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CHAPTER I

INTRODUCTION

The human scalp-recorded sensory evoked p o te n tia l (EP) i s  a low 

amplitude, short latency waveform of complex and variab le  configuration 

occurring in  response to a wide varie ty  of s tim u li. C harac te ristic  EPs 

have been recorded from the scalp of man in  response to  v isu a l, auditory, 

somatosensory, o lfac to ry  and gustatory s tim u li. The o v e ra ll EP waveform 

has been found to  be sen sitiv e  to va ria tions of a wide v a rie ty  of stimulus 

parameters, to  behavioral, spontaneous and drug-induced physiological 

changes of the c e n tra l nervous system, and to  th e  e ffe c ts  of e ffe ren t 

neural a c tiv i ty . The EP has also been used in  c l in ic a l  s tud ies of 

pathological, organic and functional CNS conditions and as a signal 

containing inform ation useful in  evaluating various aspects of normal 

human performance. Although there is  often disagreement concerning the 

in te rp re ta tio n  of evoked p o ten tia l changes occurring in  response to  

various experimental treatm ents, there i s  no doubt th a t th e  EP is  an 

e lectrophysio logical event which can vary system atically  with changes in 

the in te rn a l and ex ternal m ilieu of the organism.

However, the scalp-recorded sensory EP i s  usually  a minute 

signal buried in  the ongoing electroencephalogram (EEC). The development 

of signal averaging techniques, providing a means of enhancing the time 

locked EP in  re la tio n  to presumably random background EEC events, has
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perm itted extensive investigation  of the averaged sensory evoked poten­

t i a l .  N evertheless, signal averaging techniques have also served to 

d irec t a tte n tio n  away from the fundamental questions concerning the 

re la tionsh ip s between the EP and BEG. In add ition , the study of t r i a l  to 

t r i a l  EP variance as an important add itional source of information 

concerning cen tra l nervous system processes has been neglected. Further­

more, the  temporal demands of signa l averaging may re s u lt  in  fa ilu re  to  

de tect sh o rt term system atic changes in  EP component parameters (Brazier, 

1963, 1964) while long term EP changes may mask the e ffe c ts  of treatment 

variab les where the averaging requirement prolongs experimental sessions 

beyond the minimum time required to  obtain behavioral data . Perhaps most 

im portant, the fundamental assumptions underlying signal averaging as a 

means of enhancing the EP remain la rge ly  unsubstantiated even though the 

technique has become a commonplace laboratory method of studying these 

time locked electrophysio log ical phenomena. In the  absence of demonstrable 

re la tio n sh ip s between EP and EEC phenomena, th e  in te rp re ta tio n  of certa in  

changes in  averaged EP components occurring as a re su lt  of specific  

treatm ent conditions becomes tenuous i f  not impossible.

Evoked Potentials and Signal Averaging 

Two general models describing the re la tio n sh ip  between the EP 

and ongoing background EEC have been proposed. The sim plest of these 

assumes th a t  the EP is  a fixed signa l imbedded in  a noisy (random) EEC 

background. This assumption provides the  b a s is  fo r the techniques of 

signal averaging and summation as means of enhancing the  EP re la tiv e  to  

background EEC a c t iv i ty .  This model a sse rts  th a t  the EP can be described 

as a tim e-voltage function which i s  time locked to  the stim ulus, i . e . ,  the



EP begins shortly  a f te r  stimulus onset and follows a prescribed invarian t 

time course given a sp e c if ic  se t of experimental conditions (system atic 

changes o r treatm ent conditions held constant). Thus, on every t r i a l ,  

the EP waveform i s  in v a rian t while the  time-amplitude function describing 

the EEC which is  not time locked to the stimulus appears as a random 

variab le . In th is  sense, the  EEC may be considered to represent a "noise" 

process described by some d is tr ib u tio n  of voltage levels around a base 

line  value usually  taken to  be zero. I f  such epochs o f  mixed EP and EEC 

signals are now summated, the EEC on the average w ill approach i t s  base 

line level as EEC values of approximately equal amplitude but opposite 

polarity  tend to cancel o u t, while the  invarian t voltages describing the 

EP monotonically add. Therefore, while the amplitude of the summated 

random EEC a c tiv ity  diminishes with successive samples , the non-random EP 

component increases in  amplitude re la tiv e  to  the residual noise lev e ls .

I t  may be e a s ie r  to  understand th is  process o f  variance 

reduction by using a hypothetical example to  develop the  appropriate 

s t a t i s t i c s .  Suppose th a t th e  frequency d is trib u tio n  characteriz ing  some 

random variab le  had a mean equal to  zero and a standard deviation of 20 

un its . Several sangles of 100 observations each were then drawn from 

th is  d is tr ib u tio n  and the  means of each sample were used to  form a new 

frequency d is tr ib u tio n . The Central Limit Theorem predicts th a t the 

resu lting  sampling d is tr ib u tio n  w ill  be Gaussian (normal) with a mean 

equal to th a t of the parent d is tr ib u tio n  and a standard deviation or 

standard e rro r  (S.E.) which is  re la te d  both to the population variance 

and to  the number of observations which were used to derive each of the



sample means. S p ec ifica lly , the S.E. of the sampling d is trib u tio n  is  

the population standard deviation divided by the square root of the  

number of observations per sangle. For the present example, the popula­

tion  d is tr ib u tio n  had a mean of zero and a standard deviation of 20 

u n its . Since each of the sample means was based on 100 observations, the 

resu lting  sampling d is tr ib u tio n  would be expected to have a mean of zero 

and a S.E. of 20 divided by the square root of 100 ( i . e . ,  10) or 2 u n its .

Whenever the mean and standard deviation of the population 

d is tr ib u tio n  is  known o r can be estim ated, confidence lim its  may be 

specified  for the means of samples drawn from the d is tr ib u tio n . For the 

previous example, 95 percent of the sample means would be expected to f a l l  

w ithin the confidence lim its  of zero ±1.96 S .E ., i . e . ,  between 3.92 and 

-3.92 u n its . These fundamental p rincip les of s t a t i s t i c a l  sampling and 

estim ation have a lso  been used to e stab lish  confidence lim its  for the 

residual (mean) EEC following signal averaging. I f  the d is tr ib u tio n  

parameters fo r EEC amplitude have been estimated by measuring the ampli­

tude of the EEC (re la tiv e  to  zero po ten tia l) a t  a large number of sample 

po in ts, then the re su ltin g  mean (base line) and variance parameters would 

characterize the amplitude behavior of the EEC for a p a rticu la r  s ta te  of 

the organism. The confidence lim its  fo r the mean of a small sample of 

EEC amplitude observations drawn from th is  EEC d is tr ib u tio n  can then be 

specified .

The sinp le  signal averaging model which was proposed e a r l ie r  

assumes th a t invarian t EP processes do not modify EEC c h a rac te r is tic s . 

Therefore, the confidence lim its  fo r EEC samples derived from the non­

stimulus EEC d is tr ib u tio n  are also appropriate fo r samples of EEC a c tiv ity



which occur during the evoked p o te n tia l sample period. I f  the values of 

the residual waveform of the averaged evoked p o ten tia l f a l l  outside the 

estim ated confidence lim its  for the  residual (mean) EEC, i t  may then be 

concluded that the observed deviation  from the base lin e  EEG lev e l was due 

to the presence of the evoked p o ten tia l waveform. Knowledge of EEG 

d is tr ib u tio n  ch arac te ris tic s  could be used a p o s te r io r i to s ta t i s t i c a l ly  

confirm the existence of an observed EP component o r a p r io r i  to  se lec t 

an appropriate sample size to assure detection  of low amplitude components 

or to  equate signal to  noise ra t io s  between conditions in  which background 

EEG ch a rac te ris tic s  are lik e ly  to  be d if fe re n t.

A more general signal averaging model i s  based upon the 

assumption th a t both the EP and the EEG have inherent variance. EP 

variance is  less than that of the background EEG a c tiv ity  but irreduc ib le  

for a specified  se t o f experimental conditions, i . e . ,  even i f  a l l  

variables known to a ffect EP variance could be held  constant, there would 

be a small residual t r i a l  to t r i a l  variance. Walter and Gardiner (1970) 

re fe r  to  such variance as a "fundamental indeterminancy" of the EP 

analogous to the uncertainty of measurement in  the  physical sciences. The 

assumption that there is a fundamental EP variance is  based on a p a rticu la r  

model of CNS (co rtica l) organization , sp e c if ic a lly  th a t there is  a large 

population of neurons and neuronal processes which may p a rtic ip a te  in  the 

generation of the EP and th a t fo r any given a ffe ren t volley membership in  

the p a rtic ip a tin g  sub—population is  governed in  p a rt by random processes. 

There are , of course, conditions under which th e  to ta l  number or percent 

of p a rtic ip a tin g  elements may be manipulated. For exançle, the observation 

tha t t r i a l  to t r i a l  EP variance decreases as stim ulus in te n s ity  increases



(B razier, 1963; Adey, 1965; Horvath, 1969) provides empirical support for 

these hypothesized stochastic  EP processes, i . e . ,  with increased stim ulus 

in te n s ity  a g rea ter proportion of the to ta l  population of EP generating 

elements becomes Involved and, consequently, there  is  le s s  la ti tu d e  fo r 

t r i a l  to t r i a l  v a ria tio n  in  the p a rtic ip a tio n  of individual generators.

The expected mean value of the variab le  EP component of the 

combined EP, EEG signal i s  equal in  amplitude to  th a t of the fixed EP 

amplitude model and the d is tr ib u tio n  p roperties  of the background EEG 

remain unchanged (Walter and Gardiner, 1970). The "irreducib le" EP 

variance appears as a presumably small e rro r  variance in  the combined EP 

and EEG variance. Note, however, th a t with th is  model no "real" EP model 

emerges as a re su lt of averaging because the averaged signal may or may 

not represent any of i t s  constituen t members. Most important to  the 

present proposal is  the fac t th a t fo r both s ig n a l averaging models, the 

EP and EEG amplitude functions are presumed to  combine additively  and to  

be independent to  the extent th a t n e ith e r  s ig n a l s ig n ifican tly  modifies 

the o ther during the sample period. U nfortunately, there i s  l i t t l e  reason 

to believe tha t evoked po ten tia ls  do not modify the  amplitude charac ter­

i s t i c s  of the background EEG during the time the  EP is  observed. The 

nature of these EEG m odifications must be evaluated before th e ir  influence 

on the averaged EP can be spec ified .

EEG and Signal Averaging

Spontaneous EEG has been characterized  as continuous wave 

a c tiv ity  varying in  amplitude, frequency and phase re la tio n s to  the extent 

that the overall c h a rac te ris tic s  are s im ila r to  those of random noise 

(E lu l, 1969). Of p a rtic u la r  in te re s t  to  the present discussion are the



EEG amplitude p roperties and th e ir  re la tio n  to  the signal averaging 

process.

Although there  have been re la tiv e ly  few investigations in  which 

the EEG amplitude d is tr ib u tio n  per se  (not to  be confused with amplitude 

in teg ration) has appeared as a dependent v a riab le , those data which are 

availab le  (Lion and W inter, 1953; Kozhevnikov, 1958; Saunders, 1963; and 

E lu l, 1969) suggest th a t even the assumption of a Gaussian amplitude 

d is tr ib u tio n  may be v a lid  only under c e rta in  conditions and th a t changes 

in  the variance of EEG amplitude d is tr ib u tio n s  in  response to  treatm ent 

variab les may be su b s ta n tia l. These data  are  by no means su rp rising  

since EEG changes have been measured in  numerous ways for a wide v arie ty  

of behavioral and physiological conditions. However, any change in  the 

overall amplitude ch a rac te ris tic s  of the  EEG may also  require a read ju st­

ment in  the sanq>le s ize  of the averaged EP in  order to  obtain appropriate 

reductions in  the magnitude of the res idua l EEG component. A fa ilu re  to  

do so may adversely a ffe c t EP d e te c ta b ility .

I t  has been proposed (Schimmel, 1967; Walter and Gardiner,

1970, and others) th a t the influence of the EEG component in  the averaged 

signal can be determined by characterizing  the pre-stim ulus EEG in  terms 

of amplitude, spectrum, e tc . This is  co rrect only i f  the EP and EEG 

amplitude processes are independent during the  period in  which the EP is  

sampled. Suppose tha t the assumed independence is  invalid  under c e rta in  

conditions as would be the  case i f  the a ffe ren t volley were to desynchronize 

the EEG over widespread c o rtica l a reas . The net e f fe c t  might be a sudden 

b r ie f  reduction in  EEG amplitude variance, coincident with the EP sample 

period, which would not be predicted on the basis  of prestimulus EEG
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analysis. Further, i t  i s  possib le  th a t contrasted experimental t r e a t ­

ments might d if fe re n tia lly  a ffec t EEG only during th e  period immediately 

following the stim ulus. For these reasons, a method i s  needed fo r 

studying the nature of EEG changes which m iÿit occur only during the 

evoked p o ten tia l sample period. One approach to th is  problem is to cause 

the evoked p o ten tia l to appear against a background of non-random rather 

than random EEG. I t  w ill be shown la te r  how such con tro lled  EEG may be 

used to  de tec t and id en tify  ce rta in  changes in  the background EEG conso­

nant of the averaged evoked p o ten tia l.

Thus fa r , background EEG has been considered as a random process 

with many c h a rac te ris tic s  of no ise . But i t  i s  obvious even from casual 

observation of the on-going EEG that there is  considerable struc tu re  to 

ce rta in  events such as sp ind les, tra in s  of alpha a c t iv i ty ,  b rie f bu rsts  

of beta or th e ta  frequencies and o ther events. These phenomena may even 

characterize sp ec ific  physiological s ta te s  or recording s i t e s .  I t  may be 

possib le , therefo re , to p red ic t the time course of the  EEG with reasonable 

accuracy so th a t the EEG waveform becomes non-random w ithin  the accuracy 

of pred iction . The a b il i ty  to p red ic t the time course of EEG ac tiv ity  

over th a t period of time corresponding to  the sampling period of the EP 

has two important consequences. F ir s t ,  i f  the  EEG function i s  known and 

can be manipulated in  a contro lled  fashion, sp ec ific  predictions can be 

made concerning changes in  expected values of the  re su ltin g  conbined EP 

and EEG signals under the conditions o f the  t ra d itio n a l  signal averaging 

models. Departures of the combined signa l amplitudes from the predicted 

values would imply v io la tions of these basic  assumptions. I t  may then be 

possible to  determine the nature of the  re la tionsh ip s between EP and EEG



processes under these conditions and to  reformulate signa l averaging 

models appropriate to  p a rtic u la r  experimental conditions.

A second consequence of averaging EPs against an EEG background 

with a known time course Is  th a t the variance due to EEG may be substan­

t ia l ly  reduced. I f  the waveform of the EEG component of the combined EP, 

EEG sample were known p rec ise ly . I t  could be subtracted from observed sum 

of the signa ls  on any given t r i a l  leaving only th e  EP waveform. Under 

less  Ideal conditions, the time course of the EEG w ill not be predicted 

accurately on every t r i a l  so tha t some averaging may s t i l l  be required to 

ex trac t the EP waveform. Nevertheless, the amount of averaging should be 

su b s tan tia lly  reduced I f  a large portion  of the normal amplitude variance 

of the EEG Is successfu lly  removed.

One method of gaining control over the variab le  p roperties of 

the EEG Is  based upon a d e ta iled  s t a t i s t i c a l  analysis of I t s  anq>lltude 

behavior as a function of time. For example, the application of m ulti­

varia te  regression analysis to  the p rediction  of the EEG waveform charac­

te r i s t i c s  has been described In  some d e ta il  by Fenwick, e t  a l. (1969), and 

Walter and Gardiner (1970). Following an analog to  d ig i ta l  conversion of 

the EEG, a regression analysis Is performed In  order to  determine the 

optimal combination of EEG amplitude values obtained during b r ie f  sample 

epochs fo r p red ic ting  the value of a spec ific  amplitude po in t. Successive 

se ts of p red ic to rs are then derived to  p red ic t l a te r  EEG values over a 

time period corresponding to  the  EP sampling period. Given these se ts  of 

EEG pred ic to rs and the observation of EEG amplitudes Immediately 

preceding stimulus de livery , the time course of th e  background a c tiv ity  

can be p red icted . According to  the averaging models. I f  the  predicted
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EEG component i s  then subtracted  from Che observed EEG plus EP s ig n a l, 

the residual s ignal should represent EP processes alone plus some e rro r 

variance. The magnitude of the error variance w ill  depend prim arily  

upon the accuracy with which the background a c tiv ity  has been predicted .

The success o f autoregressive predictors depends on s ta tionary  

EEG processes, i . e . ,  s ta te  changes which a ffe c t EEG p roperties w ill  

Invalida te  pred ictors derived under d issim ilar EEG conditions. Further, 

i f  such p red ictors are to be used to enhance sin g le  t r i a l  EP data  by means 

of the sub traction  process, then i t  must a lso  be demonstrated th a t the 

EEG component of the combined signal is  not a lte re d  during the time in  

which the EP i s  s any led . S pec ifica lly , changes in  background a c tiv ity  

may occur coincident with EP processes bu t not be evident from in te r ­

stim ulus samples in  which EEG s ta te  changes are monitored or during which 

EEG p red ic to r data are obtained. F inally , the autoregressive analysis 

requires analog to d ig ita l  conversion, extensive d ig i ta l  computation, and 

storage of d ig ita l  p red ic to r data characterizing pre-stim ulus EEG samples. 

This procedure i s  therefore  lim ited  in application  to  those f a c i l i t i e s  

where high-speed large capacity computers are availab le .

Some EEG events such as trains of alpha a c tiv ity  are su ff ic ie n tly  

in v arian t and of long enough duration th a t  re la tiv e ly  simple measurements 

can de tec t them, thus perm itting prediction  of subsequent EEG events over 

short periods of time. Remond (1968) used three parameters to characterize  

alpha events: p o la rity , amplitude and half-wave width, i . e . ,  the time

between the two base l in e  zero-crossings of the half-wave. A device which 

incorporates these parameters i s  essen tia lly  a  p a tte rn  recognition system 

which has been se t to  de tect alpha events with specified  p ro p erties .
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Remond used such a device to study the spatio-tem poral organization of 

the alpha rhythm by averaging the EEG which occurred during a severa l 

hundred m illisecond time "window" beginning when the  programmed c r i te r ia  

defin ing the trig g e rin g  alpha event were met. He found th a t the average 

of EEG a c tiv ity  following the trig g e rin g  alpha event was generally the 

alpha rhythm. This m l^ t  be expected since the alpha rhythm ra re ly  occurs 

as a single Iso la ted  event but ra th e r as a b u rs t  of synchronous a c tiv ity  

of v ariab le , often  extended, duration.

A m odification of Remond*s method o f pa tte rn  recognition of the 

alpha rhythm was selected  for use In the p resen t Investiga tion  fo r two 

reasons. F irs t ,  the re la tiv e  sim plic ity  of the pa tte rn  recognition 

system needed to  detect alpha a c tiv ity  was an Important consideration In 

the decision to use th is  method of co n tro llin g  EEG param eters. Second, 

the pred ictab le  p roperties of the alpha rhythm, together with the  obser­

vation th a t alpha a c tiv ity  is  a prominent fea tu re  of EEG recorded from 

widely separated s i te s  under a va rie ty  of s ta te s ,  led  to  the se lec tio n  of 

alpha a c tiv ity  as a representative type of "background" a c tiv ity . The 

manner In  which contro lled  alpha a c tiv ity  may be used to  Investiga te  the 

re la tionsh ip  between EEG and EP processes during the averaging process Is  

discussed la te r .

Evoked P o ten tia ls and the  Alpha Rhythm

There are a t le a s t  two ways in  which se lec tio n  of alpha rhythms 

as a type of EEG background a c tiv ity  Is  l ik e ly  to  Influence the observed 

rela tionsh ip  between EEG and EP processes. F i r s t ,  by se lec tin g  alpha 

a c tiv ity , one Is also  sampling the s ta te s  of CNS organization which 

produce a lpha-like  EEG, I . e . ,  such events may In a general way be
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Ind ica tive  of the s ta te  of "arousal" o r "vigilance" (in  the  Hebbian sense) 

of the cen tra l nervous system. I t  may be th a t the re la tio n sh ip  between 

EP and EEG processes i s  d iffe re n t under conditions in  which b e ta  o r some 

other type of a c tiv ity  i s  the  predominant feature of the  EEG. However, 

a c t iv i ty  within the alpha band can be a prominent fea tu re  of the EEG under 

a wide varie ty  of conditions so th a t by carefu l se lec tio n  of p red ic to r 

param eters, i t  may be possib le  to  define  a number of such s ta te s  fo r  

separate  study. A second influence of the alpha rhythm on the EP wave­

form may occur when stim uli are phase locked to  EEG events as a re su lt  of 

the so -called  alpha e x c ita b ili ty  cycle . For example, Remond (1968) and 

others have argued th a t d if fe re n t phases of the  o c c ip ita l alpha rhythm 

also  represent d iffe re n t physiological s ta te s  so th a t p h o tlca lly  induced 

a ffe ren t volleys which reach the cortex a t d iffe ren t phases o f the  alpha 

cycle w ill  produce d iffe ren t EP waveforms a ttr ib u ta b le  to  a lte re d  EP 

generator s ta te s . Remond*s data appear to  support h is  p o s itio n . However, 

when stim u li are delivered a t sp ec ified  alpha phases, the  re su ltin g  

signa l w ill  also contain a large-am pli tude non-random alpha conponent 

which would be expected to be d if fe re n t fo r various phases of the EEG 

whether or not the EP i s  also d if fe re n t.

Callaway and Layne (1964) obtained both v isu a l EP and non­

stim ulus EEG samples (250 m illisecond sample length) fo r various phases 

of the o c c ip ita l alpha rhythm and by sub tracting  the EEG average from the 

EP average of the same phase, they found th a t the re su ltin g  waveforms 

were s im ila r for a l l  phases of the  alpha rhythm. Therefore, most o f the 

phase re la ted  signal changes observed by Remond during the  f i r s t  250 m illi­

seconds o f h is EEG samples were probably due to  the add ition  o f the
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non-random alpha coiq>onent8 to otherwise s im ila r EP s ig n a ls . Callaway and 

Layne did find small phase-related residual d ifferences In the anq)lltude 

and la tencies of the  v isua l EPs a f te r  EEG sub trac tion  which they 

a ttr ib u te d  to changes In the EP waveform. However, th is  conclusion does 

not necessarily  follow from th e ir  data since the  background alpha 

a c tiv ity  occurring during the EP sanqple period may be s lig h tly  a ltered  

with respect to  anq>lltude, phase or frequency. Thus, the no-stlmulus alpha 

averages which were subtracted from the combined EP, EEG signals could 

have produced a system atic source of e rro r In  the  residual s ig n a ls .

There I s ,  of course, evidence th a t the EEG background can 

change during the time course of the EP. One example of such a change is 

the well-known phenomenon of "alpha blocking." Clganek (1969) found a 

marked decrease In the  variance of sing le  t r i a l  v isu a l EP (plus EEG) 

amplitude occurring approximately 80 m illiseconds a f te r  stimulus onset 

and proposed th a t th is  reduction In  variance below pre-stim ulus EEG levels 

corresponded to  the onset of the alpha block. I t  has been observed that 

alpha blocking hab itua tes with stimulus re p e titio n  and In  general th a t 

c o rtic a l EEG desynchronization In response to  peripheral stim ulation 

becomes localized to  the  primary receiving area w ith successive stim uli 

(Sokolov, 1963; Sharpless and Jasper, 1956). Such s p a tia l  changes In  EEG 

desynchronization may also  a l te r  the ra tio  of EP to  EEG amplitudes and 

therefore the d e te c ta b ility  of EP components. At a remote recording site . 

I . e . ,  one In which the  source of the EEG Is  not the  source of EP activ ity , 

desynchronization should be g rea test early  In  a s e r ie s  of stim u li and 

become le ss  pronounced with stimulus hab ituation . Therefore, EP components 

(with la tenc ies g rea te r than the onset of EEG m odification) should be more
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detectable early  In the stimulus se r ie s  when the  amplitude of the 

desynchronized background a c tiv ity  i s  low est. However, as widespread 

desynchrony diminishes with hab ituation , EEG a c tiv ity  a t  the remote s i t e  

should be le ss  affected , EEG "noise" should increase and EP component 

d e te c ta b ility  should decrease. Thus, in  th e  absence of information 

concerning the nature of possible EEG m odifications occurring during the 

EP sample period, i t  may be erroneous to a t t r ib u te  changes in  EP component 

d e te c ta b ility  o r v a r ia b ili ty  to changes in  the  evoked po ten tia l or to 

those neurophysiological mechanisms which are  believed to  mediate EP 

components. Sim ilar in te rp re tiv e  d if f ic u lt ie s  a rise  wherever experimental 

variab les are lik e ly  to a l te r  EEG c h a ra c te r is tic s  between treatment 

conditions. Knowledge of pre-stim ulus EEG parameters does not necessarily  

provide a so lu tion  to  these problems unless i t  can be demonstrated th a t 

estim ated EEG parameters continue to  be v a lid  during the EP sample period.

Stimulus-provoked alpha a c tiv ity  i s  a lso  a common phenomenon 

under conditions of EEG desynchrony, drowsiness and low behavioral task  

demands (M orrell, 1966). Although stimulus-provoked alpha can be recorded 

over widespread areas of the sca lp , the long latency of .5  to 1.5 seconds 

ind icates th a t th is  phenomenon is  not a l ik e ly  contaminant of the averaged 

EP w ithin the usual half-second sanqple period. However, i f  stim uli are 

closely  spaced and regu larly  presented, o ther forms of EEG entrainment 

may produce serious d is to rtio n s  in the re su ltin g  averaged signal. Entrain­

ment re fe rs  to the synchronization of EEG a c tiv ity  by stimulus events.

As an example, a  w ell developed period of a lpha-like  a c tiv ity  ("ringing" 

or " a f te r -a c tiv ity " )  may develop several hundred milliseconds following 

stim ulation . Although the re la tionsh ip  between ringing and normal alpha
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EEG may be debatable (see Chapter 4), the p o ss ib ili ty  of in te rac tions 

between these stimulus synchronized events and subsequent EP samples 

should be considered. I f  stim uli are presented with a constant in te r ­

stimulus in te rv a l w ithin th is  period of synchrony, the  net e ffe c t may be 

that EEG processes become non-random with respect to  stimulus processes. 

The resu ltin g  averaged waveform may be add itively  modified by the non- 

random background a c tiv ity  carried  over from each successive sample.

The nature of the various in te rac tions between EEG and EP 

processes may depend on the proximity of the  recording electrode to the 

EP generator s i te s  and/or the coherence of the  e le c tr ic a l  a c tiv ity  

between these s i t e s .  For an active  electrode which Is  close to  the EP 

generator, i t  might be predicted that many of the elements which are 

generating EEG a c tiv ity  during a pre-stim ulus epoch w il l  be required to 

process sensory Information following stimulus de livery . Consequently, 

during the EP sample period, the background EEG a c tiv ity  w ill be a ltered  

to  the extent th a t the ro le  of some subgroup of EEG generators has 

changed to meet the functional demands of the  stimulus s itu a tio n . I f  a 

substan tia l proportion of the to ta l  number o f generator ce lls  remains 

unaffected by these demands, the pre-stim ulus EEG w ill continue with 

l i t t l e  change during the  time period in  which EP processes are being 

developed by the remaining c e l ls .  For any electrode s i t e  where the under­

lying cortex Is  functionally  involved In  both  EP and EEG processes, the 

tra d itio n a l independent process signal averaging model Is  probably Invalid  

but new models might be developed where the nature  of the  EEG change can 

be determined.

The re la tio n sh ip  between EP and EEG processes a t  a recording



16

s i t e  which is  remote with respect to  the  EP source should most closely  

approximate the conditions o f the  Independent process model, i . e . ,  the 

underlying cortex a t the recording s i t e  generates background BEG which is  

not su b s ta n tia lly  influenced by the  EP signal being volume conducted from 

a d is ta n t location . There a re , however, c e r ta in  conditions under which 

in te rac tio n s  between EP and EEC sig n a ls  might occur even though the 

underlying processes were functionally  independent a t  the  recording s i t e .  

S p ec ifica lly , i f  EEC features are used to  con tro l sample se lec tion  as in  

the proposed study, there may be circumstances in  which the EEC a t the 

recording s i t e  i s  highly co rre la ted  w ith EEC a c tiv ity  a t  the EP source. 

Under these circumstances, se lec tio n  of EEC events a t  a remote s i t e  a lso  

se le c ts  to some extent the functional s ta te  of the EP generators. I f  

functional in te rac tions between the  EP and EEC processes do occur a t the 

EP source, they may also appear a t  the  d is ta n t recording e lectrode. Such 

in te r-e lec tro d e  in teractions could be studied by comparing data obtained 

from periods of high EEC coherence with those obtained from t r i a l s  in  which 

EEC a c tiv ity  derived from the EP source was e sse n tia lly  random with respect 

to  EEC recorded a t a d is tan t po in t.

Phase Triggered Alpha A ctiv ity  and Signal Averaging

The method which was se lec ted  fo r the study of stimulus modifi­

cation  of background alpha a c tiv ity  during the EP sanqple period depends 

upon the non-random ch arac te ris tic s  o f samples of phase triggered  alpha 

a c t iv i ty .  Suppose that separate sangles of the  alpha rhythm were in i t ia te d  

as the EEC crossed the base lin e  in  the  p o sitiv e  and negative d irec tio n s .

I f  the samples of each type of alpha a c tiv ity  were then averaged together 

to  reduce some of the inherent v a r ia b il i ty  in  th e  alpha rhythm, the re su lt
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would be two alpha rhythm averages which were 180 degrees out of phase.

The amplitudes (re la tiv e  to  EEC base line) o f the  re su ltin g  averages might 

be measured a t any number of points along th e  waveforms and the anplltude 

d ifferences between the two phase triggered  averages a t  successive time 

points could be computed. These differences would be g rea tes t a t points 

corresponding to the peaks of the averaged alpha a c t iv i ty .  I f  a number 

of pairs of averages of the  phase triggered  alpha rhythm were thus compared, 

a d is tr ib u tio n  of d ifference scores could be obtained fo r  each sample point 

of the averaged waveforms.

I f  a stimulus were then delivered a t  the  po in ts a t which the 

phase triggered  samples of alpha a c tiv ity  were In i t ia te d ,  the resu ltin g  

averages would be a combination of the alpha rhythm and the EP waveform. 

According to  the assumptions of the previously discussed signal averaging 

models, the  presence of the stimulus produced evoked p o ten tia l should not 

a l te r  the c h a ra c te ris tic s  of the background alpha rhythm (even thouÿi the 

overall appearance of the averaged alpha rhythm waveforms would be 

d is to rted  due to the addition of the EP waveform). Therefore, the 

amplitude d ifferences between these phase trig g e red  EEC plus EP averages 

should be the same as those which were obtained under the  non-stimulus 

conditions assuming th a t In teractions between EP and EEG processes did 

not occur. However, I t  was also suggested th a t  m odifications of background 

alpha a c tiv ity  are lik e ly  to occur under some circumstances. Consequently, 

there may be discrepancies between the phase re la te d  difference data 

obtained under non-stimulus and stimulus conditions. The quan tifica tion  

and In te rp re ta tio n  of the various d ifference measurements w ill be 

discussed In  g rea te r d e ta il  in  the remaining chap ters.
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The somatosensory evoked p o ten tia l was se lec ted  for use in  th is  

study because i t s  coiq>onents are believed to  a rise  exclusively from the 

primary sensory and adjacent association co rtices . For stim ulation of 

the Median Nerve on the  r ig h t,  these c o rtic a l areas are located almost 

d irec tly  beneath the C3 recording position  of the in te rn a tio n a l 10-20 

system of electrode placement. Therefore, the C3 recording s i t e  provides 

an opportunity to examine the behavior of EEG recorded very near the 

source of the EP. The vertex (Cz) was selected  as a second recording 

s i t e  where EEG processes might be expected to be re la tiv e ly  less affected  

by those processes generating the somatosensory EP. This arrangement of 

recording electrodes re la tiv e  to  the presumed source o f the EP might 

permit the detection  and evaluation of some of the previously discussed 

in te ra c tio n s .

Purpose

The purposes of th is  investigation  were, f i r s t ,  to  obtain 

re liab le  non-random alpha-frequency averages from c e n tra l C3 and Cz 

scalp recording s i te s  and to examine some of the  p roperties of these 

signals; second, to  determine whether or not Median Nerve stim ulation 

s ig n ific an tly  modifies these properties of the non-stimulus alpha averages 

and, i f  so , to what ex ten t such m odifications occur w ithin  and between the 

two recording s i te s ;  and f in a lly , to  evaluate possib le stimulus modifi­

cations o f background EEG as they may re la te  to  the process of signa l 

averaging as a means o f ex tracting  evoked p o ten tia l information from the 

scalp recorded EEG.



CHAPTER I I

METHOD

Sub j  ects

Subjects p a rtic ip a tin g  in  the experiment were eight male, paid 

volunteers aged 24 to  33 with previous experience in  EEG and EP stud ies. 

None of the Subjects was selected  on the basis  of having abundant alpha 

a c t iv i ty .

Apparatus

All EEG da ta , stimulus markers and EEG (alpha rhythm) zero- 

cross data were recorded fo r v isual monitoring throuÿi a Grass Model 6 

Electroencephalograph and permanently sto red  on magnetic tape throuÿi an 

Ampex Type 1300 FM magnetic tape recorder fo r  subsequent electron ic  

analysis. EEG was recorded with Grass Instrument gold electrodes from 

03 and Cz referenced to  the linked earlobes. In addition. Subjects were 

grounded a t the r ig h t w ris t proximal to  the s i t e  of stim ulation to  reduce 

the influence of shock a r t i f a c t  and stray  e le c tr ic a l  s ignals . During a l l  

recording sessions. Subjects rested  on a bed located w ithin a dimly 

illum inated, sound attenuated , e le c tr ic a lly  shielded room. A 40db white 

noise was provided to  fu rth er reduce the e ffe c ts  of extraneous noise 

o rig inating  outside the  recording room.

A Fabri-Tek Instrument Model 1062 Instrument Coiq>uter was used

19
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for on-line  monitoring and la te r  reproduction of averaged evoked 

p o ten tia ls  and phase triggered  EEG samples, and fo r  subtraction  of 

e n ç irica lly  derived EEG functions from the average of combined EEG plus 

EP sig n a ls . Averaged EPs, EEG samples and corrected EP averages were 

w ritten  out graphically  throuÿi a Hewlett-Packard 7004B X-Y Recorder for 

fu rther analysis.

Stimuli consisted of 1/2 m illisecond square wave pulses 

delivered to  the r ig h t  median nerve a t  the w ris t by a Grass 88 Stim ulator 

through a Grass SIU5 Stimulus Iso la tion  Unit. Shocks were delivered to 

the median nerve through two adjacent electrodes w ith the  cathodal lead 

proximal to the anode. Stimulus in te n s ity  was adjusted to produce a 

barely perceptib le  thumb twitch and a sensation in  those parts of the 

hand mediated by the median nerve. The ra te  o f  EEG sangling and stimulus 

presentation was regulated by the EEG control system in  conjunction with 

a paper tape program read by a BRS, TRS-3 Tape Reader.

P attern  Recognition of the Alpha Rhythm 

A pa ttern  recognition system which monitored the  frequency and 

amplitude c h a ra c te ris tic s  of the EEG was used to  d e tec t the presence of 

alpha rhythm and to i n i t i a t e  EEG sanq>les when appropria te  pre-programmed 

conditions were met. The operating p rincip les of the pa ttern  recognition 

system are explained in  reference to  Figures 1 and 2 below.

Figure 1 depicts an iso la ted  segment o f EEG consisting  of a 

se ries of large components upon which there is  a small amount of "rid ing" 

a c tiv ity . The time between successive base l in e  crosses (zero voltage in  

figure 1) may be used to  derive one measure of EEG frequency. Frequency 

(Hz) is  equal to  1/period, where period designates the amount of time
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Figure 1. Alpha rhythm frequency and amplitude measurements. 
Alpha a c tiv ity  was sa id  to  be present whenever the time between successive 
base lin e  crossings f e l l  w ithin the pre-determ lnlng range of h a lf  wave 
zero-cross values corresponding to  7.5 to  13.5 Hz EEG a c tiv ity . EEG 
amplitude measurements were made re la tiv e  to  a zero -vo lt base l in e  value. 
The v e r tic a l arrows Ind ica te  the points a t  which peak to base lin e  
amplitude measurements were made.
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Figure 1. Alpha rhythm frequency and amplitude measurements.
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required to  complete one fu l l  cycle. In Figure 1 , a fu l l  cycle i s  repre­

sented by the segment o f waveform between points "a" and "c". I f  the 

elapsed time between "a" and "c" were 90 m illiseconds. I . e . ,  .090 seconds, 

then the frequency derived from these base lin e  crossings I s  Hz = 1/.090 

or 11.1 Hz. EEG frequencies may also  be estim ated from the half-wave 

segments "b-a" and "c-b" from the re la tionsh ip , Hz ■ l/2 (h a lf-p e r lo d ) . 

Where b-a = 40 ms., Hz = 12.5 and for c-b = 50 ms., the frequency Is 10 

Hz. Frequency estim ates derived from successive base line  crossings 

(half-waves) were used In  th is  study as a means o f detecting  the  presence 

of alpha a c t iv i ty .  S pec ifica lly , the alpha rhythm was defined as having 

a frequency range o f 7.5 to  13.5 Hz, and a period range of 133 to  74 

m illiseconds. The corresponding range of half-perlods or time between 

successive base lin e  crossings was therefore 66.5 to  37 m illiseconds.

In th is  experiment, a counting sequence was begun with each base lin e  

tra n s itio n  of the EEG and terminated with the following base l in e  

crossing. I f  the accumulated m illisecond count exceeded 37, but was le s s  

than 66 m illiseconds, the  EEG half-wave was Id en tif ie d  as alpha a c t iv i ty .

Alpha a c tiv ity  which may be detected from base lin e  tran s itio n s  

may be fu rther categorized according to  th e  base l in e  to  peak amplitude 

which the half-wave a tta in s  during the time between base lin e  crossings 

(Figure 1). Althouÿi base lin e  to  peak amplitude per se  does not 

Iden tify  alpha a c t iv i ty , th is  variab le  In combination with the  frequency 

data may permit the detection  of alpha a c tiv ity  which Is  more lik e ly  to  

be followed by several additional cycles o f alpha rhythm. By appropriate 

adjustment of the  amplitude threshold c r ite r io n . I t  was possible to  

detect the higher amplitude alpha a c tiv ity  which frequently accompanied
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short periods of sustained alpha rhythm while ignoring the occasional 

low amplitude, iso la ted  EEG events of alpha frequency which occurred 

during periods of EEG desynchronization.

From p ilo t s tu d ies  i t  was found th a t a simple EEG half-wave 

p a tte rn  detection system based upon frequency and amplitude c r i te r ia  was 

not always sa tis fac to ry  in  re liab ly  detecting  events which were followed 

by alpha a c tiv ity  of any appreciable duration. This was due to the fact 

th a t alpha recorded from the cen tral regions used here was not generally 

as abundant as th a t recorded from more p o ste rio r s i t e s .  Consequently, 

fo r cen tra lly  recorded EEG, iso la ted  events f u l f i l l in g  programmed c r i te r ia  

were l ik e ly  to tr ig g e r  sanq>les which were followed by predominantly non­

alpha EEG. By increasing the amplitude c r ite r io n  to  approximately one- 

h a lf  the average peak to base lin e  anq>litude of the S ub jec t's  alpha rhythm, 

some improvement in  the  detection of longer epochs o f alpha a c tiv ity  was 

a tta in ed . I f  higher amplitude c r i te r ia  were used, the  inter-sample 

in te rv a l became unacceptably long fo r purposes of the  present study. By 

imposing the additional requirement tha t more than one consecutive alpha 

event of specified  frequency and ançlitude be observed before in it ia t in g  

a sample, a fu rther improvement in  detecting susta ined  bu rsts  of alpha 

was rea lized .

The alpha rhythm pattern  detection c r i te r ia  which were fina lly  

se lec ted  were general enough that a re -d e fin itio n  of these parameters was 

not required for each Subject. S pec ifica lly , the system recognized as 

alpha a c tiv ity  any EEG events with a frequency (measured from successive 

base lin e  crossings) of 7.5 to 13.5 Hz. Positive  and negative amplitude 

thresholds were generally se t at 50 per cent of the  maximum peak to base
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lin e  excursions of the alpha rhythm. Further, EEG sanq)les could be 

In itia te d  only when three consecutive alpha events of appropriate 

frequency and anplltude occurred.

A sequence of EEG events leading to  the  In i t ia t io n  of an EEG 

sample Is I l lu s tra te d  In  Figure 2. In th is  I l lu s tr a t io n ,  the positive 

and negative amplitude thresholds are Indicated by the  broken lines 

above and below the Indicated base l in e .  The EEG base lin e  crossings 

Iden tified  by dots along the  zero p o ten tia l l in e  were used to  estimate 

the frequencies of the successive half-waves of EEG. The f i r s t  three 

half-waves o f the I l lu s tra te d  EEG segment fa ile d  to  meet amplitude and 

frequency conditions and were therefore not recognized by the pattern  

recognition system. The c h a rac te ris tic s  of the following negative h a lf­

wave (number 4) did meet the  programmed c r i te r ia  causing the pattern 

recognition system to record the presence of th is  event and to begin 

observing sequential properties of the  EEG. Because the  system was not 

designed to  analyze rid ing  a c tiv ity  occurring between base lin e  crossings, 

waves a and b of Figure 2 had no Influence on the decisions of the 

pattern  recognition system. Wave 5 fa iled  to  meet c r ite r io n  conditions 

and according to pre-programmed In stru c tio n s, the sequential counting 

operation o f the recognition system was stopped and re se t to  zero.

Finally, the sequential count began again following wave 6 which was 

recognized as an alpha wave of appropriate amplitude and continued since 

waves 7 and 8 also met c rite r io n  conditions. The occurrence of three 

consecutive half-waves of alpha a c tiv ity  of appropriate ch arac te ris tics  

resulted In  the In itia t io n  of an EEG sanqple coincident with the final 

zero-cross o f wave 8. For th is  p a rtic u la r  sang)le ,  the alpha rhythm 

persisted  fo r several hundred m illiseconds.
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Figure 2. Pattern  recognition of the  alpha rhythm. EEG events 
were recognized as alpha a c tiv ity  i f  the time between zero crossings 
was g rea ter than 37 but le ss  than 66 m illiseconds. EEG samples were 
in i t ia te d  only when th ree  consecutive half-waves of alpha a c tiv ity  of 
appropriate amplitude (Indicated by the  broken lin e s  above and below 
the zero -vo lt base l in e )  were observed. Because waves 6, 7» and 8 
were of appropriate frequency and amplitude a sample o f in d e fin ite  
duration was in i t ia te d  a t the point Indicated by the arrow.
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Figure 2 . P a tte rn  recogn ition  of the  alpha rhythm.
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The p o la rity  of the f i r s t  wave of the  EEG triggered  alpha rhythm 

sample I l lu s tra te d  In Figure 2 was p o s itiv e . This Is , of course, due to 

the fact that the la s t  wave of alpha a c tiv ity  of the pre-sample EEG was 

negative. By In stru c tin g  the p a tte rn  recognition system to In i t ia te  

samples only when the l a s t  observed wave In the pre-sançle EEG was of 

specified  p o la r ity . I t  was possible to manipulate the phase of the 

resu lting  EEG sample. I f  the l a s t  pre-sample wave of alpha ac tiv ity  In 

Figure 2 had been p o s itiv e , then the subsequent EEG sanq>le would have 

begun with a negative wave. This feature  of the p a tte rn  recognition 

system was ex ternally  programmed so th a t the order of occurrence of 

In i t ia l ly  positive  or negative EEG samples could be manipulated to f i t  

the needs of the experiment.

In addition  to con tro lling  the phase of the EEG sample. I t  was 

also required tha t Median Nerve stim u li be delivered on h a lf  of the 

samples of each phase. There were, th ere fo re , four possib le  sample types 

depending on whether or not the pa ttern  recognition system In itia te d  

In i t ia l ly  positive  or negative EEG samples and on whether or not the 

sample was or was not accompanied by stimulus delivery. These various 

signal combinations are summarized In  Table 1. The p ositive  and negative 

tr ig g e r conditions Ind icate  th a t the c r i te r io n  condltons were met and 

th a t a sample was In it ia te d  during a p o sitiv e  or negative tran s itio n  of 

the alpha wave. The tr ig g e r  conditions were such that the  resu lting  

positive  and negative alpha samples were 180 degrees out of phase. The 

f i r s t  alpha peak for a "+ trigger" sanq>le was positive  while tha t of the 

" -trig g e r"  condition was negative when the  appropriate tr ig g e r  conditions 

were met. The use of e ith e r  the  Cz or 03 recording s i te s  as a source of
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EEG Information to  be processed by the p a tte rn  recognition system was 

d is trib u ted  among the eight Subjects. For the  f i r s t  f iv e  Subjects Cz 

EEG data were used fo r th is  purpose. For th e  l a s t  th ree  Subjects C3 

EEG data were processed by the  system. In e ith e r  case, the  EEG data 

from both recording s i te s  were simultaneously sampled and data from both 

recording s i te s  were subjected to  a l l  subsequent analyses.

TABLE 1 

EEG AND EP SAMPLE CONDITIONS

Recording S ite

Stimulus
Rhythm
Phase Cz C3

no stimulus + trig g e r Cz, +EEG C3, +EEG

- tr ig g e r Cz, -EEG C3, -EEG

stimulus + tr ig g e r Cz, +EP C3, +EP

-  tr ig g e r Cz, -EP C3, -EP

The nomenclature presented in  Table 1 w ill  be used throughout 

the remaining chapters to id en tify  the type of sample, i . e . ,  EEG or 

evoked p o ten tia l plus EEG, and the tr ig g e r  conditions which in i t ia te d  the 

sample. I t  should be noted th a t "+EP" o r "-EP" designates a signa l 

consisting of an evoked po ten tia l and some non-random EEG component. The 

notation "±EEG" or "±EP" w ill be used when reference i s  made to  the 

averages o r samples obtained under both the p o sitiv e  and negative ( i . e . ,  

±) sampling conditions.
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The order o f occurrence of the  four types of sanq)les was 

randomized w ithin the  various t r i a l s  under the condition th a t any 

p a rticu la r sample could not be repeated u n t i l  each of the remaining 

three sample types had been obtained, A minimum inter-sam ple in te rv a l 

of three seconds was also imposed so th a t the minimum programmed in te r ­

stimulus in te rv a l (combining both tr ig g e r  conditions) was three seconds 

with a range of 3 to  9 seconds. The actual in te r-sa n ç le  in te rv a ls  were 

somewhat g rea ter since they were also  contingent upon the occurrence of 

appropriate alpha events.

Procedure

All data from each Subject were co llec ted  in  a sing le  morning 

session. No special instructions were given to  the  Subject except th a t 

he should relax  and remain awake. The Subject was also requested to  keep 

h is  eyes closed in  order to f a c i l i t a te  alpha a c t iv i ty  in  the EEG record. 

All EEG data were collected during four successive 30 minute 

(approximately; the time required fo r each t r i a l  depended on the 

abundance of alpha a c tiv ity )  recording sessions each separated by a 10- 

minute re s t  period. The re la tiv e ly  long recording sessions were used in  

preference to  several shorter t r i a l s  in  order to  allow the EEG and 

behavioral s ta te s  of the Subject to  vary spontaneously, thereby providing 

a more representative sample of the  re s tin g  s ta te  against which the 

relationsh ips between EEG and EP processes could be evaluated.

Data Analysis

The various types of EEG and EEG plus EP sanqiles were obtained 

from the magnetic tape records and sorted  in to  th e  classes presented in
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Table 1. Successive observations of each of these signal types were then 

averaged in  groups of N "  16 samples and w ritten  ou t through the X-Y 

p lo tte r  for subsequent measurement. Three general classes of analyses 

were then performed. The purposes of these analyses were, f i r s t ,  to  

describe the averaged ±EEG waveforms, second, to  examine the  differences 

within and between the ±EE6 and ±EP averages which were due to  the phase 

triggering  conditions, and, f in a lly , to detect and quantify possible 

systematic changes in  th e  re la tionsh ips among the ±EEG and ±EP signa ls . 

Unless otherwise s ta te d , a l l  measurements and analyses were based upon 

within Subject data.

±EEG D escriptive S ta tis t ic s

The f i r s t  block of analyses was performed on the ±EEG averages 

only. The purposes of these analyses were to derive parameters describing 

the frequency, phase, and symmetry c h a rac te ris tic s  of the Cz and C3 alpha 

rhythm averages, and to  define sanq)le points fo r use in  la te r  comparisons 

of the differences between the  ±EP and ±EEG signals.

EEG frequency and phase analyses. These da ta  were used as a 

means of detecting  differences between the  fundamental waveform charac­

te r is t ic s  of the alpha a c tiv ity  recorded from the Cz and C3 electrode 

placements. The derivation of the frequency and phase parameters i s  

i l lu s tra te d  in  figure 3. Frequency (Hz) estim ates were derived from the 

periods of the positive  triggered  Cz and C3 alpha rhythm averages (Hz -  

1/period). The period was defined as the time in  m illiseconds between 

the f i r s t  and second positive  peaks (C-A in  Figure 3) of each ±EEG wave­

form. Several pa irs of Cz and C3 frequency observations were thereby 

obtained w ithin and between the data co llec tion  t r i a l s .  The overall
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significance of the differences between the paired Cz and C3 frequency 

estim ates was then evaluated by using tw o-tailed  t - te s t s  fo r co rre la ted  

da ta . The presence o f phase s h if ts  between the Cz and 03 EEG averages 

was sim ila rly  evaluated by comparing the  latencies o f the  f i r s t  p o sitiv e  

peaks (A, Figure 3) of the successive p a irs  of Cz and 03, +EEG averages. 

Whenever s ig n if ic a n t phase s h if ts  were observed between Cz and €3, the 

analysis was repeated using the la ten c ie s  of the  f i r s t  negative peaks of 

the -EEG averages (A*, Figure 3).

EEG symmetry analyses. The presence of symmetry between 180 

degree out of phase alpha rhythm averages has lnq)ortant Im plications for 

one method of recovering the EP waveform from th is type of EEG background 

a c tiv ity . Tukey (1968) proposed th a t the  EP could be  recovered by 

adding together the EP plus EEG samples obtained under each of these 

tr ig g e r conditions thereby cancelling  the  equal but opposite I . e . ,  

synm etrlcal, EEG conq>onents. In the  present investigation I t  was assumed 

that I f  the added ±EEG averages fa ile d  to  cancel then the  background EEG 

conponents of the ±EP signals might a lso  f a l l  to  cancel following the 

addition of the  +EP and -EP averages. Under these circumstances any 

estim ate of the  EP waveform obtained by ±EP addition would be In  e rro r 

due to  the presence of Incompletely cancelled alpha a c tiv ity . Incomplete 

EEG cancella tion  following the add ition  of the +EEG and -EEG averages 

could occur as a re s u lt  of adding symmetrical waveforms which were not 

180 degrees out of phase or from the  add ition  of asymmetrical.waveforms.

A prelim inary analyses of th e  ±EEG averages Indicated th a t these 

waveforms were occasionally In effec tiv e ly  cancelled when added together 

in  the memory of the 1062 Instrument Computer. In those instances
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Figure 3. Derivation of averaged EEG frequency, phase and 
symmetry parameters. Frequency of the  averaged alpha rhythm was 
derived from the period (C-A) of the +EEG average. Phase s h if ts  
between the Cz and C3 alpha rhythm averages were determined by 
comparing the la tenc ies to the  f i r s t  p o sitiv e  peaks. Waveform 
symmetry was evaluated by comparing the  times required fo r the f i r s t  
peak to  peak tran s itio n s  of the  +EEG and -EEG averages.
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where the residual e rro r  was large , a close inspection of the individual 

+EEG and -EEG averages also revealed that these waveforms were noticably 

asymmetrical in  appearance. Such asymmetries were evaluated by conparing 

the time required fo r the f i r s t  negative peak to peak tra n s it io n  of the 

+EEG averages with the time required for the f i r s t  positive  peak to  peak 

tran s itio n s  of the -EEG averages. For the p a ir of waveforms i l lu s tra te d  

in  Figure 3 these q u an titie s  are indicated by the expressions B* -  Â and 

B - A '  respectively . The tra n s itio n  time derived from the f i r s t  +EEG 

average was compared w ith th a t obtained from the f i r s t  -EEG average and 

so forth  for successive pa irs  of phase triggered EEG averages obtained 

w ithin and between the four t r i a l s .  The significance of the  d ifferences 

between these paired data was evaluated by using t - te s t s  fo r correlated  

data.

The averages presented in  Figure 3 were selected  to  i l lu s t r a te  

the presence of d is to rtio n s  in  the +EEG and -EEG averages. Note th a t the 

time required for the A' to  B tra n s itio n  i s  greater than th a t required 

for the A to B* peak to  peak tra n s itio n . For th is  Subject, the  positive  

peak to peak tra n s itio n  times were generally longer than those of the 

negative excursions fo r averages obtained under both tr ig g e r  conditions. 

The incomplete EEG cancella tion  which was observed following the addition 

of the asymmetrical ±EEG averages could not be compensated fo r by 

changing the phase a t which the sanples were in i t ia te d . For exanple, i f  

peaks A and A* of Figure 3 were to be aligned then the latency discrepancy 

between peaks B and B' would increase.

EEG sample point location . The method of locating  sample points 

corresponding to the peak la tencies of the non-stimulus averaged alpha
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rhythm is  i l lu s t r a te d  in  Figure 4. The five  waveforms in  the upper h a lf  

of th is  figure are successive averages of alpha a c tiv ity  obtained under 

the positive  tr ig g e r  conditions (so tha t the  f i r s t  peak is  p o sitiv e  in  

value). The lower five waveforms are averages of th e  negatively triggered  

samples o f alpha rhythm. The successive peaks of a l l  alpha rhythm 

averages were alphabetically  id e n tif ie d  and the  latency from the point 

of sample in i t ia t io n  to each peak was then measured. The mean latency 

of each successive peak was then derived by combining a l l  of the data 

(within and between t r ia l s )  obtained from the  p o sitiv e  and negative 

tr ig g e r conditions. This procedure was used to  derive a unique s e t  of 

sample points fo r the Cz and 03 recording s i te s  of each Subject. All 

subsequent amplitude measurements were then made a t  these time po in ts .

EEG Difference Analyses

The derivation  of various "difference" measurements is  explained 

in  reference to  Figure 5 where the  several phase triggered  averages 

obtained under non-stimulus and stimulus conditions are i l lu s tr a te d . The 

p a ir  of waveforms in  the upper portion  of the  figu re  are  the non-stimulus, 

positive  and negative triggered Cz alpha rhythm averages. The p a ir  of 

signals in  the lower half of the i l lu s t r a t io n  are the  corresponding 

averages o f the phase triggered  samples obtained under stimulus conditions. 

Each of these averages was the f i r s t  in  the  se rie s  o f averages obtained 

during the f i r s t  of four consecutive t r i a l s .  However, the locations of 

the sample points in  the i l lu s t r a t io n  were based on the mean la tenc ies 

of a l l  averaged alpha a c tiv ity  according to  the previously outlined 

procedure.

The f i r s t  d ifference analysis was performed upon the non-stimulus
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Figure 4. Peak la ten c ies  of the  averaged alpha rhythm and 
the loca tion  of sample po in ts . The la ten c ies  of successive peaks of 
the averaged non-stimulus alpha rhythm waveforms were measured from 
the point of sançle I n i t ia t io n ,  t  = 0. Sample point A was defined 
by the mean of the peak A la ten c ies  of the combined averages of the 
positive  and negative triggered  EEG samples. S im ilarly , sample 
points B through F represent the mean peak la ten c ies  of the  
successively la te r  peaks o f these waveforms. EEG waveform measure­
ments were not rou tine ly  performed beyond poin t F, I . e . ,  a fte r th ree  
complete cycles of the averaged alpha rhythm. The sample points 
which were derived from the non-stimulus EEG averages were also used 
to locate the  measurement po in ts for the  averaged EEG plus EP wave­
forms .
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alpha rhythm averages to determine whether o r not th e  phase re la ted  

d ifferences In the two waveforms were s ig n if ic an t a t progressively la te r  

sample po in ts . This analysis was necessary to confirm the predicted  

non-random nature of the averaged alpha a c tiv ity  a t the po in ts of 

In te re s t .  The analysis was accomplished a t each sample point by 

measuring the amplitudes of the positive  and negative trig g e red  waveforms 

re la tiv e  to an arb itrary  base lin e  value, (the estim ated l in e  of zero 

p o te n tia l) . These amplitude values were obtained fo r  each successive 

p a ir  of averaged signals w ithin and between t r i a l s  y ie ld ing  a to ta l  of 

approximately 16 pairs of observations fo r each sample p o in t. A 

s t a t i s t i c a l  analysis was then performed upon the paired data  to  determine 

whether or not the mean amplitudes of the positive  triggered  averages 

were s ig n ific an tly  d ifferen t from the means of the negative triggered  

averages. S ta tis t ic a l  significance fo r w ithin Subjects data was based 

on the outcome of t - te s ts  fo r corre lated  da ta . Using th e  same procedure, 

a second difference analysis was then performed upon the averaged data 

obtained under the stimulus conditions In order to  ob tain  comparative data.

By comparing the amplitude differences between +EEG and -EEG 

signals with the corresponding differences between the  +EP and -EP wave­

forms, I t  was possible to detect stimulus m odifications o f th e  background 

alpha a c t iv i ty . For example. In Figure 5 the  amplitude difference 

between the upper pair (non-stimulus, +EEG and -EEG) of s igna ls  was 

compared to  the difference between the lower p a ir  of signals (stim ulus,

+EP and -EP) a t each of the Indicated sample po in ts . By comiblnlng data 

obtained w ithin  and between the four t r i a l s  approximately 16 p a irs  of 

d ifference scores were obtained fo r each successive sample p o in t.
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Figure 5 . The derivation of d ifference  measurements from 
pairs of averaged phase trlp^ered EEG and EEG plus EP sanq>les. Within 
each stimulus condition, difference -ad c o rre la tio n  analyses were 
performed upon the  paired "peak-to-base lin e "  anq)lltudes of the ±EEG 
and ±EP averages. For example, the p a ir of scores obtained from the 
+EEG averages at point A consisted o f the  amplitudes o f the +EEG and 
-EEG waveforms measured with respect to the Indicated base lin e  value. 
Between stimulus condition e ffec ts  were evaluated by comparing the 
differences ("peak-to-peak") between the ±EEG averages with the 
corresponding amplitude differences between the  ±EP averages. Within 
and between t r i a l  changes In the ±EEG and ±EP amplitude difference 
scores, and In the  estimated amplitude of the  evoked p o ten tia l were also 
Investigated . The amplitude of the evoked g o te n tla l component was 
estimated a t  poin t E by derlvi.ig the mean (X) of the +EP and -EP 
averages. By comparing the mean and re la tiv e  d ifference scores obtained 
from the ±EF averages I t  was also possible to  re la te  the extent of 
stimulus m odification of the background EEG to  changes In the amplitude of 
the EP component.
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For any p a rtic u la r  sanq>le point the d is tr ib u tio n s  of +EEG and jEP 

difference scores should have been nearly  id e n tic a l i f  the  phase 

triggered alpha a c tiv ity  was unaffected by stimulus processes.

S ign ifican t reductions in  the  d ifferences between the +EP and -EP 

averages re la tiv e  to the d ifferences between the  +EEG and -EEG averages 

could in d ica te  overa ll amplitude a ttenuation  o f the  averaged background 

alpha rhythm, phase s h i f ts ,  o r  some combination of these e ffec ts . A 

comparison of the ±EEG and ±EP averages i l lu s t r a te d  in  Figure 5 c learly  

reveals a re la tiv e  reduction in  the amplitude difference between the  

±EP averages a t points E and F.

Systematic EEG and EP Changes 

C orrelative d a ta . Pearson co rre la tio n s and regression parameters 

were also derived from the paired  data  which were obtained from each o f 

the above difference analyses. Separate co rre la tio n  analyses were per­

formed for each Subject, EEG recording s i t e ,  and sample po in t. The 

sampling procedures and re su ltin g  data  (paired observations) for each of 

the co rre la tion  analyses were id e n tic a l with those used in  the difference 

analyses. There were, th ere fo re , co rre la tio n  analyses in  which the "peak- 

to-base lin e"  amplitudes (measured as i l lu s t r a te d  in  Figure 5, point A) of 

the +EEG and -EEG were compared and a second group of analyses comparing 

the +EP and -EP amplitudes. The data fo r  a th ird  group of correlation 

analyses consisted of the "peak-to-peak" amplitudes of the ±EEG and ±EP 

averages. These three types of co rre la tio n  analyses correspond respective­

ly to the previously discussed ±EEG, ±EP and ±EEG vs. ±EP difference 

analyses.
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Certain changes in  the  re la tio n sh ip  between the various phase 

triggered  EEG averages should have pred ictab le  e ffec ts  upon the behavior 

of the co rre la tio n  c o e ff ic ie n ts , assuming th a t these changes could be 

observed In Iso la tio n . Suppose th a t the overa ll amplitude of the alpha 

rhythm changes w ithin and between t r i a l s  and th a t these changes also 

appear In  the  averaged phase trig g e red  samples of alpha a c tiv ity  (o ther 

factors a ffec tin g  the amplitude of the averaged alpha rhythm are d is ­

cussed In Chapter 4). I f  In  add ition , the  amplitude changes were 

symmetrical, then an Increase In the  peak to base lin e  amplitude of any 

peak of the +EEG average should be accompanied by an approximately equal 

but opposite change In the amplitude of the corresponding peak of the -EEG 

average. For example. I f  the f i r s t  positive  peak of the +EEG average 

were to Increase 5 m icrovolts then the f i r s t  negative peak of the -EEG 

average m l^ t  be expected to  decrease 5 m icrovolts. For th is  sim plified  

s itu a tio n  an Increase In one v ariab le  Is always accompanied by a comparable 

decrease In the other v a riab le . Consequently, the co rre la tio n  co effic ien t 

obtained by comparing the +EEG and -EEG amplitudes would be negative.

The magnitude of the co rre la tio n  c o effic ien t would of course depend upon 

the streng th  of the l in e a r  re la tio n sh ip  between the amplitude changes In 

the phase triggered  averages.

The In te rp re ta tio n  of co rre la tion  coeffic ien ts derived from the 

±EP averages Is  more complex. Here, system atic changes In  EEG and/or 

the EP might a ffec t the outcome of the co rre la tio n  analyses. Further­

more, system atic v a ria tio n  In  the background EEG might be due to  changes 

In the ongoing EEG and/or changes unique to  the EP sample period (alpha 

blocking fo r example). The p o ss ib il i ty  fo r In teractions among these
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th ree  sources o f EEG and EP amplitude varia tio n  might also be considered. 

N evertheless, certa in  simple re la tionsh ips among these sources of 

v a r ia b il i ty  should produce ch a rac te ris tic  e ffec ts  on the c o rre la tio n  

c o e ff ic ie n t.

Assume for the present th a t there  were no EP amplitude changes 

but th a t symmetrical EEG amplitude changes were s t i l l  p resent. Under 

these conditions the correlation c o e ff ic ie n ts  derived from the ±EP 

average would s t i l l  be negative. At th is  poin t, however, i t  would not 

be possib le  to  a ttr ib u te  the underlying system atic variance e i th e r  to  gross 

changes in  the ongoing EEG or to EEG changes unique to  the EP sample 

period. However, i f  changes in  the  ±EP d ifference scores were highly 

co rre la ted  with the corresponding d ifferences between the ±EEG sig n a ls , 

then i t  might be reasonable to assume th a t gross changes in  the ongoing 

EEG were influencing both pairs of averages. I f  the ±EP and ±EEG 

differences were uncorrelated, the presence of high negative co rre la tions 

between the +EP and -EP averages might be in te rp re ted  as ind ica ting  

changes in  the extent of stimulus m odification of the background EEG 

a c tiv ity  (fo r example habituation o f alpha blocking).

F inally , suppose tha t there were no changes in  the background 

EEG but th a t the EP amplitude varied system atically  during the  data 

co llec tio n  t r i a l s .  Under these conditions the difference between the 

+EP and -EP averages would remain co n stan t, since these differences are 

presumably due to  the presence of th e  out of phase EEG components. As 

the amplitude of the EP conponent v a r ie s , the p a ir of ±EP signals w il l  

be variably  displaced above or below the  base l in e . The co rre la tio n  

c o e ffic ien t obtained by comparing the  +EP and -EP amplitudes would be
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positive  for th is  set of EEG and EP conditions.

Within and between t r i a l  analyses. Additional analyses were 

performed in  order to examine in  g rea te r d e ta il  the w ithin and between 

t r i a l  v a ria tio n  in  the ±EEG and ±EP difference scores and in  the amplitude 

of the evoked po ten tia l component of the EEG plus EP averages. I t  was 

assumed th a t systematic varia tion  in  the ±EEG difference scores was 

re la ted  to overa ll changes in  the properties of the ongoing EEG. On the 

other hand, changes in the ±EP difference scores m i^ t  re f le c t character­

i s t ic s  of the ongoing EEG and in  add ition  the extent of stimulus 

m odification of the background EEG during the EP sample period. The 

algebraic means of the combined ±EP averages were used to monitor w ithin 

and between t r i a l  varia tion  in  evoked p o ten tia l amplitude. I t  is  

important to emphasize th a t the means of the EP averages were only 

estim ates of the EP amplitudes since the background EEG a c tiv ity  may have 

been incompletely cancelled when combining the  +EP and -EP averages.

For purposes of the w ithin and between t r i a l  analyses the ±EP 

and ±EEG difference data and EP an^lltude estimates were derived only 

a t sample point E. This point was selected  on the basis of a preliminary 

examination of the data which indicated tha t well developed stimulus 

modifications of the background alpha a c tiv ity  were lik e ly  to  be present 

during th is  sample period. In addition , there also appeared to  be 

system atic changes in the  overall displacements of the +EP and -EP 

waveforms at th is  point. This variance was thought to be due to 

amplitude changes of the constituent large anqplitude EF component.

For the within t r i a l  analyses the following sampling procedure 

was used in  order to obtain the averaged signals necessary fo r deriving
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the *£EG difference data and the  means and differences of the +EP 

averages. F ir s t ,  each t r i a l  was subdivided in to  four to five  successive 

blocks where each block consisted of the  samples required to  form the 

averages (N " 16 samples per average) of the ±EEG and ±EP s ig n a ls . Data 

obtained from the successive t r i a l  blocks were then combined across 

t r i a l s .  As a re s u lt, for each Subject and recording s i t e  the  combined 

+EEG, -EEG, +EP and -EP averages from each successive t r i a l  block 

consisted of N -  64 (4 x 16) samples apiece. These averages were used to  

derive the ±EP and ±EEG difference scores and to  obtain  the EP amplitude 

estim ates. The w ithin t r i a l  data  obtained from the Cz and 03 recording 

s i te s  of each Subject were then combined across Subjects. For the 

between t r i a l  analyses only data obtained from the f i r s t  t r i a l  block of 

each t r i a l  were used. The Cz and 03 ±EEG and ±EP difference scores and 

EP amplitude estim ates derived from the  four successive t r i a l s  o f each 

Subject were also  confined across Subjects. A ll w ithin and between t r i a l  

group data were then subjected to analyses of variance and summarized in  

graphical form.

On the basis of the previously reviewed l i te ra tu re ,  i t  was 

predicted th a t the extent of the stimulus modification (as evident from 

the percent change scores) of the  phase triggered  background alpha 

ac tiv ity  should become less during the  course of data c o llec tio n . In 

addition , since the C3 recording s i t e  was over the receiving area i t  was 

also predicted th a t there would be more extensive stimulus m odification 

of the background alpha a c tiv ity  recorded from th is  source as compared 

to th a t recorded from Cz. Further, i t  was predicted th a t the d isp a rity  

between the ex tent of the stimulus m odification of Cz and C3 alpha
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a c tiv ity  should become g rea ter i f  these m odifications do in  fac t become 

loca lized  to  the receiv ing  area with successive stimulus p resen tations.

In o ther words, with repeated stim ulation the  magnitude of the  differences 

between the ±EP and ±EEG waveforms should diminish more rap id ly  at the 

Cz recording s i te .



CHAPTER I I I

RESULTS

Because some Subjects became drowsy during one or more of the 

four experimental t r i a l s  i t  was sometimes necessary to terminate these 

t r i a l s  p rio r to obtaining the desired number of averages. T ria ls were 

terminated early  only when alpha a c tiv ity  was no longer abundant enougjh 

to tr ig g e r  EEG and EP samples. However, i t  was usually  possible to  add 

su ff ic ie n t samples to  one or more subsequent t r i a l s  in  order to  obtain 

at le a s t  six teen  averages of N •  16 samples per Subject. These 

additional samples were acquired in  those instances where drowsiness 

was not evident in  the EEG records and where alpha ac tiv ity  was s u f f i ­

c ien tly  abundant to  avoid unusually long in ter-stim ulus In te rv a ls . Data 

co llec tion  was lim ited  to  th ree  f u l l  t r i a l s  fo r Subjects C.G. and S.G. 

due to instrum entation d i f f ic u l t ie s .

In general, the fixed pre-sample EEG pa tte rn  recognition 

c r i te r ia  proved sa tis fa c to ry  fo r obtaining alpha rhythm averages of 

opposite phase ( i . e . ,  the +EE3 and -EEG sanples) which persisted  for 

several hundred m illiseconds. In add ition , averages of N -  16 samples 

were found to produce s tab le  averaged waveform fo r  both the EEG, and 

EEG plus EP signa ls fo r a l l  Subjects. Consequently most of the analyses 

were based upon data  obtained from averages o f th is  s iz e . Examples of 

the various phase triggered  average recorded from the Cz and C3

48
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EEG recording s i te s  of the  f i r s t  two Subjects are  i l lu s tr a te d  in  Figures 

6 and 7. These data, which are typ ica l of those obtained from the  re ­

maining Subjects, are usefu l in  i l lu s tra t in g  c e rta in  common character­

i s t ic s  of the various waveforms. In each of these Figures the two 

phase triggered  averages obtained under the stimulus (±EP) and non­

stimulus (±EEG) conditions have been superimposed to  f a c i l i ta te  

comparison of the waveforms. The two pairs of averages on the l e f t -  

hand column of each figure  were recorded from Cz and those in  the r ig h t-  

hand columns were recorded from C3. The pairs of waveforms in  the  upper 

h a lf of each Figure are the non-stimulus alpha rhythm averages and those 

in  the lower halves are the  ±EP waveforms obtained during stimulus 

t r i a l s .

Two c h a ra c te ris tic s  of the non-stimulus alpha rhythm averages 

are evident in  the data presented in  Figures 6 and 7. The f i r s t  o f 

these i s  the overa ll damping of the averaged alpha a c tiv ity  from the 

point of sample in i t ia t io n  to the end of the sample period. The extent 

of the damping varied considerably between and occasionally w ithin 

Subjects. The in te rp re ta tio n  of th is  feature o f the averaged alpha 

a c tiv ity  is  discussed in  Chapter IV. A second c h a ra c te r is tic  is  the 

amplitude discrepancy between the alpha rhythm averages recorded from 

the Cz and C3 recording s i t e s .  These amplitude differences were 

sometimes observed in  the absence of any appreciable d ifferences between 

the Cz and C3 EEG amplitude as determined by v isu a l inspection of the 

EEG ink recordings. I t  was generally found th a t the peak to  peak 

amplitudes of the alpha rhythm averages were g rea te r fo r  the EEG source 

which provided data to the pa ttern  recognition system, irresp ec tiv e  of
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Figure 6. Comparisons of the averaged phase triggered  EEG 
samples recorded under non-stimulus and stimulus conditions from the 
Cz and C3 recording s i te s  of Subject C.G. Cz and C3 data are 
presented In the l e f t  and r ig h t columns respective ly . Samples which 
were In itia te d  under the positive  tr ig g e r  condition (so lid  lin e ) have 
been superimposed upon those obtained under the negative tr ig g e r 
conditions (broken l in e ) . The upper pa irs  o f waveforms a re  the non- 
stimulus alpha rhythm averages while th e  lower p a irs  were obtained 
under stimulus condition and therefore contain both EP and EEG 
components. Subject C.G. had moderately abundant alpha a c tiv ity  and 
exceptionally large amplitude la te  EP components which could 
frequently be detected by v isual Inspection of th e  EEG Ink records. 
Pronounced alpha blocking Is  apparent as a re la tiv e  reduction In  the 
magnitude of the differences between the  upper (EEG) and lower (EEG 
plus EP) pairs o f waveforms.
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Cz,±EEG C3,±EEG

10 |iV

100 ms C3,±EPCz,±EP

SUBJECT C.G.; N=128 SAMPLES PER AVERAGE

Figure 6. Averaged phase triggered EEG samples recorded -under 
non-stimulus and stimulus conditions from the Cz and C3 recording s i te s  
of Subject C.G.
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Figure 7. Comparisons of the averaged phase triggered  EEG 
sanples recorded under non-stimulus and stimulus conditions from the 
Cz and C3 recording s i te s  of Subject S.G. The d e fin itio n  and loca­
tion  of the averaged waveforms are the  same as those of Subject C.G., 
Figure 6. S.G. displayed abundant higjh amplitude alpha a c tiv ity  and 
less alpha blocking in  comparison to  C.G. I t  may be noted th a t the 
phase re la ted  difference between the  Cz averages obtained under 
stimulus conditions i s  g rea te r than that between the  corresponding 
non-stimulus EEG averages early  in  the sample period ( i . e . ,  
corresponding to  point A). A sim ila r s lig h t enhancement of the phase 
re la ted  differences between the ±EP and ±EEG samples was observed in  
the Cz and C3 data of severa l Subjects.
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Cz,±EEG C3,±EEG

10 pv

100ms

Cz,±EP C3,±EP

SUBJECT S.G.; N=128 SAMPLES PER AVERAGE

Figure 7. Averaged phase triggered EEG samples recorded under 
non-stimulus and stimulus conditions from the Cz and 03 recording s i te s  
of Subject S.G.
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the recording s i te  from which the EEG data were obtained. I t  i s  a lso  

evident from these i l lu s tra tio n s  th a t the non-random alpha a c tiv ity  i s  

a p e rs is ten t feature of the sangles obtained under stimulus (±EP) 

conditions even though the overall configuration of these waveforms i s  

d is to rted  due to the presence of the  evoked p o te n tia l waveforms. The 

magnitude of the phase re la ted  amplitude d ifference for l a t e  sample 

poin ts of the phase triggered  evoked p o te n tia l samples is  less than the 

corresponding differences between the  averages of the  non-stimulus alpha 

rhythm samples. This re la tiv e  diminution in  th e  differences between the 

phase triggered  stimulus samples corresponds to  the  blocking of the 

background alpha a c tiv ity  during the  evoked p o ten tia l sample period.

Properties of the Averaged Alpha Rhythm 

Frequency phase and symmetry parameters were derived from the 

alpha rhythm averages according to the  procedures outlined in  Chapter I I .  

These data were found to  be useful in  examining w ith in  and between t r i a l  

changes in alpha c h a rac te ris tic s  and in  comparing alpha a c tiv ity  derived 

from the two recording s i te s .  Data presented in  Table 2 show that the  

frequencies (1/C-A, figure 3, Chapter I I )  of the alpha averages obtained 

from the two recording s i te s  were s im ila r although there was a tendency 

fo r the frequency of the C3 averaged alpha to  be s lig h tly  fa s te r  than 

than recorded from Cz fo r Subjects F.G. and O.H. I t  was a lso  found 

th a t the Cz alpha averages tended to  lead those recorded from C3, i . e . ,

Cz alpha events (peaks, fo r example) occurred e a r l ie r  than those of the  C3 

alpha averages. These latency d ifferences were occasionally s ig n ifican t 

w ith in  subjects and appeared as a s ig n if ic a n t between subjects e ffec t as 

well (Sign t e s t ,  p « .035).
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t a b le  2

FREQUENCY AND PHASE PARAMETERS DERIVED FROM 
THE CZ AND 03 ALPHA RHYTHM AVERAGES

Parameter Subjects
& Source C.G. S.G. J .J . F.G. E.G. B.E. J.G. O.H.

Frequency
Cz

(Hz)
9.35 10.29 9.26 9.94 11.28 9.90 10.52 11.05

C3 9.40 10.17 9.27 10.31 10.93 10.11 10.44 11.54

Cz-03 -.05 0.12 -.01 -.37 -.35 -.21 .08 -.49

P * * * .025 * * * .005

Latency to F ir s t  
Positive Peak (ms) 

Cz 38.23 25.59 31.66 36.43 44.45 29.05 38.05 27.68

C3 40.24 28.74 34.26 39.50 43.76 29.72 28.26 28.45

Cz-03 -2.01 -3.15 -2.63 -3.07 0.69 -0.67 -0.21 -0.77

P *.10* .05 .005® .01* * * * *

’̂ s ta t is t ic a l ly  non-sign ifican t, P > .05
^latency comparisons of negative peak were not s ig n ifican t
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Inspection of data  sim ilar to those presented in  Figure 3 

suggested th a t the time required fo r  a tra n s it io n  from a positive  to  a 

negative peak of the averaged alpha rhythm was no t th e  same as th a t 

required fo r a negative to  positive  tra n s itio n . This waveform asymmetry 

is  responsible for the s l ig h t  sawtooth appearance of the alpha averages 

in Figure 3. Such asymmetries were quantified  by comparing the f i r s t  

peak to peak tran s itio n  times of th e  +EEG averages w ith the corresponding 

peak to  peak tran s itio n  times of th e  -EEG averages. The re su lts  are 

summarized in  Table 3 fo r each recording s i t e .  Here i t  i s  evident th a t 

the waveform d isto rtions due to d if fe re n t ia l  peak to peak tran s itio n  

times are sign ifican t o r approach sign ificance  fo r  sev era l Subjects.

These asymmetries do not sinqply represen t phase s h if ts  a ttr ib u ta b le  to  

d iffe ren t tr ig g e r  conditions during the  averaging process but represent 

actual d isto rtions of the alpha waves. Given the  presence of th is  type 

of waveform asymmetries the positive  and negative phase triggered  alpha 

rhythm averages would not cancel i f  added together i . e . ,  there i s  no 

phase triggering  condition which w il l  y ie ld  "equal but opposite" alpha 

rhythm averages under these  conditions. Tukey's (1968) proposed method 

of ex tracting  the evoked po ten tia l by adding (presumably cancelling the 

EEG) averages obtained against backgrounds of 180 degree out of phase 

alpha a c t iv i ty , must be considered inaccurate whenever asymmetries in  the 

waveform of the background alpha rhythm are suspected. Nevertheless, 

Tukey's procedure does provide a convenient means of estim ating the EP 

waveform and was used fo r  th is  purpose elsewhere in  th e  present 

investiga tion .



57

TABLE 3

WAVEFORM SYMMETRY CHARACTERISTICS OF THE 
CZ AND C3 ALPHA RHYTHM AVERAGES

Parameter Subjects
and Source C.G. S.G. J . J . F.G. B.G. B.E. J.G. O.H.

Cz Symmetry 
+ tra n s itio n  

(ms) 52.30 47.43 53.16 46.64 43.22 50.82 51.96 44.23
-  tran s itio n  

(ms) 54.61 49.71 52.54 50.99 44.71 49.54 42.88 45.89

Difference (ms) -2.31 -2.28 0.62 -4.35 -1.49 1.28 9.08 —1.66

P *.10 .05 * .01 * * .005 *

C3 Symmetry

+ Transition 
(ms) 51.75 46.85 53.79 46.81 40.02 50.30 55.30 43.12

-  T ransition 
(ms) 54.33 51.16 50.82 48.61 45.54 48.64 41.16 42.95

Difference (ms) -2.58 -4.31 2.97 -1.80 -5.52 1.66 14.14 0.17

P .05 .05 *.10 * *.10 *.10 .005 *

^ s ta t i s t ic a l ly  non-sign ifican t, P > .05
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Difference Analyses 

Sample Points

Sample points were located according to  the  procedures outlined 

in Chapter I I  (Figure 4). Each sample point corresponded approximately 

to the points of maximum difference between the opposite peaks of the 

superimposed +EEG and -EEG waveforms. The lo ca tio n  of sample points 

was determined separately fo r each Subject and recording s i t e .  The 

re su ltin g  Cz and C3 sample point la ten c ies  in  m illiseconds are presented 

in  Table 4. Because the location  of sample p o in ts  was dependent upon 

the frequency of the averaged alpha rhythm, th e  loca tion  of these points 

d iffered  considerably between Subjects. Therefore, where analyses 

required the combination of between Subject data th e  re su lts  should be 

in te rp reted  in  terms of the behavior of the averaged waveforms within 

some time in te rv a l ra ther than a t a sp e c if ic  p o in t. Most o f the re su lts , 

however, are based on w ithin Subject analyses.

I t  may be recalled  th a t there  were th ree  d ifference analyses 

performed at each successive sample p o in t. The f i r s t  of these dealt 

with those w ithin stimulus condition differences between waveforms 

which occurred as a re su lt o f the p o sitiv e  and negative phase triggering  

conditions. For these analyses the d ifferences between the ±EEG and ±EF 

averages were separately  evaluated. This analysis was necessary for the 

±EEG waveforms in  order to  e s tab lish  th a t there  were in  fact s ig n ifican t 

d ifferences between the  +EEG and -EEG signals as a re su lt  of the pre­

programmed sampling conditions. A second d ifference  analysis performed 

upon the ±EP waveforms was done prim arily  to  ob ta in  comparative data.
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TABLE 4

CZ AND C3 SAMPLE POINT LATENCIES 
IN MILLISECONDS

EEG Sample Points
Subject Source A B C D E F

C.G. Cz 40.50 93.97 147.17 198.78 251.53 307.22
C3 42.91 95.28 149.35 200.79 255.30 310.05

S.G. Cz 27.53 76.18 124.34 173.05 221.35 269.20
C3 31.60 80.62 128.78 175.36 224.94 270.64

J . J . Cz 31.33 84.21 138.83 199.00 249.23 299.87
C3 32.74 85.04 139.24 196.71 247.91 298.14

F.G. Cz 40.12 88.97 142.93 193.54 246.43 294.56
C3 42.22 89.83 142.96 192.95 239.94 290.97

B.G. Cz 45.01 88.58 133.95 193.74 241.14 289.89
C3 44.88 87.07 135.89 189.54 239.08 288.69

B.E. Cz 28.56 78.76 128.47 177.60 221.35 264.09
C3 28.66 78.14 125.95 177.12 218.83 259.54

J.G . Cz 34.32 81.73 130.47 182.12 231.11 278.79
C3 33.01 81.27 129.43 179.74 226.69 274.58

O.H. Cz 28.53 73.58 118.23 162.32 206.06 248.77
C3 28.52 71.58 114.12 156.69 197.16 238.94
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The th ird  difference analysis was concerned with the between stimulus 

condition d ifferences. The purpose of th is  analysis was to determine 

whether or not d ifferences between the non-stimulus ±EEG waveforms were 

maintained under stimulus conditions. For th is  analysis the differences 

between the ±EEG signals were compared w ith the corresponding differences 

between the ±EP signals a t each sample p o in t.

All s t a t i s t i c a l  computations fo r the  various difference 

analyses were performed upon data which were measured in  a rb itra ry  un its . 

The re su lts  of these analyses were then converted to microvolt units 

through m ultip lication  by appropriate constan ts. For tills  reason some 

s lig h t discrepancies (due to rounding e rro rs )  may a r is e  when comparing 

data contained in  the various Tables.

±EEG and ±EP Differences

The summary data from the w ith in  stimulus condition difference 

analyses are presented in  Tables 5 through 8. Tables 5 and 6 contain 

the d ifference data from the comparisons of the averaged non-stimulus 

samples of alpha a c tiv ity  recorded from Cz and C3 respectively . The 

phase re la te d  d ifferences between the averaged ±EP samples are presented 

in  Table 7 for the Cz data and in  Table 8 fo r the C3 data. In each of 

these four tab les the f i r s t  column id e n tif ie s  the Subject from which the 

data were obtained. The second column labeled  "sample size" provides 

information concerning the to ta l  number of d ifference observations and 

the number of samples (usually N ■ 16) used to  compute each averaged 

waveform. For example, the sample s ize  fo r  Subject J . J .  is  17N « 16.

This ind ica tes th a t a to ta l  of seventeen observations were derived from



TABLE 5

MEAN AMPLITUDE DIFFERENCES IN MICROVOLTS BETWEEN
THE POSITIVE AND NEGATIVE TRIGGERED ALPHA

RHYTHM AVERAGES RECORDED FROM CZ

Sample Points

lubject Sample A B C D E F
Size Mean ±S.E. Mean IS .E . Mean IS .E . Mean *S.E. Mean *S.E. Mean *S.E.

C.G. 6N-32 30.3510.92 -26.9011.18 20.22*1.29 -14.8711.68 12.0311.10 -  6.5611.34

S.G. 6N-32 33.9110.90 -33.5810.97 28.53*0.95 -28.6210.64 23.2310.98 -22.5310.79

J . J . 17N-16 26.3710.71 -22.1410.58 15.0710.72 -10.9510.76 7.2010.56 -  5.48*0.51

F.G. 21N=16 19.6010.79 -18.48+0.67 14.78*0.92 -12.9410.83 9.7810.69 -  9.24*1.89

B.G. 16N-16 7.0410.44 -  6.91±0.83 3.37+0.69 -  4.14*0.62 3.95*0.51 -  3.5710.73

B.E. 19N=16 22.29±0.66 -19.89±0.91 13.3410.83 -  7.9210.91 6.22*1.34 -  3.3810.96

J.G . 16N-16 9.78±0.74 -12.73*0.70 10.9110.74 -11.0110.72 7.7610.83 -  9.38*0.67

O.H. 20N=16 25.0810.60 -27.39*0.79 19.82*1.11 -16.13*0.75 11.65*1.20 -  6.60*0.95

A ll mean d ifferences a re  s ig n if ic a n t ,  P < .05



TABLE 6

MEAN AMPLITUDE DIFFERENCES IN MICROVOLTS BETWEEN
THE POSITIVE AND NEGATIVE TRIGGERED ALPHA

RHYTHM AVERAGES RECORDED FROM C3

Sample Points

Subject Sample A B C D E F
Size Mean +S.E. Mean ±S.E. Mean ±S.E. Mean ±S.E. Mean ±S.E. Mean *S.E.

C.G. 6N-32 24.08+0.84 -20.70±1.61 19.03±1.39 -13.76*0.69 10.87*1.39 -  6.53±1.77

S.G. 6N-32 23.65±0.42 -24.12+0.65 18.51*0.76 -19.09*0.82 14.30*0.72 -15.82±1.65

J . J . 17N-16 17.14±0.61 -14.99*0.57 8.76*0.52 -  6.08±0.62 3.54*0.53 -  2.75±0.54

F.G. 21N-16 13.81±0.64 -13.93*0.67 10.25*0.77 -  8.41+0.77 6.29*0.63 -  6.33*0.68

B.G. 16N-16 4.50*0.27 -  4.25*0.57 2.04*0.41 -  1.81*0.37 3.08*0.38 -  1.78*0.45

B.E. 19N-16 26.33*0.71 -23.33±0.65 14.44±0.92 -  8.90+0.91 6.66*1.37 -  3.92*1.02

J.G . 16N-16 18.35±0.B3 -24.10+0.74 18.40+0.74 -19.38*0.58 15.48*1.25 -16.98*0.76

O.H. 20N-16 22.36*0.72 -24.64+1.68 18.45*1.03 -13.99*0.73 9.44*0.96 -  5.46*0.79

O'

A ll mean d iffe rences are  s ig n if ic a n t ,  F < .05



63

the various averaged waveforms for s t a t i s t i c a l  analyses and th a t each 

averaged waveform represented the mean of 16 successive sing le  EEG 

samples.

The mean values presented In  each ta b le  are the average 

d ifferences between the positive  and negative phase triggered  averages 

obtained from a l l  pa irs  o f observations w ith in  and between t r i a l s .

Since the values of the negative triggered  signa ls  were always sub tracted  

from those of the p o sitiv e  triggered  s ig n a ls , the signs of the d ifference 

observations in  each ta b le  should be a lte rn a te ly  positive  and negative 

as the positive  triggered  signal takes on values which are g rea ter or 

le ss  than those of the  negative triggered  counterpart. This fixed 

subtraction  ru le was used in  order to  d e tec t phase s h if ts  of su ff ic ie n t 

magnitude to  produce a change in  sign between the ±EEG and ±EP d ifference  

scores. Phase sh if ts  producing p o la rity  reversa ls can be seen in  the  

data of Tables 7 and 8 fo r the Cz sample po in ts E and F and 03 point E 

of Subject J .G ., and in  Table 7, point E of Subject B.E. For each o f 

these p o la rity  reversa ls stimulus m odifications of the background EEG 

were present and of su ff ic ie n t s ta b i l i ty  to  appear in  the combined data  

obtained from a l l  t r i a l s .  The nature of these  phase s h i f ts  w il l  be 

discussed in  greater d e ta il  la te r .

The mean d ifferences reported in  Tables 5 through 8 were 

generally quite  s ig n if ic a n t, p a rticu la rly  fo r  the f i r s t  few sample p o in ts . 

Within Subject sign ificance levels based on t - t e s t s  fo r co rre la ted  data  

were much less  than .05 with few exceptions. These data c learly  

demonstrate the e ffic iency  of the EEG phase trig g erin g  system and the 

persistence o f the non-random c h a ra c te r is tic s  of the background alpha



TABLE 7

MEAN AMPLITUDE DIFFERENCES IN MICROVOLTS
BETWEEN THE +EP AND -EP AVERAGES

RECORDED FROM CZ

Sample Points

iubject Saaq)le
Size

A B C D E F
Mean ±S.E. Mean ±S.E. Mean +S.E. Mean +S.E. Mean +S.E. Mean ±S.E.

C.G. 6N-32 28.92+1.62 -22.95+2.18 11.12+0.99 -  6.37±1.63 3.43±1.45* -  1.7111.26*

S.G. 6N-32 35.52±1.12 -34.57±1.07 32.26±2.51 -23.57+0.80 17.23±1.21 -12.4211.73

J . J . 17N-16 26.15±0.69 -20.76±0.79 12.04±0.95 -  6.81±1.35 5.8210.93 -  6.11±0.94

F.G. 21N-16 18.91±0.68 -17.78+0.89 12.57±0.85 -  9.2010.79 9.3910.76 -  8.2810.91

B.G. 16N-16 7.74±0.69 -  7.43+0.65 3.13±0.95 -  3.2110.88 3.3610.65 -  3.8410.77

B.E. 19N-16 24.15±1.13 -20.06+1.27 15.19+0.69 -  9.36+1.34 2.05+1.21* 0.3211.11*

J.G. 16N-16 7.28±0.S3 -11.71±0.96 10.60±1.21 -11.1611.23 -  2.2111.20** 0.3410.97*

O.H. 20N-16 26.34±0.73 -26.35±0.99 20.23±0.83 -19.75±0.84 14.47±1.55 -  8.2811.02

* S ta t i s t ic a l ly  n o n -s ig n ific an t, P > .05
® P o la rity  rev e rsa ls  re la tiv e  to  non-stim ulus EEG d iffe rences



TABLE 8

MEAN AMPLITUDE DIFFERENCES IN MICROVOLTS
BETWEEN THE +EP AND -EP AVERAGES

RECORDED FROM C3

Sample Point

Subject Sample
Size

A B C D E F
Mean ±S.E. Mean ±S.E. Mean ±S.E. Mean ±S.E. Mean ±S.E. Mean -S .E .

C.G. 6N-32 23.81±1.40 -19.89±1.81 9.56+1.28 -  5.16+1.A5 3.78±1.3A -2.6810.75

S.G. 6N-32 26.3A±1.A5 -25.29±1.2A 22.A3+2.A6 -13.05+3.9A 13.37+1.AA -7.9A10.A6

J . J . 17N-16 17.9A±0.65 -13.60±0.78 6.69±0.92 -  3.18±1.10 2.5A±1.02 -3.3310.81

F.G. 21N-16 13.36±0.6A -13.18±0.7A 9.85±0.68 -  7.32±0.58 7.0110.63 -6.8110.82

B.G. 16N-16 A.53±0.AA -  A.62+0.50 1.62±0.29 -  0.69±0.80* 2.29±0.AA -2.3110.56

B.E. 19N-16 27.92+0.96 -23.78±1.10 15.8A+0.91 -lO.AO+1.52 2.A0±0.87 -0.1810.91*

J.G . 16N-16 17.60+0.82 -19.93±0.97 12.80±1.06 -  7.83+0.88 -  0.0610.81** -0.8610.67*

O.H. 20N-16 28.23±0.66 -26.18±0.96 17.88±0.66 -12.65±0.86 9.6711.16 -A .2810.83

o\
U1

* S ta t i s t ic a l ly  n o n -s ig n ific an t, P > .05
P o la rity  rev e rsa ls  re la tiv e  to  non-stimulus EEG d ifferences
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a c tiv ity  under stimulus conditions. However, the magnitudes of the ±EF 

differences re la tiv e  to  the corresponding ±EEG differences a lso  suggested 

substan tia l stim ulus m odifications of the  background alpha rhythm. Most 

frequently there  were re la tiv e  reductions in  the  d ifferences between 

the ±EP averages fo r  the la te  sample po in ts . Occasionally the ±EP 

differences were g rea ter than those of the ±EEG averages ea rly  in  the 

EP sample period.

The o vera ll amplitudes of the  Cz ±EEG averages were greater 

than the corresponding C3 ançlitude fo r the f i r s t  five  Subjects (C.G. 

through E.G.) while the C3 ançlitudes were generally g rea te r fo r the 

remaining Subjects (B.E. through O.K.). I t  may be rec a lled  th a t fo r the 

f i r s t  five Subjects the Cz recording s i t e  a lso  provided EEG data to  the  

pattern  recognition system while C3 EEG was used to tr ig g e r  EEG samples 

for the la s t  th ree Subjects. The amplitude differences between the 

averages obtained from trig g e r and non-trigger recording s i t e s  are largely  

explained by the  s t a t i s t i c a l  properties o f the simultaneously recorded 

signals from each source. Some of the  mechanisms governing the amplitude 

ch a rac te ris tic s  of the phase triggered  EEG averages both w ith in  and 

between recording s i te s  are summarized in  more d e ta il  i n  Chapter IV.

+EEG vs. ±EP Differences

The significance of changes in  the  difference scores obtained 

from the ±EP stimulus samples re la tiv e  to  the non-stimulus +EEG 

averages was evaluated by a procedure s im ila r to  that employed for 

determining the significance of w ithin sig n a l differences. For each 

sample point the  ±EEG difference was subtracted from the ±EP difference 

th is  procedure being repeated fo r the  several pairs o f +EEG and ±EF
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averages w ith in  and between 30-minute t r i a l s .  Using th is  procedure, a 

reduction In ±EP difference re la tive  to  ±EEG d ifferences was Indicated 

by a negative score while a re la tiv e  Increase produced a p ositive  score. 

The re su ltin g  d is tr ib u tio n  of difference scores was te s te d  against the  

hypothesis th a t there were no modifications In the  phase differences 

obtained from the ±EEG and ±EP averages, I . e . ,  th a t the magnitude of the 

phase-rela ted  differences observed In  the EEG data was uninfluenced by 

the presence of EP processes. The re su ltin g  mean d ifferences (of 

d iffe ren ces), t-values (tw o-tailed t - t e s t  fo r co rre la ted  d a ta ), and 

sign ificance levels are presented In Tables 9 and 10 fo r da ta  recorded 

from Cz and 03 respectively .

The e a r l ie s t  s ig n ifican t m odifications were observed a t sample 

point A and appeared as a re la tiv e  Increase In  the  ±EP d ifference  data 

obtained from the 03 lead of Subjects B.E. (latency , 28.5 ms) and O.H. 

(latency, 28.5 ms). A sim ilar Increase In  the ±EP amplitude difference 

approached significance (P < .10) In the 03 data of Subject S.G. (31ms) 

and In the Oz data recorded from B.E. (28ms.). However, the  most common 

fea tu res o f these data were the s ig n if ic a n t reductions In  the  ±EF 

difference scores la te  In the EP sample period . Although the  re la tiv e  

decreases In ±EP amplitude sometimes fa ile d  to  reach required 

sign ificance  levels such changes were evident w ithin the f i r s t  200 

m illiseconds In the Oz and 03 data of nearly  a l l  of the Subjects. 

Decrements In the ±EP amplitude d ifference scores became s t a t i s t i c a l ly  

s ig n if ic a n t a t  81 milliseconds (sample poin t B) In  the  03 data  of Subject 

J.G . and a t  90 milliseconds (sanq>le point Oz, Point B) fo r  Subject F.6. 

However, there  was a re la tiv e  decrease In the  d ifference scores between



TABLE 9

MICROVOLT CHANGES (C) IN THE MEAN ±EP DIFFERENCES 
RELATIVE TO THE ±EEG DIFFERENCES 

RECORDED FROM Cz

Sample Points

Subject Sample A B C D E F
Size c t c t c t c t c t c t

C.G. 6N«32 -1.40 -0.82 -3.95 -1.84 -9.10 -5.52 -8.49 -3.66 -8.59 -4.90 -  4.85 -3.00

S.G. 6N-32 1.61 0.97 0.99 0.95 3.82 1.79 -5.05 -5.35 -5.99 -6.11 -10.10 -5.09

J . J . 17N=16 -0.22 -0.28 -1.38 -1.43 -3 .01 -3 .21 -4.14 -3.10 -1.37 -1.56 0.62 1.04

F.G. 21N=16 -0.69 -1.10 -0.70 -5.56 -2.29 -1.90* -3.74 -4.26 -0.39 -0.38 -  0.95 -0.67

E.G. 16N-16 0.70 1.23 0.52 0.51 -0.23 -0.20 -0.91 -0.98 -0.59 -0.76 0.27 0.37

B.E. 19N=16 1.86 1.82* 0.17 0.10 1.87 1.52 0.95 0.70 -4.17 -2.79 -  3.70 -3.27

J.G . 16N=16 -2.50 -1.74 -1 .02 -1.04 -0 .31 -0.23 0.15 0.49 -9.98 -6.96 -  9.73 -8.49

O.H. 20N=16 1.26 1.50 -1.04 -0.82 0.40 0.31 3.61 3.07 2.81 1.67 1.67 1.21

ON
00

Underlined e n tr ie s  are s ig n if ic a n t ;  two t a i l e d  t - t e s t  for
co rre la ted  data, P < .05.  Note a , P = .10



TABLE 10

MICROVOLT CHANGES (C) IN THE MEAN ±EP DIFFERENCES 
RELATIVE TO THE ±EEG DIFFERENCES 

RECORDED FROM C3

Sample Points

Subject Sample A B C D E F
Size c t c t c t c t c t c t

C.G. 6N-32 -0.27 -0.17 -0.81 -1.26 -9.47 -4.59 — 8.60 -  3.44 -  7.09 -  5.38 -  3.85 -  2.22*

S.G. 6N=32 2.69 2.04* 1.17 1.15 3.92 1.61 — 6.04 -  3.37 -  0.93 -  0.99 -  7.88 -  4.01

J . J . 17N-16 0.80 1.11 -1.39 -1.61 -2.08 -2.29 -  3.11 -  2.69 -  2.17 -  1.06 1.41 0.76

F.G. 21N=16 -0.45 -0.65 -0.75 -0.75 -0.40 -0.42 -  1.52 -  1.80* 0.71 0.82 0.34 0.31

E.G. 16N-16 0.00 0.00 0.37 0.54 -0.34 -0.69 -  1.11 -  1.23 -  0.78 -  1.23 0.52 3.94

B.E. 19N=16 1.59 2.34 0.45 0.35 1.39 1.06 1.38 0.88 -  4.26 -  2.77 -  3.73 -  4.98

J . G. 16N-16 -0.75 -0.70 -4.17 -4.13 -5.60 -4.66 -11.55 -10.66 -15.21 -13.06 -16.09 -15.42

O.H. 20N-16 1.87 2.60 -  .04 -0.05 -0.57 -0.50 1.71 1.69 0.23 0.17 -  1.18 -  1.08

O'
VO

Underlined e n tr ie s  are s ig n if ic a n t ;  two t a i le d  t - t e s t  fo r
co rre la ted  data , P < .05.  Note a , P = .10
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sample points A and B for the Cz and C3 data of seven of the eight 

Subjects. These data suggest tha t the  decrement in  the ±EP differences 

between sample points A and B is  occurring more rapidly for the ±EP 

averages than fo r the non-stimulus EEG averages. The data also 

suggest th a t the onset of processes which produce the re la tiv e  greater 

a ttenuation  in  the phase re la ted  d ifferences of the ±EP averages 

probably occurs somewhere between (or p r io r  to) sample points A and 

B, i . e . ,  somewhere between 35 and 83 m illiseconds based on the group 

mean sample point la ten c ies . S ign ifican t modifications may have occurred 

p rio r to the  f i r s t  sample point but the sample point se lection  procedures 

did not provide su ff ic ie n t reso lu tion  fo r a precise estim ate of the 

point of onset of these processes.

Because the overall amplitudes of the averaged signals d iffered  

among Subjects and between recording s i te s  w ithin any p a rticu la r Subject, 

the re la tiv e  changes in ±EP averages of Tables 9 and 10 were also 

expressed as percent change scores re la tiv e  to the corresponding ±EEG 

values. These data are presented in  Figure 8. The percentage 

conversions provide a convenient means of v isualiz ing  the re la tiv e  

changes as a function of the sample po in t and recording s i t e  of each 

Subject.

In Figure 8 the graphs of Subjects B.E. and J.G . ind icate  

re la tiv e  reductions in  background alpha below minus 100 percent. These 

points correspond to reversa ls in  the re la tionsh ips between the positive  

and negative phase tr ig g e r samples of the  ±EP averages re la tiv e  to  those 

between the corresponding ±EEG waveforms. For example, a t point E the 

alpha averages have completed two complete cycles so th a t the in i t ia l ly
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Figure 8. Percent change in ±EP d ifference  scores re la tive  
to ±EEG difference scores as a function of sample point location. 
Percent change data were computed by expressing the  re la tiv e  change 
between the ±EP and ±EEG difference as a percentage deviation from 
the ±EEG d ifference scores. Relative increases in  the  amplitude 
differences between the ±EP averages are Indicated by points above 
the abscissa . Points below the  abscissa in d ica te  re la tiv e  decreases 
in the ±EP d ifference scores. Percent change da ta  were obtained 
separately  fo r each Subject, sample po in t, and recording s ite . For 
each Subject the so lid  lin e  graphs represent the Cz data and the 
broken lin e s  C3 data . The arrows located a t various points along 
the graphs id en tify  the points at which the  discrepancies between 
the ±EEG and ±EP difference scores were s ig n if ic a n t. The time axis 
of each graph begins a t the point of sample in i t ia t io n .  The fu ll  
duration of the i l lu s tr a te d  time scales is  300 m illiseconds. 
Successive sample points are id en tified  above the abscissa of each 
graph (opposite the +25% point along the o rd in a te ) . Although 
individual d ifferences are g rea t, the tendency toward a re la tive  
reduction in  the ±EP difference scores produced a s ig n ifican t 
(P < .05 Wilcoxon signed-ranks te s t)  between Subjects e ffec t at 
sample point E fo r both the Cz and C3 averages.
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Figure 8. Percent change in  ±EP differences re la tiv e  to ±EEG 
d ifferences as a  function of sample point location .
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positive  alpha rhythm waveform is  again positive  in  value while th a t of 

the in i t i a l ly  negative average again becomes negative in  value. By 

using the sub traction  procedure In  which the value of the  in i t i a l ly  

negative (-EEG) average i s  subtracted from the value of the i n i t i a l l y  

p o sitiv e  (+EEG) s ig n a l, the  resu lting  d ifference score a t point E w ill 

be a positive  number.

Phase s h if ts  between the ±EE6 and ±EF averages would a lso  a ffe c t 

the percent change amplitude scores. Suppose th a t the  peaks of the 

background alpha a c tiv ity  of the ±EP averages a t point E were sh if te d  

more than 90 but le ss  than 270 degrees re la tiv e  to the corresponding 

peaks o f the non-stimulus EEG averages. Under these conditions i t  would 

be found th a t the re la tiv e  location of the i n i t i a l ly  positive  and nega­

tiv e  waveforms has been reversed i . e . ,  the  EP waveform would be above 

ra th e r than below the EP waveform. By using the subtraction ru le  in  

which the value of the  negative phase triggered  signal i s  always sub­

trac te d  from th a t of the  positive triggered  signal i t  would be found tha t 

the d ifference between the ±EP averages would now be a negative number at 

point E while the d ifference between the ±EEG averages would be a p o s itiv e  

number. During the computation o f the  percent decrement scores of Figure 

8, such discrepancies in  sign between the  ±EEG and ±EP difference measure­

ments yielded a numerator o f greater absolute value than the denominator 

since the d ifference scores were in  e f fe c t  added in  the sub traction  

process. In these instances the ind ica ted  percent change was below 

minus 100.

The re su lts  presented in Figure 8 show th a t the adopted scoring 

technique was sen s itiv e  to  polarity  rev e rsa ls  between difference scores
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due to phase s h if ts  and th a t such reversals occurred with su ffic ien t 

regu larity  to permit th e ir  de tection  In the grand means of the averaged 

waveforms o f ce rta in  Subjects. This sampling procedure Is  however 

misleading since phase sh if ts  would not necessarily  Indicate the  presence 

of reductions In the overall amplitude of the  background alpha a c tiv ity .

The presence or absence of s tab le  phase s h if ts  between the ±EEG 

and ±EP averages was fu rther examined by removing the  EP waveform from 

the ±EP signa ls and comparing the  residual EEG a c tiv ity  d irec tly  with 

the +EEG averages obtained under the  non-stimulus conditions (Figure 9 

and 10). This was accomplished by sub tracting  the e n tire  negative 

triggered waveform from the positive ly  triggered  counterpart. The +EEG 

and -EEG a c tiv ity  which was nearly 180 degrees out of phase was In e ffec t 

added during th is  subtraction  process and the evoked p o ten tia l waveforms 

which were presumably In phase under each tr ig g e r  condition were cancelled. 

The waveforms which were obtained from the ±EEG and ±EP averages through 

th is  procedure are e sse n tia lly  a continuous represen tation  of the 

d iscrete  sample point data presented e a r l ie r .  I f  there  were no In te r­

actions between the EP and EEG processes the re su ltin g  difference 

waveforms should be nearly Id en tica l. I t  must be pointed out tha t any 

discrepancies between the difference waveforms could be a ttrib u ted  to 

EEG and/or EP m odifications. In sp ite  of th is  ambiguity the procedure 

proved usefu l In comparing the d ifferences between the  ±EEG and ±EP 

averages.

The d ifference waveforms which are I l lu s tr a te d  In  Figures 9 

and 10 were derived from the ±EEG and ±EF averages which were previously 

I l lu s tra te d  In Figures 6 and 7. The location of the  successive positive
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Figure 9. Difference waveforms derived by subtraction of the phase 
triggered averages obtained from Subject C.G. The pairs of waveforms pre­
sented to the left and right represent Cz and C3 data respectively. The solid 
line curves were derived by subtracting the entire -EEG averages from the 
corresponding +EEG averages. The dotted waveforms were obtained by sub­
tracting the -EP averages from the +EP averages (presumably cancelling the 
in-phase EP activity). Relative reductions in the amplitudes of the +EP dif­
ference waveforms are  accompanied by phase shifts late in the sample period.
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averages obtained from Subject C.G.
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Figure 10. D ifference waveforms derived by sub traction  of 
the phase triggered  averages obtained from Subject S.G. The derivation 
of the various d ifference  waveforms was explained in  Figure 9. The 
data obtained from S.G. reveals a re la tiv e  increase in  th e  amplitudes 
of the ±EP d ifference waveforms early  in  the sample period. Where 
p resen t, re la tiv e  reductions in the amplitude d ifferences between the 
±EP averages are less  pronounced than those of Subject C.G. The phase 
s h if ts  which were evident in  Figure 9 are less  pronounced or absent 
in  the S.G. data.
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and negative peaks of the so lid  curves (derived from the ± EEG averages) 

correspond approximately to the  sample poin ts which were defined in 

Table 4. S im ilarly the  percent change in  the  amplitude of the dotted 

(t EP difference curve) trac ing  re la tiv e  to the amplitude of the ± EEG 

difference waveform should approximate the  values presented in  Tables 9 

and 10. There may be discrepancies between estim ates derived from these 

difference curves and the tabulated data since th e  averages from which 

Figures 9 and 10 were derived represent only p a rt  of the to ta l  data for 

each Subject.

Phase s h if ts  (or perhaps changes in  the  frequency of the back­

ground alpha a c tiv ity )  are evident in  Figure 9 as discrepancies between 

the peak la tenc ies  of the ±EEG and ±EP d ifference  curves. For example 

a t sample points H and I of the  Cz and C3 d ifference  curve, the points 

of maximum difference between the ±EP averages occurred 13-26 m illi­

seconds e a r l ie r  than those of the ±EE6 averages. These phase discrep­

ancies are indicated  by the arrows above and below the  difference curve.

In Figure 9, a  recovery in  the amplitudes of the  ±EP d ifference curves 

re la tiv e  to those of the  ±EEG averages i s  a lso  evident toward the end of 

the 312 m illisecond sample period. At sample po in t 6, fo r example, the 

amplitude of the Cz ±EP d ifference curve is  very nearly  zero, or at le a s t ,  

considerably reduced re la tiv e  to  the amplitude o f the  ±EEG difference 

waveforms. In con trast the amplitude of the  ±EP difference curve a t 

sample points H and I i s  almost equal to  the amplitude of the ±EEG curve, 

althouÿi there  i s  a phase s h i f t  between two waveforms. Very l i t t l e  

amplitude a ttenuation  o r phase difference i s  apparent in  the  Cz and C3 

difference curves of S.G. in  Figure 10. The re la tiv e  enhancement in  the
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amplitude of the ±EP d ifference curve Is co n sis ten t with the  S.G. data 

presented In Tables 9 and 10 and in  Figure 8.

An examination o f the d ifference curve da ta  obtained from each 

of the Subjects revealed th a t phase s h if ts  may occur e a r l ie r  than 100 

milliseconds following stim ulation but th a t such s h i f t s  became most 

evident during the 100 to  300 milliseconds in te rv a l corresponding to  the 

period of maximum alpha blocking. The availab le  da ta  also suggested th a t 

some s ta b iliz a tio n  of th e  ±EF, +EEG phase d iffe ren ce  developed as a 

gradual recovery in  amplitude of the ±EF d iffe ren ce  waveforms occurred 

although the recovering background alpha a c t iv i ty  appeared to  remain 

s lig h tly  out of phase with respect to th a t of the  non-stimulus EEG 

averages. By the end of a 512 ms sampling period th e  peaks of the ±EP 

difference curves occurred e a r l ie r  than those of the  +EEG waveforms in  

five out of eight Subjects. Within Subjects, phase s h i f t s  in  the Cz 

data were accompanied by sim ilar (in  d irec tion ) phase s h if ts  between the 

C3 waveforms. The d irec tio n  of phase s h i f t s  seemed to  be s ta b le  w ithin 

Subjects although there was no consistent p a tte rn  between Subjects. 

However, generally inadequate data and the use of re la tiv e ly  short sample 

periods prohibited a d e ta iled  s t a t i s t i c a l  analysis  o f the phase-amplitude 

recovery of alpha a c tiv ity  following the  period of maximum alpha blocking. 

I t  should also  be pointed out th a t amplitude changes o r  phase sh if ts  

between the ±EP and ±EEG difference waveforms might be due to  changes in  

the background alpha a c tiv ity  affecting  both tr ig g e r  conditions o r to 

d if fe re n tia l  changes between the background a c t iv i t ie s  associated with 

each of the tr ig g e r conditions.
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Systematic ±EEG and ±EP V ariation

C orrelative Data 

Three Pearson co rre la tio n  analyses were performed upon the  ±EEG 

and ±EP data. Each of the th ree  analyses was carried  out separately  fo r 

each Subject, recording s i t e  and sample p o in t. The data fo r the f i r s t  

analysis consisted of the peak to base l in e  amplitudes of successive 

pairs of +EEG and -EEG averages. Each p a ir  of averages (and each p a ir  of 

observations) was obtained during the same time period of a given t r i a l .  

There were generally four to  five pairs of ±EEG averages obtained during 

each of four data co llec tion  t r i a l s .  For example, the +EEG and -EEG 

amplitudes measured a t point A In Figure 5 represent the f i r s t  p a ir  of 

C3 observations fo r th is  sample point from t r i a l  1. There were th ree  

additional pa irs  of point A, ±EEG observations fo r the C3 recording s i t e  

obtained from data collected during the remainder of the f i r s t  t r i a l .  

These data , combined with sim ila r pairs of C3 ±EEG amplitude measures 

obtained during the la s t  th ree t r i a l s ,  provided the numerical data for 

one of the +EEG corre lation  analyses. This w ithin  and between t r i a l  

sampling procedure was then repeated for successively la te r  sample points 

within the C3 +EEG averages and separately fo r the Cz +EEG averages of 

the same Subject. By th is  procedure, ±EEG amplitude data were obtained 

from a l l  Subjects. A second co rre la tion  analysis was then performed upon 

the +EP and -EP averages under sanq>llng conditions Id en tica l to  those of 

the f i r s t  analyses. F ina lly , a th ird  co rre la tion  analysis was carried  

out by comparing the pairs ±EEG and ±EP peak-to-peak difference scores 

derived from successive time blocks w ithin and between the data co llec tion
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t r i a l s .  The paired data  used fo r each of the co rre la tio n  analyses were 

therefore the same as those enq>loyed fo r the  d ifference analyses.

The re su lts  of the c o rre la tio n  analyses performed upon the ±EEG 

data are summarized in  Table 11. These data suggest th a t there was 

l i t t l e  i f  any lin e a r  re la tio n sh ip  between changes in  the positive  and 

negative triggered  ±EE6 averages from the beginning of the f i r s t  to  the 

end of the la s t  recorded t r i a l .  This could mean th a t there was l i t t l e  

systematic variance in  the o v era ll amplitudes of the  ±EEG averages or 

that the re la tionsh ip s which were present were more complex in  form. 

There i s  also the p o s s ib il i ty  th a t the  low variance, i . e . ,  re s tr ic te d  

range in  the EEG averages contributed to  the  low co rre la tion  values.

The negative signs frequently associated  with the ±EEG coeffic ien ts 

probably imply th a t those EEG amplitude changes which were present 

produced opposite e ffe c ts  on the  p o sitiv e  and negative peaks of the 

alpha averages a t the  selected  sample po in ts . For example, an overall 

increase in  the amplitude of the  EEG average was probably due to an 

increase in  the  p o sitiv e  component and a corresponding decrease 

(increased negativ ity ) in  the amplitude of the negative peak. In 

con trast to the ±EEG co rre la tio n  c o e ffic ien ts , those derived from ±EP 

averages (Table 12) were often moderately high and nearly  always positive  

beyond the f i r s t  sample po in t. The observation th a t the ±EP corre la tion  

coeffic ien ts a tta ined  th e ir  maximum values during la te  sample points 

i s  consistent with the suggestion (Chapter II)  th a t the underlying 

systematic variance may be re la ted  to changes in  the amplitude of the 

EP. The data presented in  Table 13 show th a t there  was a moderate 

lin e a r  re la tionsh ip  between the changes in  the d ifference  scores
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TABLE 11

CORRELATIONS BETWEEN THE PEAK TO BASELINE AMPLITUDES 
OF THE +EEG AND -EEG AVERAGES 

RECORDED FROM 
. CZ AND C3

Subject,
(Sample

Size)

EEG
Source

Sample Points
! A B C D E F

C.G. Cz .214 -.420 -.295 -.405 -.180 -.456
(6N-32) C3 -.037 .481 -.300 -.031 -.106 -.098

S.G. Cz .150 -.350 .331 -.360 -.010 -.724
(6N-32) C3 -.632 .481 .356 -.031 — .600 -.158

J .J . Cz — «068 -.404 .060 -.000 -.489 -.584
(17N»16) C3 -.340 .124 -.495 -.186 -.506 -.491

F.G. Cz -.043 -.131 -.044 -.120 -.111 -.120
(21N-16) C3 -.045 -.020 .043 .401 -.093 -.142

B.G. Cz .492 -.081 .114 .267 -.302 .103
(16N=16) C3 .488 .024 .225 -.173 -.160 .288

B.E. Cz -.624 -.010 -.254 -.271 -.057 -.000
(19N-16) C3 -.130 .000 -.180 -.173 -.094 .043

J.G. Cz -.228 .375 .234 .248 -.117 -.328
(16N-16) C3 .347 -.056 .414 -.167 .257 -.292

O.H. Cz .467 -.398 .017 -.180 .040 -.045
(20N-16) C3 .208 .037 .000 -.064 .020 -.138

Underlined e n tr ie s  are s t a t i s t i c a l l y  s ig n if ic a n t , P < .05
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TABLE 12

CORRELATIONS BETWEEN THE PEAK TO BASELINE AMPLITUDES 
OF THE +EP AND -EP AVERAGES 

RECORDED FROM 
CZ AND C3

Subject,
(Sample EEG Sample Points
Size) Source A B C D E F

C.G. Cz .034 .062 .878 .901 .922 .486
(6N-32) C3 -.088 .251 .673 .805 .790 .850

S.G. Cz -.406 .493 .676 .740 .801 .872
(6N»32) C3 .203 .127 — .038 -.317 .621 .968

J .J . Cz -  .066 .448 .267 .413 .381 .161
(17N=16) C3 -  .060 .433 .041 .381 .219 .223

F.G. Cz -.022 .520 .590 .242 .245 .501
(21N-16) C3 .202 .617 .607 -.130 .566 .422

B.G. Cz -.050 .494 .453 .608 .830 .505
16N-16) C3 -.046 .733 .883 .654 .820 .712

B.E. Cz -.148 .121 .501 .676 .017 .401
(19N-16) C3 .028 — «088 .081 .534 -.358 .539

J.G. Cz -.487 .010 .647 .590 .616 .458
(16N-16) C3 -.363 .114 .222 .630 .671 .488

O.H. Cz -.222 .460 .362 .698 .328 .649
(20N-16) C3 .150 .083 .211 .604 .123 .632

Underlined e n tr ie s  are s t a t i s t i c a l ly  s ig n if ic a n t , P < .05
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TABLE 13

CORRELATIONS BETWEEN THE ±EEG AND ±EP DIFFERENCE 
SCORES DERIVED FROM THE 

CZ AND C3 AVERAGES

Subject,
(Sample EEG Sample Points
Size) Source A B C D E F

C.G. Cz +.187 +.453 -.338 +.470 +.207 +.692
(6N-32) C3 +.185 +.568 -.426 +.238 +.596 +.476

S.G. Cz +.354 +.613 -.521 -.421 — .626 +.330
(6N»32) C3 +.458 +.579 -.304 +.879 -.718 -.038

J . J . Cz +.475 +.362 +.404 +.309 +.559 +.810
(17N=16) C3 +.600 +.221 +.511 +.318 +.555 +.565

F.G. Cz +.679 +.417 +.101 +.504 -.120 +.146
(21N-16) C3 +.469 +.497 +.141 +.328 +.170 -.061

B.G. Cz +.244 +.211 -.063 +.265 +.338 +.520
(16N-16) C3 -.186 +. 214 -.040 +.058 +.022 +. 253

B.E. Cz +.692 -.033 +.034 +.380 +. 366 +.415
(19N-16) C3 +.724 +.166 +.174 +. 319 +.403 +.710

J.G. Cz +.429 -.354 +.111 -.202 -.116 +.299
(16N-16) C3 +.499 +.149 +.154 -.083 -.041 +.317

O.H. Cz +.180 +.337 +.155 -.056 -.282 -.079
(20N-16) C3 +.470 +. 230 +.163 -.231 -.224 +.223

Underlined e n tr ie s  are s t a t i s t i c a l ly  s ig n if ic a n t , P < .05
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obtained from the stimulus and non-stimulus averages, in  p a r tic u la r  fo r 

the f i r s t  sample po in t. The frequent positive  co rre la tions suggest th a t 

there are changes in  the ch a rac te ris tic s  of the ongoing EEG which are 

common to  the averaged +EEG and ±EF data.

Within vs. Between T ria l Variation

Further analyses were performed on the ±EEG and ±EP averages 

a t sample point E in  order to  more c losely  examine the system atic 

changes underlying the s ig n ifican t co rre la tions of Tables 11, 12 and 13. 

This sample point was selected  since i t  had already been estab lished  th a t 

s ig n if ic an t alpha blocking was present during th is  period and because 

inspection  of the ±EP averages revealed the presence of systematic 

changes in  EP amplitudes as w ell. For purposes of the present analyses 

Subjects C.G. and S.G. were excluded due to  in su ffic ien t data. In 

add ition , sançle point F of Subject O.H. was substitu ted  fo r point E in  

order to  produce a narrower range of sample point la tenc ies between 

Subjects. The re su ltin g  sample in te rv a l fo r the e n tire  group o f 

Subjects was approximately 30 milliseconds in  width with a latency 

range of approximately 220 to 250 m illiseconds. Both w ithin and between 

t r i a l  analyses of variance were performed upon the  combined data  of a l l  

Subjects. Unless otherwise specified , a conservative te s t  (Winer, 1962) 

was used in  determining the c r i t ic a l  values for the F ra t io s .

Within t r i a l  changes in  the difference scores derived from the 

±EEG and ±EP averages are i l lu s t r a te d  in  Figure 11. These graphical 

data suggest that the peak to  peak amplitude of the alpha averages 

measured a t point E tended to  decrease with successive sanq>les w ithin  

the t r i a l s  and th a t the general time course of th is  EEG anq>litude change
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Figure 11. Within t r i a l  changes in  the  ±EEG and ±EF 
difference scores. The derivation  of data points i s  explained in  the 
te x t. Note th a t there  are overa ll reductions in  th e  amplitude 
differences between the ±EEG averages and between the  ±EP averages. 
These data suggest th a t there were w ith in - tr ia l  changes in  EEG 
c h a rac te ris tic s  which had a common a ffe c t upon the  ±EF and the ±EEG 
averages,
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was sim ilar fo r the Cz and C3 recording s i t e s .  The corresponding 

asçlitude d ifferences between th e  ±EP averages were le ss  than those 

obtained from the non-stimulus ±EE6 averages due to the presence of 

alpha blocking during stimulus t r i a l s .  The amplitude d ifferences 

between the ±EP averages also  became less during the course of the t r i a l s ,  

but a t a slower ra te . The ne t e ffe c t was a s l i ^ t  convergence between 

the ±EEG and ±EP difference scores which suggests th a t alpha blocking 

was less  pronounced a t the end o f the t r i a l .  These changes in  alpha 

blocking are more e as ily  v isualized  by expressing the d ifferences between 

the ±EP signals as a percentage of the  corresponding ±EEG d ifferences.

The resu ltin g  percent data are  i l lu s t r a te d  in  Figure 12 where the  lessen­

ing e ffec t of alpha blocking is  evident. Note in  addition th a t alpha 

blocking was much more pronounced in  samples obtained from the C3 

recording s i t e ,  thus supporting the proposition th a t d if f e re n t ia l  

blocking may occur between recording s i te s .  In th is  instance the extent of 

background EEG m odification may be g rea ter near the presumed source of 

the EP, i . e . ,  the sensory receiving area which fo r Median Nerve 

stim ulation is  d ire c tly  beneath the 03 recording position .

Analyses of variance performed upon the  data presented in  Figure 

11 and 12 indicated  tha t the Cz and 03, ±EEG amplitude d ifference  data 

were not s ig n ific an tly  d if fe re n t. The overall decrease in  the  amplitude 

difference between the ±EEG averages (from both recording s i te s )  

approached sign ificance (F ■ 2.69, P < .25, usual t e s t ,  P < .10) suggesting 

the presence of gross changes in  the ongoing EEG w ithin the  data collec­

tion  t r i a l s .  There was a s ig n if ic a n t d ifference between the  Oz and 03,

±EP difference scores (03 < Cz; F -  22.5, P < .01). Since no sign ifican t
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Figure 12. Within t r i a l  changes In  the  re la tio n sh ip  between 
the ±EP and ±EEG difference scores. A comparison of the Cz and C3 
graphs suggests th a t the extent of stimulus m odification of the back­
ground EEG Is  g reater fo r averages recorded from 03. The w lth ln - tr la l  
Increase In the percentage scores suggests th a t the  discrepancy 
between the ±EP and +EEG difference scores Is reduced fo r samples 
taken la te  In the data co llec tion  t r i a l s .
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differences were found between the  Cz and C3 +EEG difference scores, 

the  re la tiv e ly  sm aller C3 ±EP differences probably represent more 

extensive m odification of the  background alpha rhythm near the  somato­

sensory receiving area (C3). The overa ll d ifference  between the  combined 

Cz and C3 ±EEG vs. ±EP data was not s ig n if ic an t (F = 2.16, P < .25) but 

the  presence of an in te rac tio n  between successive samples and the 

ex ten t of the d ifferences between the ±EEG and ±EP difference data was 

suggested (F » 2.77, P < .10). This in te rac tio n  appears in  Figure 11 

as a convergence between the Cz and C3 EEC and EP d ifference  curves, 

and in  Figure 12, as an upward trend in the Cz and C3 percent change 

graphs. However, there was no convincing evidence fo r  d if fe re n tia l  

ra te s  of recovery in  the amplitude of the background EEG between the 

Cz and C3 recording s i te s .

Systematic changes in  the ±EEG and ±EP averages also  occurred 

from the beginning of one t r i a l  to the next as i l lu s t r a te d  in  Figure 13. 

The between t r i a l s  increase in  the  amplitudes of the  non-stimulus alpha 

rhythm averages p a ra lle led  a sim ila r amplitude increase observed in  the 

paper recordings of the EEG. Such changes in  alpha abundance seemed to  be 

re la tiv e ly  common as the Subjects became accustomed to  the experimental 

routine. The graphical data of Figure 13 a lso  suggest a close p a ra lle l  

between changes in  the ±EEG and ±EP difference scores obtained from Cz.

By contrast, the extent of alpha blocking in  the ±EP samples recorded 

from C3 remained nearly constant from the beginning of one t r i a l  to  the 

next, even though the overall amplitude of the non-stimulus C3 alpha 

rhythm averages increased. The between t r i a l  ±EP d ifferences expressed 

as a percent of the corresponding ±EEG differences are  presented in
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Figure 13. Between t r i a l  changes in  the  ±EEG and ±EP 
difference scores. Each data point represen ts the group mean of the 
amplitude differences between the f i r s t  s e t  of averages obtained during 
each t r i a l .  A betw een-tria l increase in  the amplitude d ifference 
between the ±EEG averages i s  evident.
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Figure 14. Again the o v e ra ll d ifferences between the Cz and 03 

difference scores are ev iden t. Note, however, th a t the  20 percent 

decrement in  the 03 curve re f le c ts  the  divergence between the ±EEG and 

EP difference data presented in  Figure 13 ra th e r than an actual decrease 

in  the EP difference score alone.

The analyses of variance performed upon the data  presented in  

Figure 13 showed tha t there  was no s ig n ifican t d ifference between the Cz 

and 03 ±EEG curves a lth o u ^  there was a tendency fo r a EEG tr ig g e r s i te  

by recording s i te  in te rac tio n  (F ■ 4.65, P < .10), The la t te r  might 

have been anticipated  on the basis o f e a r l ie r  re su lts  which showed that 

the an^litudes of the ±EEG averages were ty p ica lly  la rg e r for data 

recorded from the source of the tr ig g e r  EEG independent of recording s i te .  

There was a s ig n ifican t d ifference between the Oz and 03 ±EP difference 

data (F » 23.7, P < .01) as well as a possible t r i a l s  by recording 

s i te  in te rac tio n  (F » 3.55, F < .25, usual t e s t ,  P < .05). The main 

e ffec t of signal type, i . e . ,  ±EEG vs. ±EP over t r i a l s  and recording 

s i t e ,  approached sign ificance  (F <■ 5.27, P < .10) but the main e ffec ts  

of t r i a l s  (F = 2,14, P < .25) and recording s i t e  (F = 2 .3 , P < .25) 

were not s ig n ific an t.

Each of the above w ithin  and between t r i a l  analyses was 

concerned with changes in  the  anq>lltude of the EEG. The within and 

between t r i a l  changes in  th e  amplitude of the  EP were a lso  examined.

For th is  purpose the amplitude of the  EP component of the  ±EP averages 

(the same averages used fo r the w ithin and between t r i a l  difference 

analyses) was estimated by taking th e  algebraic mean of the appropriate 

+EP and -EP averages a t po in t E. As e a r l ie r  re su lts  have shown, there
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Figure 14. Between t r i a l  changes in  the re la tionsh ip  
between the ±EP and ±EEG difference scores. The re la tionsh ip  
between the Cz +EP and ±EEG difference scores remains more or le ss  
constant even though there may be overa ll be tw een-trial changes in  
EEG c h arac te ris tic s . The general downward trend in  the  C3 graph 
re flec ts  the apparent in te rac tio n  between the +EEG and ±EP graphs 
presented in  Figure 13.
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is  lik e ly  to  be an e rro r  associated with th is  method of ex trac ting  the 

EP from non-random EEG background a c tiv ity  due to waveform asymmetries 

or to  d if f e r e n t ia l  phase sh if ts  between the  two alpha components ( i . e . ,  

even though symmetrical, the background alpha components may no longer be 

180* out of phase due to  the alpha blocking). N evertheless, i t  was f e l t  

th a t changes in  the means of the ±EP averages were probably fa ith fu l 

representations of amplitude changes in  the  EP waveforms. There were 

two reasons fo r believ ing  the EP amplitude estim ates were re lia b le .

F ir s t ,  the amplitude differences between the  ±EP averages a ttr ib u ta b le  

to the phase tr ig g e rin g  were ty p ica lly  small a t th is  sample point due to 

the presence of alpha blocking. Under these circumstances i t  seemed 

reasonable to  suppose th a t the magnitude of the  e rro r re su ltin g  from 

cancella tion  of the background EEG was a lso  small. A second considera­

tio n  was th a t the  changes in  the amplitude of the estim ated EP component 

were qu ite  large  re la tiv e  to the amplitude differences between the ±£P 

averages.

Within and between t r i a l  changes in  EP amplitude expressed as 

a percent of the i n i t i a l  value are i l lu s t r a te d  in  Figures 15 and 16.

The w ithin and between t r i a l  amplitude decrements were q u ite  extensive 

for both Cz and C3 recording s i t e s .  The e ffe c ts  of these system atic EP 

amplitude changes upon the ±EP waveforms probably accounts fo r  the 

s ig n ifican t co rre la tio n s  presented in  Table 12. Separate analyses of 

variance were performed on the w ithin and between t r i a l  EP amplitude 

data and upon the percent change data presented in  Figures 15 and 16.

The analysis of variance upon the w ithin t r i a l  EP amplitude data 

revealed th a t the amplitude of the  Cz EP was s ig n if ic an tly  (F = 26.2,
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Figure 15. Within t r i a l  changes in  evoked po ten tial 
amplitude. Estimates of the amplitudes of the Cz and 03 evoked 
po ten tia ls  were derived a t sanq>le point E by averaging together the 
+EP and -EP averages obtained from the same time period. Five 
successive EP amplitude estim ates were thus obtained from each t r i a l .  
This procedure was repeated for each t r i a l ,  recording s ite  and 
Subject. The re su ltin g  EP amplitude data were then combined across 
t r i a l s  and Subjects y ield ing  five successive group mean anqplitude 
estim ates fo r the Cz and C3 evoked p o ten tia ls . F inally  each of 
these mean amplitudes were expressed as percentages of the group 
mean EP amplitude obtained from the f i r s t  time period. These i n i t i a l  
EP amplitude estim ates were 26.35 pV fo r Cz and 12.56 pV fo r  C3.
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Figure 16. Between-trial changes in  evoked po ten tia l 
amplitude. EP amplitudes were estim ated a t sample point E by 
deriving to mean of the f i r s t  pa irs  of EP averages obtained from 
each t r i a l .  A separate estim ate was obtained fo r each t r i a l ,  
recording s i t e ,  and Subject. Data obtained from each t r i a l  and 
recording s i te  were then averaged across Subjects. The group mean 
amplitudes fo r t r i a l s  two, th ree  and four were then expressed as 
percentages of the f i r s t  t r i a l  EP amplitudes. The group mean 
amplitudes fo r t r i a l  one were 36.33 yV fo r  Cz and 19.50 yV for C3.
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P < .01) g rea ter than th a t of the C3 EP during the se lec ted  220-250 

millisecond sample period. There was also a s ig n if ic a n t (F -  14.5,

P < .05, usual t e s t ,  P < .01) reduction in  EP amplitude common to  both 

recording s i t e s .  A second analysis of variance performed upon the 

data presented in  Figure 15 re-confirmed the reduction in  EP amplitude 

(F *» 20.3, P < .01) and in  addition suggested the presence of a record­

ing s i t e  by samples in te ra c tio n  (F » 2.74, P < .25 , usual t e s t ,  P < .10), 

as w ell as an overa ll d ifference  between the Cz and 03 percent change 

data (F » 4.53, P < .10). The l a t t e r  re s u lts  imply th a t there i s  not 

only a proportionately  g rea te r reduction in  EP amplitude a t  03, but 

that th is  amplitude reduction may be occurring a t a g rea te r ra te  within 

the specified  sample in te rv a l. A s ig n if ic an t EP amplitude difference 

between Oz and 03 was a lso  found in  the between t r i a l  data (Oz > 03;

F = 56.4, P < .01). There was a lso  a possib le between t r i a l  reduction 

in EP amplitude common to both recording s i te s  (F = 4.58, P < .10, usual 

te s t ,  P < .05) but no s ig n if ic a n t in te rac tio n  between recording s i te  

and t r i a l s  (F = 2.39, P < .25).

The e ffe c ts  of decreasing EP amplitude and increasing background 

EEG amplitude may be generalized to the s itu a tio n  in  which EPs are 

e l ic i te d  at random with respect to background EEG (in  p a rtic u la r  where 

alpha a c tiv ity  is  abundant). I t  is  p a rticu la rly  important to  emphasize 

that the re la tiv e  changes between the overa ll amplitude of the EP and the 

background EEG may work together to adversely a ffe c t the signa l to  noise 

properties of the averaged EP. Consequently, unless the nature of these 

EP, EEG in te rac tio n s can be specified , the  random variance associated with 

the averaged EP cannot be conclusively assigned to  e ith e r  EP or background
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EEG processes. The nature of these in te rac tio n s w il l  be discussed in 

g rea ter d e ta il  in  Chapter IV.



CHAPTER IV

DISCUSSION

The re su lts  of th is  experiment and the l i te r a tu r e  which w ill  be 

discussed are most relevant to  studies in  which human scalp  recorded 

sensory evoked p o ten tia ls  are  to be extracted from EEG background 

a c tiv ity  containing a s ig n if ic an t amount of alpha a c tiv ity . However, 

th is  is  not an uncommon s itu a tio n  in  th a t a great number of evoked 

po ten tia l studies are carried  out under conditions which are designed to 

relax  the Subject, remove him from extraneous stim ulation , and so fo rth . 

Therefore, Subjects may frequently find themselves in e le c tr ic a lly  

shielded, sound proof, dimly l i t  rooms under conditions which are most 

conducive to the production of alpha a c tiv ity . Although stimulus 

modifications of predominantly non-alpha EEG may also be important to 

evoked p o ten tia l averaging, there has been no attempt to  generalize beyond 

the possible e ffe c ts  which are a ttr ib u ta b le  to the  presence of alpha 

a c tiv ity .

In order of occurrence, the somatosensory stimulus modifications 

of the background C3 and Cz EEG consisted of the following: an apparent

enhancement of phase re la te d  alpha differences fo r some Subjects; a 

re la tiv e  a ttenuation  in  the background alpha a c tiv ity  w ith preservation 

of synchrony; continued EEG attenuation accompanied by phase s h if ts  which

105
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were of an Inconsistent nature across Subjects; and f in a lly , recovery of 

the amplitude d ifferences between the ±EP averages re la tiv e  to  the 

differences between the  ±EEG averages. Some of these m odifications were 

not observed in  a l l  Subjects, and there was considerable v a r ia b ili ty  in  

magnitudes of the e ffe c ts  between Subjects. There seems l i t t l e  doubt, 

however, th a t stimulus modifications of the  background EEG may occur as 

early  as 30 m illiseconds following stim ulation (perhaps even coincident 

with the e a r l ie s t  EP components) and become well developed 200 m ill i­

seconds in to  the EP sample period. The re su lts  of the  present investiga­

tion  suggested th a t these effects were in  general g rea ter and more 

persisten t when recorded from C3. Further, the magnitudes of the stimulus 

modifications of the background alpha rhythm were observed to  vary 

system atically w ithin and between data collection  t r i a l s .  In addition to 

the EEG, EP in te rac tions the amplitude ch a rac te ris tic s  of the EP were 

also observed to  vary system atically .

The appearance of s timulus m odifications of the background EEG 

and in  the amplitude of the EP during the EP sample period ra ise s  ce rta in  

questions concerning the use of the averaging technique as a means of 

obtaining EP data. For exanple, to  what extent are EP, EEG in te rac tio n s  

like ly  to a ffec t the basic  sampling requirements and to what ex tent should 

such in te rac tions govern the in te rp re ta tio n  of EP variance estim ates? Of 

what significance are the  d if fe re n tia l  EEG, EP in te rac tions between 

recording s ite s?  And f in a lly , how do EEG, EP in te rac tio n s influence the 

EP variance reduction schemes outlined in  Chapter 1?

Background EEG Modifications and EP Variance

The f i r s t  problem to be considered is  th a t of determining the
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appropriate sample size  to  permit the re l ia b le  ex trac tion  of the EP 

from the ongoing EEG. In Chapter I I t  was suggested th a t the pre-stim ulus.

I . e . ,  non-stimulus, EEG could be sanq>led In  order to obtain EEG 

amplitude d is tr ib u tio n  parameters. These parameters In turn could be 

used to  estim ate the sançle s ize  required In  order to  reduce the 

confidence lim its  fo r the residual EEG below the anticipated  amplitude 

of the sm allest EP components. The presence of amplitude reductions In 

the background EEG during the EP sample period would re s u lt  In  an 

Increase In the signal (EP) to  noise (EEG) ra t io  p a rticu la rly  during 

the time In which the la te  EP components were observed since th is  Is  

also the period of maximum alpha blocking. Therefore sample size  

estim ates based on non-stimulus EEG amplitude ch a rac te ris tic s  are lik e ly  

to be conservative. I . e . ,  the actual background EEG variance during the 

EP sample period may be overestimated by th is  procedure. The p o ss ib il i ty  

of a marked reduction In the amplitude of ce rta in  EP components and a 

re la tiv e  Increase In the amplitude of the  background EEG a c tiv ity  should 

also be considered when determining appropriate sample s iz e s . S im ila rly , 

d iffe ren t signal to noise ra tio s  between recording s i te s  should be con­

sidered.

The e ffec ts  of EEG, EP In terac tions upon the In te rp re ta tio n  of 

the t r i a l  to t r i a l  random variance of EP samples must also be considered. 

Even though random EP variance per se  might appear to  be a ttra c tiv e  as a 

physiological parameter. I t  must be rea lized  th a t the variance of the 

scalp recorded EP cannot be Independently observed due to  the presence 

of the background EEG a c t iv i ty . If  the EP and EEG processes were 

Independent I t  might be possible to formulate an additive model In  which
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the EEG variance could be estim ated from non-stimulus EEG samples and 

then subtracted from the variance of the EP plus EEG samples in  order to 

obtain an estim ate of the EP variance. However, since EEG variance 

c h a rac te ris tic s  may change considerably during the EP sample period , the 

problem of formulating appropriate analyses of variance models might prove 

extremely tedious. For p ra c tic a l purposes i t  must be concluded th a t  EP 

variance cannot be observed as a separate e n tity . This i s  not to  say tha t 

variance data obtained during the averaging process is  not u se fu l, but 

ra th er th a t these variance measurements cannot be c learly  a ttr ib u te d  to 

EP or EEG processes alone.

Two methods of reducing the EP averaging requirements by 

con tro lling  p roperties of the  background EEG were introduced in  Chapter I . 

Walter and Gardiner (1970) proposed th a t the EP averaging requirement 

could be reduced by subtracting  the predicted background EEG function from 

the EP sample during each t r i a l .  Since the EEG a c tiv ity  i s  subtracted 

(within the accuracy of prediction) from each sample the averaging requ ire­

ment would be su b s tan tia lly  reduced. Ideally  the EP could be observed 

without averaging i f  the background EEG could be predicted exactly  and then 

subtracted on each t r i a l .  A problem a rises  when the  predicted  background 

EEG functions are based on data obtained from non-stimulus EEG epochs.

Where the background EEG is  modified during the  EP sample period the 

subtracted (predicted) EEG function w ill  be in  e rro r . However, where 

EPs are e l ic i te d  a t random with respect to  the ongoing EEG, the e rro rs  

due to the discrepancies between predicted and obtained background EEG 

functions might be cancelled during averaging. The re la tiv e  effic iency  

of th is  procedure therefore  depends on the extent of the stimulus
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m odification of the EEG. Where there i s  l i t t l e  EP, EEG In terac tio n , a 

su b stan tia l reduction in  the nunber of samples per averaged EP might be 

obtained. Where stimulus modifications of the background EEG are 

extensive the  e rro r resu ltin g  from sub traction  of the predicted  EEG might 

actually  be g rea ter than the obtained background EEG. Under these 

conditions the use o f the EEG subtraction  procedure could adversely 

a ffec t the averaging requirement during those portions o f the  EP sample 

period corresponding to  the points of maximum EEG m odification.

Another method of reducing EEG variance fo r th e  purpose of EP 

averaging Is  to e l i c i t  EPs against a background o f se lec ted  non-random 

EEG a c t iv i ty . This technique was u t i l iz e d  in  the present investiga tion . 

Specifica lly  somatosensory stim uli were triggered  according to  p re­

determined conditions of the alpha rhythm. I t  was suggested th a t the 

averaged EP could then be obtained by sub tracting  the non-random EEG 

average obtained under non-stimulus conditions, from th e  averaged non- 

random EEG plus EP samples. This procedure is  subject to  the same 

lim ita tions as the autoregressive pred ic tion  method. S p ec ifica lly , data 

which were presented in  the present Investiga tion  showed th a t any such 

subtraction of non-stimulus from stimulus EEG samples Is  lik e ly  to Include 

a residual e rro r . This e rro r re f le c ts  the  difference between the predicted 

vs. obtained background EEG a c tiv ity  a ttr ib u ta b le  to stim ulus m odifications 

of the EEG during th e  EP sample period.

The observed d if fe re n tia l  alpha blocking between the  Cz and 03 

recording s i te s  i s  o f some importance in  the use o f the above variance 

reduction schemes. Since there was le s s  alpha rhythm blocking a t  Cz, the 

discrepancy between th e  predicted and observed background EEG a c tiv ity
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would also be le s s .  Thus, Cz might be selected in  preference to C3 

(under conditions of the present experiment) I f  I t  were desirab le  to  

obtain a re lia b le  averaged EP with minimum averaging. There a re , no 

doubt, combinations of experimental conditions under which there  is  

re la tiv e ly  grea ter independence between the background EEG and stimulus 

conditions than were observed in  the present study. To the extent th a t 

such independence e x is ts , the use of the above methods for con tro lling  

background EEG ch a rac te ris tic s  might prove to be an extremely e f f ic ie n t  

means of reducing the EP averaging requirement,.

Tukey (1968) proposed th a t the EP could be derived by adding 

together averaged samples consisting  of EPs obtained against backgrounds 

of EEG which were 180 degrees out o f phase. In p rin c ip le  th is  procedure 

should cancel the out of phase EEG a c tiv ity  while suramating the  in  

phase EPs. Data obtained in  the present investigation  revealed the 

presence of waveform asymmetries which would p roh ib it complete 

cancellation of background EEG a c tiv ity . There is  also a p o ss ib il i ty  that 

d if fe re n tia l  alpha blocking (discussed below) could also prevent complete 

cancellation  under ce rta in  sampling conditions. In sp ite  of these d i f f i ­

cu lties  i t  was f e l t  th a t Tukey's proposed method provided a convenient 

means of estim ating the EP component of the combined EP plus EEG averages 

for purposes of the present study.

In sp ite  of the d if f ic u l t ie s  encountered in  in te rp re ta tin g  

certa in  c h a ra c te ris tic s  of evoked po ten tia ls  e lic i te d  against 

backgrounds o f non-random EEG, i t  is  concluded th a t th is  type of 

averaged s igna l could prove to be a useful asse t to  future EP 

investiga tions. There seem to be several d is tin c t advantages to using
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th is  type of s ig n a l. For example, information concerning systematic 

changes in  the ongoing EEG i s  to some extent preserved in  the averaged 

EP plus EEG waveform. Possible in te rac tions between the EEG and EP, 

which are unique to  the EP sanq>le period, may be studied in  the averaged 

waveform. Because EEG and EP c h a rac te ris tic s  may vary independently, 

the combined signal may be p a rticu la rly  responsive to  c e rta in  treatm ent 

v a riab les . The t r i a l  to  t r i a l  v a r ia b ili ty  of the  EP plus non-random EEG 

samples may be much lower than EP samples obtained against backgrounds 

of random EEG. This decreased variance in  tu rn  reduces the number of 

samples required fo r averaging and consequently increases the p ra c tic a l 

u t i l i ty  o f averaged signa l. There a re , of course, disadvantages to the 

use of th is  type of averaged EP plus EEG sig n a l. The sampling method 

which was used in  the present investigation  resu lted  in  the se lec tio n  of 

a very lim ited  range of EEG "s ta te s" . These EEG s ta te s  might have 

influenced EP ch a rac te ris tic s  and to  some extent may have determined the 

nature of the observed EP, EEG in te rac tio n s .

Alpha Blocking and A fter-A ctivity  

The stimulus m odifications of the background alpha rhythm which 

were found to occur during the f i r s t  100 m illiseconds of the evoked 

po ten tia l sançle period are probably le a s t  bothersome to the 

in te rp re ta tio n  of the  averaged EP. Even th o u ^  overa ll changes in  the 

amplitude of the background EEG may occur, these are typ ica lly  small and 

apparently do not disturb EEG phase and frequency ch a rac te ris tic s .

Under conditions in which the EP is  e l ic i te d  a t  random with respect to  

EEG the preservation  of the random phase and frequency ch arac te ris tic s
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of the ongoing EEG i s  one of the conditions necessary fo r a cancella tion  

of the background EEG during the averaging process. In general, the 

problem of obtaining averaged EP components during the f i r s t  100 

m illiseconds of the EP sampling period becomes one of estim ating 

appropriate s igna l-to -no ise  ra t io s . There are data suggesting that 

stimulus e ffe c ts  upon the background EEG may become more troublesome to 

the in te rp re ta tio n  of la te r  portions of the averaged EP waveform.

Magnus and Ponsen (1965) found tha t rhythmic a c tiv ity  or 

"ringing" developed 200-250 m illiseconds following v isua l stim ulation 

and that th is  a c tiv ity  was only s lig h tly  affected  by the phase of alpha 

during sample in i t ia t io n .  Peacock (1970) proposed th a t pre-stim ulus 

alpha a c tiv ity  blocks following v isua l stim ulation  and is  then followed 

by a period of alpha regeneration which may be time locked to stimulus. 

This stimulus synchronized alpha a c tiv ity  may appear la te  in  the 

averaged waveform as a b r ie f  burst of alpha a c t iv i ty .  Barlow and E strin  

(1971) have shown th a t photically  induced a f te r -a c tiv ity  i s  not simply 

a return of the alpha rhythm which was blocked by the stim ulus, but th a t 

the induced alpha ac tiv ity  is  c h a ra c te r is tic a lly  more synchronous than 

that of the phase triggered  non-stimulus alpha samples. These 

investigato rs also found l i t t l e  phase correspondence between alpha 

rhythm averages obtained under stimulus and non-stimulus conditions 

although the frequencies of the two types of averages were the same 

On the other hand, Goldstein (1970) found no phase s h if ts  between p re- 

and post-block alpha rhythm when stim u li were delivered against random 

phases of pre-stim ulus alpha a c tiv ity  and concluded th a t alpha rhythm 

pacemaker inform ation is  preserved during the period of alpha blocking.
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Remond and Lesevre (1967) presented data which suggested tha t 

the ex tent of photic alpha blocking and the  c h a rac te ris tic s  of EEG 

a c tiv ity  during recovery of alpha a c t iv i ty  were both a function of the 

phase of the alpha rhythm during stim ulus delivery . Stim uli which were 

perceived coincident with maximum n eg a tiv ity  ( i . e .  triggered  on previous 

maximum p o sitiv ity ) of the alpha wave produced alpha blocking and 

in h ib itio n  of the la te  rhythmic a f te r  discharge while s tim u li perceived 

during p ositive  alpha peaks (triggered  on negative peaks) produced 

minimal or no blocking. Stimuli which were delivered  a t zero crosses 

of the p o sitiv e  and negative going components of alpha waves produced 

phase s h if ts  100 milliseconds following stim ulation . An accelera tion  of 

the after-d ischarge was observed in  response to  stim u li delivered during 

the p ositive  going phase of the alpha wave. Remond and Lesevre also 

found th a t the averaged a f te r -a c tiv i ty  was of s im ila r frequency but of 

greater amplitude when compared to the  averaged non-stimulus alpha 

rhythm. This re la tiv e  Increase in  the  amplitude o f the averaged a f te r ­

discharge is  consistent with an increase in  EEG synchrony re la tiv e  to 

the point of sample in i t ia t io n . H orstfeh r's  (1967) data a lso  suggested 

the apparent absence of alpha blocking in  response to  photic stim uli 

delivered during the negative phase (stimulus information processed 

during p o sitiv e  phase) of a summated EEG signa l derived from a nine 

electrode a rray . Stimuli delivered during the p o sitiv e  phase of the 

alpha rhythm produced w ell-defined blocking.

Many of the factors which are known to  influence a f te r -a c tiv ity  

in the v isu a l system have been summarized by Peacock (1970) and Barlow 

and E strin  (1971). After-discharge or ring ing  occurs only when alpha is
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present, i t  i s  enhanced on eye closure and by rep e titiv e  photic 

stim ulation, but i t  i s  not s ig n ifican tly  a lte red  by long flash  durations. 

Ringing disappears with arousal or a tten tio n , with n a tu ra l o r barb ituate- 

induced sleep, when the eyes are opened, and in  conjunction w ith certa in  

types of cerebral d isease. In addition , Walter (1964) showed that a f te r ­

a c tiv ity  was influenced by a ttitu d e s  of Subjects. I t  i s  possib le  that 

many of these fac to rs influence the p roperties of the after-d ischarge 

occurring in response to non-visual stim uli as w ell.

Beyond 100 milliseconds in to  the EP sample period, there  is  a 

p o ss ib ility  tha t the waveform of the averaged evoked p o te n tia l could be 

influenced by EEG a c tiv ity . F ir s t ,  suppose Remond and Lesevre (1967) 

were correct in  th e ir  proposal th a t alpha blocking may occur fo r stim uli 

delivered during maximum p o s itiv ity  but not in  response to  stim u li 

delivered during the maximally negative phase of the alpha rhythm.

Then, there is  a lso  the p o ss ib ility  th a t background alpha a c tiv ity  

associated with negative phase stim ulation  could be incompletely 

cancelled in  the averaged EP since the comparable alpha a c tiv ity  for 

stim uli occurring during the negative alpha phase may f a i l  to  occur due 

to the blocking of the background alpha rhythm. Further, because the 

extent of blocking may i t s e l f  be a function of experimental variab les, 

the resu lting  e rro r  may become system atic with respect to treatment 

conditions. I t  remains to be determined to  what extent d if fe re n tia l  

alpha blocking could influence averaged EPs obtained in  response to 

stim uli presented a t random with respect to alpha a c tiv ity . The a fte r­

discharge, or ringing, which may occur following the alpha block may 

also appear with the averaged EP waveform. This EEG event may coincide
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In time with c e rta in  la te  EP components which have been observed to  vary 

in response to  a great v a rie ty  of experimental treatm ents. The 

properties of the  after-d ischarge may also  vary with treatment 

conditions. There could, therefo re , be some d if f ic u lty  in  determining 

whether systematic changes in  the la te  components of the averaged EP 

waveform were due to  EP processes or to  changes in  whatever EEG processes 

were responsible fo r the a fter-d ischarge. Through the use o f appropriate 

experimental con tro ls, the confounding e ffe c ts  of after-d ischarge might 

be reduced or elim inated.

Non-stimulus Alpha Rhythm Averages

Certain properties of the alpha rhythm averages obtained in  the 

present investiga tion  should also be discussed. The amplitude character­

i s t ic s  of alpha EEG averages obtained in  the absence of stim ulation are 

known to be a ffected  by a number of v a riab le s . One of the more conspicuous 

features of the averaged alpha rhythm is  the progressive diminution in  

amplitude over the  sample period. Remond, e t  a l .  (1969), proposed tha t 

th is  reduction in  amplitude was prim arily  due to  the random phase and 

frequency c h a rac te ris tic s  of the tra in s  of alpha a c tiv ity  which were 

averaged. Joseph, e t  a l .  (1969), fu rth er elaborated th is  hypothesis and 

proposed a mathematical model from which an equation describing the 

damping of the alpha average could be derived. The l a t t e r  i s  based upon 

the frequency in s ta b i l i ty  of the alpha rhythm and assumes th a t the 

d is trib u tio n  of alpha frequencies is  approximately normally d istribu ted  

about the mean alpha frequency.

The Joseph, e t a l . , explanation of the  damping e ffe c t appearing 

in the averaged alpha a c tiv ity  is  f a i r ly  straightforw ard. Since the
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phase triggering  conditions require th a t  samples be In itia ted  under 

constant phase conditions, the I n i t i a l  h a lf  waves of alpha ac tiv ity  w ill 

have ch a rac te ris tic a lly  low phase-frequency variance over this period. 

This variance Is  Ideally  zero at the point a t which the  sançle was 

In it ia te d . However, In moving fu rth e r Into the sample period, the 

spontaneous phase and frequency v a ria tio n  of the Individual alpha 

averages begins to develop. The net e ffe c t Is  th a t ,  a t successively 

la te r  sample poin ts, there Is a corresponding Increase In the variance 

of the Individual samples. This variance reaches some maximum value 

as the amplitude properties of the Indiv idual alpha waves become random 

with respect to one another. Through the process of averaging, the 

In i t ia l ly  coherent sample points w ill  combine to produce the g rea tes t 

amplitude of the average, while tru ly  random portions of the waveform 

should average to zero. This behavior of the  alpha rhythm averages Is  

sim ila r to the damping of the au tocorrela tion  functions which are used 

to evaluate coherence w ithin EEC epochs. The re la tionsh ip  between 

EEC averaging and autocorrelation  and c ro ss-co rre la tio n  procedures has 

been discussed by Remond, e t  a l .  (1969), Joseph, e t  a l .  (1969, Barlow 

and E strln  (1971), and o thers.

Random phase and frequency c h a ra c te r is tic s  of the alpha rhythm 

have also been used to explain the o v e ra ll d ifferences between the 

amplitudes of averaged alpha a c tiv ity  recorded from more than one scalp 

location  where only one s i te  provided the EEC data used In  In itia tin g  

the samples. In th is  s itu a tio n . I t  I s  obvious th a t phase and frequency 

conditions appropriate to In i t ia t in g  the sample a t the trigger s i t e  may 

be Inappropriate with respect to a c tiv i ty  recorded from adjacent s i t e s .
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There may therefo re  be add itional random v aria tio n  due to uncertain ty  

with respect to the conditions of the EEC at the non-trigger source.

The extent of the amplitude attenuation  between the  tr ig g e r  and 

non-trigger EEC averages re f le c ts  in  p a rt the coherence between these  

s i te s  in  much the same way as the  more rigorously derived cross­

corre la tion  function. The re su lts  of the present study showed th a t 

there were indeed order re la tionsh ips between the amplitude of the  alpha 

rhythm averages obtained from the Cz and C3 recording s i te s  and th a t 

these order re la tio n sh ip s were as p redicted  by the above random EEC 

variance model.

Data obtained from au tocorrela tion  stud ies of the alpha rhythm 

may be used to  estim ate the approximate maximum duration of 

d istingu ishable  alpha a c tiv ity  in  averaged alpha rhythm sanq>les.

Goldstein (1970) c ited  data which indicated  th a t the  alpha rhythm may 

remain non-random with respect to i n i t i a l  sanqpling conditions fo r as long 

as 1.6 seconds, although he concluded th a t one second of alpha coherence 

is  a more r e a l i s t i c  l im it.  I t  i s  not apparent from such au tocorrela tion  

data how many signals must be averaged to  c learly  demonstrate the 

presence of coherent alpha for data points located la te  in  the sample 

period. The re su lts  of the present investigation  indicated  th a t averages 

of as few as six teen  sauries were su ff ic ie n t to  produce re lia b le  alpha 

rhythm averages of several hundred m illisecond duration. This was found 

even when EEC was recorded from cen tra l placements of Subjects with only 

moderate amounts o f alpha a c tiv ity .

There is  also a p o ss ib ility  th a t the amplitude behavior of the  

individual bursts of alpha a c tiv ity  could contribute to  the damped
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appearance of the averaged alpha rhythm. However, Remond, e t  a l .  (1969), 

argued that th is  probably was no t the case under the conditions of th e ir  

experiments since the amplitude tr ig g e r  c rite r io n  was only one-tenth the 

amplitude of most alpha bursts . Consequently, the p robability  of 

samples being consisten tly  in it ia te d  a t the  beginning of alpha bu rsts  

was quite  low. On the contrary, th e ir  method of sampling randomized the 

amplitude c h a rac te ris tic s  of th e  alpha bu rsts  with respect to  the  f in a l 

averaged signal (Joseph, e t  a l . ,  1969). A problem a r is e s , however, 

where alpha bursts are of a duration conçarable to the sample lengths 

and where such bu rsts  are separated by predominantly non-alpha EEC.

Under these circumstances, the e a r l ie s t  a sample may be in i t ia te d  with 

respect to alpha rhythm bursts is determined by the onset of the alpha 

ac tiv ity  and the time required to f u l f i l l  sampling c r i te r ia .  For 

p rac tica l purposes, such samples m a y  be considered to occur a t the 

beginning of the b u rs t. Samples could a lso  be in it ia te d  at any time 

during the b u rs t depending on when the  alpha a c tiv ity  occurred with 

respect to programmed inter-sam ple in te rv a ls . Under these conditions, 

the sampling of the bu rsts  of alpha rhythm might not be e n tire ly  random 

with respect to  alpha amplitude events. A sample in i t ia te d  a t the  end 

of the bu rst might be followed by low amplitude non-alpha a c tiv ity , whilp 

samples in i t ia te d  early  in  the alpha b u rs t would of necessity  include the 

subsequent alpha a c t iv i ty . But there i s  no equivalent sample which begins 

before the bu rst of alpha rhythm, and ends in  alpha a c tiv ity . I f  the 

alpha rhythm bursts are short th e  averaged sample of alpha a c tiv ity  might 

re f le c t the actual amplitude damping of the  t r a i l in g  portion  of the  alpha 

bu rsts . The length of the EEC saiqple with respect to  the average
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duration of the alpha rhythm bursts  may therefo re  be an important variab le  

determining the re la tiv e  contribution of alpha a c tiv ity  modulation 

e ffec ts  to the re su ltin g  averaged waveform.

The average time between the recurrence of bu rsts  of alpha 

with respect to  the sampling ra te  may also influence the  averaged alpha 

rhythm waveform. I f  alpha events occur infrequently , the  triggering  

system is  lik e ly  to  be enabled during periods of non-alpha a c tiv ity  and 

therefore consisten tly  in i t i a t e  sançles a t th e  beginning of the 

subsequent epochs of alpha a c t iv i ty .  Such a s itu a tio n  would provide 

another example of possib le  non-random sampling with respect to  the  

amplitude modulation c h a rac te ris tic s  of bu rsts  of alpha rhythm. The 

re su lts  of th is  investiga tion  suggested th a t se lec tive  sampling of the 

alpha rhythm may have occurred. I t  Is not proposed th a t the EEC 

sampling procedure can re lia b ly  account for the  damped appearance of the 

alpha averages, but i t  i s  concluded that the influence o f sample 

c r i t e r i a  and the general c h a rac te ris tic s  of the  alpha with respect to 

overall EEC c h a rac te ris tic s  should be seriously  considered when 

in te rp re tin g  parameters derived from alpha rhythm averages.

Certain re la tionsh ip s w ithin and between the alpha rhythm 

samples recorded from the Cz and C3 s ite s  were of su ff ic ie n t s ta b i l i ty  

to be preserved in  the averaged data . The s l ig h t  but sometimes 

s ig n ific an t phase s h if ts  between the Cz and C3 alpha averages which were 

found in  the investiga tion  are consistent w ith sim ilar findings in  other 

s tu d ies . The frequency differences between Cz and C3 are  not as eas ily  

explained, although i t  i s  known the  frequency composition of the gross EEC 

may vary fo r a c tiv ity  simultaneously recorded from d iffe ren t scalp
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lo ca tions. The finding th a t  there  were s ig n ifican t asymmetries in  the 

positive  and negative going components of the averaged alpha rhythm was 

unexpected since these EEC averages were i l lu s tr a te d  as nearly 

symmetrical waveforms in  the  availab le  l i te ra tu re .  The observed 

asymmetries may have been the  re s u lt  of the sp ec ific  tr ig g e r  conditions 

detecting and averaging alpha rhythm ch arac te ris tic s  which are peculiar 

to the p a rtic u la r  Subjects. There i s  also the  in te re s tin g  p o ss ib ility  

that these and other alpha am plltude-polarity asymmetries are frequently 

present but lo s t  in  the  process of averaging an excessive number of 

alpha samples in an attempt to  obtain  "representative" averages. The 

problems associated with averaging large numbers of evoked po ten tia l 

samples in  order to  obtain su itab le  signal-to -no ise  ra t io s  have already 

been discussed in  Chapter I .  I t  seems reasonable to assume tha t the 

same lim ita tio n s  could apply to the averaging of non-random EEC samples. 

Most investiga to rs averaged in  excess of one hundred alpha samples while 

data in  the present in vestiga tion  were derived from averages of sixteen 

or at most th irty -tw o sa u rie s . The sm aller sang)le  s izes  o f the present 

study proved qu ite  s a tis fa c to ry , although the low variance may re f le c t 

the re la tiv e  e ffic iency  of the sampling conditions.

I t  i s  well known th a t s ta te  changes such as drowsiness have 

e ffec t on both EEC synchronization and EP amplitude c h a ra c te r is tic s .

With respect to  the averaged alpha rhythm, Peacock (1970) found th a t 

successive averages of 150 samples of o cc ip ita l alpha, sang>led a t  the 

ra te  of 1/2 se c ., "waxed and waned" in  amplitude due to  short-term  

system atic changes In alpha frequency c h a rac te ris tic s . In the present 

study EEC changes were frequently observed (in  the ink  w rite-out of the
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EEC) to occur within and between data co llec tio n  t r i a l s .  In sp ite  of 

th is , the overall ch arac te ris tics  of the averaged alpha rhythm changed 

very l i t t l e .  I t  may have been that the adopted EEC sampling c rite r ia  

were such th a t only re la tiv e ly  homogeneous EEC samples were selected 

from EEC epochs. Although the d e fin itio n  of EEC sampling c r i te r ia  was 

l ib e ra l with respect to alpha frequency band lim its  (7.5 -  13.5 Hz), the 

programmed amplitude threshold and sequential p roperties requirements 

may have been too rigorous. This may have been p a rtic u la rly  true  of the 

EEC amplitude c rite r io n  which was found to  be su ff ic ie n tly  re lia b le  to 

obtain alpha rhythm averages in  the absence of any fu rth e r EEC sampling 

c r i te r ia .  The programmed c r i te r ia  were apparently biased toward the 

detection of large amplitude events such as sustained bu rsts  of alpha 

a c tiv ity . These sampling conditions minimized the p robab ility  of 

acquiring alpha samples during those s ta te s  in  which low amplitude EE6 

ch arac te ris tics  were predominate.



CHAPTER V

SUMMARY

The purpose of th is  study was to  investiga te  the rela tionsh ip  

between the somatosensory evoked p o ten tia l (EP) and coincident non- 

random background alpha a c tiv ity . An e lec tron ic  EEC p a tte rn  recognition 

system was developed which permitted the acqu isition  of alpha rhythm 

samples which were 180 degrees out of phase with respect to  one another. 

This system was then used to  obtain  Cz and C3 alpha rhythm samples of 

each phase under non-stimulus and stimulus (shock to  the Median Nerve) 

conditions. These EEC and EEC plus EP sanq)les were then so rted  and 

averaged into consecutive blocks of 16 samples w ithin each of four data 

co llec tio n  t r i a l s .  Through th is  procedure four to  five  averages of each 

signal type were obtained during each t r i a l  from the Cz and C3 recording 

s i te s  of each Subject. By comparing the phase re la ted  differences 

between alpha rhythm averages obtained under non-stimulus and stimulus 

conditions, i t  was possib le to evaluate ce rta in  assumptions underlying 

the process of evoked p o ten tia l averaging.

The EP averaging model asse rts  th a t under id ea l conditions the 

presence of stimulus e l ic i te d  processes does not su b s ta n tia lly  a l te r  the 

background EEC ch a rac te ris tic s  during the evoked p o ten tia l sample period. 

I f  evoked po ten tia ls  were e l ic i te d  a t random with respect to  EEC 

processes, and i f  the resu lting  sançles were then averaged, the random
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EEC a c tiv ity  should tend to cancel out leaving the res idua l non-random 

EP waveform. Given the condition of EEC, EP independence, i t  i s  possible 

to e s tab lish  confidence lim its fo r the amplitude variance of the residual 

EEC a c tiv ity  following the averaging process. S im ilarly , i f  the amplitude 

d is tr ib u tio n  parameters of the ongoing EEC were known, i t  should be 

possib le to specify the sample size required in  order to  detect any 

p a rtic u la r  EP component of specified amplitude.

If there were no in te rac tion  between EEC and EP processes, then 

the phase d ifferences (due to  non-random sampling) between alpha rhythm 

averages should be the same under non-stimulus and stimulus conditions. 

This should be true  even though the addition o f the EP waveform would 

tend to d is to r t  the overa ll configuration of the averaged alpha rhythm 

samples. However, s ig n ifican t m odifications o f background alpha a c tiv ity  

were detected as early  as 30 milliseconds following stim ulation and may 

have occurred e a r l ie r ,  perhaps coincident w ith the e a r l ie s t  somatosensory 

EP components. Although rela tive  increases and decreases in  amplitude 

d ifferences were observed early in  the  EP sample period , the most 

consistent finding was the la te r  marked reduction in  the amplitude (alpha 

blocking) of the  alpha rhythm averages. S ign ifican tly  g rea ter stimulus 

modifications o f the background EEC were observed to  occur a t C3 and the 

extent of alpha blocking was found to  diminish w ith successive samples a t 

both recording s i te s .  S ignificant between sample reductions in  the 

amplitudes of the C3 and Cz evoked p o ten tia ls  were also observed.

The data  suggest th a t the sig n a l (EP) to  noise (EEC) ra t io  may 

d if fe r  between adjacent recording s i te s  due to  d if fe re n t ia l  stimulus
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modification of the background EEG. Further, there may be systematic 

changes in  the signal to noise ra tio  during the period o f data co llection . 

Confidence lim its  fo r averaged evoked p o ten tia ls  based on ch arac te ris tic s  

of non-stimulus EEG are l ik e ly  to be conservative i f  EEG m odifications 

sim ila r to those of alpha blocking are present. However, due to  these 

EEG, EP in te rac tio n s , the random variance c h a rac te ris tic s  of averaged 

(or unaveraged) evoked po ten tia ls  cannot be a ttr ib u te d  to  EP processes 

alone unless the nature of stimulus m odifications of the  background 

EEG can be specified . Stimulus m odifications of the background EEG also 

lim it the use of proposed techniques in  which non-stimulus EEG functions 

are subtracted from EP plus EEG samples as a means of reducing signal 

variance. Nevertheless, such procedures may provide a highly e f f ic ie n t  

means of reducing the number of samples required for EP averaging.

F inally , i t  was proposed th a t there  are d is t in c t  advantages to 

preserving EEG information by e l ic i t in g  EPs against backgrounds of non- 

random EEG a c tiv ity . For example, stimulus m odifications of the EEG 

which may be unique to the  EP sample period may be stud ied  and the  

averaging requirement may be reduced due to  the  lower t r i a l  to t r i a l  

variance of the selected  EEG background a c t iv i ty . Among the possible 

disadvantages: se lec tion  of a s ta te  represented by the  EEG and re tr ie v a l

of the separate EP and EEG averages from the  combined s ig n a l average.
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