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 ABSTRACT

3fion the memorylrepresentation of movement stimuli. When a 1earner’makes;
7e simple movement and is later asked to reproduce it what is abstracted f:f’
‘  .;from the first movement that allows accurate reproduction of the second?

b':7iThe underiying/assumption of the project was that unless basic knowledge‘“'w'

vabout how movement informatlon 13 represented stored and retrieved

‘1?tpractical considerations on how to teach motor skllls will be ill-founded )

thhus the report deScribes a Serles of experiments dlrected toward that &
:.:goal., Systematically experiments are" reported that attempt to isolate S‘f:i?
", the contributions of movement informatlon. The report summerizes the ,:}:de
-ivtfindings that examine the relative contrlbutions of central and peripheral
ifcomponents in simple movement control. mhe subsequent section (appendix)
.t‘gives the actual experlments that were performed in their published form

) .
i
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{QIntrodnction‘ O A

The study oT motor behavior deals prlmarlly w1th hov thc humah learnseb

ﬂand controls hl vemencs 1n the env1ronment Desplte great 1nterest aﬂ |

'fthis 1mportant aspect of human behav1or 11tt1e i actually known about the,?

*acquisition and retention of movement patterns and skllls.u With increased o

lelsure t.me becoming moxe apparent in the Unlted States, one of the educ&—,i;,

:ptlonal gbals of many phy31c&1 educatlon programs across the country 1s tO
"""" 1fic ¢

?Iteach the average student fundamental movement patterns as Well as spec

_sport skills. Equlpped with these skllls, students would be able to partic~ }

3ipate 1n llfe-long 1elsure act1v1t1es vhlch prov1de a good balance with thelr

profe851onal careers. Wlthout scientlflc research knowledge about the

‘learnlng process may be difflcult to obtaln and can only hinder the accomp~“

llshment of these educatlonal objectlves. T

e VA
- A con‘trlbutln

g element to the lack of knowledge of the motor learnlng

Lo

- ﬁgocess has been the preoccupatlon Wlth applled research. -This’ type of motor ffww

‘_r,sklll research has been concerned with. anSWerlng sneclflc probleme such as how .

10 klck a ball how to drlve a car and ‘how to operate a machlne. Even With ‘U.f

. th1s ‘concern for obtainlng usef ful knowledge of learnlng and performance in

f‘many tasks &pplled research has ylelded dlsconnected pockets of. 1nformatlon ﬁ;f:*f,‘lq

To fully

H"1‘Whlch heve 1acked general sc1ent1f1c principles (Adams 1971)

'}understand the acquisitlon process of all motor SklllS, 1t 1s deulrable tO

:}work from a theoretlcal frameWork which trles to uncover the genera}/grinci-h3fi

‘:ples of motor learnlng.

_.‘ -

= Fortunately,_some recent‘theories “of motor 1earning (Adams 1971,

| "
7,~Schm1dt 1975) haVe been postulated which contaln e conceptual fram

, ;\!
,Eprovlde test—ble predictlons.

ework and “@i

These theoretlcal formulations as weIl as




‘others in experimental psychology have evolved from behaviorism.or S—R
V“PSYchology which had domnnated experimental psvehology-for more: than a ’eﬁf'~

u«century Rather than v1ew1ng the e arner as a. passive recipient of en- f

fv1ronmental stimull these lnfbrmatlon processing or cognltiwe theories o

view the learner as. an actlve declslon msker and organlzer of hlS own actions.-

Alsog these theorles assume that a number of central processes ex1st W1th1n

the learner that transform env1ronmenta1 st1mu11 into useful lnformatlon whlch.nj

1s used to base hls thoughts and,actlons upon.

The acqur31tion of motoxr skllls is 1n ‘many respects dependent on the

e a.ccurate res— -

retentlon of past movements slnce 1t is qulte clear that mor

Thus, at the

ponses are unllkely 1f the memory of prevlous movements falls.e

heart of 1nformatlom processing accounts of motor learnlug are varlables
Y (,5

: Whlch influence the retentlon of‘movement Many of these varlables have "pv;;__

i been locallzed at nerlpheral origlns such as vlsual and proprioceptive

feedback and are dependent on the results of movement Rather recently,‘

more

-

' other varlables 1nf1uenc1ng moVement retentlon'have been shovn to be of

central orlglns and ‘are apparently dependent on the 1earner s actlve ' U/i

organlzatlon of his movements. The approach taken in this project over the

as been to study the relatlve contrlbution of . perlpheral

past four years h
. . l( ‘_' :
T and central components of motor sk1

11 Thls renort rev1ews and sumarizes

K

’ the experlments, conducted 1n mw 1aboratory

over the 1ast four vears//that

5 . ! S _ _
: have appllcatlon to the memory representatlon of movement 3.”Tr;2r/ ’

DR |
Perlpheral an_ Central Components of Movement Retention_‘;

ant interactlon he-,w

v”,?i, The learning process can be ep1tomized as a const

Many declsions faced by the learner rh

oW

1 tween_theclearner and the enV1ronment.

‘4\..

t be baSed upon the interpretatlon of envlronmental stlmull\through

N

;mus
dbackcfrom the”

{thefvisnel;vauditorv‘snd prbpr;oceptivepnbdaiitles. Thus, fee

tual movements"is thoughtvto

env1renment as well as from the learner 8 ac




aPlaV an important role in the acqulsitlon and retentlon process.- Thé»ceﬁtfi;if'

jbution of feedback a perlpheral component of movement has been extensively fﬂ@”

FV'

\:stu&ied in my laboratory.‘ Along v1th 1nVest1gatiOns which have studled ,‘»=‘

‘fibehavioral technlques desigmed tO manipulate feedback, & number Oi

5exper1ments are reported which have examined the relatlve contrlbutlon of

e . ‘

fproprloceptlve,,vlsual and‘auditory feedback in the retention of movement

Prourloceptlve feedback has been shown to ;ubserVe many movement cues

I
“such as p051t10n, amplitude, speed and anceleration.

These various types:,

:TTtof movement 1nformatlon could potentlally be stored in memory and be one
J : .
Several exnerlments have been conducted 1n ’

o

) and distance .

;ba51s ‘for mOVement retention.

‘ the pro,ject speclfically 1nvest1gat1ng location (position

s‘(amplltude) cues and these are reported
: e ) :
/A number of exoerlments have beenlperformed concernlng the 1nfluence'

rfof one movement on the productlon'of another. Most of the. avallable

s, of this so—called "response '

' eV1dence p01nts to’a perlpheral mechanl

0

d as which have composed a substantlal part

\
of my researcn program - are reported

KR

‘b1a31ng"'effect These sty

Untxl qulte recently, the central components of Sklll acqu151t10n

":‘and retentlon have. been largely 1gnored One central comnonent of the

Voimovement retentlon process is the manner 1n whlch the learner actively
Another central Zif.r_

<

'rehearses or malntalns movement informatlon 1n memory

'rocess Whlch has been shown to be a determlner of movement retention 1s W'fﬁfl

‘”;the actlve orgaﬁt*arion‘anﬂfimplementation of voluntarv movements.

?Bo+h

Efof these central components have rece1ved cons1derable experimentation 1n

fthis proJect v"{-.‘ iv,". ;‘Ai* 7".._‘iv»;l;ff vt” ';Jﬁ :

estlons. Perhaps the major contemporary issue 1n motornf»

JThe Research Qu

behaV1or research concerns the development of e central or internal—memory ;




representation which is postulated as necessary for gulding and controlllng

movement.i Whether it is hypotheslved as a perceptual trace (Adams, 1971)
Viaﬁ‘chema (Pew 197h Schmidt 1975), a neural model (30kolov, 1969), a" Spatia1;9<

*”reference or coordlnate system (Lashley, 1951 Paillard & Brouchon 1968),'

. g\(

'ﬁfstandard (Laszlo & Balrstow 1971), or ; template (Keele, 1968 Keele %
Summers 1976) there seems to be un1versal agreement that some such agent

“is critlcal for govcrnlng movement. The fundamental concern for vhich
thSources of infOrmatlon are - actually used in deVeloplng a memory representammzp

i

tnon for mOVement is the focus of th1s proJect

Clearly, there are a varlety of 1nformat1on sources Whlch can contrlbuteh
to the development of & memory representatlon (e 85 vlsion and audltlon)
On the other hand there are many s1tuat10ns 1n which the 1earner must‘depend -
on cues arlslng as the results of h1s own movements; per se. 'Such cues are
.thought to‘be based on‘proprloceptlon the encompas31ng term fornthe modality ;ﬂ hh

»

subserv1ng sense of p051tlon and movement. In additlon, it has heen hypothe-* f‘ff

31zed that the central nervous system elso has mechanlsms avallable by whlch

1

it can 1nform 1tself as to the 1ntended output (Merton 1970) Thus movement

klnformation can be cons1dered as "perlpheral, in; the sense that 1t arlses

from proprloceptlve receotor organs stlmulated as a result of movement"or

AU / ,‘ i
’ ;“central" 1n the sense that 1nternal 1nformatlon i§\generated prior to the

rvoccurrence of overt movement e
: ; SR

: The relatlve roles of perlpheral and central 1nformatlon in movement'wf?
fijcodlng hav *yrﬂrﬁn:*be—a«sesseéf&n—&ny—system&tle—maqner———@herefere—-#ﬁur__-
: N

rlmary questlons addressed 1n th1s project focus on the reéeptor and

;effector mechanlsms 1nVolved when e subJect produces a motor response and ¢1:_¥?

.-.




receptors whlch transmit movement informatlon. With llmb movement it is
ffvell known that kinesthetlc ;eedback cues can arise from a variety of. ’
”;1‘sourcesa joint posltlon receptors muscle spindies and cutaneous senses
'“”Additionally, feedback can. come from a varlety of sources associated with S
:the movement via certain modalltles. Often, audltory and visual.cues
3taccomnany a movement along w1th proPrioceptive 1nformatloniw Many.models
and theories ofwmotor performance have delegated 1mportant role feedback e
;5rfEssentially these closed—loop theorles assnme.that ong01ng feedback is ‘
ifﬁcompared against}some internal reference of the correct movement and any
’ l

r_fdiscrepancles are treated as errors to be corrected (Adams 1971 Anokhin,rjf;gr o

;-,“;’1969, Bernstein, 1967 Schmidt 1975, Sokolov, 1969)

1. Feedback and motor control; The 1mportance of proprioceptlve

1 .

:jfinformation can generally be assessed by elther rednclng or 1ncreas1ng 1tsd
1}f;presence durlng the performance of a motor task Its 1mportsnce is 1n-
'ffferred if,elther a reduction of 1ts presence hlnders performance or . a o

‘3heightening of its presence 1s fac1lltory. While motor c0ntrol has been o

demonstrated to be independent of proPrioceptive feedback in certalnifgf“fi

insects Wilson, l961), amphibia (Szekely, Czech & Voros, 1969) and'mammals\};;~y

the kinesthetic modality. Since surglcal deafferentation being t e. common




l“lesthetic afferent processes without incurring similar and conjunctive

{

'*:detrimental effects on motor systems ' ,,_iiyii‘ j ;??!:r_‘“

, Quite recently,_assumptions haVe been made regardiné “the nerve éom“‘{;
xﬁfPresslon block *t:echm.q,ue"1 which deny both °f the above critlcisms., Implicit
wigto thevuse of this techniqne is the fundamental postulate that functionﬂin ,

fnerve fibers and receptors subserv1ng kinesthesis is eliminated 5~10 min

I

:T:prior to that 1n those subserv1ng motor functlon thus alloW1ng a/tlme,ifjv

liﬂlnterval in Whlch an. experimental task can be inVestigated prior to the ST

: 1
~

“7 nset of motor impalrment (Laszlo & Balrstow 1971&) On the basis of thls L

*‘,assumption decrements in performance found under nerve block conditlons
"35fhaVe been attrlbuted*solely to the reductlon of klnesthetic feedback

“(Docherty, 1973, Laszlo, 1967a) although Keele (1968) in hls review ‘hes

\

d“alluded to the possibillty that some of the decrement found in Laszlo‘s L

‘;zh{(1966 1967b) work may also have been due to efferent damage. ‘“
SUCh 8 CODC1u510n mlght indeed beioVegdrawn in light of electrophysio-“‘fi"“

,logical evidence‘which 1ndlcates that nerVeLfibers responsible for
»kinesthetlc informatlon transmission and motor functlon have:very 81milarh
“micron diameters (Boyd & Davy, 1968) and condUctlon veloclties (Buchthal

—r / [

:& Rosenflack 1965) Furthermore, 1e1evant research indicates thatvn ural :
.\ : o

ssion in sensory and motor fibers is simil 1 aﬁfected%ﬁy%ischeniatfbj

induccd‘br Pnouma+ic cuff/(Fhllerton, 1963, Seneviratne & Pelris, 1968)




roponents“of the nerve compression~hlock technique.; It seems possible, x'¢9”*”
herefore, that decrements 1n motor performance found under block conditions
ould 'e due to a combination of'impairmen* in both neural mechsnisms"

While such questions have traditlonally prOVed difficult toianswer,

\

it 1smproposed that an analysls of nerve flbers cen be determined ,i:iui'f

‘f{PBrticular~»motor nerve conduction paremeters\preSents one method by Whlch
{the functional status of the nerve fibers can be determined In particular,
'1motor nerVe conduction veloclty (NCV)‘and the amplltude of the eVOked -H_

1uaction potential under nerve block condltions would appear to be of signif
3'icance to the issue of motor i pairment.; Red

:;cause dispersion of 1mpulses a they reach the muscle resulting in a’ less

"f'synchronlzed activatlon and co'sequently 1ess summatlon of the ind1v1duali\f -

: muscle fiber action potentials.‘ Sgch denervatlon limits the usefulness of/

77the muscles (Hodes, Larragee, & German, 19h8) Simila 1y; since amplituderf

‘o

"‘,ﬂgserves as an 1ndex of the number of muscle fibers concerned in contractlon o

..

*wt(HarVey & Masland 19h1), a reductlon in the number of 1nnervated muscle

2

Afibers vould cause a- decrease in amplltude, and consequent decrements in

'Amotor fune*ion. o ;ij : "”i”“ , ”k‘.A>H”f;grfarr,ﬂi,,hwﬂ bﬁwf:"’

T S\

Findings such as these, should they occur prior to or in conjunction

.

‘with klnesthetlc 1nformatlon 1083, would present serious methodological

oY

roblemS‘for'the*nerv *mp’e




proper fun: ioning;(Marinacci, 1968), no drastic decrements in motor nerve »

tion 'hould be observed under block conditions until ;—10 mln. after s"‘

p formance after kinesthetic feedback elimlnatlon.( In the first experimen'b_f

: (Kelso, Stelmsch & Wanamaker 197h, see Appendix) by monitoring nerve con- Vf*'ﬂ

duction (namely, conduction velocity and amplitude of the mnscle action

compression block conditio S3 we found progressive aecrements in neural

transmission as the block p ogressed Little neural function remained at

the‘tlmeythat kinesthetic "eut off“ was assigned (Qh 9 min) i Contrasting ¢.7;

*{with several of Laszlo s ‘studies. (Laszlow 1967, Laszlo Shamoon and Sanson-.vf

"

'a‘ Pisher 1969) most subjects Sere unable to perform a 31mple tapping task at

v“that point ﬁVen after repeated block applications., We coneluded from this
:experiment thau the technique confounded kinesthetic OSs and motor

j.impalrment

‘data could hinge around the a551gnment of klnesthetic fcut off " it seemed fr

o

_1mp;rtant to\us to mon1tor motor performance in conJ ction with sensory e

j

.discrimination without assigning tactile and klnesthjtic endpoints. There;”-’3

"’ore, in the second experiment (Kel;o Wallace, Stelmach & Weltz, 1975,,.




,and,kinesthetic stimuli The f1nd1ngs 1nd1cated hoWever that 31gnificant

~_of the block than decreases in klnesthetlc discrlmlnatlon.; Also contraryv

!

x"'to assumption, the majority of subjccts ceased to perform prior to total

-

';for the neurologlcal flndings ‘of the prev1ous study

B S ,A__A-f_, e L

Educational Implicatlons. In recent years the nerve compression

o

'ﬂ ,fblock technique" has been utillzed exten51Vely as & means of investlgatlng i

. ',\ P - K
motor,control in the absence of kineStheSls. With this method the conclusions
: /,f . _\ . -,
drawn have questloned the 1mportance of klnesthesls 1n motor Sklll acqnl-

- sitlon.' These flndings,lif proven to be correct,’would have far reaching

. ‘ I v ’ ' - : ’

‘ 11mpllcatlons for the teaching of motor skxlls.‘ Not only would 1ess atten-
/ . E

tlon ‘have to be focused on kinesthetlc cues but greater emphasls would hav

“to. be placed on selectlng and developlng motor programs or 1nternal models.

‘This Vlew contrasts sharply w1th the v1ews of teachers of motor Skllls who

I : |

.fare currently d1recting the learner s attentlon to kinesthetlc cues and

/ 2L . . ‘/.-?5'__\! N J e
l emph351zing klnesthetlc auareness.‘.’ I

4

The results of the experlments per{ormed serlously challenged the

e

\
f1nd1n€iof the prev1ous research It was: shown that prev1ous ;nvestlgators

failed to conslder the motor impalrment 1s§ue when us;ng the nerve block'

©

”/acqulsition and retentlon of new movements.‘ Proper experlmental ontrol

ERI

Aruitoxt provided by Eic:



ngoing feedback from the re"

race about:a past movement and immediate o

(Adams l97l) Prev1ous studies have demonstrated that there is memory‘loss

Most likely

‘over shortfperiods of time with-unfilled retention intervals.;
(Adams & Dijkstra g

s forgetting is due to afrapidly decaying memory trace

- 966‘ Posner 1967, Stelmach —l969,‘Willlams et a1..1969) Recently Adams; ‘?,

.

g various combinations of feedback hav

“Marshall & Goetz, (l972) usin
the amount and type of feedback

\\
demonstrated that forgetting is: related to

~

.vailable._ihlth absolute erron, forgetting was small under augmented and

. -

great/under minimal feedback c0nditions. Augmented{feedback was: 1nterpreted

\ X
trace thereby allowing the subject to make bettervp
\

discriminations at reproduction.p Since only . one learn—reproduction trial

ovproduce a stronger

o

tlng with reduced feedback a‘

iy

was’ uSed and there was’ considerable forget

. .
. .. - . e - . | B

ntrace decay interpretation was supported R S
e P I ) o
It is generally thought that feedback plays a maJor role in all ﬁotor/
__,,._/

T —— -

:1earning, thus the generality;of this foregoing f1nding on 8 linear posi-" _fffg;

tioning task should be predicted for other motor tasks. Yet it has been‘:'

Aruitoxt provided by Eic:



tésk involved the reproduction of movement which was

naugmen_ d one?ffThe

14f1nitially presenteddunder heightened or minimal feedback conditions.v”

[fThe augmented feedback condition consisted of the presentation and repro-;j'

,f Hduction of a movement with visual, audltory and helghtened proprioceptiVe A

'“V{cues. This was accompliﬁhed by the experimenter opening a shutter: SO B

that the subJect could see his movement, engaging a clicker allowing the

applying increased tension, thereby

e

subject to hear his movement and by

< /

sisted of no v1sua1 snd auditory cues and minimaltproprio-v

conditions con

“fi;accuracz.‘ Apparently the additional feedback provided-a stronger trace and‘fd'f(
ey : \ A BT
ngoing feed- .ai;,ﬁ

'u"?at reproduction it/vas easier for the subJect “to match the o

A

/[ =
As such, feedback appears to be ;'

:'fuback than that of the trace in storage.

i?éh important variable in studying shortTterm movement retention. This

U81ng g linear

77} esult agrees with the findings of Adams et al. (1972)

j;g;pqeeei oni. task ‘they' ‘alao found increased feedback ‘narikedly reduced :

7“]L'freproductlon error.'

In addltion the data support Adams' (1971) notion :

?TSV,that a perceptual trace is imprlnted with feedback from all modalities ) t;':

”‘d*and its, strength is determined by the amount of feedback available. T

Yet the difflculty with th1s study was that it could not deliniate

;?lthe relative cOntribution of the three modalities belng manipulated The gy .

or reproductlon of the augmented feedback conditlon over the minlmal f”'

i \\\
, ?supex\\




e,
\

: :__ l i
: erhaps some comblnation thereof An experiment was

Five different‘feedbacki

1ishment 'fpan internal reoresentation of movement.

conditions were used In the mlnlmal feedback condltion whnch served .S

control group, the subject received no v1sual auditory or helghtened pr

cept1Ve informatlon In a visual conditlon, the subject could see his hand ,

‘andharm'be displaced at the 1ever durlng the criterion presentation and

'rep"ductlon Slmilarly, 1n the auditory conditlon, the subject-was«able to
. =

5?hearrhis 1eVer movementS‘*~Heightened-proprioceptive cues were provided 1n'f

. 0, ’.//

: ubjects received feedback infor-“‘d

:via the manipulatlon of all these modwlitles The basic flnding was

- i \

ment trace is dependent on the amount of practice and feedback 1mp1nging

‘:upon it Adams Goetz,‘& Marshall (1972) and T (Stelmach 1973) have Pr°°~\{fjiﬁ”

hd \

s

videdke\;dence to’ support thlS notlon both 1nVest1gations finding that
nte

'augme feedback provided markedly reduced reproduction errors in comparison i
i N S, S
toa.condi+1onwhere the suLJect had minimal proprloceptive information., With wf o

regard to thls experiment the data suggested that vision may be more important

inystrengthenlng the crits <ion trace, since klnesthetlc and audltory cues by 'hf

mhemselves dld not seem to affect reproduction to any great degree This f:pﬁ”*-

-\

Lr
. .




Fdominant 1n regulating the perceptual trace, and raises the questlon of

-whether a change is needed in Adams (1971) original construct that all

I,‘ O -

’feedb ck_channels are equally involved in the control of movement. }

Educational Implications.f One of the primary concerns of teachers of ﬂﬁd

}fmotor skills is what type of movement cues should be emphasized during

Jlearning to improve retention. For most motor tasks there are three main

f,catagories of moVement information that can be augmented These are visual
lﬂklneSthetic and auditory cues.- The two previous experlments attempted in a

'laboratory situation to examine which of these cues would minimize retention ,_-

floss of simple movements over short delay periods. This 1nformation would be

Y

: useful/for teachers because they WOuld be 1n a p091tlon to know which are the‘L:

, ;best cues to stress durlng the acquisition processes 'v:jf‘f ,»ivﬁf:_f‘

‘_‘,\ R

From the results it is clearly auggested that the emphasis should be
f:on combinlng the v1sual kinesthetlc and auditory when possible.. Howeven
'Tff?in‘situatlons where-only one cue,can be augmented, the findings Suggest that;

“5Hv1sual informatlon produces the biggest effect on' reducing retention loss.:

3. Movement Codes. Proprioception 1s an all encompass1ng term whlch g
‘:represents afferent movement 1nformatlon of the conscious and subconscious

L f]type. Visual and auditory 1nformat1op generally escapes this categorizatlon"5ff

o

q{although it is quite clear that many moVements have visual and auditg&y

‘:nconsequences Receptors which are thought to contribute to movement/percepa.

\ .

'tlon 1nclude organs in the joints, labyrinths, 1igaments, muscles 'db

‘“f_tendons.; Touch and pressure receptors are also thought to signal some move-i‘ffv
L ‘ - r’ o
Effment 1nformation., The receptors which haVe been the 1ocus of much neuro-‘ R

R

hysiologlcal research are those in the 301nts and muscles., While there is

'””much contrOVersy regarding muscle receptor contrlbution to COnaclOuS per—'

rceptlon of: movement (Goodwin, McCloskly & Mathers, 1972 Granit 1970) there),ilf

‘7w1s llttle doubt among scientists that jolnt receptors perform this function.lf:

a



Ifxpeople are 1?;

*sensation of movement mainly derived from Joint receptors.

~,¥uhls questlon.( Skoglund (1956) is’ generally credited with identifying three

o ‘,‘-'g-.‘ !

fjtypes of receptors found in the Joints and surnlunding Eissue.; Two of:thes‘

V'hreceptor types, the Ruffini—like endings found in the Joint capsule and the‘

‘*"'
~

,_ﬂGolgl endings found in the 1igaments of the Joint were slow adapting re-‘

- “ceptorS. Vater-Pacini corpuscles found also in the Joint capsule were f:;

“’7}f'rap1d adapting receptors. The work of Skoglund and others (Boyd 195h

T

Ef\\Boyd & Roberts 1953 Burgess s Clark, 1969) indicates that the fast

A adapting receptors fire only when the Joint is moved and are dependent on

v

‘i;{direction and velocit&. Furthermore, slow. adaptlng receptors emﬂt rather e
| d;steady diScharges when the Joint is statlonary and thus are dependent on i{t
-ﬁ;fthe held pos1tion. Another point of interest is that Burgess and Clark
*(1969) Lynn (1975) and Skoglund (1956) indlcaté that Joint receptor activity

7 . :
when the limb approacnes maximum.extension or flexion.

- -

‘ ‘1ncreases greatly
7-?Act1vity at the intermediate angles is. 1ess._i,w

' In summary, there is neurophysiological evidence that velycity,

S

‘”i.?direction, and pOS1tion information may be transmitted from Joint receptors.'*

ut phy31olog1cal evidence is not sufficient fo//the central storage of

‘7{;{Joint receptor 1nformation (Russell 19Th) In fact whether this infor--u

' 3mation reaches higher centers responsible for conscious perceptlon does not R

I

thls information can be stored and mainta;ned in memory. Ratherﬂk

L

el T

‘iwflnsure that

’than 1dentify1ng the spec;fic neuronal structures and pathwaye in the ;3*:"37
. e ) N TR

R,




: i /
‘the stimulus attributes avaxLable.ﬁ (Murdock 197h) LikeWiSe, th' retention’

fortant cuemfor reproductlon., Woodworth's bellef ’

gof its;duration or of its initial and terminal_position (p. 80) "a[iiw
Wi tunately,‘Wooaworth did not supply us with much data to back up his clain.,.
":Another difficulty with Woodvorth's assertion is that there are no knownxitﬂi
diétance receptors which can directly transmit extent 1nformation to the :
h'gber centers.; It is possible, however that distance information can be E:f;_
’deriVed somehow from velocity signals.- Similarly, a subtraction betveen .

vthe beginning and end positions of a movement could conceivnbly give a..

L'sense of the distance moved.. These derivations would seemin€1Y*3

;he bssed,on velodity or position=1nformation contrjry to Woodworth‘s notion .




;Thw point is however, that Woodworth WaS certainly aware of the possibility

hatrnmny kinds of cues cLuld be potentially stored into memory.; With the
\ .

: xception of & ‘few others during that era’ (Hollingworth, 1909, Leuba, 1909)

hevmultiucue idea 1ay dormant for nearly Sixty years._fuei»»7
It is suggested f onm - neurophysiological work (e.g., Skoglund 1956)

'that velocity, GE\Ectio and position cues are Subserved by Joint receptors.

‘Research in the last ten years hOWever has been mainly preoccupied With

R o E
gdistance (extent) and location (poSition) cues In order to isolate diftance

'«“1973 Marteniuk & Ryan, 1972) ) After completing the criterion movemenbg‘ N\

'~”the 1ever of a linear pOSitioning apparatus lS repoSitioned to a different

] .‘1

}starting pos1tion by the experimenter If the subject is asked to reproduce,

fonly the end 1ocation Zf the criterion movement ' different distancliw”m

Thus in this condition distance information is not

-

“be:traveled to reach z ;3

f;readixy available to

he subject he subject needs only to store and re-;

;member the criterion’ ovement endpoint HOWever,‘if the snbject accurately -

L%

tion is forward) leerse, the subject will fall short of the crrterion Copsi

”r’movement endeint if the new starting pos1tion lS backward Under these

LR
,l

”1atter tvo conditions the subject needs to: st?re and remember the distance ;
. . . : . B o

Jﬂfof the criterion movement

A

One of the.first studies conducted in' this part of the project vas .7

r

‘ concerned with the effect of changes in starting pOSi

tions “on' the reproductiont

wﬁof distance and 1ocation information (Stelmach & Kelso 1973, Stelmach &

,ﬁnycCracken,.l976 se Appendix) Of main interest was whether the relative .

L

i




hanges 1n directiOn and smplitudo of staxtlng positions systematically

.altered error in reproduction when distance or lOcation was the primary cue.

i

rocedure of alterlng combinations of starting positions should have reduced
“the"ubject s information from timing, speed of movement and motor outflow

sources.l This findlng appears to support the v1ew/that the subject can

iy

disregard distance cues when the reproduction of a terminal location is i
{ﬁrequired “ o L
fff“fiff— While the'evidence vas. not overwhelming,rthe reproduction‘bf a.dlstance.ﬂ
appears to be somewhat more susceptible to- alterations in combinations of |

”.:;startlng positlon than location. These results can be taken as ev1dence that?s'

N

f,the subject has difficulty in us1ng only d1stance cues. ‘Wrom.theSe data it :

7c1appears that_both d1stance and location cues are affected to some degreebby
'tance.m The resis ance of locatlon, and susceptibility 'f

1nformation abéut locatlon 1s encoded at a8 hlgher level than information

j about dlstance._ HoWever, when v1ewéd from these findings, the superior

P

Lo

codability of location over distance appears to be a matter of degree..‘;'»-

,o . S

_Furthqr evidence that locatlon reproduction 1s superlor to distance

L .
x

ff as gatheredvln another experiment performed under the grant (Stelmach

- Ke 'so 13 Wallace, 1975, Exp 1; see Appendix) Blindfolded Zsub,jects in; thl's .

"srlment Were allowed to plan and produce a response of/ heir choice on: i

“'i"a 1inear positloning apparatus.d After a lS second retention interval

°

"f;subjects were asked to reproduce elther end location or the distance of thedﬂ

‘l‘cr;terlon mOVement from a new’ starting posltlon. The results showed that‘
, e ,\ B

Li”locatlon reproduction was superior to distanCe reproductlon except for short




et er reproduced than distance 1nformation._ This SugSGSts that 1ocational

: v SR D
jaspects of movement are a. more/lmportant dimens1on for movement c‘ding

rand'it t//highly unlikely thét location cues can be derlved from distance

\ 1nformetion For example Martenluk and Roy (1972) induced random limbix
& ‘3movements prlor to the afrlval of the locatlon to be reproduced. Iflfgf'”
Jy;subjects were us1ng dlstance 1nformatlon to derive the flnal end pos1tion,'f‘ef

;reproductlon should Ye qu1te poor becausa the. actual movement path was

“highlyfdisorganlzed The results indlcated that reproductlon 1n this

,__ - l

condition was 1dent1cal uO a condltlon where random movements we “not{

lilmposed on the«subject This flnding Suggests that what is needed by the s

:areurather.direct neuronal linkages between jolnt receptors“and the
sensori—motor cortex (Mountcastle et al.. 1963) It may be~that the proprio—il
.¢~pt1ve locatlon 1nformation~transmxtted by these llnkages is stored durlng |
:V: hﬂ/criterlon movement and later recovered durlng the reproductlon movement

¢

o

;speclflc proprloceptlve 1nformatlon which was generated from the cr1terlon

1

gmovement.;

4\ -'

Educational Imp}ications._ The ba51c problem for motor~skill research‘v{p

‘His to uncover the sources of 1nformation used by the learner dpring acqulsl—f“f

s
-

s'tion.“ While there are. many 1nformatlon sources that Surround performance‘“yﬁ

«




that‘are available to the learner,‘the most important is pe haps the

o

1nf0rmation from the movements themselves.v When a learner makes e movement
n is aBked to reproduce it, what dld the learner abstract from the

original mOVement that allowed him/her to make an- accurate reproductlon?

ﬁorlboth At 1ssue 1s which of these sources of information can contribu,e‘to
l'{better retention. To put 1t another way, what should the learner attend to

_tduring the movement to facllitate retentlon? Results obtained have shown

:iretentlon. While these flndings stress the importance of location cues, Pty
. . ‘. 3 . - '

7[f1they have alSo 1mp11cated a ‘role' for movement amplitude 1nformation as they

U

can also be shown to c0ntr1bute to retention accuracy These findings have‘

I
i

The target hypothesis was orlginally'developed by MacNellage (1970) to

il

overcome a perplexlng problem in speech production.‘ The basic problem whlch;

f bewildered MacNellage vas how the human could position the articulatori"to

fﬂ'a requlred locati0n speclfic to a given phoneme from v1rtually an& starting

positlon. For example how is 1t that we can poS1tion our articulators

. I
/

(llPS,.jaws, tongue) to utter the nhoneme "p"‘regardless of when this/’ff"m
: @ phoneme is to be produced (e.g., pin, spin, sllp)? As RuSsell (l97h)‘f""

fnotes'"ignoring the rate—related differences the problem of sequentially’
.l._‘ . . _,\",'/
i accessing 1n memory the correct set of commands to produce a required

o . \ S S
__utterance seems enormous" (p 5); Although the target hypothe51swdoes not “‘j'

::explain the learning of artlculatory p091tions for phoneme locations, 1t




does suggest that phoneme locations.are represented 1n memory as poincs‘:iilldf:}
within a three-dimens1onal coordinate system. The production of a given G
phoneme involves the cognitlon of what to produce as well as- the spontaneousf.&tnﬁ
igeneration of afmovement tO“a~g1ven~1ocatlon W1th1n the‘coordinate criterlon

movement.,[The assumptlon was that the subject should receive more‘accurate

location informatlon, the 1onger he remains on: the de81gnated p051tion1"”This

assump%ion was baSeo ov previous findings whlch 1ndicated the potency of loca~

Vtion duratlon on locatﬁon reproduction (Wall&ce & Stelmach, 1975, seeiAnpendlx)

finformatlon that location duration manlpulatlons should effect d1stance re_5~

?

‘productlon. The results were disappointing in thst no strong 1ocation duration
_7 effects were found in any of the experlments The failure to demonstrate the

\

jpotency of th1s variable in- distance reproductlon does not necessarily reject

[

“the notion,that locatlon cues a1d dlstance reproductlon. It msy be that just

\

300~h00 mSec 1n duration. At the present time; two experiments are“°'

5 <

};contrlbutes to dlstance reproduction. 3

';"ffffrf%hrmiResppnse b1a31ng_ Skllled activity usually involves the coordination“f“

S ——

L

:mof numerous movement pattFrns in the proper spatial—temporal order. Tt 1s there-

7

:ffore qulte common for a given movement to be prcceded or folloned by another i
{Difficulties may occur 1n accurately retaining:a movement in: msmory due to the

L

b'1nf1uence of 1nterpolated movements Some\interpolated movements that dev1atev”
e SRR SREREN

__from a eriterion response have been shown to produCe sizable directional shifts

@1n the constant errors at reproductlon. If an 1nternolated movement is of_a'

fgreater extent or 1ntensxty than the criterlon, reoroductlon error 1s 1nf en'ed

”in'thefpositive direction.; Simllarly, 1fzan‘interpolated‘movement'is of




manner., This response biasing effect has received considerable exnerimentation

l ,
Directional response'biasing has been found in. several‘studies using posi

s 1
:ﬁtionlng tasks.- Craft & Hinricks (1971) examined thlB phenomenon by systematic

'Ially varying the similarity of interfering mOVements execute iprior to o"afte"

.the criterion responSe. The length of the interfering movement produced signif

_lcant shifts 1n cOnstant error with responSe b1a51ng being inversely related to

"bﬂthe slmllarity of 1nterfer1ng movements to the crlteriOn.len experiment pe

fifformed in my laboratory (Stelmach & Walsh 1972' see Appendix) u51ng a 1ever

‘ leositioning task showed that a s1ngle 1nterpolated movement wes, a potent

':.3variab1e in producing response biasing. The interpolated movements were 35°¥5'

kY 1.
i , o

*:or h5° beyond the criterion targets or 35° or: h5° lese than the tergetsfi

g;eAperiment demonstrsted that the longer the subject remained at the lnter—

i;polated location (5 or 20 sec) the greater the response biasing.‘ These results

‘“7were 1nterpreted to indicate that the 1ncreased biasing over time vas due to
.<. at : N\ .

"Ufthe criterlon memory trace decaylng and becoming more susceptlble to 1nter~7ﬂ_p

'ﬁference from an’ 1nterpolated memory trace.. Thus the relative decay stete

o

‘fbetween the two memory traces was v'gwed as determining the amount of response.»

biaSing- = . i . | g .

pC In a subsequent experiment (o] examine the foreg01ng 1nterpretation;i8tel§{;>

,;,].mch < Walsh (1973, sée Append}xl held constant the duration a.nd\ locatlon

‘aspects of the interpolated movements vithln the retentlon~interval The relang

‘Wtive state 1nterpretation wo;ld predict that as the temporal proximity of the

'ﬁflinterpolated movemenu to/reproduction increases ~response biasing should in-'~¥,

f\crease in magnitude. The results showed that positive reaponse biasing was

. 7
* /

'associated'with the longer movements‘

Lt

and temporal order effects Were found'




e

"for‘the two longest retention intervals. When the preb1a31ng interval was heldgfa

€ horter the interval between the ink erpolated movement and the criterion ,the-

rmore reSponse'biasing was found »/1n Fhe 1atter study, one delayed interpo—fy

ﬁlated response produced as much blas1ng ‘ag’ five repeated movements of the same
- 1 : ‘ :

'eﬁtg; TheSe recent flndlngs 1end support to an 1nterpretatlon that can

vaccount for the relative decay states of the crlterion and interpolated :

"jmemory traces. . _,; . { T v':l” »‘d - }\;*?*".'

In a further test of the relatlve decay stato hypothesis, Stelmach & Kelso

(1975, see Appendlx) attempted to strengthen elther the crlterion or the 1nter-'“f

\ \.

\

polated reSponse to examine 1f memory trace Strength was a factor 1n the‘ <

,l . . .

magnltude of the response b1a31ng Augmented feedback in the form of added

..d,: P

visual and auditory cues and heightened klnesthetic cues were used to manipulate

The relatlve state hypothe51s would predict that response
‘ R
g biasing would be decreased or 1ncreased depending on the strength

A

; trace strength

of the crln

terlon or 1nternolated memory traces.g The weaker the crlterion trace at the'f

Wi;MEmory trace strength as manipulated produced con51derable change in the con—tf?‘

1

'Hstant errors and markedly reduced variable errors.

,,;

Response biasing has been fOund to be 1nf1uenced by the magnltude of the

‘1nterpolated *esponse by the tlme spent at a dev1ant 1ocatlon and bv the 3‘?

e ERE
- temporal occurrence of an 1nterpolated movement These findings taken to--

-! 0l : w

.-

igether seem to 1nd1cate a peripheral mechaniSm.

: Ev1dence for a central mechanism 1s suggested by Trumbo et al (1972)
‘ P - Sy : dlw1th'preselected and




constant error shifts—than constralnea, a. central_locus;for 3

5

movement production. Such a positioxowould require*that.b1a51n be'a

Q

ERIC

peEes




H o B

PrOJect Were conducted in ;ﬂ”“'

iﬁ Three experiments recently performed during the

/_,___./ T

an‘effort to differentiate between central and peripheral interpretations of
Experiment l

' esponse biasing.-g(Stelmach, in preparation, see Appendix)

employed a pre and post-cueing paradigm similar to Craft (1973) and Craft &

e

Hinrichs (l971) A central 1nterpretationvwould be strongLy supported 1f pre—;t_“

oo

;_cueing reduced the magnitude of response biasing Experimenf 2 similarly

ffattempted to eliminate 1nterference effects from an 1nterpolated biasing

movement Efficient storage of the/biasing movement was disrupted since sub-,l*-I\

AN v

fjects were required to perform information reduction activity during inter--h

»polated movement presentatlon. . Presumably, if the b1a31ng movement could

not be centrally encoded and stored then no interference would b/]eypected o

’ if biasing was of a centrai nature. Experiment 3 attempted to induce re—'f'

P ~ K

'ksponse blasing effects when no interpdlated movement cues were~generated.

[y

.Ev1dence of b1asing in thisg situation would prov1de strong support for a

‘.

'central 1nterpretation. The results of all three experiments generally

fsupported a peripheral in}erpretation. In Experiment l, pre—cueing the fft
: .E)
‘\ - __\ § :‘ L h
subject as to whlch movement to attend falled to reduce resp

\ . el

onse biasing

:Presumably the subject had the opportunity to differentially focus attention

on the cr1terion movement and ‘to dlrectly fonget the bia:ing,movement. ;Itﬂ',f
‘/, ™ P

1s pdssible however that subjects may have been encoding or. attending to Q‘pfﬁ

the to—be—forgotten movement In Bxperiment 2 movement cues to an 1nter—35_"7,7'

polated bia51ng target were also generated but storage was assumed to be “

blocked by high 1nformation load interpolated processing activlty If the o

entatlon then . ;}{7'

T

central processor 1s occupied during b1as1ng movement pres

‘erence would not be e{pected 1f th biasing locus was central This 2

ﬁeffect also did not materlalize even though it was found that reproduction

0 (tﬁe biasing ﬁ‘ovement was severely disrupted

et



Thus, 1n Experimenta l and 2, movement cues to the interpolated target e

‘ij: were generated but the experimental manlpulations attempted to reduce biasing'b"h

by cuelng subjects as to which movement was to be reproduced (Exp l) or by

e -

preventing biasing movement storage (Exp 2) The third experiment attempted‘

?:;taiinduce response biasing in a situatlon when no movement cues were gener-':
771ated., After criterion presentatlon subjects concentrated on an interpolatedf;-.v“

"qilocation which was well represented in memory instead of actually'moVing to Rl‘j o

. -_ s 3 . . T

Lf':ffhithe interpolated 1ocation (Imagery) A movement group, in' which subjects TN L

_actually moved to both the criterion and blasing targets, served as a control : f&“_l

1t would be

Lo

(ijf directional error shifts were found Wlth the Imagery technique

\strong support for a central locus for b1as1ng Slnce no nenipheral movement

S . ) o \

"1'f cues were generated for the 1nterpolated movement The results supported a-

. | ;
peripheral mechanism in’ that no. blas1ng occurred 1n the Imagery condition. -

~ 5

J?ff' : Thus taken tovether ‘the ev1dence points to perlpheralnmchanisms or overt

T /
! K o ‘-/

n response bia51ng effects rather than gentral mecn—‘ E

;\

movement cues 1nvolved i
isms.‘ However more exnerimentation is needed esnecially in trying to-

'_manipulate the central and peripheral components of movement \In the next

»

jaection attention is shlfted to experlments performed 1n mv laboratory which :‘“

have been de51gned to uncover some central agents of motor control

K .

and memory
- c i RN T : o g S
;{ Educational Implications.A It has been knOWn for- manyjyears that move-: :

E

i‘i ments are susceptable to. 1nterfer1ng activity This part of the project

f”attempted to examine the SDGlelc causes of . thlS 1nterference. The sug—

igestion from these stud1es is that 1nterference is of a peripheral origin.
e A

iWhile 1t is dlfflcult to generalize, 1f these f1ndings hold up to extens1ve~ﬁf¥]

scrutiny, the impchation 1s tnat movement per ‘se. causes response biasing and

.

The 8Lount of

that movement shoula be kept to 5 minimun duiing learning

central{involvement assbciated with the 1nterpolated moVement appears to -jg-’

LIS

cause mlnimal 1nterference. The impl:catlons for the teachlng of motor \ fﬁ;’

skills are obvious.



Central Components 2 ; ," o o o ;f'

\

Preaelection.. One important contributor to movement retention not

S

S

necessarily‘exclusiVe of peripheral information is prior organization of -

s
7

'-‘movement A number of recent studies have demonstrated that a planned or :7j

"preselected movement iS'better reproduced then a constrained movement (Jones,.

’ {l97h Marteniuk, 1973) ‘ In the preselected condition the criterion movement

.?;;1s deflned by the subJect and thus has the ability to predict the conse-l;*\fv

‘fquences of the movement prior to. 1nit1atlon. The above findings can be

! 7_fhinterpneted.as support for the corollary discharge hypothes1s (Teuber, l97h

’ "Sperry, l950) This hypotheS1s states that in preselected movement production ?-Th

2zfthe central nervous system sends informatlon from motor to sensory centers W':t”fu

\\preparing them for the sensory consequences of the movement.c Thus, corollary

o A

discharge 1s unique to active preselected movements and possibly allows Ehe :

‘i}(If',' central nervous system- to eff1ciently encode the proprloceptlve 1nformatlon.p

\ t

The foregolng 1nterpretation is less extreme than proposed by a number of

- {

other investigators (Festinger & Canon 1965, Jones , l97h Lashley, l9lT,‘

1951 MacNeilage\& MacNeilage, l973) who have suggested that when the central

nerVous system can p&edict the characteristlcs of the motor act afferent
.‘... . 1' B \ . . .o . o
i formation does not play a dominant role. , S

°©

A recent series of studies by Jones (1972 l97h) for example, suggests

l

that proprioceptive feedback is of lrttle importance in movement coding
Borrow1ng from Taup and Berman s (l968) termlnology, Jones has argued that

J N e
' the central monitoring of efference (CME) is the primary determinant for .;3,Vl

“‘- retentlon of simple motor responses. According to. Jones when a subject

makes ! voluntary movement "as rapidlv as poss1ble,)7the resultlng efferent ‘~5>&:

e [
x B . R ~

"idl charge 1s centrallJ monltored and stored a5 an efference copy\(von ;’~.

a




Jones' central mOnitoring of efference (CME) comes from the finding that : -
. ;jsubJects can duplicate voluntary movements (subJect—defined) more accurately
‘\“djthan constrained or passive movements._ Under the lattér conditions where

‘\ t

lldthe subject moves to an experimenter-defined stop, it is arguedethat the 3

subjects are dependent on Joint 1nflow since they 1ack the opportunity to

make a preset movement Thus because proprioceptive feedback has

]

access to central mechanisms" (Jones, 197h, P, 38) memory 1oss occurs.

While Jones'\hypothesls raises some 1mportant theoretical issues, it fails

‘ .
. A

ri to accomodate much of the 1iterature in short—term motor memory (STMM) in~
dicating thatuterminal 1ocation information can be retained under constrained
o conditions (Laabs, 1973- Marteniuk, 1973 Keele & Ells, 1972) In additibn,.*;
and contrary to Jones, interpolated processing activity during a retention o
interval 1eads to an- increase in reproduction error suggesting that main- B
tainlng 1ocation aspects of movement in memory requires central capacity..
One of the mein arguments for CME as opposed to proprioceptive location

N

‘ cues rests on the finding that subjects duplicate\movement extents (i e.;

-

distance) equally well from variable and constant startlng positio\e (Jones,
l97h) Hence, -as 1ong‘as the efferent commands for moVement extent ‘are the

same for criterion and44ecall movements no deficits 1n motor reproduction
SR 3 ‘
“C-occur, regardless of initlal starting posltion. But what happens when the N

‘.\

subJect is forced to generate a different efferent output at reproduction
from that employed in the criterion movement? This question provided the 31?]'
impetus for a recent series of experlments performed in my- laboratory o
(Stelmach Kelso & Wallace 1975, see Appendix) | '
The first experiment of the series examined the reproduction of either ?'ﬁ
_ the endpoint or the distance of a rapidjvoluntary (preselected) movemeut..f
o It was argued that the former condition, by rendering distance unreliable

a,

-'would require the subJect to alter the efferent output for the reproduct’oﬁf‘;




¢

According to JOneS' (1973) hYpothesis, this procedure should re—~17-"d

“?f'movemfnt

-sult in less accurate rep*oduction while distance reproduction should be

:fsuperigr since the motor outflow for movement extent remained a reliable cue

5for reproduction. The results militated ugainst the Jones' hypotheses the
' : .
’location condition evidencing relatively 1ess variability and absolute error /f-“

u

'“'after a 15 sec retention interval This finding was congruent w1th studies~f -

"fln STMM (Laabs 1973 Keele & Ells, 1972 Marteniuk, 1973, Marteniuk & RoY=‘,ﬁfﬁ

'fff'1972) and suggested that proprioceptiVe location cues were primary for accu—, ,L;fp”
o Frate reproductlon. v ©

i

‘A subsequent experiment examined the latter interpretation by comparing

“

?]location reproduction under preselected, constrained and passiVe modes, the ‘

the response mode should

/’ratidnale being that if location cues were primary,

However the results revealed that nroviding// el

“fo not be\an influential factor.

//the subJect an opportunity to preselect a location prior to movement initi-

A third exneriment

/ ation was a determining element of reproduction accuracy
Ve

erified this and also showed that the procesSing requirement~ of preselected

' This finding agreed with much

K ?_of the literature but was contrary to Jones’ (l972) argument that proprio-

constrained and pasSive location Were Similar.

nformatlon fails to ‘access central processing mechanisms-

— —/—————-\‘

ceptive i
S ] L
Vieved overall, our’ results to date refute the notion that central moni— s

R #o

' itoring of efference is a neCessary and sufficient" (JoneS\ 197h) condition

':x:for the coding and retention of voluntary movement They have however 1ed

to ‘an important phenomenon which as’ yet seems to have escaped the theo

ffda;retical attention of reSearchers in the motor memory and control domains. SRR

Ve refer to this phenomenon as "preselection,“ the availability of which vh»
tdappears to allow tr@ )ubject to internallv orrarize or: ”)lan" hiS-” \'ﬁ
ﬂ'(Gallanter Miller & Pribrmm, l960) prior to movement initiation- The role

&.-an overvhelming influence on. our previou

31

ﬁOf preselection, which clearly ha




S 2
irical assessment of its theoretical im- SRR

“Vg[data would seem to force .an- emp
l" 'ﬁ “--’-_ . . L - . v .
ifPOrtance for motor control: . SONE R ”\'-?r'f’* L

The bulk of studies usins constrained movements have indicated that dis—‘llttt
'{:tance informationfunlike location fades over time and is unaffected'by |
s / . Bt . N

:;interpolated processing activity (Laabs, 1973) This finding suggested that.*fb“ B

iV“gidistance information does not require central prOCGSSing capacity and along'¢ 5~ﬂp

'*vith physiological ev1dence derived from Skogiund' (1956; work has led to
"1ftthe concluSion that distance cues are, in fact, "uncodable" (Marteniuk & Roy;ﬁ:Jf

"131972) . On the other hand ‘& more recent study by M&rteniuk (1973) has found ;:j;jﬂ

N

)

that distance information may be retained over t1me and 15 subject to 1nter-i'tw

polated processing effects. The discrepancy between this finding and those

earlier may be due to the response mode of the criterion presentation.; That'fi

‘

While previous experiments used constrained experimenter-defined move—'fﬁwf,

is,
e ments, Marteniuk's (1973) subjects were allowed to define their own movement ‘§nf

It may be that. the coding characteristics of exPerimenter and subject—“ ‘ff”'

N !
i

defined (preselected) movements are different thus accounting for the dis—ff;ff

2» .crepant distance findings. On the basis of Laabs (1973) model however,vh“

L

distance information should spontaneously decay OVer an unfilled retention :

_ interval and not be‘affected by interpolated proceSSing activity Such e

should be the case regardless of presentation mode.‘ To assess these'differ-

of dlstance information under

. f.',‘ -

jential predictions, we examined the retention

three modes of presentation, preselected constrained and pasSive (Stelmach

The results showed that preselected dist _'

‘& Kelso, 1975, see Appendix)
However' the

information was better reproduced than constrained and passive.

ey

-.1groups were not differentiated hy the retention interval manipulation.

llalthough preselected distance p ion was SuPerior, fillin the ret tion:

that Preselected distance requires

?bIt does not appear therefore,



more entral capacity than constrained or passive distance 1n spite of

oy

trained and passive distance reproduction were both retained over a 15 sec ‘

'that jven constrained and passive distance can be retained over'timekand—do

»require central capacity. A recent study by Diewert (197h) has -shovn

2

:result.- These findings.suggest that Laabs model of tWo distinct storage

lmodes in memory, one for 1ocation and one for distance, may have .o be‘reap—

<

'fipraised in faVor of an 1nterpretation focussing;on*the central representation

.‘”‘

SN

& 1

_shown 1t to haVe an overwhelming 1nfluence on memory representation.i The_

[

qnestion 1s, why” Clearly the notlon of CME nut forward by Jones (1972‘,

19Th)‘is unable to account for the findings, but this may not:necessar11y—ru1'




[P iy e
L2 i e

regardlng the termlnal'locus of the movement., The operation of preselection

WOuld thenefore be to faCIILtate the‘encoding of 1nformatlon Which 1n turn

'\ 4.

':uf could account for the greater central representatlon of preselected movementsv

B

On the other hand, some haVe argued that because subJects in the volun-‘c

vy
"t

tary, preselected condltlon are’ allowed to choose their own mOVements, thej“

'.-4'

'conditlons.u Such 1nformatlon may allow subJects to formulate "images

3 - i

(Posner 1967) or. "plans of action (Mlller et al., 1960), Whlch would fECll.
tate retentaon (Marteniuk,“lQTB) These strategles would not fall w1thin

;‘:\
strict def1n1tion of efference.

i \

/ e

"mOVement informaulon derived from central and perlpheral sources has been to‘

;dexperlmentally manlpulate actlve and pass1ve mOVement. The ba51c argument

o

is s1mple-f namely, that efferent "outflow 1nformatlon 1s avallable‘when"a

'subJect moves actlvely, but 1s unavallable when the subject 1s'moved pass1vely~

b the experlmenter or some mechanical dev1ce. Thus, a superlorlty ofvactlve-

I;ePi‘I.;Q.id:u’"':it—:"“:’lhv‘S‘ﬁi)l"‘;’sedllf.-I?é"'é.B-i.sg‘t‘ihe-"~"c_l2>ntr3.but1on,of an - efference—based
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[ Aruttox povidod o e |

e

¢ : : N »\“

The second experiment attempted to differentiate the tWo p051tions by em—

,ploylng movement condltions which dlffered with regard to hypothe91zed outﬂkm

o

';information-(act1Ve vs.;passive) but were similar with regard to preSelection,A

L R

1 e., both condﬂtions could generate a potential movement strategy : The pre-’

d1ctions on the baS1s of th1s experlmental manipulation Were qulte clearcut.,lf

v

:r_:Since subjects in hoth the active preselected.and nasslve Dreselected con-
e B "‘l‘ - ’ (

"c.‘
. :

dltions were allowed to preselect the movement there should have been no

cognitlve plan. On the other hand lf preselection plays, for example,v‘

'i!

“vfcorollary dlscharge role (which 1s unique to active, self—produced movement)

‘,ithe active preselected should be superlor to the passive preselected CODdlt’OH;

TSince'the

qYs+ems t0 orOcess 1nnut ;,“f 'a%“7‘~7*"

© ”-. : "?\'/

The results ShOVed that preselectlon was of no benefit unless theFSuhjeetv“

N e

3 . " Ed

éwas that the "higher order plannlng process (Marteniuk, l975) was 1nsuff1c1en




If prior response organlzatlon facilltates movement codlng,-lt mlght be

predlcted that preselected movements would be less dependent on perlpher&l 1n~_g o
. '/' R :

1

puts than constralned movements. It is my P051t10n th&t s1nce in the con-.-lfﬁ

:stréined;condltions‘subjects do not know where they are g01ng untll arrlving :

at the target thej have no efficient output code therefore, they should be

’ K
e

1nput (sensory) or:ented and - benefit from exposure/to the endp01nt. On the ’,;ns

R

_other hand 1n tlL nreselectcd condltlon subjects should be less 1nput

or1ented s1nce they have ‘an approp“iate output dode (e’ferent comMand) and

.,“.

beneflt less from endpornt exposure.~:We attemuéed to demonstrate th1s 1n two

o

R
experlments recently performed in my laboratorv (Wallace & Stelmach 1975,.

Fxperlment 1 was conducted to&Substantlate whether endp01nt

A

see Appendlx)

® o v

duratlon 1nfluepces reproductlon ccuracy /&n th1s expensment, subJectsl

N

" ',.

?rested on: the crlterlon movement endp01nt 7f a cOnstradned movement for 'ess“‘

? sec and 5 sec and reproduced the crlterlon movement 1mme—

thangone sec,

The'resu_ts

dla;ely or’ arter a f1]1ed or unfllled 17/s retentlonﬁlntgrval
FRT /A . :

showed a nlear effect of endp01nt duratlon

L L /

N'S”Sec‘of‘endpoint‘exposure was signlflcantly better thwn vhen the su.bj,ct"f

v

Thus for constralned movements reproductlon.,

1mmedlately released the handle.m

e efposure to the crlterlon movement endp01nt.

vas more accurate the longer th

)

In: Aperiment ? both constralnednand;pr selected renroductlon Was: compared




i'prior to the production of the reproduction movement. That is, is some time

frequired to organize ‘8, reproductlon movement. One way to test this notion is

1ft° ensase the Subject’in an attention demanding task during the retention ‘v*‘,,j;[u:

;ginterval and vary the time allotted for response organization following the

fcessatlon of activity. If preSelected movements require more time to re—‘d

olorganize 8" reproduction movement than constrained then the duration of time R
v : lf. B

-ffollowmng the cessatlon of a rehearsal prevention task should be a potent

: variable. The flndings of. a study performed 1n my laboratory (Stelmach un—

ipublished see Appendix) suggested this possibility. Preselected or con-’

iately or 3 Sec after ‘8 15 sec f:;'

_strained movements were reproduced e1ther 1mmed

iffilled retentlon 1nterval : Only nreselected reproductlon was aided,by the

'ff3 sec time perlod prior to reproduction suggesting that preSelected response

o

.organizatlon occurs to a greater degree than in constrained movements.u

B

Typically, physical educators attempt to im-; f:

Educ ational Implic ations.
' .

,‘"

B prove both learning and performance by focusslng attention on proprloceptlve '

fcues and awareness. It may well be that certain tasks need to be taught with :flf

e ttention to such feedback informstion. However,va perusal of the physical

"“education llterature fails to reveal any consensus as to the contributlons

of prOprioception in the acqui51tion and control of movement.3
l

e results of this series of experiments suggest that usefulvinformetion
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