -
2 -27.6000  8.8425 35,1500 8.2484
3 -28.3750  6.0584  31.4750 5.7948
o ‘-29.7250  5.0032 . " 35,7750 5.0032
5 ~25.6500  6.5150 32,8000 6.2821
6 -25.9500 7.6269 29.9000 7.2057
.7 -25.7750  6.9671  28.8250 6.2676
8 -26.5750 7.0969 29.8000' 6.3874
9 -2511750 '5.8631 34,8250 5.2222°
10 | -28;5250 6.6830 31.6250 5.3096
11 -24. 3000 7.0050 29.6000. ?ﬁooso
12 -23.8750  8.2784 | 31.7750  7.6111
13 -25.0250 7.55?3 30.9250  %16315
14 _ ~24.5000 7.6417 33. 3000 6;3u96 B
15 -24.,7000 © 7.3330 28,0500 72,1119
16 -23.5500 . 6.0515 28.9500 5.89§5}
17 -26.5500 8.1776 . 32.0000 7.7320
18 -29.8750 ' 8.2819 3175250 8.0830
19 -25.3750  5.8917 31.6250 5. 4479
20 -23.5250 - 5.5403 31.1750 4.426)
| \
(
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TABLE 78 .

!

MEANS FOR TWENTY BLOCKS FOR GE, VE, AE AND AV OF EXTENT
FOR THE HEIGHTENED FB GROUP PRACTICING WITHOUT KR

= —————
Extent .
Error Score CE =~ . VE AE AV /
Block Number S~ | > L
. e~ _
1 © _31.6000 ll.ujiiﬁ_j. 56;uoo§ii- 10.7862 7)5
2 -24.9500  8.80 52.550 s 7.6631 N
3 _'-19.0250_L-_' 6.7864 51,8750 6.0565{) :
4 15,0000  6.9927 . 57.9999 6.9927
s 16:1250  6.3486  53.2750 <\ 5.7264
6 -15.7750  5.5560 54.3750 574036
7 -13.3250  5.8732 54,3250 . 2,76%
8 -14.6250 6.5493 55.9749 -  6.4246 ’ .
9 7117500 7.4705 54.1500 N\ 7.4705 ’
10 © Z11.4500 5.4581 54,7500 5.4581
11 -10,0750  4.3832 55,2250 ok LS
12 -8.2500  6.2173 55.0500 - 6.2175 ‘
13 -7.1750  6.3538 51,0250 ‘6;3538
14 | -9.8000 5,7781 54,1000 5.5017 .)
15 'hﬁ\l\ -6.5750  4.7899 ] -52.4250 ;g;?a§g
16 -10.3500  6.3066 53.oqbo T 6.0593
1@ © =8.4500 | 6, 3168 56;a500 LA 6.1566
18 -l 075Q " 6.R3 \  JFreRs50 L T8 2567 .
19 ',1¥F§25o © 4,933 E_'2.6750 - h.%gga -
20 -14.7000 , 7.54SPMNP52. 75000 . 740D
- | 4 !

|
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TABLE 79

-
n
. .

. MEANS FOR TWENTY BLOCKS FOR TE, VE, AE AND &Y OF EXPENT '

FOR THE DISTORTED FB GROUP DURING EARTY KR WITHDRAWAL

Extent

Error Score CE VE ‘. AE AV
Block Number | L
1 -32.3250 23.653% -~ 36.3250 18.9210
; 2 BRo550 -13.6987 15.3250 979432
| 3 1.2250  11.1778 11,3750 6.2217
i o, 2.8750 10,%3?0 11,0250 6. bl 7l
5 0.6000  9.7603 14,1500 7.6793
6 3.4125 9.7095 16.1250 7.0401
7 ,;4?‘262; 9.5265  18.1125 6.48§9.
. &8 | { 9.5250 12.3650‘ 16.1250 7.6332 .~
g L. 6.1500 8.1704 22.8500 6.8872
» 10 8.6750 13.9003 14,9750 8.9271
vx 11 -o.u756 175106 11.5750 =2 58971
~- 12 .0750¢4 8.9211 9.7250 5,9906 °
. 13 2.8000 *:‘7.6u699 | é.gsoo . 1.,5550
14 ¢ 2.0000  8,5436 - %:psoé . 518874
15 6.8500 10.1395"3 10. 5000 8.0723 .
- . 16 ' 0.5750  10.4797 ' !6.1750 e 5.7955,
'(//fl U 0.5000 10,4559  -10.1000 . 6.6088
B ‘ A8 20,8250 10.2269 © 9\9750 5:3383
J - ‘_-;’; 19 - 0.3250 ¢ 9.?648 8750 5.6114
QLH#, @ 20 $2,2000 10.1277 9.4500 o 6.0732
' | o T\t:T“‘* ) . ..
& 8 . e R
, R
/.
o .

C m e Amaa
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TABLE 80

MEANS FOR TWENTY BLOCKS FOR TE, VE, %E AND AV OF EXTENT
POR THE NORMAL FB GROUP DURING EARLY KR WITHDRAWAL

. Extent

. " Error Score CE _ VE AE (’K;//F

Block Number

L)

1 - 17.9500  23.9688  27.2000  17.2796
v 2 1.0500  11.7961 11.6500 8.0194
- 3 1.3000  10.5208 10. 3000 7.1089
! 4 -1.2250  10.4357 9.5750 5.8009
| .5 9.5750 10,2700 _ 14.5750 - 7.5762
\ 6— f\\\\v.aooo 8:3592 13.8500 6.8237
7 " 6.8500 7,8381 *16.9500 6.8049
85 4.8500  10.1337 15.8000 7. olkl8
9 L.9750 ?7.9789 12.6250 6.3967
- 10 4.2500  11.1582 11.2000 7.0913
11 5.0000 8.3509 10.1250  5.9079
T 12 -0.1750 8.9565 8.7250° 5.4l
13 1.5500 9.1556 8.2500 __;#fglgséz .
14 2.8750  9.1743 9.3750  5.7699  \__
15 3.6250°  7.4838  8.0250 3.8340
16 2.2500 '~ 6.5000 5.7299
17 2.0500 | 7.3500 53100
1éif 3.1000 - 7.9471° 7.7000 5.3213
19 3.9750 7.5860 7.7750. u.sau7f-
20 ;é.ssqo_ | 9.3936 9.5000 - 5.0148
| N -

IJ(\
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 PABLE 81

-

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF EXTENT
FOR THE HEIGHTENED FB GROUP ayRING EARLY KR WITHDRAWAL

Exteht'
Error Score CE VE AE AV
Block Number
1 -15.1750  19.9103 20.9250 15.6670
2 3.2500 13.1999 13.025q5' 7.1289
3 © . 2.2000 8.5934 9.0750 'r'_ 6.6293
4 -1.0000 _  8.0217 7 .4000 45305
5 ;1.5759'f" 7.9162 7.9750 5.1249
6 4,7500 ' 9.380k 9.6000 5.7788
7 3.5250 7.6256 11.3750 6.4968
8. . 4. 3250 7.9104 15.0750 i 6.2195
9 2.,2250 9.7151 11.2750 7.2867
10 -0.1000 . 7.6979 7.6000 5.1789
11 3.6500  10.2407 9.2000 - 7.6666
12 1.7000  8.6632 8.1500 4.8453
13 0.3500 . 8.1696 7.6500 . 5.1480 °
14 . 3.0250 9.0783 8.4750 | 5.8391
15 0.0750  5.2637  4.9250 . 3.4598 |
]'.6 ~0.1750 : 7.6303_ ' 2.0750 | 36063
17 0.6500 6.9101 ~  6.7500 '3,6875
18 . 0.4500 - 8.9971 . - 8.0000 5.1529
19 - 1.1750 7.4063 6.9250 «  4.9373
20 0.5250 ?.3678 6.7250 - .84

A
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'MEANS FOR TWEN
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TABLE 82

TED FB GROUP DURING LAT

VE, AE AND AV OF EXTENT
F KR WITHDRAWAL

5

9.1347

——— '_/_\‘
==
Extent
Error Score CE VE AE AV
" Block Number -
1 -24,4000  27.2028 33.§apo 23.2756
2 04750  13.071k4 13.8875 8. 4k26
3 _0.1750 10,1342 9.5750 6.3582
b 6.8250  12.0153 14.0250 10.73748
5 2.8500  12.2949 15.2000  9.3024
6 7.0500  12.0369 12.2000 - 9.5437
? 0.4750'  9.928L 19,4750 % 8087
8 0.7000  12.7648 11.9q06*\*~ ?7.1738
9 -0.4000 11,9558 10.0000 6.7898
10 5.9000 11,9446 12.0500 8,164k
11 ~1.2250 9.1459 9.6250 7.3597
12 *-1.5000 11.5486 11.3000 7.7319
13 0.3500  9.5555  9.9000 ' 5.459%
14 _0.0750 9.8744  9.3250 ' 6.7500
15 .2.2000  10.0843 ' 9.7250 | 7.081%
16, -0.8500 10.7483 f10.1000 8.8189
17 44250 '\qffi76?‘ 9.5750 'u;7656
18 0.5750, - ;0.2858J11 11.8250 5,1629
19 -1.5250 ° 12.4092 14.5250 - 8.0988
20 -1.2500 10.8000

C . 6.7204
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TABLE 83

MEANS FOR TWENTY BLOCKS FOR CE, VE, AE AND AV OF EXTENT '
FOR THE NORMAL FB GROUP DURING LATE KR WITHDRAWAL

o

Extent

Error Score CE. VE AE AV
Block Number ’
1 -13.1250 17.5769 17.9250 1%.7366
2 '-0.6750 9.73887 9.5750 6.2429
3 1.2500 10.0883 : 8.7500 6.6193
L -2.9500 7.1782 7.8000 5,4821
5 2.3000 ~  8.7048 8.2000 5.6603
é 2.4250 ;0.8#25 10.3750 4.9566
7 0.3750 7.0400 6.3750 4.2455
8 0.6250 ?.iluo 6.7750 3.8097
9 1.0000 6tu?27 5.9500 h.46739
. 10 -0.3750 7.2156 6.7750 4.6661
e 2.1250  6.7858 6.2750 3.7665
12 2.3250  -6.8476 6.8750 4.1536':
13 3.5250-  7.591C 7.5250 4. 7uB4
W 3.7750  8.7715 8.5750 " 5.5603
'15 3.0250 . B.5749 9.0250 5.0898
16 - 0.7500 © 6.1729 6.5000 3.8871
17° ~1.0250  6.2546 7.3250 4, 4880
18 ©0.8000 ; 6.4830 . 8.0000 5.3364
19 © 2.9750 7.6657 10.5750 ' 5.5866
20 ‘1.2750 . 8.3742 14.1250 6.786u
-
/‘
A — k.
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. TABLE 84

MEANS FOR TWENTY BLOCKS FOR EE; VE, AE AND AV OF EXIENT
FOR THE HEIGHTENED FB GROUP DURING LATF KR WITHDRAWAL

Extent
Error Score CE VE AE AV
Block Number |
1 13,9000 18.3941  14.6500 - 14,5752
2 -0.3250 11.8237 7.1875 6.9633
9 -3.1250  11.7939 ' 6.1124
# -1.3750 12,0443 ”373545
5 1.2250  9.0523 5.4716.
6 3.1500  9.9440 6.2431
7 3.4750 7 4458 5.1538
8 3.3250  6.5289 I, 2840
9 3. 5500 §.2190 5.0186
10 1.4000  7.5445 L,0843
11 ~0.6750  5.8106  3.9999
12 2.5000 9.1032 | 5,4081
13 1.4000 8.7834 5,779 -
14 3.2500  6.6932 4.5096
15 1.9750  7.0799 4.1043
16  0.2750  5.3957 4.okl1
17 4.0000 56762 13.2138
fﬂ‘\\‘“; 18 0.8000 - B.b232 " N ‘5-3563
T L1.8625  6.9743 |  6.3750 52995
- 20 2.0750  5.5969 8.6000 — k.,0403 i; 

o,
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