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Abstract .

The Bareitschaftspotential (ﬁP) (Korﬁhuber et al, 1965) is
a slow n=gative cortical EEG wave that precsdes voluntary
novVament, Ths preparation for the = mova2ment, measured
indiractly by the respons2 speed and. adcuracy, and the
certainty . with which the movement is pérférmad, are positively

r

Wb

latad to BP amplitude and duration, Typically, BP research
has used vary simpls, abrqpf' movements, éhat  require no
lzarning and which <change little over the duration of the
exp=zrimental %=ssion, One’ study has invastigated. the BP
precéging a skillsd mov2ment, and although 1larger amplﬁtudes
Wwere wfound,ﬁith the skiiled taék, there wers o changes in the
accuracy of task performance over ﬁime (Papakostopoulos, - 1976) .
The pres=nt study was design2d to investigate changes in the
sizz and cortical distribution in the BP during the acquisition
of a skilled motor task. |

Twelva riéht hand=4d, é;perimentally naive subjects vere

recruited  from a uhiversity population., Scalp electroded were

placed at Fz, Cz and two lataral placements, 5 cm lateral and 2,

ca postarior to Cz {C3" and cCc4")y, all referred to linked

mastoids. EOG was monitored from an infraorbital lead.- The

EEG was amplified by Grass 7P1 A, DC amplifiars and collected

S

-



?n-liner Ey an ‘HP 21168 computsr. A series of éix button
press=s in a spscified pattarn conslituted the mthr task.
Subjects were instructesd to press the sefies'e&ery 20 sec. as
guickly as possible, but with no 2LIOCS. Forty-five trials of
this response wer2 collected from each subject. “Electrical
activity was recerdzd 4 sec, prior to th= motor respohse and
contiﬁuedh2 sec, after its iqitiation. |

The e}ectrophysiological'data wetre averaged in groups of
fivs consecutive - trials, yielding nine avarages per subject.
Response times for the first through sixth series of button
pre2ssss wWas m=asure=d for each of tha MS trials. Area measures
2f th=2 resultant BPs and the respoﬁse times ware sSubjected to
analysss ©of wvariance and multivaiiate analyses‘pf covariance,

with th2 r=2spons=s time as the covariate.

Significant response time, electrode and trial (over the
: ,

nin= sequerntial averages) main sffects, and electrode by time

interactions wzras found. The multivariate analyses of
covariance showzd a< consistent -relationship between the
r=spons2 times and the size of ths BPs. Th2 response times

dacreased steadily over the first 20 trials, reaching asymptote

for the final 25  trials. The BP increased in size at all

~=2lectrode placem=nts over the first 20 trials; during the last
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25 the BP recorded at Fz and C4m decreased, while the BP at Cz
and’ C3"thémained ‘r2latively constant, = The BP increased

\

prograssivsly in size over the electrodes Fz, C4",C3" and Cz.
This study demonstrates that the size and cortical-

distribution of _the BP are systematically r2lated to improved

proficiency of a motor response with learning.  The skilled |

movemsnt is performed faster, more 2fficiently and with l%$$1

Y

“hesitancy as learning progresses. The results also supporﬁjs
previous studies which found the certainty and preparation for , '

rzsponsa related to the size of the BP, A 777‘7 X P

1
[
st Bl

The importance of +he frontal cortical areas in ,tﬁej 'V,i

I
!
g
|

organizaticq of movement has been related to the'subjectfsr !
conscious involvement and attention with th2 - taakwwﬂgﬂsoW”&;Lﬁ, -
Stelmach, - 1976; Mccallum, 1976). Maintenaice of a skilled
response raquires less involvement than does the learning of é

,notor skill, After learning the frontal BP decfeases while the

BPs proximal to the motor projection areas of the respdnding

musculature fail to decrease, supporting this interpretation.

o
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~ Introduction

The Bereitschaftspotential
. ' -
- Although movement-associated . cortical electricdi

-

potantials in man were first reported by Bates in. 1951, it was

not'until.fourteén -years'latac .thatk the slow negative wéve
preceading, qgfement was _ first'_discoveggi (Kornhubsr et al.,
1965)ﬂ The Bereitschaftspota2ntial (BP) 0fvreadipess vgofential
I(RP;-was found to precede voluntdty'moveménts.~ HAgwpver, the Qf
was correlatsed with intentional engagement in the téqﬂited task

and a single movemasnt was not always preceeded by the same size

BP. " These results led Kornhuber 2t al., to conclbde that .the -

~—---BP was related only indirectly to the motor process: =

5T '
- .
—-/

Movements that are passive or involuntary are not preceded

by BPs {papakostopoulos et al., 1974; Sumitsuji, 1975) ; nor are

~f;esponsés in reaéfion tiﬁefparadigms lacking a warning stimulus Mﬁ/ff
(Jikawa et al., 1972). BPs have been recordad prior to ha;df
finger, foot, arm and sqccad?c eyev@ofements, speeéh»éﬁdvthe
<Iténsing of a éing1e7motor unit (Vaughan eiral., 1968$v Jonss & \

;&f rgééi, 1975; Becksr et al,, 1973; Grozinger =2t al., 1975; Tanji

1

& Kato, ‘jo). Although the. waveform is morphologically

K4

L
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. ”*‘*ﬁ"’”W"”ﬁif‘““ﬁf"' : I , - ; ‘ =
similar in' all reported studiesA,(including-fresearch with
monkeys (Vaughan et" al 1969)) "the topography, amplitude and ,af
duratlon VAry con51derably.

- . - -
. a2 BCI . B
? The phy51oloq1cal basis o@mﬁgﬁe% BP has not 'yét been _
establish=d. Vaughan et al. (1968) suggest that the BP arises !-

from localizad cortlcal source§ nqplargpr than the generators
tof tha corneoratinal potentlalgaafﬁ;g?resegrchers have found

cortical negative slow vaves to accompany increased nesuronal
, . : & Luad o

o

‘activity and  dendritic depolarizatiqn ~ (Fuster & Alsxander,
1971; Sheafor & Rowland, 1974; Rebert, 1973, 1976). Although .

. o 4%7«’ . ,-..}"J ,
slow ﬁ;%%ﬁiia%&g&ave been recorded from subcortical areas such
as t he thaiamus, caudate nucleué and amygdala, a clear
functional relatibnsuip has not been found for intracerebral

¢

T slowW vaves*(Rebert ”1976).””Thé‘iﬁVﬁStIgatlon of- thefgenessﬁfof/ ——

slow potén{ials continues in areas of physiology,‘neurobiology,

naurochemistri%ﬁnd psychophysiology. The sensitivity of the BP | -

to 2xperimental manipulations and psychologicdl states
suggests,' hovwever, that an adoquatﬁi‘nxpxanatlo - of the
. Rl W "

e R - .

physiological basis may still be guite distant.

@
. & . < ©
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-Oone of the firs%’é%ﬁff"ﬁer51al issuss in the BP literature

. concerned the possibiiity of identifying subclassifications ‘of

)

P : e
r———

wlthln or~ across studies,' whlch severely 11m1ts further

the BP, Some researchers separated the BP into - several -

component waves but attempts ‘to replicate these failed to

prodyce generQ} agreement suggested component waveforms ‘were

/

a slow negative rlse startlng 5/;; 2 sec prior to thHe response

(BP or N1), a small/positive wave 150-80 msec . prior to the

responSe"(P1), ‘a {st2ep negative riseinO-SO Bsec pribr to the
¥ . : . v

39

response (N2)° and ariarge positive wavs following the response

(P2) (Gilden et al., 1965+ Vaughan et al,, "1968; Deecke et al.,
. . : - ¥

1969; Kbrnhuber et al, ;§65; Gerbrandt et al} 1973) . The oply
component thatAresearchers have linked to ths motor command has
been N2,'yet even this is not unanimously supported ({se=s
Gerbrandt et al7\\1973: Papakostopoulos, 1975). Furthermore,v

the.smaller waves (é& and N2) have not been,consiétently found

invastigation and classification, Consequently, recent studies
have focused attention primarily on the larger'waves; BP or P2

(Delaunoy et al., 1976);f 3

The exact cortical distributids~ of the BP is also

_uncertain Usually, the BP is largest over the motor cortex,

decreasing precipitously both anteriorly and posteriorly. Over

the central sulcus it is ‘1argest at  the vertex decreasing

T
s
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laterally, but most often asymm=atrically. The majority of - \
studies has found the BP to be 1larger over . the hgmisphe:e
contralateral to the muscle group employed in the response;

although this éffect is weak or abseht in left-handed subjects

and when _subjects respond with ‘their non-dominant hand

{Kornhuber et al., 1965; Gerbrandt et al,, 1973; Vaughan et ’ ~
. L R . R o R . |
al., 1968; Kutas & Donchin, 1974; McCallum, 1976). Deacke =t '

al., (1969) and McAdam & Rubin (1971) however, found the BP to

be symmetrically distributed in right-handed = subjects L
P

1

|

responding with their dominant  hand, When the responding {
- 3

musculature is not lateralized as ih eye movemsnts the BP is !

bilaterally symmetrical (Becker et aly, 1973; vaughan et al.,

1968). Vaughan found the BP to be largest over the area of the

mOtor cortex associated with the responding musSculature during
foot,: arm"and~‘hand;~and1mouth*movementsT”vTﬁémﬁféfribUtionaimm”'”'”*'ﬁ

differences, however, were found only batween grossly df%pa:ate

]

muscle groups, as various hand and finger movements did,bnot, ' R
produce reliably vdifférent spatial vdistributions. Farlier
studies found the BP to be larcger p;ecentrallj {anterior to the
Rolandic fissure) ‘(Vaughan et al., 1968; Deecke et al, 1969),
shereas more recent studies have found ~ the BP larger

postcentrally (Gerbandt et al, 1973;: Papakostopoulos, 1976).

The explanation for. this discrepancy is not readily 'apparent, 4

ERE P

as the fodr studies ‘used similar electrode placements and

ra2sponse movements,

A x

¥
i i




/Resea:chers have also sought to discover systemdtic
chéﬁ%es in the BP which cbvary' with movement parama2ters.
Evidence from independent studies  has beean steadily
%ccumulating however, which strongly suggssts that the BP is
not simply a hotor pdtential, The claim of Vaugh%?etél., ST
(1968) and Gilden et al. (1965) that the BP is a cersbral or
physiological correlate g%%) specific ‘mpvements is, being
suparcaded by claims £hat th5: BP represents a more genéral
readiness or preparatioh to'perfofm a task {McAdém & Seales,
1969; Jarvilhéfo & Fruhstorfer, 1970).' Kut;é & Donchin ’(197uy“n\\\
found Bp amplitude to vary directly with increases in the force
éf the response,;fiét Filke & Lansing (1973), Hazeman et al,
{1976) and Doachin 87Kutas,(4976)mfailedf”toﬁrcor;pboratvethiéy, S
finding. Tanji & Kato (1971). +trained subijects inr,théig
volitional discharge of ‘single motor units. ‘They fﬁund BPS
precediﬁq\ the contraction of a motor unit to be equal to those
prec2ding the movement of tﬁe entire mu;Ele. The authors made
no interpretations concerning the preparation required for the

reSpectivé responses, as both were casily performed, Dbut the

results cleariy‘demonstrate the” stability of the BP despite the

great diversity of movement parameters.

-
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Hazeman et al., - (1976) reported that spesed of response-had.

Lo effect~dn the BP, although Beckar 2t 1al, (1976) reported

. slow movements to be preceded by BPs of grszater amplitude and

duration than were ballistic movements. Beckear at ai

ST

‘speculated that more preparation was required for slow,

W

éupported by other resear&heré. Loveless & Sanforad {1974)

‘reported the amplitude of the wave preceding a rQSponéé to be

k1) -

proportional to the level of prepératory set, as inferred fronm

the speed of the reaction time. McAdam & Rubin (1971) wusad

response accuracy as a measurs of preparation to respond and.

- g
found larger BPs' with accurate responses, . Their subjects!
post-response estimates of accuracy were positively related to

the actual accuracy obtained. The more certain the sgbjécts

were . about response accuracy or the beffér prepared they were
to respond, the larger the BP. Ford et aib(1973) investigated

Ao P
W 5

BPs with gqualitatively different button §}eSSes. Pressing a

preparation than a

‘

skin-contact button, which raquired more
standard push-button, was preceded by BPs o©of incr=ased

amp;itude and duration.

A confounding variable in the study of Ford et al (1973)

«, Mell-controlled movements and this interpretation hasﬂjbgen;f_;A;hh,

‘o
&
5

however, 1is post-response feedback or stimulation. Their

subjects received more sensory feedback concerning the accuracy

W =
I
BN E
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of their response from the skin=conf5Ct4ﬁitfﬁnmtﬁzn‘frvn‘ff%;* ****** —
standard buttor., It has been well documented  £haF};£eedbackf '
from, or contingencies placed upon, the movameplkaffeﬁtrfhe BP
amplitude and duration., If ghe voluntary response tfiggersi‘a
stimi?gg or anothef task, the accompanyiag BP i§ of greater
amplitude and duration thanﬁif the response effaects ﬁbrrchanger
in the subject's environment (HCAda:ZS Seales, 1969; Dincheva §
Harding, 1975; wuccallum, 1976; Taylor, 1976). Also, as the
;19v91 of task involyement increases, correspopding increases in
the BP are found with the frontal areas making relatively 7

greater contribution (McCallum, 1976).

Reséarch vith BPs to date has usad simple repetitive
movem=2nts, with 1little aﬁtempt to investigaté the development
of a specific movement or 'ékill.' Only one study has been
reported in which the voluntary response could be considered a
skilled movement. Papakostopoulos {1976) ﬁad‘subjects’ trigger
a mbving dot onfdh oscilioscope which theyrwere instructed to

stop when it reached the middle of }he screan, They tfiggered
the trials Qith their ié%t hand and stopped the .trace 40-60
méec later with their‘ right "~ hand. Stopping the trace was

judged a skilled movement, The total number of errors did not

decreass with practice, although the variability of the

responsas decreased. Tha amplitude of the BP was greater over

.

—
/I\/
{
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s g } ) I W
the rightgﬁemlsphere than over the laft (as 1t was with a
D i [o} , g
3

f!ﬁkilled task Was
"

*$hply that the

singlek#%é?frhaqgéﬁ .response), aithouéh;ﬁf
pérformed»yith tggiright hand. This. woﬁlg
general éééparation to. start the tria1 was greaterﬁthaﬁAthé
preparation to respond Hithié the trial. However, conclusions

regérding . the lateralizatioﬁ of the BP are difficult to make
'undetfthese conditions, as the subjects' use ofrboth hands in o
sqme@k@F different responses probably confounds the results.

In afi?xconditions the BP was larger pastcentraily thzg
precentrally and.uas largest at Cz_only during the skilled task ' ,
condition. BPE precediné correct responses wefe larger than )
those preceding incorrect responses, fufther supporting the

thesis that BPs are mors approprlately interpreted as a measure

»f certainty and preparation to make a respguse.




Motor skills

Problems with the study of Pépakostopoﬁlos (1976) largely

oy
surround the definition of a skilled task. There was no
increase in  the _ number of correct respons=s, . yet

Papakostopoulos discuSses "the results in terms of'deVgloping?

s

and improving skillful performance. In order to discuss the

development of a skill, there should be aﬁ objective measure of
improvament in the pérforménce of the skill. Papakostopoulos'
subgects.were not learning a reéponse as'mucb as selectipg the
feséonse on cue, Résearch in the field of motor skilis,
- however, has shifted fronm An emphasis on product, ofﬂrthe
selection of Vrespénses, to an emphasis on procasses occu;fing

nake skillegl responsas.. For better

~

while people learn to

integration of Bp research with the field of motor tasks, a -

response which can show clear improvement in performance Wwith

practic2 should be chosen as the voluntary movement,
. /

The performance of a skilled task gives rise to several
ssurces of feedback and recently much research has centared on
~the role of feedback inm skilled movemants, Studies of motor

skills often require the subject to practice a single r2spollse,

alloying no visual ok external feedback, Such studies have

found that as the subject attempts to learn the task, the



B
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raépoﬁses becoma less variable, but not mgfe accurate (Seashoré
& Bavelas, 19&1; Newell, 1974). When subjects receive feedback
from proprioception and vision, they are able to dccurately
estimate the precision of their response aftaer the _mévement.
gyv farying ~their responses, subjects can correct errors on

subseéuent trials and performance eof-the skilled task improves.

(Schmidt, 1976; Adams, 1971,7 1976) . Under such conditions

information from the experimenter regarding the correctness of

" the response becomes increasingly rsdundant, As the skill is

acquired the .sequence of-movements becomes. structured and no

- longer requires direct visual - control, This implies that

@

although ‘several " sources of feedback are beneficial to skill
acquisition, radundant portions can be droppsd once the proper

movement has been established (Keele & Summer, 1976). Under

conditions of ample feedback the skilled movement ~can rapidly

approximate a response described in an.instructional set. 2
high correspondence has been found between instructions to the

subject delineating the required reponse and the .actual

response performed (Bouissetls Lestienne, 1974).. This study

also found the most effectivé,instrudtion/%o achieve this end

to be one =2mphasizing response speed.

Seak




During the acquisition ‘of a serial task, speed and

~7

accuracy are not independently acguirad; each 1is a critical

factor of the respohse and improvsments-. o proczaed

simultaneously.  However, the instructional set given to a

subject influences tho r=2lative change in th s2 two aspects of
a task. Instructions emphasizing either speed or accuracy of

response decrease variability in ths responses, but increase
v ' , B, . e

respectively errors or reaction tlm° {(Fitts, 1966) . \ The

importance of thess two aspects to a study should be assessed
- 2 .
s e s . L& .
and spacific ingtructions g%ygnjgo the subjects, A lack of

fnstructions - regarding speed and accuracy yields greater
variability in - the data and less fast and 1lass ‘accurate

rasponss2s. ' ' ' T

»

As elgﬁents are added to -a serial task the period required .

to master it lengthens and- attentional requirements for the

response increase,” Klein

, & Posner (1974) report -that simple

discrete movements demand no attention except at initiation,

butﬁ that attentional demands ‘throughout a serial movemant

increase with the level of accuracy required. A - decTease in

attention produces a decrease in response accuracy and improved

performance is accomplished only w#with the allocation of

}

additional attention tKiéin,. 19763 pev,. 1974y, Tha

attentional demands of a repetitive serial taskx&iﬂini;hweni¥—
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after the sequence 1is 1learned and responss hncertainty
decreases. Also, a movemenfrthat a subject'is prepared to make
involves more attention and is perforned better\ than an
unanticipated movement.,  This suggests that attention 1is

related to the preparation to respond and to the accuracy of

ot

the rasponse with obvious implications for BP research.

T he igternal organization orlélanning or a movemant brior
to its initiationAhave be?i assumed to fequire such functions
as preselection and feedforwérd (Teuber), 1964 ; Kelso &
Stelmach, 1976). It also'has been sﬁggested that the principié
role of +the frontal structures is) to pesrmit moni;oriﬁg of
movements in an anticipatory manner. This ‘activity,>wou1d.vbe

a2xpactad to be maximal in the frontal areas prior to an

4 —

intentional movement. puring the acquisition of a moter skill,

these aspects of preparatory'brain_activity are more' cruc13l

. . , R O
than during the @maintenance Qf.a learned response, If this
processing occurs priﬁarily'in the ,ffontal structures, 'theh
that area ‘should be more involved during the acquisition of a

skilled response than during the repatition of an acquired

task.
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"Research in the area ofggoto; skills often vparallels the
rasearch Wwith BPs yet few studies have made these parallels ¢
explicit, Pew (1974) viaws goal-orianted, self-initiated

-movements ' as the highest order of movement in a multi-level
theory~of skills. ©Non-skilled self-initiated @movements have
been studied by BP researchers; goal-oriented motor skills have

been - studied by motor performance, learning and conttol

theorists, Research that can interrelate khowledée from both
fi=lds is necessary if a fuller understanding of the mechanisms

involved in motor skills is to evolve, ' i .

‘Current‘Study
L 3

This thesis was Qesigned'to inveétigate the BP and it$
’ ‘ cortical distribution ‘ddring the Vacguisition of a skilled,
-serial- motor 'response;*f”ImpfovemEHt”’in”thé““spEGd""bf“”fHé"’"W"”
responsa over trials was estab%ished as thea Vmeasﬁre of skill
acquisition. Pilot research had shown that the task could not
~be master=ad immediately, Yet 1t was simple enough that

rasponse ‘performance reached asymptote within 15-30 tridls Wwith

no feedback from the experimenter.
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A standard 'conﬁttrcn, cvusrstrnq* Of“Tﬁ‘*‘*ﬁqié bu ffon

presses, was ,conducted both before and after the skllled task .
-conditioq to dgtermlne if any systematic ‘changes occurred in
the BP as a function of the durationrdfvthé experiméntal
session. No diffe;ence in the BPs from the two standard

conditions was predicted.

It was expected that the BP would increase in size during
~learniﬁg, particularly over the fnonfal areas, -and then
diminish after éCguisition.‘ An initial Tisa in the BP was
predictéd as response preparation and accuracy incféased; the
%rontal afea was expected to change more rapidly to reflect the

. anticipatory planning of the movement (Teuber, 1964; RKelse &
. Stelmach, 1976).  After acquisition of the response the

subjects! attentioﬁ and involvement with the taSk,and hence the

‘record=d BPs wéféréiﬁééﬁédifgréééfé;éérkﬁé;, 19§u.rilnln, 1976-
'HéCallum, 1976) . As subjects were 'rasponding with their

dominant hand lateralization of the BP .yas also &expected

(Gerbrandt et al., 1973; Kutas & Donchin, 1974), Finally, it
' 3 : : .
was predicted that the BP preceeding a single button press

would be much smaller than the BP preceeding the skilled task,
N _

as the latter would require much more preparation and attention 

(McAdam & Rubin, 1971- Kleln ‘& Posner, 1974).

d
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Subjects. Six malz and six femals péid 5ubjects - {19-31
P '

y2ALS “of age) were recruited from the ‘psychology departmpent at

Simon Fraser Jnivarsity. A1l were right-hanied and all were

naiva as to the purpos=s of the study. o <:

o An B . R . — R e - PR

1+

. Apparatus. Hon-polarizable Beckman silver silver-chloride

elactrodes warg used  to gain sufficient stablility for DC

a

recording, The EEG signals werz amplified by Grass 7p1 A DC

amplifiérs, with 2 roll-off of 3dB at 50 Hz. The single trials:

§
wars collected ard digitized (1024 points per swezp) by a

Hawlett Packard 2116B computer and stor=d on-line on magnetic

tape. After each trial the record was display=sd imm=diately on

a CRT -and accepted-for -storage unless-an artifact, such--as-an . .

2ye movement, Was prasant. In caQE of zontamination by an:

“artifact the trial was rejected and the subsequent artifact-

fre= trial acc=p*zd in its stead.

* .
Data coll=ction was controlled by a projyram, written by H.

F. Gabert, P.,™> Eng., that allowed the subject to initiate the"

trials, The program collected data from the ongoing record

durirng -the period 4 sec prior to and 2 sec folXlowing th=e,

initiation of ths subject's respomss. S
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sProcadurs. Electrodes were filled with EKG Sol electrode

P

paste one hour preceding application, ,allowing the
, : : ' B
paste/=lectrode interface to stabilize, After the skin -~ had
= L&

\

~b2en  cleaned with alcohol and abraded,\thg EEG“eleétrodes‘igre_’
affixea;to the subject's scalp with collodion soaked gauze;fat

Cz, Fz and two lateral placements, five cm lateral and %o cn

posterior to Cz (C3" and C4") (Papakdstopoulos, - 1976).. _An_

infraorbital EOG =lectrode and two mastoidréégﬁxfbdes ufre held

in place with =lectronde collars. The EEG and EOG el trodes

A R
«

wers refarred to Iink2d mastoids. The impedance béetweéen any

two eléctrodes was less than 5K ohms for all subjects.
- ‘

‘The subjects wsr=s seat=d in a latge comfcrtable <chair in
a1 electrically ' shielded room, and given a small metal box

(12.5 x 10 x 8cm) which they held on their laps. The box

contained two rows of three buttons each, with 2 cm between
~adjacant buttons. A force of 1050g was required to depress the

buttons th2 necessary 5 mm for switch closurs., Subject's right

b

arm r2st=d on thes arm of th2 chair and was suépprted with a

[}

t

*

pillow ' to mirimize involvement of the forearm when responding. '

A1l subjescts used their right hand throughout. They were
iastructed to refrairn fron blinking and moving their eyes,

particularly’ .during the faw seconds before and after a

rssponssa, Subjects w=re asked to respond approximately every

20 s=conds, but wsre reguested not to count or use a waté?% as

som2 variability in timing was desirable,
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Between trials, the subject's finger rested on the first
’ > : \n * . 13 ) = \‘
button ensuring that the first movement initiating the trial

25

was identical across 'triéis and conditions, The first or
standard condition required the subject to make a single button
_pr=ss., The subjects aefe instructed to respond gharplyﬁas they
would in a reactionﬂ,ﬁima,,task, During this condition the - -
subjects were given f=edback, via an intsrconm, regardidg
spacing of‘their reséonses'(i.e., whether there %gs eitheg too
‘ littie or too much time between trials) ;nd ey2 movements
(vhether they wzre blinking or moving their weyes during
- o~

trials). Subijects genefally required - very littlé- feedback

during the sessicn.

After cbliecting fi fteen trials of the standagd condition, ; .

iﬁé£ructions for the experimental condition were given, The
- éubject was shown a pattern of button preasses, wﬁidh'inciuded,
all six buttons with no repefitions (Figuré 1); The pattern.
was déﬁonstrated thre= times bf the experiménter,bgt subjects
ware allowed no practice, Subjects were asked to repeat tge‘
series aé iquickly as possible alvways returning fo the first

- button upon complation. The regquirement of wmaximizing speed

without sacrificing accuracy was stressed. Suobjects were told i

~

that the spécing cf responses and control of =2ye movemant would

™~




be.the same as in the preceding conditiosn, but that -the
duration of ths experimental condition " would be 1longar.

Forty-five f:ials were collectad. The2 subj2cts were then

informed that ths standard condition was to be repeated. The
2arlier instructions’ were reiterated, and a final fifteen

trials collected. Upon cbmpletion o0f the ssssion the subjects‘

were debriefed.
Data Analysis

Th2 data from =zach standard condition were averaged across
the fifteen trials, “In the eXxperimental or skilled task
condition, data from sets of five «consecutive trials were
averaged, yielaing nine averages for <each channel for each
subject. The first second of data from each trial w@s taken as

the baseline befecrs averaging.

. e

) : o . ) T : ‘
Ar=a measures+ were calculg#ed over thres sections of each

ﬁ"'r

average as depictedfin Figure 2. The sections were defined as

follows: 1. the 2 sec ﬁériod prior to the responsé; 2. minus

to plus .50 msec from the response; 3. the'QZ sec period
following the —responss, Ig»eéphrsection any‘érea bounded by
the eurve below the baseiiﬁe~¥asféﬂbtracte&ﬁfr8§%;tt34gareagfof9“““‘f

th=2 saction above the baseline, _Ehismfmethodggoﬁmga;éaff,,,hgg;f



£

determination takes into consigerationvall datd.bﬁiﬁfs ﬁifﬁin a
spécified‘section, rathg; thah looking at only neqaéive data
peoints and ignoring thos;‘ﬁhich fall below the baseliné;"The
first of these a;eé measurss is related to both :gé;%émplitude
and duration of the BP.  Ths wusual method of dstermining
duration, fitting a lin=ar regression line from the peak of the
BP tc baseline by hand and eye, was deemad ihapprdpriate” for
two r=2asons, Thz . slope of the BPs in this study was raraly
linzar, and the me+thod itself is sﬁsceptible to“experimenter
bias, The amplitude at the’respoﬁée:hASfbéenhthe mOSt CommoOn
m=2asur= in previcus regearch. The peak area m=2asure was
comput=d to alloy_comparison with other studizs. The third or
p0St-BP section was included to measure any changes in area

during the perfomancs of the skilled task as that psrformarnce

improved., Although the response initially required more than 2

sec to complete, by ths 20th trial subjects usu?lly finished

within the 2 sec section.

" The duration of th2 rssponse from the first thfough sixth
s2aries of Dbutton presses, and the time between the first and
szcond button press=2s, was m@measurad for all 45 trials.

Response time " -ever the series of six presses was averaged in

s2ts of five,,tﬂ correspond,rHithfWtheﬂfﬁﬁGggaxe:agespmiezggihe

analyses,

G

¢ b b

A

P il
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FIGURE 1 Paftern of button presses for skilled task
o O o
®: O O
FIGURE 2. Area- measures -under -the curve: ST e
L 2 to 4 sec. » L
2. 3 to 4

3. 4 to 6 sec.

BV
- 3[ 4 - e
- Il 2 3 4 3 6 SEC.
. o -

RESPONSE



The EEG data across conditions ware analysed using a one

within, two Dbestwe=n analysis of variance (subjects(6) within

v

sex(2), crossed with conditions(3) ‘and =lsctrodes{4)) for each

of th2 two BP arza measur=s. For ?kéjskilled task th= EEG data

wer= analys=ad using analyses of variapce in a one yithin, two

’between design {subjects(6) within sex(2), crossed with
electrodes(4) ani trials(9)) for thée three ar=a measures; and
four multivaria*t= analyses of covariance, using the responss2
tims as - the covariate. For each avsrags tnere warae four sets
of measurss, on=2 for =ach electrode, but only one response time
necessitafinéra multivariate analysis of covariance for each
2lactrodse. The rssponse times were'Subjected to a ona within,
one batw22n anialysis of variance (subjects within séx, crossed

with trials).

The 45 singlz trials,df the Skilled taék‘for 2ach subgébt
and each =2lectrods w=re 'p%otted using tn=s 'Aspex} programe.
This is a ﬁomputer graphics program modelled on 'Symvu' which
g2nerates thres dim=pnsional linse-drawing &isplays of data. The
program utilizss grid matrix data (in this case points within
trials by trials over time),linterpolates betﬁeen data points,

vi=lding spatially continuous data. A program _for two

di mensional smoothing cf data (within and across trials) was
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wCitten by R, F. Koopman, The prbgr@m employs either

polynomial or fourisr smoothing and thé/degree of smoothing can
be specified independgntly across -and within trials. This
. initial treatment of the data was an essential prerequisite for

use of ths Aspex program, dus to ths nois=2 in EEG single trial

data.
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Results

An analysis of variance was conducted for each of the BP

m=2asuras to tast forwdifferenceé among th=2 two standard and the

skilled task corditions. No sigrnificant condition main effact,

: ' &

was found for ths BP measurz 2 sec prior to’ the Tresponse

J(F=1.391, df=2/20,. p>.05); wh=areas, the peak measufe ‘was

significanflynthgger during the skilled task than du:ﬁng the

two Fandard condi%huz.mz, 1£=2/20, p<.001):

%
' - .

The averages écross subjects for the skilled task, for the

nin2 trial blocks anéd fohr electrodes illustrate the general
. ‘\ " . Y2 . )

trends 1in the data ~-(see Figure 3a;/Figurs 3b shows a singl:

subj=ct's data of the skilled task condition). The influence

g

of skill acquisition - on the BP was investigatedwusingﬁthreemé~

-
12

'analyses»of variance, one for =sach of " the dependent apea

m=2asurzs. The analyses‘qﬁ variance (sumBarized in Tables I, II
and III) fourd significant trial and electrode main effects and
a +rial by =lectrode intaraction for the area measure 2 sec

prisr to the response and the psak area measurs, Significant

elactrede main =2ffect and a trial by electrode interactjon were

found for the area m=asurs 2 séc following the response. No

significant change over the trial blocks was found for this

measure, The electrode main sffects were attributable to the
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Tablse I v ©= %
r e . »
-Summary of the Analysis of Variancse ¢
for arza measure 2 sec prior to r2sponse -
Sourcs EBrror Term af s F D ,
X (Sex) S (X) 1/10 54,2 L0469 ns :
T (Trials) ST (X) 8,80  451.0 2.3425 .05 . )
E (Electrodes) SE(X) 3,30 1450.7 12,6444  <.001
XT. 5T (X) 8/80 311.8 1.6193 ns B
XE SE (X) 3/30 229.5 ,2.0002 ns
TE STE (X) 24/240 37.0# - 1.9073  <.005
LT E STE (X) 24,240 “11.7 .6027 ns ;
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Tabla TT
Summary of the Analysis sfgVariance
for peak area msasure : B
Sourc=s Error Tarm af 4s E P K
______________________ - - e e e i e e e e e — Vi
X (Sex) N\ S(X) /10 20.7 .0613 &s
T (Trials) = ST (X) 8/80 34,4 2.7489 <.025
- ‘; - - - - ,} P - - R — - e e e — —
E (Elzctrodes) SE(X) 3/30 370.4  17.0198 <.001
LT | sT(x)y  8/80 23,3 1.8594 ns
IE SE{X) 3/30 20.1 0.9215 ns
TE - STE (X)  24/240 6.3 2.7642 <,001
XTE  STE {X) 24/240 1.0 0.4562 ns-




Table ITI

Summary of Analyéis of Varianca
for area m=2asure 2 s=2c following rsspons= initiation

Saurcs Error Tarm af s F ja}
_____________________________________ L S

L {Sex) S (X) '-'a1/10wm~~uaao§h"**0;3755*jﬂﬂﬂ53~m” e
T (Trials) ST {X) 8/80 434.8 1.2221 ns

E (Blectrodes)  SE({X) . 3/30 3478.8 8.9441  <.001

T ST (X) 3/80 599.2 1.6843 s

Xe SE (X) 3/30 448.9  1.1541 ns

e L STE(X) 24,240 77.0 1.8845  <.01

XTE  STE(X)  24/240 20.9 0.5101 ns
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constant‘amplitﬁde differencesv&mong the =elesctrodes, Across
subjects and. trials +the size of -the BP increased from Fz, to
4%, to C3", tc Cz (see Figure 4), The q;eatest differ=ence - in:
the BP measurws was betwesan Fz_énd‘the btha; three elecﬁrodas
(F=20.36, df=1/30, p<.001).'. The BP at c3n was not
significéntly larg=sr than ty?t at C4" (F=3.85, df:1/3O{,P5L}lﬁir m”,_ih
althouéh the trend was in the <xpected direction. For thz last

area m=2asure, 2 sec following ‘the r=spons=, both Fz and Cua"

w

it

rz of wmuch sgmaller ar=a than ¥a2re Cz éad %3" {F=25.86, - -
df=1/39, p<.001) (sge Figure 5). The trial main effects were
due to a-;teady increase ig the area,‘at all slactrodes for the
first 4 vaveréggs (or‘ 20 trials), and then some descr=as2, on
avarag=, over the last 4 averages (or 20 trials). The
interactidn effect at the measurs . 2 sec preceeding the
r2sponses, , was dué’ié7d§ff§féqéég?55£ﬁééh”fhé”éié&Eréiésm&ﬁfihﬁf‘”W'W
_

the 1aét SJaverages. At C4" and Fz the BP decreased steadily

for 3‘ to 4 of these last S avér%ges whilz at Cz‘and C3" the

siz2 drbpééd_;nitially and then rebound=d for bone to two
averagss, At all electrbdasrthere was an incresase in thes size

of th2 BP during the last averagé (s2e Figure 6). The

‘intaraction effect at the BP peak measure was Jjue to similar,

al though somewha* less marked changes (se= Figure 7).
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The response time Qfer the series of six button prasses
decreased for- all subjects over trials (F=28,42, d£=8/80,

p<.001) r=zachirg asymptots at about the 20th .trial or fourth

averags. {see Filgure 8)., Figurs 9 shows thz ra2sponse times

between the first and\iecond button pressas over the 45 trials;

‘they follow the sams pattern as the total respoﬁse times.

No significant trial main effacts were found with tha
multivariaté analyses of covariance; Fz {F=1,06, df=32/281,
p>.05), Cz (F=1.26;?gf=32/281, p>.05), C3" (F=1.60, df=32/281,
p>.05) and C4" (P=1.25, df=32/281, p>.05). This shows that
whan ths EEG data from the trials were .adjust=d . for responss
times the trial effect drops out. This demonstrates a

consistant relatioﬁ?hip between the changes in the BP and +the
. o )

improvem=nt in the response times over trials. . . _

. The plots produced by the - 'Aspex' program. offer clear
visual repres=ntation of the tregds in the single trial data

(322 Appendices A and B).
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Response time over the series of six
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Discussion

Th2 rssults offar strong support for the hypothesis that

the siz= and ~3rt1cal distribution of thz BP changc with tne '

acquisition of a skilled motsr task, The magn;tude of th= BP
at allv electrode locatidns incrzased st=adily over the trié%s
in wnlch the respors2 time was _decreasiag;  1i.=2., duriﬁg' th=
acquisition »f th2 rzsponsa. The twd =ss2ntial requirzments of
th2 study warz fourd for all subjscts., First, a clear l=arning

motor skill and second, no significant

zffact of - th=
differsnces betwszn the two standard conditions, indicating

that systematic chang=as in the BP ware not a function of the

duration of the zxpsrimantal s=ssion.

As subjects acquirs a 'skilled —response <their response

accuracy should  improva. "An increase in accuracy and
preaparation to resspond Has alr=ady béen. related to increased
size of +the B8P (McAdam & Rubin, 1971; Ford et al., 1973;
Lovzaless & Sanford, 1974 Papakostopoulos, 1376) . In all
previous research, however, the measurss of <certainty,
preparation—and accuracy have been dichotomized. Thg subject's

r=sponsas were not lsarned but selectéd and then performed

2ith= correctly or incorractly. Wlth the laarnlng of a motor

skill éfadual changes in certainty and preparéfidﬁ Qghld ,bé

4 - ~
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xpactad to parallel - gradual iiprovemaut in psrformance

3y
j¢¥]

accuracy. Suobjects in the present study wers fully awarz of

. > B n .
+he incr=2ase in th=2 precision of their parformance oaver the.

sxparimental s=ssion. Thus, the systamatic increases in thes BP
arasa concurrent with ths steady improvz2amesnt -in - rasponse

performance, adls furtker cradibility to the theory that ths BP

a — 7

=)

r=fl=acts preparation and'certainty of the subject to respond.

=]
=

2 rasults do not support the alternate contention that ths BP

.
1

Ui

marely a physiological «correlate of nmovemant, During
acquisition, the ~only - rLzsponsz parameter Kknown to change

systematically was ths spead with which the sarial -task was

performed., Hazeman =t al. (1976) found no variation in the BpP

with spe=2d of r=2sponse, and although Beck=sr =t al. {1976) did

£ind such a changs, ths BP was smaller. with responses performed

'quickly than with slow C3Sponss&s.

It was =xp=2cted that the area 2f the BP two sgéﬂjprior to
the response. would b2 larger praceeding the skilled resbonse
thar before ths single button prsss. The demands  placed upon
th2 subject in terms of preéaration, preselection and attention
during a skill=d task far outw=igh those necassafy for a simple

‘m>vamant. Also, gr=2ater amounts of information must be

Nl R e s .

monitored after psrfomance of a skilled task compared to an

unskill=d task; an increase in'pést-responsé'feedbéék7ﬁéé'béen
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3y
shown to iggrease BP amplitude and duration (Dinchava &
Harding, 1975). TIher= was no significant difference, howaver,.
betwesn  the staniard conditions and the skiiled task condition

for this mzasurs.

-~

£

The axplanation for this raesult may. rest in the large- .

variatiorns din tn

a
|

siz= of tﬁe BP- within the skilled task
condition, For th: first one or ’two‘ trial blocks of the -
skilled task +th2 BP wés smaller at allAelectrode placements
than,it was during the standard conditiog. " On subsequent

trials it was largser than the standard conditions e2xcept for
on2 or twdo trial blocks aftsr lsaraing (see Tabla Ivy.
According -to the hypothesis pressnted in this study these

results would imply less accuracy and preparation for the

performanca of the respdﬁseadu:ing the iniéiai 5 or 10 tfiais
sf ihe' skill=3d task1than for thz standafd response; Khen tﬁe
skilled rasponse is acqguirsad an%kfﬁncertginty decreased the
corresponding BP 1is larger th;n in the standdrdwconditions;
fhe decline on soms trials after learpiné coﬁld be attributed
to decrzasss or lapses in thé ‘subjects' attention. Klein

(1976) 2nd Pew (1974) found attentional demands of a serial

task to diminish after the task sequence had been learned.
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Tabla IV
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N

3p area measuraes 2 sec prisr to the resposns2
for standard conditions and skillad task trial blocks

“standard I -6.473
Skill Task 1 -1,83
Skill Task 2 -5.08
Skill Task 3 -8.16
Skill Task 4 -10.86
skill Task 5 -8.42
Skill Task 6 -6.50
Ski11 Task 7 -6.00
Skill Task 3 -5.68
Skill Task 9  =-9.57

Standard 11 ~-6.46

-12.10

-8.17
-11.26
-18.98
-20.85

-12.53

. =17.51

~17.29
-11.29
-19.82

-14.32

c3n cyn
“11.62 -8.,05~ |
—a.32' ‘ -4.53
-12.17 l:ij.su
-17. 40 -12.17
~-16.28 ' -56.u7
-12.09 S =11.51
;16;;é7“ | -9. 52 o
-11.76 -8.33
-12.38  -9.62
-14.89 l-11.987
-11.55 -9.49

———— . e — —— ———— " — o — " T
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Th: significantly larger peak measures in the skilled task

condition appear=31, from Qisuél inspaction, to be concomitants
of increas=ad neqafivity of the slop2 of the BP bréceedfng
skilled movement, In the standard can?itidns tha slope oﬁ the
BPs was dsually linear, 'inraccordaﬁce with previqﬂs'studies

which zmployed siapl= movsmants, In the skilled task condition

th2 slops was guadratic or cubic. Unfortunataly a mathod for .

objécﬁively mzasuring non-linear slopa2s was. not available.
From this study it 1s impossibple to d=2tsrmine whether ths
apparent differencs 1in slop= betwa2szn ths conditiéns is a
function of thz lsarning required for the skilled task or of

the duration of the skillsd task.

\~»

I

It was <sxpacted that ths role of the  frontal areas in

)

organizing mpotor output and in monitoring output and feedback

would bhe reflzcted in quéiit;£i§ély differ=nt changes in 7the
. front;l BPS _éhan those in the BPs from over the motor cﬁrtei:
The elecﬁrode by tfial interactioan is attributable to
differences only after the respons2 had reached asymptotic

levals, Thes frontal BP incrzased at- th2 same rate as the

vartex and lateral BPs dufing acquisition.. After response

acquisition, the frontal BP, in contrast to those from C3" and

Cz, dacreased steadily. With practice the performancs of a

raspons2 tends to becom=2 automatized less=2ning both attentional



is2uwands and ths amount of fe=dback requiéiie for maintenance of

the responss (Klein, 1976; K=2gle § Summer, 1376), Probably

»

the - subject's involvem=nt in the2 task also decreasa=d after the

Joal of fast, accurat= requnées had bsen achieved, which would

pradict a rsducticn in frontal BPs (McCallum, 1976). -

!

The most parplaxing anomaly of this study however, was the. .

failur= to detect changes during learning in the frontal BP

‘that could be differentiated from changes occurring in the BPs

over the’motorvgfiip. The importance of the frontal areas in
th2 organization of movement prior to its-initiation has been

w2ll documented (Teub=ar, 1964; Kelso & Stelmach, 1976) and some

measurs of this was =2xpscted at Fz. Possibly insufficient
sansitivity of the macroa2lectrode was to blame, or too
posterisr a placemen%t, Alternativaly, th2 organization:  of

movem2nt in terms of pres=lection and fe=2iforward may-not be

tim=2locked to the r=sponse as other processses are, perhaps

“ocurring minut2s before ths responsz2; or miy be intrinsically

more variable in its occurrence and duration. If =ither of
thase was the case, the methodology used for measurihg the BP
would b2 inappropriate for detecting such changes in frontal

activity related to learhing a skill., Howevar, as the skill

vas acguired. and response  variability — decreased the
) 7

anticipatory activity in the frontal areas may also bescome more

consistant, timeslocked to ths refponse and msasurable.




Thz r=lative size of the BPs in relation to their cortical -
Aistribution was congruznt with expectationé  ?hd' wi;hrrﬁost‘-
other ressarch in the field, Thsz BP was lacrgest at bz, larger
over th2 motor cortex than frontal areas and tended to be

larger contralateral to the —rasponding musculatur=. The

divargence betweern C3" and Ci4m after l=arning (sée Figure 6)

suggasts that‘ thz less attantion a movemént requifés the more
specific to the motbr projection arsa ths BP becgﬁes. This
offers an sxplaration of the maintsnance bfAlarge BPs closa to B
thé motor prcjectisn area =ven after acquisition when  BPs
record=1 from more re=mote locations decreaséd. In concurrence

with this, McAdam & Rubin (1971) suggested that their finding

of non-lataralized BPs was a function of the exacting
attantiosnal demands placed upon their subjects, The ~dacrease
at . cun during the actual psrformanca of thz task, indepsnd2nt

of learning, could reflasct lass processing of motor ,cémmands
and sansory fesdback  than at C3". Evén iuring this period,
however, tha botential was largest at Ccz suggesting continued
gen=ral preparatibn and notA-Solely the reiaying of motor
commands, 1In one subject a series of small  waves rasminiscent
of BPs occurr=d in this 1interval; onz preczeding .each

successiva  button prass (see Figure 10). This subject

e

respondsd more slowly than a#eraqe, although the effect was not ' %

VI R

notabl=e in other slow résponders{

b

Al e

b i



FIGURE 10

.BP and the series of six button presses . averaged

-~

o Anond
VA

over tridls 16-30 of the skilled task. subject CH

buttén presses

o
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uontlnued n~qa+1v1ty dfter the initiation of the  response.

is ngu g=n~rally reported in the llterature, as a large
pééitive wave {P2) usually follovs the response wifhiﬂ\ 200-300

mSSC. (On= ‘axcep tion to thls is the study by T1m51t Berthiar

{1973) of the- rﬁlatlonshlp bﬁtwe n post-response negat1v1ty and

;psvchases). This discrepancy between. th2 present study and Lha

{8}

xisting literaturs is likely duz2 t5 the duration of the serial

c2spons2, In othar BP.research P2 follows the initiation of

ths responss, but the responsss hawve "baan simple, short

movemantsS,. . such tha+t the P2 also follows the termination of ‘the

rﬁsnonse: As the subjects acqu1red thQ skilled task and the

r25pcose durat1on sb)rbened thlS post-BP n=2gativity tended to

dzcreass, althouﬁhfthe affect was not significant.

The r=sponse parformance 1mprovad and the BP area measuras

incr%ased over ths flISt twanty trlals.f ;Afﬁer the respoﬁse

reach=4d ‘iSYmPtoté the BP decreased at- Fz and -CU4" while

remaining relativly 1large over the motor . projection area.

Thess syst=matic chapges over the 45 tridls >f the skilled task

B
yi2ld=d a significant +trial main effect for the BP area

measures, The multivariate analyses of covariance demonstrated

that when tha variance contributed by the response times to the-

3p méaaurss wvas takzn out of the area measures, the significant

s ’ ‘ rd
s
<
v
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trial wmain effect was no long=r found. This'suggests a sound
rélationship bstween the acquisition of the skilled task and

the obsarved changes 1in the BP, Altﬁough the data suggsst a
p :

rcausal‘relétidnsh'p, whathar changes in the BP are necessary

srformance Cann3t<;be ‘datermined from this

for 'changes in

/ ,
study., The BP may ‘be one of many =2lectrophysiological signs

that correlates with improved performAhcs in a motor skill;

this doss not claim that it is an essantial component of motor

° mat

[

skill acquisition.

In this study, howsvar, the BP reflects the‘levél of motor
skill learninq,_‘and after learning, possible changes in
attention., . Potentially, it could be wused to distinguiéh
betwe2n movements that require central attentional mechanisms
,ﬁfqriinitiétion”anddperformﬁﬁceWfaadﬁﬂtﬁése”,thaLWﬁdowunoiff ,,,,, nLtmf_—;—anf
clearly“would be easier to employ a measure such as response
“time if on2 was only ihterested in ‘whether a subﬁect iearned a’
motor s3kill, But,’ if on=2 1is 1interasted in the mechanisms o N”\!
involved in th=2 acquisition dﬁ - skills and in motor skill |

performance aftar acquisition, tha BP <could add a valuable

dimension to the research.




. .
' Appendices-
~ The follauinq Aspex displays were plotted using
the p@i,m,@,t@;s,,,l,,i,s,t,gd;,,he,lgv:,-,, L . S

< 5

Altituda=20 degfees éboye horizontal

Azimuth=350 degrees, clockwise from center ffont
Interval=2, only every other diagonal is:draun

Across trial sméothing=5 Hz, a iou pass filterqu-S Hz

Within trial smoothing=15 Hz, a low pass filter of 15 Hz

As Aspex program the plots positive values above baseline,

rtié EEéwdéta Heréwinveftéd;ré;;h‘ggét rhééggi;eﬁivéiues rbécamegii
positive laﬁd positive values negative. In vAppendix A the
paramatar 'Minimum=0' was emnployed suchithat all data 7points
below baseliné,(i.e;,‘those that ware oriéinally positive) ﬁere
not‘plottéi. This "improves the clarity of'tye plot'in tetns of

, the BP and the systematic changes_in:the'waveform over trials.
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Appendix A

-

Th2 EEG data from four subjects plotted using the Aspex

program with the following parameters in effect:

Altitude=20

Azimuth=350 ¢
JfHeight=3 | A
7iinputscale=3.5

Minimum=0 .

Interval=2

[
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Appendix B

&

The EEG data from four subjects plotted using the Aspexﬁ/

program with the following parameters in effscts

Altitude=20
Azimuth=350
Height=3 v
inpd%scale=3.5

- Idterva1=2 o i

i

P

-
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