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DR SIOK

The idea and tecuniguesn of studrin, nonerandsy
changes in tro eleciriond soflivity of wie hreln o <8uonsg
Yo exfavasl stlmud Liony bas led to sn expuneniini growih
in the fileld of aleoetrogmoepghalography. ihere is corralle
in: evitancs thel the shatl tleal procertlos of Lie glocw
{rical acldivity of the braln are seurclogiosl corvelates
of emsclouaness and wmental function., - probebilistie
r.thor tha~ deterministic view of the braln mey sccount
for tee sd.cuss of §.vinlgued besed ou tne analysals of fae
statistienl proporiies of the wi-da  Jhe deterministie
arrroack, baged an the gnalo o bebern the amss hrain and
fwo ddgltal computer, ook not bees frudtial «ud 18 svidd
the subjact of philesophicel sonuroversy.

Sargury U oyoked Sotenticlis” have boen oxiensglvely
shadine Gud Polavid B wu8ulUily S0 b lerge OWabul O L 3YCLOw
logieal and psyesophiysiologleal wvarizbles and represent
g veior adp.nce s the seimmtifie ~tudy of 1o i ontout
Pehaticnisniygs o berms 01 aleciri al «cLivies oo W86 Due
man brain. There iz no doubt thet tlmeelocked, nonepandos
ehn oz irn the alectric l netivity of tng brain neour 4in
response o Jizcrele snberssd sblamlation. It i alEo a
well esteblished oot thad the ele¢trical activity of
the brain mendfests o nmunbor of rhydh de oo ponente vhich
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can be enhsneed and driven by externcl stlmuletion and
alsoe blocked or echanced by luternal states of the brain.

In wny system whileh exnlblits sach bataviww, it 1s
higaly probable tual Roverendow ebanges in electrisel actlive
ity would gueur not enly ib response 3o external stlmulstion,
bat ales prior 4o soll fnltiulbed Buhaviour,

inis prediction cgn safely be ande slblher on loglesl
grownds or with reference $o the estsbllshed causel row
datdomaning bedtvase . aeurons 27 thg Drolae "he loglical sge
pect 45 nasddy bhet as ergunten woleh exhiuits purposive
behavisar must at sone lewel (single seurons, networks ov
8 8 wple) be governed by letsrninnble lawe woleh -re nst
fandote e tpsnsslssion of lodoppaticn irom neuran (O nede
ron In the fore of a spike interval sodulstion code i3 of
couros 4 $hoe wercing funectd oy which fmplles Uhat 3 3orte
ieular Sputio temporsl pattern musy precede the final behave
joural outpat of the orgeanism, hds s terue in o stimuius
ragponas stluuiior onl slie Tor solf 1nftisiod ackiviiy,.
a2 Mk Dbetween nodronad #VRALE skl buewsvioural mandlesie
stiong 1s very teousus at present and 1L 1z perbaps more
rowarding 1o bt praoact st be 0 Mooslodgo to osoorosch the
problun at & levul waere there are Deqsur missly, linke op
intervendcy varisbles, The statlstical properiles of the
Lk peprasenting the Sime souwr.n and the analog of Informe

ation proeessiag codes al Lthy seuronal lewel hns the
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fmportant property of belng time-locked Yo external 84100
Axvion and as this study shows 18 also timeelocked pravedw
ing wolantary scts, In view of this, investi wtiong at
this level ap ear to be very promising. Tnus the owruose
of twuls study is a sesrch for sonerandom changes in the
electrical activity of the human braln preceding voluntary

acts.



CHAPTER I
E{WIM OF TBE LI tzl'.’bi i:’:g.&lj«‘;

The review of the literature is restricted to studles
attempting to detect non-random electrical changes in the
human brain prior to voluntary acts. UGilden gﬁ_g&‘ indg~
pendently and following completion of the exgperimental work
in this study have published data confirming the prediction
that command potentials, which they prafer o call “Hotor
Potentials", exist., They demonstrated, in ten subjects, by
summating the hua aetivity prior to fist eoniraction and
foot dorsiflexion that non-random electrical c¢hanges do occur,
prior to these voluntary acts.Motor Potentisls were also obe
tained from an lmplanted elecirode estimated to be over the
pramotor cortex. The similarity of the cortical recerding
$0 the sealp recordinga makes 1% unlikely that the Hotor Pow
tentials represent extracranial artifascts., ‘The general wavew
form of the summated potentisls prior te voluntary movement
showed intra~subjeet reproducibility in the published records
put the latency of components of this waveform appesred to be
unstable within subjects. As averaging devices enhance

1 L. Gilden, H.G. Vaughan Jr, and L.U, Costa, “Bummahwd
ﬁuman wkﬁ Potentigls with Voluntary Movement" sl and 2l
A -A’ vﬂlc 20, N‘Q. 5, M&? ??66’ P
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compunenty that are timpelooked %o w trigzer podut it is
necessary Lo dexenstrate inbtersegabhjlect relleblilsy in She
latency sg well 23 the wavefurm of sunsated sobivity
deaignsted as noneraundom, iFresent wmeihods of declsion
paking with rogard to fdentifleation of summated couwponuntsy
a8 “nenwrandon” ars very ansatisfsetory {&rtl l@ﬁﬁké syl
depend on the subjective Judgenents of the Investligator,

In most ¢usen the investigetor acts sas & ssoond detection
device and visially extracts siznals he eonsliers moanloge
fal from the computer aversged waveform, In wview of this

purerous replications of the experisent with the same sabicet
appenrs Lo b & resasonalls way of overvmeing this problem,
allden gt al” nave deme this, and strietly speaking the
lgtoney varisbility they soow azd in fact the whole vaves
forn fhey desiznste oo Hoter Pobentials would yrobably be
companent snd certeioly

amaeceplable as 5 relisble nonepandos
nut a8 an evoiked potentiel by ihe selentilic community. It i
avident, therefore, that a need for isdependent corpeboration
of these idings is newessary.

2 JsPe Hrtl “mmtnw@ian mt Mvﬁkwd %ﬂ%ﬁﬁt&&mﬁ by dero
{rosaing il 140 guronhrsiolagy, Vel. 18y

¢ st
196%, pe M%
3 Gildeny Veugban and Coste, 2o Gllks De ¥33e438,
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The work of ma&mw“ iz probably the (irst effort

using & erude sveraging techunlgwe (poor signal to nolse
ratio) to detect CPs., Uates cuncludes that "Un no scesplon
has this technique revesled any potentisl ehsnges in the
cortex preceding the onset of wvoluntary novemsnt,” The
technigque used could not extract signels with & sizoal te
polise ratio of less than 1:1%. Hodern eleetyonie averaging
devlecs can deal witi S/H ratios les. than 11100 and 1t is
thus oot surprising that Sates was uusble to detect (Ps,.
wildeh are difficult o detest even with present day compum
ters,

. recent study by ﬂaﬁahzn.g§m3&5 algso fallad 5o detect
Ciey In this study s oue stisulus (elick), light stlimalus
and resetion tise seguencs wors involved and awerain. of
ths . before onset of the volunfary reonetion indi-ated no
tipemlocked scbiviiy. Under these conili -ns it is probable
that the evoked potentlisls due 1o the 1ight stlsulas inlers
ferrved with the command potentisls greceding ihe vorluatary

morranente

i aiégvg Bates H”J&amt&iv%& au%ivi&y o Lh@l§@¥§§x
sceoupanying :a?mwﬁn (L2 of Ph Logys Vo
1951, p, 240257 P

7 e Somebin and 0.8, Lindsley, " verage . VO S
?eaw zmw mm wmmrm idmes Lo %aml Mtwau"
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The primary hypobthesis of this study L8 based oo
the prediction that the humsn bralio vhich responds to
gxternal stisulabinsg by nonerandom changas in the electrios
al activity of the system, will also show nonwranion ¢lece
trical chunges before sell initinted sctivity.
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A systematic search for nomersndom eleectrical chunges
ix the brain prededing veluntary sets was undertsken,
Hothiug wig mown about the charackeristics 6 Conmmsnd
tentials sxeept that on theeoretienl grounds their existence
is probable. 2y educated gzuessing eortain iiwits and charseterw
istics of CFg eould be predicted snd tho available methods for
the detection of (Pe evnluated, The analysls indicated the
following: &) To make detection pesuible by aversging technie
gques CPs must be gecursiely time.locked %0 the voluntary aat};
b} the onset s{ the voluntary set must be aceursbely (in time)
determinable Lo sorve as s trizger point for the averaging
deviesy o) 4ii must be recorded on FH tape and played backe
wards 1o time to bu sble to sverage activity proceding the
voluntary aoety d4) 1t is unitkely that CPs woul
than 1 sec befors the woluntary set and thus an enalysis perdioed
af ane second should be sufficlenk; e) as the characterdsilcs

4 soeur more

1 fesction time methols in whieh the ous Lrl, ers the
averaging device would make 1t possible Lo snalyse the .
before the vesction withoub tape recording, bud the varise
biidty of reaction times s far too great %m parmit detectlon
of time-locked signlis by tals mothod.
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of the (Ps are not knowlg #ege, 8lznel %0 noise ratlio, band-
width, topography on the hasd, etc., analysis sust proceed

o the worsh case asswnptiong £) velanlsry -cts wich the
largest cortlcal representetion will probably be Lhe easlesnt
to detect) g) although there ars several methods of detecting
siznals from nolse averaging the BHG sctivity praceding the
ouset of a voluntary set was considered wost efficient in
view of the known bohaviour of the brain in response {0 exterw
nal stimulation (evoked poteniisls).

The elwctrical setivity fyvom dliferent reogloms of the
nead wus averagad preesding a 1l.rge nusber of 4icferent volune
tary scts, €.g., hesrtbeat, oyeblink, tongus sovementay ool
fanping, etec, somulis with these volaniary acts are not rée-
pozrted as they were inconclusive dus to & varissy of sechnical
ressons,

The experience palned fros these failures led to Lha
selection of hand clenching snd speech, speeifienlly the
gpokm word “tea®™ as sulteble woluntery scis, ‘hey were sultw
able bscaude it was possible %o determine accursiely thelr
onset by the technique used,
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Method

The JEG of oneg femule and four male adult subjeects
was derived with sealp electrodes from the right motor
area (Ch according %o the internstionsl convention) and
recordsd on m gnetie tape io a bandwidth 3 4b down & § and
%0 nz. . microphnme plekup of the spoken word “tea® and
the electremyogram (#43) from electrodes un the flexor
masculaturs of the left foroarm were asplified, [iltered
in the same bandwidih as the HEG and recorded on bape.
These waveforns (Volece, i) tMizzered an escilloscope
which produced a pulse wsab for esoh sweep, This pulse was
shaped, delayed by 150 sillisseonds and recorded on 2 thivd
channel of the M tape recordsr (Precision Instrumment bodel
$100), The microphone plekdp of the spoken word and the
EMG were also taps recorded unfiltered (A5KHz). 1 sizpli-
fied systems diagram, Pige 1y 1llmstrates the experimental
set up. Judbjects spoke the word “tea® 100 times at 2 self
paced rate of asbout onee svery twe ssconds and followlng
this performed 100 guick volunbtary contractions of the left
fist at the same rate. With two subjeets the sxperiment wng
repeated on three 4ifferent ove.slomg,
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Analysie of Datn

cape recorded date was played buckwards (in tims)
into the Huclesr Dabts Jinluncetron dipgltal memory o08¢illoe
seape which extoaebed covtienl activily time<locksd Lo the
trig er pulse pepresenting the onsed of ihe spoken word or
the M. The delay introduced when recording permlitied on
playbock demonstration of summated B. o, Z8d and wolve
ackivily before an: 150 miliigeconds afber onact of the
spoken word or LEd, (Flgs. 2 and 3).

“he averaging device sumnuites {ineo-locked components
linsarly and non-timee~locked conponents (noise) as o square
root funetion of the number of sweeps and hence the signal
to nodse ratio 1s zreally lmproved, ‘isvever; duns to g nunber
of shygioleglcal and elovtrondie artifzets mich an chance asutow
gorrelstion of the low frequency £, a decision groblew remains
involving the fdentificsbion of noperandor cosgonents sven alter
eompater averaging. This is especlaily true of the Low axpiie
tude componentz. S0 partially overcome f.is problen a (ow
simple criterir were luvised to fmprove fids situstion: 1) Two
gats of 50 trials were averaged 1n each cnse and compnred.

2) In order to be clsssified ag relisble,reproducidle fra the
latency of vomponsnis S0 Identillied In the two averages must
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be witadn twiie the srror of messurement (& 10 sdiliseconds).
3} I the genersl wavefems appesred similar and especi iy
1f comparisonz of sebs of 100 teials fyom the sans subjuoeb
abtained on twd or more ssparsaie occagions agraed the 3 10
milliseconds rule wse relaxed o 20 wmiiilpecsnds’,

§

1 It zust Do polnbed out thet sueh relatively rigld
griteria are not used a4 far g L4 can be determined from
published literaturs, b other {nvesbigators in this fleld.



DATA  AQUISITION 10

__“/”ij;jg Ay = EEG amplifier
;; "-3 A, - EMG and voice amplifier
/ ] _} <
’._\_.'/:) .

? = Schnitt trigger, pulse shaper
and delay generator

M =~ microphone

J
<
J
it A2
71 FM TAPE
\ o RECORDER
W A $rs
o V e

DATA  ANALYSIS

! FM TAPE E; ND 800
RECORDER - COMPUTER
V'
DISPLAY
€A
Plgure 1

Systems diagram of command potential experiment.
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neliable norwrandos chonges in the o« of ail sabjeots
were Jdeteoted preceding speech (Fig. 2) and {ist contractiiam
(Fige 3)e The summated 50 wavelors preceding onset of the
spoken word comprised 4 positive pesk 70 to 170 millilizsconds
and a negative compongnt 10 do % willisewunds before volups
tary action in all five subjects, ‘ummated 2.l ackivity pres
ceding fist contractlion was simiiay in wavelf rm with intere
subject latency wariation eof the same magnitude, Captical
copmmand potentials proceding the spoken word showed grester
intrasgubiect latency reliability than comsmnd potentials
proeceding fist eombraciidne Ho repradecible stime-iocked
sartical aotivity other than the two maioar components was
detected in asalysiz pericds wp o B50 miiilseconds precede
ing the voluatary s¢ts, e unfilterod sompater aversged
pierophong p.oimy oL the spoken word end the b0 indicates
the stability of the Lrigzer polns (Phge 20003 Flg. 3(4a)J.

ihe work of wilden gk al' on suswsted hiv activity proe
ending fist cuntrection is partially corroboratael. Low e
gueney filtearing at 5 iz did not permit substentiebion of the

Pe 3338,
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slow negative vaviation observed by Silden @&,ﬂgﬂ 1 seotud
prior to fiat gty otion.

shille nonerandom ecortic .k avtivity precedicy soluntary
20tY way sevve ag en efferent analog of the zensory swolted
response, observatlons to date lodlcate differences in Lhese
fwo phanowstae. ensery evoked sortlssl potentlsiz are suliie
phasic wavolores persisting for s long ne 1 second miter
stimulation with a frequency specirun in the normal ool PANER.
In coutrast, obtainsd wavelorms of eorilsel eommand potentials
srior o voluntary gets show only two rellsbles components
¥ith periods wp to 200 millisecomds {Mg. 2). UJiffsrences
may be dus to loss of lnforvation by the avers lng technigue
with respecht to individual cortical commands or a ssaller
signal £ soise rabtic and/er babter synehirony (sualler latensy
variance)} in the svohed corticel response phenomgnon. Toche
piquae more sulted to the amlysis of povwstationery dabn may
roveal a mueber of componente in the cortical comsand potential
not observed to date,

L8 DOth syoked snd sortical comoand potentinls show
anslagous interwgubject wariablility and lnire-subject stabile
ity, lovestigation of the psyehophyeiclogieal correlates of
command potentiale may prove ar fraitful ks the extensive

1 dilden, Vaughan and (o8ta, Gua. olbs pe BA3438,
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L 1 L A | d
TIME (100m. sec./div.)

Figure 2

summated EEG and volice activity of subject E.W. pre-
ceding and 150 milliseconds following the spoken word "tea'.
A: computer averaged volce activity unfiltered)} arrow
jndicates onset of the spoken word which serves as the
trigger point for the averaging device, B: average of 50
samples of EEG activity preceding and following the word "tea',
C: average of a different sample of 50 as in B indicating the

reproducibility of the phenomenon.
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TIME (100 m. sec./div.)

Figure 3

Susmated B3 mnd o0 activity of subjeet J.os procading
and 150 miliiseconds following left fist conirscthkon.
At computer averaged G (uafiltered)y arrow indicates onset
of mascular ecntrgetisn. B sverage of % samples of ...
activisy sreced and following 48t cuoniraetion,
C: gveraze of & dif7er«ny sample of % as in . lnileadin
%&G&t&! Istency vartability in ecomsen’ poteniinls preceding
{8t contraction,
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work done on evoked potentials, UJemonstretion of none
random cortical acvtivity preceding volanbary acts muy lesd
$o new ingights in the study of intrascerabral comsmunicaw
tim and control at the miero snd maoroscopic levels.
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Rellable non-rvandom chiinges seowr in the electricsld
agtivity of the hummn bralm gefor to grevch and (18t Cage
traction.

These computer averaged weveformg woere pamed “oommanid
potentials” and show intra-sabisct stabilivy snd lntede
subizct variablility,

In relation to sensory evoked potantials; componanis
of eommand potentisls were a) fewer In mumber, b) of lower
frequeney,

Investigation of the paychophysiologieai correlates
of command . oienisls may prove zz fraleful a8 the extensive
work dons on evoled yotenbislaé, Demongirsilon of nonerandaon
eopbical activity preceding velunmtary acts may le:xd to new
ingights in the study of intra-cepebral coscanicstlon and
eontral at the slorg and macromcople lewels.
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Bubasy veaVay ”ul@@triﬂﬁl L¢ﬁ1vi L7 of the .urlex
A L COmp N Wﬂ?ﬁﬂ&ﬂt“ widrual of Fhysiolser, Vol. 113,
Boa 2y april; 1991 34K

ine af the [ izf&t mm@ & widng an averaging teche
nigue o detect nonerandom ehunges in the oo s;@cw&img
wovenenk,. Sesulls were negative.

y and eBe Lindalay, " verage d?ﬂkﬁﬁ
“aaamﬁiala aaé n&matiﬁm Timass t@ ¥iswal Stiwull™, 250 ar
S84 SRuron LRy ?M. e j-?“-‘xal-‘.; Qg 3
: B ex@arinﬁnﬁ %m Y a ivi%y
u!amagad aﬁﬁama a@ﬁ after the wumm%&mmﬂ B0 commenad makiala
were cdetectsd, probably because of interfering variables and
ina?ﬁr@vtimﬁa teachnique.

Ge ¥ dPe G4 liwodal @&‘3&’ fovmmatod

? antiala with sluntary ﬁmvamwa&“ ik and
iory, Tols 20y Yo, & W 1900,
Jﬂﬁﬁrﬁﬁ iom Z20 &ﬁﬁ»?&%? precoding fiw& sontesebion and
Zoot dereiflexion demcnatrated with hussn subleocts,

Enmaa Bﬁ&




APPEEDIX

ABETRALT OF

in respanse to external stiwuls
axhibits such hemaviour 1t is bBlgsly probe
randos chonges o electrical avtivity would scomr o6 ouly
in response o external stimulation, but alse prior to =eldl
initiated behawiour,

4 systemztie search was fnitisted 4o deteot nonrando
changes in the elsuirieal activity of the hum
seding voluntary achss The BiG was compuber sveragsd pree
eeding a Spoken word m.d slse £ist contraction in {ive sabe
jesta, s predicted nonerandon chumges in the slacterizal
astivity of the bralm, designated “eommend potentinle®,
wag detected in sll ensas,




