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INTRODUCTION 

Ever since the discovery that the human brain exhibits electrical 

activity in the form of constantly shifting, tiny potential changes, scien­

tists have been curious as to the meaning of this activity and its relation 

to overt human behavior. Modern electronic amplifiers have permitted ever 

more precise examination of ongoing cortical activity, leading to the dis­

covery that the form of this activity does indeed correlate with the differ­

ent stages of arousal of the individual. Even more recently, the technique 

of recording, digitizing, and summating short periods of EEG with specially 

adapted computers, has confirmed the previous speculation that predictable 

changes in cortical activity also take place in connection with repetitive 

external stimulation. That is, by triggering the computer to record and 

summate the EEG during a brief period consistently coordinated with sensory 

stimulation, it is possible to obtain, after many repeated trials, a cancel­

lation of random activity while nonrandom elements emerge much enhanced. 

Such a characteristic series of reliable time-locked elements elicited by 

peripheral stimulation is commonly called an "evoked potential." Similarly, 

summation of EEG aligned according to the onset of voluntary movement has 

revealed non-random elements preceding and following that movement, and 

called a "motor potential." 

The natural sequel to such consistent and logical findings is, of 

course, to attempt to interpret them on the physiological level, and to try 

to relate them to more observable macroscopic events. One method for clari­

fying these relationships is by combining the two simple patterns, stimulus 

sensation plus voluntary movement, into one sequence. A simple stimulus-

response paradigm comprises the first step toward the purposeful, integrated 
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behavior typical of human beings. Being simple, it lends itself well to re­

search in a field still in its infancy; apparently accessible to the under­

standing, it invites attempts to solve its mystery; model for more complex 

behaviors, it is an exciting incentive to further research. 

As is so often the case, however, this simple paradigm has turned 

out to be in itself complex. As a result, the literature dealing with chan­

ges in the evoked potential associated with motor response to the trigger 

stimulus is full of inconsistencies and unexplained variables. The present 

series of experiments was designed for the purpose of examining the effect 

of several well-defined variables on the waveform of the visual evoked poten­

tial. Most important is the "response condition" variable; that is, the 

simple stimulus-response paradigm is examined in two forms—as a finger re­

action and as a foot reaction—as it relates to changes in latency and ampli­

tude of the principle elements of the evoked potential. Secondly, this com­

parison is made using visual evoked potentials from three different areas of 

the motor cortex, in an effort to pinpoint differential modes of activity in 

different parts of the brain. Two more variables, reaction speed and posi­

tion in time of the series, are introduced in the statistical analyses prin­

cipally in order to ascertain the effectiveness of controls. These controls 

are highly important, for it is in the effective control of arousal and nor­

mal inter-individual variability that these experiments particularly distin­

guish themselves from others previously published. The examination of these 

particular variables across three different locations on the motor cortex 

is also a unique innovation. The purpose of the experiments was to obtain a 

global picture of brain activity through the stimulus-response paradigm, in 
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an effort to better understand the significance of reliable time-locked ele­

ments and, eventually, to make a small step toward understanding the complex 

relations linking the electrical activity of the brain to human behavior. 

This paper begins with a review of the literature specifically dealing 

with the search for nonrandom cortical activity preceding movement. The va­

riety of experimental designs encountered, and the multitude of factors ap­

pearing to relate in some way to this movement, testify to the complexity of 

the problem and to the confusion now reigning in the field. Three of these 

related factors having been chosen for oarticular studv here, the literature 

treating evoked potentials and cortical location, attention or arousal, and 

individual variability is also reviewer!. Chanter T concludes with a discus­

sion of the theoretical basis for the experimental design chosen, and pre­

sentation of the null hypotheses p;ovem:in<T the experiments. Chanter TT describes 

the procedures followed in obtaining and analyzing the data. The importance 

of the many controls imposed in order to isolate simple phenomena is empha­

sized. In Chapter III, the results of the various analyses are described, 

and their significance discussed. The implications for further research are 

numerous, and some of them are pointed out in this discussion. In three appen­

dices, the detailed results of reliability studies and analyses of variance, 

already summarized in the text, are given in their entirety. 



CHAPTER I 

REVIEW OF THE LITERATURE 

In the past two decades, the study of the electrical activity of 

the cortex has developed enormously. Particularly with the discovery of 

computer averaging techniques, permitting relatively easy detection of non-

random events which had previously been obscured by normal ongoing random 

activity, research in this field has blossomed. Stimulating the cortex 

with some external stimulus, such as a light flash or a sudden noise, has 

been found to elicit a characteristic and reliable series of potential chan­

ges in the thirty to 500 milliseconds following which has been called, ap­

propriately, the "evoked potential." The reports of research dealing with 

effects of different physiological, psychological, internal and external 

variables on evoked potentials could certainly fill a large library, yet the 

controversies and problems still to be solved are even more numerous. 

Since, however, a few rather well-defined variables have been chosen for 

study in the present experiments, it is the literature treating most speci­

fically these chosen variables which will be reviewed here. 

1. Motor Activation 

If a reliable sequence of cortical activity follows external stimu­

lation, it is logical that internal, voluntary activity should be equally 

discernable, provided limited periods of apparently random activity pre­

ceding and following a repetitive act could be aligned and summated so as 

to reveal the nonrandom elements obscured within them. Nevertheless, con­

siderably less attention has so far been paid to detection of voluntary acts, 
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probably because of the greater difficulty involved in choosing precise 

periods for summation. 

A first and classic attempt to discern cortical activity accompany­

ing voluntary movement was reported by Bates in 1951, even before the ad­

vent of computer summation techniques. He superimposed EEG traces aligned 

according to the onset of EMG activity when the subject periodically clenched 

a small cylinder in his hand. Using such a crude technique, it is remark­

able that he did detect a slight, but reliable, potential change following 

the movement, which he interpreted as representing the arrival of afferent 

impulses from the periphery. No reliable cortical activity could be ob­

served preceding the movement. 

By 1966, the technique of computer summation of EEG activity was 

well-enough developped to permit its application in experiments very simi­

lar to Bates'.and, through a vastly improved signal-to-noise ratio, to per­

mit more precise observation and identification of the potential changes. 

2 
Gilden, Vaughan, and Costa were the first to describe a characteristic 

waveform accompanying repetitive movement, which they called the "motor 

potential." It was particularly marked by an abrupt negative shift from 

the baseline fifty to 150 milliseconds before the onset of a muscle contrac­

tion, and by a large positive peak following. The negative wave they inter­

preted as a sign of corticospinal discharge, and the positive wave as the 

1 J.A.V.Bates, "Electrical Activity of the Cortex Accompanying Move­
ment", in Journal of Physiology (London), Vol. 113, 1951, pp. 240-257. 

2 L.Gilden, H.G.Vaughan Jr., and L.D.Costa, "Summated Human EEG Po­
tentials with Voluntary Movement", in Electroencephalography and Clinical 
Neurophysiology, Vol. 20, 1966, pp. 433-438. 
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afferent feedback already seen by Bates. These results were independently 

3 

corroborated, at least in their essential aspects, by Ertl in his descrip­

tion of "command potentials." 

The discovery of the motor potential, and concurrent work on the 

sensory evoked potential, thus opened up brand new possibilities for under­

standing the nature of cortical functioning. It seemed possible now to 

witness, and to specify, such physiological phenomena as the conduction time 

of nerve impulses—both afferently, from sense organ to cortex, and effer-

ently, from cortex to various muscle groups. It remained, however, to com­

bine these two separate events into one experiment, which hopefully would 

permit two important distinctions: 1) that which differentiates these two 

types of activation, "passive" and "voluntary", in cortical records, and 

2) that which separates the integration, or processing, time needed by the 

cortex, from simple conduction time in a situation where afferent stimula­

tion elicits a voluntary response. As is often the case, this combination 

of two apparently simple phenomena into a single more complex event has 

raised many more problems than it has solved. 

H 
Vaughan, Costa, Gilden and Schimmel in 1965 tried to rediscover 

their "motor potential" in the context of a simple reaction task where the 

subject had to respond to a flash of light or to a "click" by making a quick 

3 John Ertl, Command Potentials, unpublished Ph.D. thesis presented 
to the Faculty of Psychology and Education of the University of Ottawa, 
Ontario, 1966, 18 p. 

4 H.G.Vaughan, L.D.Costa, L.Gilden, and H.Schimmel, "Identification 
of Sensory and Motor Components of Cerebral Activity in Simple Reaction-Time 
Tasks", in Proceedings of the 73 Conference of the American Psychological 
Association, Vol. 1, 1965, pp. 179-180. 
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hand or foot movement. The averaged evoked response to a block of stimuli 

followed by no reaction was subtracted from the averaged evoked response to 
curve 

stimuli followed by a voluntary reaction. The resulting*looked much like 

the summated "motor potential" and was interpreted by the authors as such. 

From their data, they reported nervous conduction time from cortex to hand 

to take from 30 to 40 milliseconds, from cortex to foot to take 60 to 80 

msec, and finally they estimated the central delay time to be 20 to 60 msec. 

All of these results would seem to be the logical consequence of 

combining previous experimental results. However, subsequent investigation 

has failed to confirm the reported results of Vaughan e_t. al., and has led 

to considerable controversy and confusion. Certain weaknesses in their pro­

cedure have been revealed as possibly significant, and have led to intense 

questioning of the validity of their results. For example, their only con­

trol on attention and arousal level through the various blocks of experi­

mental conditions was by having the subject count the stimuli mentally 

through each series. Yet it now appears that the amplitude of the 

various evoked potential components may be very sensitive to fluc­

tuations in arousal. In addition, the intuitive nature of their analysis 

(global examination of subtracted curves), and the lack of statistical evi­

dence, cast some doubt on the validity of their findings, and of their con­

crete and specific interpretations. 

Experimentation thus continued. Donchin and Lindsley , reporting 

5 E.Donchin and D.B.Lindsley, "Average Evoked Potentials and Reaction 
Times to Visual Stimuli", in Electroenceph. Clin. Neurophysiol., Vol. 20, 
1966, pp. 217-223. 
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significant amplitude differences between the evoked potentials obtained 

under response and no-response conditions, but finding no time-locked dif­

ferences preceding reaction, concluded that the amplitude differences re­

flected changes in cortical excitability, in the non-specific arousal sys-

tem of the cortex. Wilkinson and Morlock applied statistical analyses to 

specific components of auditory evoked potentials obtained under various 

response conditions, and claimed to confirm the existence of a large wave 

which they called a "motor potential," during the response condition. Never­

theless, its location and form were not precisely enough defined to be con­

sidered a confirmation of the specific assertions of Vaughan et.al. The 

authors, in fact, preferred to compare it to the component interpreted by 

Bates and by Gilden et.al. as kinaesthetic feedback. The fact that their 

statistical analyses revealed no correlation between speed of reaction 

time and either amplitude or latency of the evoked potential components 

casts further doubt upon the relation of their so-called "motor potential" 

wave to the time-locked negative shift of Vaughan et.al. 

7 8 
Karlin, Martz, and Mordkoff ' attempted to sort out this confused 

state of affairs ̂and to separate the effects related to an overt motor rea 

sponse from those caused by prior development of "readiness" (related to 

6 R.T.Wilkinson and H.C.Morlock, "Auditory Evoked Response and Re­
action Time", in Electroenceph. Clin. Neurophysiol., Vol. 23, 1967, pp. 50-56. 

7.X.Karlin, M.J.Martz, and A.M.Mordkoff, "Motor Performance and Sen­
sory Evoked Potentials", in Electroenceph. Clin. Neurophysiol., Vol. 28, 1970, 
pp. 307-313. 

8 L.Karlin, M.J.Martz, S.E.Brauth, and A.M.Mordkoff, "Auditory 
Evoked Potentials, Motor Potentials, and Reaction Times", in Electroenceph. 
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the contingent negative variation reported by Walter and others). They 

compared the effects on specific evoked potential components of actually 

making an overt motor response, and of withholding it. They thereby tried 

to control for the effects of general readiness and to separate them from 

the effects of overt action. Their results cast doubt on the possibility of 

there being a motor potential specifically related to pyramidal activation, 

as claimed by Vaughan et^.al., for the negative shift noted in certain com­

ponents during the overt response condition appeared also to be present in 

the withheld response condition. Supported by a rigorous statistical anal­

ysis of their data, the authors concluded that there were no effects on the 

evoked potential attributable to the specific time characteristics of the 

task (fast or slow reaction, simple or choice response condition) or to the 

motor response itself. They therefore claimed the observed negative shift 

to be related only to the development of an excitatory state associated 

with the intention to respond. The differences in response and no-response 

conditions seemed not to reflect simple modification of the evoked potential 

by a motor potential, but to arise from a more generalized "mobilization" 

effect. Therefore, they concluded, specific inferences concerning the tim­

ing of cortical processes during a simple reaction task are not likely to 

be supportable. 

There remain, obviously, many questions to be answered. If Gilden 

et.al. and Ertl are right in asserting the existence of a motor potential 

9 W.G.Walter, R.Cooper, V.J.Aldridge, W.C.McCallum, and A.L.Winter, 
"Contingent Negative Variation: an Electrical Sign of Sensorimotor Associa­
tion and Expectancy in the Human Brain", in Nature, Vol. 203, 1964, pp.380-384. 
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prior to a repetitive voluntary act, why does its presence become so dubi­

ous when placed in the context of reaction to a sensory stimulus? Is the 

fact that reaction times are often rather widely distributed, and summation 

usually initiated with respect to stimulus onset rather than muscle acti­

vation, solely responsible for the apparent disappearance of the motor po­

tential? Is the simple reaction to stimulus too trivial a task to be me­

diated by the cortex, being reflected at the spinal reflex level, and at­

taining the cortex only as afferent feedback? Might the use of different 

response modalities, and the requirement of decision on the part of the 

subject as to which to use bring out cortical activity not heretofore noted? 

Might the small number of trials generally attempted with one individual 

in this rather boring experimental situation be insufficient to reveal the 

small reliable elements set in a background of noise? At this time, the 

state of knowledge on all these points is unmistakably confused. Given 

the great variation in reported effects of motor reaction on the form of 

the evoked potential, independent corroboration of results is needed. The 

present paper attempts to deal with a few of the questions raised by 

comparing evoked potential characteristics across three different response 

conditions. 

2. Cortical Location 

Since the very beginning of evoked potential studies, investigators 

have been intrigued by the similarities and differences between recordings 

obtained from different parts of the brain. Much time has been devoted to 

mapping these differences in an effort to hypothesize a source for character­

istic evoked responses. The resulting theories have been very general, and 
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occasionally conflicting: Vaughan and Ritter su^pest a dipolar layer as 

source, deep within the brain; Morrell and Worrell claim that the source 

changes throuph life, with a deen midline source in infancy, and more lateral 

sources in adulthood. With relation to the human motor potential, Vaughan, 

12 
Costa, and Ritter have attempted a similar study. Finding somewhat more 

clear results, they concluded that the motor potential comes -From a very lo­

calized source. Their results are interesting because of their consistency 

with earlier studies by Penfield, mapping after direct artificial stimula­

tion of the cortex during surgery. That is, the points showinp maximum po­

tential change with the motor potential for hand, foot, and tonpue movements 

lay close to the Rolandic fissure, in locations similar to those reported by 

Penfield. In addition, the time lag between the onset of the motor poten­

tial and the onset of muscle contraction was found to be greater not only 

for muscle groups further from the brain--indicating longer nervous conduc­

tion time—but also greater ^or points over the Rolandic cortex than poster­

ior or anterior—pointing toward a localization of the motor potential source 

in this area. 

There are, then, statistically significant and functionally meaning­

ful differences in the evoked potentials and motor potentials recorded from 

different functional and topographical regions of the cortex. Now what about 

10 H.G. Vaughan and W. Ritter, "The Sources of Auditory Evoked Re­
sponses Recorded from the Human Scalp" , Electroenceph. Clin. Neurophysiol., 
Vol. 28, 1970, pp. 360-367. 

11 F. Morrell and L. Morrell, "Spacial Distribution o^ Averaged Evoked 
Potentials in Man", in Electroenceph. Clin. Neurophysiol., Vol. 18, 1965,pp.522-523. 

12 H.G. Vaughan, L.D. Costa, and W. Ritter, "Topography o* the Human 
Motor Potential", in Electroenceph. Clin.Neurophysiol., Vol.25, 1968, pp. 1-10. 
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the differences between comparable areas of the two hemispheres? This question 

appears to have been largely ignored in the literature. For example, Morrell 

13 
and Morrell mention that there are obvious differences between the evoked 

potential tracings which they obtained from the left and right motor cortex 

in a reaction-time paradigm, but make no further comment on the fact. Vaughan 

14 
et.al. note hemispheric differences in amplitude of the motor potential, 

the latter being more marked in the hemisphere contralateral to the site of 

motor activation, but they make no attempt to examine hemispheric differences 

in peak latencies. 

Most experimentation relating to interhemispheric differences 

in cortical activity has been aimed at investigating intrinsic dif­

ferences in overall functioning of the hemispheres in different people. 

Evoked potential studies have revealed quite consistently, for example, that 

verbal stimuli evoke a response of greater amplitude in the left hemisphere 

while nonverbal stimuli are associated with a larger amplitude response in 

15 
the right hemisphere. Cohn makes this distinction particularly clear, while 

1 c 

Morrell and Salamy make more precise the localization of these differences 

and relate them to hemispheric specialization of function. Eaually consis­

tent findings show that there are hemispheric differences associated with 

13 L.K.Morrell and F.Morrell, "Evoked Potentials and Reaction Times: 
A Study of Intra-indivadual Variability", in Electroenceph. Clin. Neurophysiol. 
Vol. 20, 1966, P. 572. 

14 H.G. Vaughan, L.D. Costa, and W. fitter, op. cit. 

15 R. Cohn, "Differential Cerebral Processing of Noise and Verbal Stim­
uli", in Science, Vol. 172, 1971, pp. 599-601. 

16 L.K. Morrell and J.G. Salamy, "Hemispheric Asymmetry of Electrocor-
tical Responses to Speech Stimuli", in Science, Vol. 174, 1971, pp. 1R4-16R. 
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level of intelligence. Rhodes, Dustman and Beck have studied this parti­

cular variable, finding that the visual evoked response from the right cen­

tral (C ) location was consistently larger than that from the comparable left 

location in bright children. Dull children, on the other hand, showed no 

18 
hemispheric differences in amplitude. Schenkenberg confirmed that the right 

hemisphere gave generally larger amplitude responses than the left in subjects 

of average and above-average intelligence ranging from four to 86 years of age. 

Speculation as to the meaning of these differences has tended to relate them 

to attentional differences. That is, since the right parietal area seems to 

19 
be important in the neurophysiology of attention , it is hypothesized that 

bright individuals function at a generally higher level of attention than dull 

20 
ones , or that the dull individuals show a dysfunctioning reticular activa-

- 2 1 
ting system. 

A few experiments have been designed to explore hemispheric dif­

ferences related specifically to motor activation. Though without the aid 

22 
of evoked response data, Jeeves and Dixon designed an experiment in 

17 L.E. Rhodes, R.E. Dustman, and E.C. Beck, "The Visual Evoked Re­
sponse: A Comparison of Bright and Dull Children", in Electroenceph. Clin. 
Neurophysiol. , Vol. 27, 1969, pp. 3R4-372. 

18 T. Schenkenberg, Visual, Auditory, and Somatosensory Evoked pesponses 
of Normal Subjects from Childhood to Senescence, unpublished Ph.D. thesis pre­
sented to the Faculty of Psychology of the University of Utah, Utah, 1970. 

19 C.R. Evans and T.B. Mulholland, "Attention as a Concept in Neuro­
physiology", in Science, Vol. 163, 1969, pp. 495-496. 

20 L.E. Rhodes, R.E. Dustman, and E.C. Beck, op. cit. 

21 D.R. Lindsley, "Psvchophysiology and Motivation'1, in Nebraska Svm-
posium on Motivation, 1957, pp. 44-106. 

22 M.A. Jeeves and N.F. Dixon, "Hemispheric Differences in Response 

Rates to Visual Stimuli", in Psychonomic Science, Vol.20, 1970, pp. 249-251. 
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which the visual stimulus was sent to only one hemisphere at a 

time, in order to investigate the effects on reaction time with the right or 

left hand. They discovered that regardless of cerebral dominance visual stimu­

lation going to the right hemisphere was responded to faster than stimulation 

going to the left hemisphere. In fact, they were able to rank four S-P condi­

tions in order of speed of response -From fastest to slowest: 

"(1) Right hemisphere receiving, left hemisphere initiating response 
(by right hand); (2) right hemisphere receiving, right hemisphere 
initiating response (by left hand); (3) left hemisphere receiving, 
left hemisphere initiating response (by right hand); (4) left 
hemisphere receiving, right hemisphere initiating response (bv left 
hand)."23 

From their data, they hypothesized that the sensory receiving area in the 

right hemisphere must process information faster than that area in the left 

hemisphere, while the motor area in the left hemisphere must he faster at ini­

tiating a response than that in the right hemisphere. Thev cite as support 

24 
for this position the findings of Cernacek , who investigated the inapparent 

EMG activity often noted in the muscle contralateral to one which is volun­

tarily activated. He found this "contralateral motor irradiation" to occur 

in all his subjects, in 77.R% of the trials, and to occur most frequently 

from the dominant side to the subordinate side. He explained this phenomenon 

by hypothesizing that mirrored on the contralateral side t6 the cortex acti­

vated in voluntary muscle flexion is an area of facilitation, where for an 

23 M.A. Jeeves and N.F. Dixon, op. cit. , P. 250. 

24 J. Cernacek, "Contralateral Motor Irradiation—Cerebral Dominance", 
in Archives of Neurology, Vol. 4, 1961, pp. 165-172. 
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instant the cortex is more easily excited. The communication he supposed 

to take place via the corpus callosum, as demonstrated already in animals 

,. „ ,25 

by Bremer et. al. 

These studies, carried out without the aid of electroencephalographic 

equipment, offer stimulating possibilities for research using that more modern 

and precise tool. The importance of interhemispheric communication has been 

emphasized; the possibility of there being a pattern facilitating this com­

munication, and consequent activation, has never been sufficiently explored. 

The present experiments attempt to further that exploration by incorporating 

a comparison of evoked potential peak latencies and amplitudes across three 

different cortical locations. 

3. Attention, Arousal, and Reaction Speed 

Attention, arousal, evoked potential amplitude and reaction speed are 

closely-linked concepts in evoked potential literature. Eason et.al. earlv 

noted that the amplitude of evoked potentials obtained under conditions of 

physical or mental exercise was enhanced relative to that of evoked po­

tentials recorded under quiescent conditions. They claimed that 

the visual evoked potential was a "reliable and valid index of activation 

level", and that changes in its waveform gave clues as to the type of exercise 

engaged in. This position was later modified and made more precise by two of 

25 F. Bremer, J. Brihaye, and G. Andre'-Ralisaux, "Physiologie et Patho-
logie du Corps Calleux", in Archives Suisses de Neurologie et Psychiatrie, 
Vol. 78, 1956, pp. 31-87. 

26 R.G. Eason, L.R. Aiken, C.T. White, and M. Lichtenstein/'Activation 
and Behavior: II. Visually Evoked Cortical Potentials in Man as Indicators of 
Activation Level", in Perceptual and Motor Skills, Vol. 19, 1^64, pp. 875-895. 



REVIEW OF THE LITERATURE 13 

97 

the same researchers when they designed experiments to distinguish the effects 

of general level of arousal from those associated with specific attention. 

Levels of arousal were distinguished by recording reaction times to visual 

stimuli with and without a threat of shock for poor performance. Levels of 

specific attention were varied by presenting the stimuli in either the right 

or the left visual field, and having the subject react to those in only one 

field at a time—with and without threat of shock for mistakes. The results 

indicated that the evoked potentials recorded under conditions of high arou­

sal had greater amplitude than those obtained under conditions of low arousal. 

The reaction times, too, were shorter with high arousal. As for specific 

attention, those flashes to which a response was reauired evoked a response 

of greater amplitude than did those being ignored. 

Many, but by no means all, research reports supported these general 
28 

findings. Satterfield reported to the conference of the American FEG Society 

in 1963 that when subjects were told to attend to one of every two identical 

stimuli, those stimuli to which they attended evoked a response of smaller 

amplitude than those which they ignored. Yet in an article published two 
29 

years later , he demonstrated that with two different stimuli, the subject 

showed a larger response when he was attending to a particular stimulus than 

when he was not. The main difference between these two experiments lay in 

27 R.G. Eason, M.R. Harter, and C.T. White, "Effects of Attention and 
Arousal on Visually Evoked Cortical Potentials and Reaction Time in Man", in 
Physiology and Behavior. Vol. 4, 1969, pp. 283-289. 

28 J.H. Satterfield and D. Cheatum, "Evoked Cortical Potential Correlates 
of Attention in Human Subjects", in Electroenceph. Clin. Neurophysiol. , Vol.17, 
1964, pp. 456-457. 

29 J.H. Satterfield, "Evoked Cortical Response Enhancement and Attention 
in Man: a Study of Responses to Auditory and Shock Stimuli", in Electroenceph. 
Clin. Neurophysiol., Vol. 19, 1965, pp. 470-475. 
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the means of assuring close attention to the stimuli. In the first, the sub-

30 
ject had been asked to count meaningful stimuli* Other investigators ,however, 

have come to prefer looking upon counting as a distraction rather than as a 

means of focussing attention, since it is associated with reduced evoked po­

tential amplitudes. Therefore, in the second experiment, a discrimination 

task was incorporated to rivet attention on the proper stimuli. In this case, 

close attention was associated with a larger response. Such small differences 

in the controls applied emphasize the sensitivity of the evoked potential mea­

sure, and the importance of defining well the experimental variables. 

31 

Continuing the investigation, Morrell and Morrell found faster re­

action times to be associated with larger amplitude responses in a simple 

S-R paradigm. Considered in the light of Eason's findings, these results 

seemed to assure interchangeability between fast reactions, high arousal, 

and large amplitude evoked responses. 

32 33 

However, Haider, Spong, and Lindsley '' found in another visual dis­

crimination task that the evoked potential amplitude for correctly detected 

signals was larger than that for missed signals. They noted also irregular 

30 E. Garcia-Austt, J. Bogacz, and A. Vanzulli, "Effects of Attention 
and Inattention Upon Visual Evoked Response", in Electroenceph. Clin. Neuro­
physiol. , Vol. 17, 19P4, pp. 136-143. 

31 L.K. Morrell and F. Morrell, op. cit. 

32 M. Haider, P. Spong, and D.B. Lindsley, "Attention, Vigilance, and 
Cortical Evoked Potentials in Humans", in Science, Vol. 145, 1964, pp. 180-182. 

33 M. Haider, P. Spong, and D.B. Lindslev, "Cortical Evoked Potentials 
during Visual Vigilance Task Performance", in Electroenceph. Clin. Neurophysiol. 
Vol. 17, 1964, p. 714. 
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fluctuations in attentiveness within the regular decrease in general 

arousal through the long experimental period, but they emphasized that 

the evoked potential amplitude changes were mostly dependent on specific 

34 
trials—i.e., detections or misses. Davis , on the other hand, using 

an auditory stimulus, found the evoked potential to be enhanced only 

when the subject was required to make a difficult discrimination—and 

then it was enhanced for the entire series of stimuli, irrespective of 

35 
specific stimulus characteristics. Donchin and Lindsley produced more 

evidence for non-specific arousal being associated with faster reactions 

and larger amplitude visual evoked responses. The question was thus 

raised whether evoked potential amplitude could be taken as a general 

indicator of arousal, or whether its fluctuations only depended on speci­

fic task characteristics. 

Due to the vagueness of the term "amplitude of the evoked response" 

and to the difficulty of explaining such varied experimental results, the 

more recent tendency has been to examine specific peaks in their relation 

to reaction time and to arousal. Garcia-Austt first suggested that the 

various components of the visual evoked potential might vary independently 

34 H. Davis, "Enhancement of Evoked Cortical Potentials in Humans 
Related to a Task Requiring Decision", in Science, Vol. 145, 1964, pp. 182-183. 

35 E. Donchin and D.B. Lindsley, op. cit. 

36 E. Garcia-Austt, J. Bogacz, and A. Vanzulli, op.cit. 
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of each other with changes in stimulus and response conditions. Wilkinson 

37 
and Morlock reported such specific amplitude changes in peaks occurring 

at 50, 90, 260, and 350 to 450 millisecond latencies in "response" as op­

posed to "no response" conditions. No changes were reported with fast re-

38 
actions as opposed to slow. Bostock and Jarvis nevertheless claimed that 

reaction speed related "very strongly" to the amplitude and latency of a 

39 
negative peak around 250 msec latency. Karlin et.al. agreed and disagreed 

with both reports. They said that trials with a faster reaction time do 

show changes in specific peaks, but peaks different from those mentioned 

by Bostock. Similarly, trials in a choice task situation showed enhanced 

deflections over a simple task, but again at different latencies than Wil­

kinson. They finally added that a new condition, withholding a response, 

correlated with enhancement of a late positive peak at 300 msec relative 

to passively watching the stimulus or responding after a choice. 

No mention has so far been made of any relation between the latency 

of evoked potential peaks and either attention or reaction speed. References 

40 
to such a possible relation are few. Haider et.al. reported fluctuations 

in the latency of prominent peaks with fluctuations in vigilance, lowered 

efficiency being associated with longer latencies. In this case, level of 

37 R.T. Wilkinson and H.C. Morlock, op.cit. 

38 H. Bostock and M.J. Jarvis, "Changes in the Form of the Cerebral 
Evoked Response Related to the Speed of Simple Reaction Time", in Electro­
enceph. Clin. Neurophysiol., Vol. 29, 1970, pp. 137-145. 

39 L. Karlin, M.J. Martz, and A.M. Mordkoff, op.cit. 

40 M. Haider et.al., "Cortical Evoked Potentials During Visual Vigilance 
Task Performance", p. 714. 
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efficiency was indexed upon precision of performance in a discrimination task 

over a long experimental session. Many of the researchers already cited 

have tried to correlate reaction time and peak latencies , but in only one 

case have they succeeded in finding any consistent relationship: Rostock 

41 
and Jarvis claim to have ^ound the latency of a positive-negative wave 

around 250 msec to be "strongly" related to reaction speed. The paucity of 

consistent findings implies, however, that peak latencies are probably not 

so closely related to arousal and attention as are peak amplitudes. 

There remains, obviously, much more work to be done in the area of 

arousal, attention, reaction times, and their influences on evoked potential 

waveform. The majority of published literature seems to agree that there is 

some link between heightened arousal or attention or both, and larger ampli­

tude of reliable evoked potential peaks. The precise relation, however, 

remains vague. With relation to reaction speed and attentional indicators 

in the evoked potential, little s,ign of consensus can be seen. A more fruit­

ful area of investigation should be mentioned, however: that of relating 

reaction speed to alpha wave phase at the time of the stimulus. Calloway 

42 43 
and Yeager as well as Dustman and Beck report a consistent relationship 

between reaction time and alpha phase at the arrival of the stimulus at the 

41 H. Bostock and M.J. Jarvis, op. cit. 

4 2 E. Calloway and C.L. Yeager, "Relationship Between Reaction Time 
and Electroencephalograph^ Alpha Phase", in Science, Vol. 132, 1960, pp.1765-1766. 

4 3 R.E. Dustman and E.C. Beck, "Phase of Alpha Brain Waves, Reaction 
Time, and Visually Evoked Potentials", in Electroenceph. Clin. Neurophysiol., 
Vol. 18, 1965, pp. 433-440. "~*~ 
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cortex. That is, the surface positive phase is associated with the slowest 

reactions, and the surface negative phase with the fastest reactions. These 

findings imply at least that reaction time is a reflection of the normal 

and almost instantaneous fluctuations in cortical activity. Whether it is 

more than that remains to be determined. 

The present study makes use of the published literature on attention 

in a general way, in choosing appropriate controls and in interpreting cer­

tain results. Specifically, it was desired to obtain evoked potentials of 

comparable overall amplitudes under different conditions so as to be able 

to better make specific comparisons between individual peaks. Care was there­

fore taken to assure a constant level of general arousal, by keeping each ex­

perimental trial as short as Possible, and a constant level of specific at­

tention, bv intermixing the different response conditions. Differences be­

tween fast and slow reactions were examined in the statistical analysis. 

4. Intraindividual vs. Interindividual Variability 

The effects of intraindividual variations in arousal on the wave­

form of the visual evoked potential have been discussed, and it is all too 

clear that these effects are neither well-defined nor well-understood. Yet 

the very difficulty of demonstrating marked changes in the evoked potential 

with changes in attentional or arousal level indicates that these changes 

are minute relative to the overall consistency of form in the evoked potential 

of a particular individual, and that they tend to be lost in the large varia­

tions between individuals. Wilkinson has commented on this notable intra­

individual constancy as contrasted to the g^eat variations in waveform 
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encountered across different subjects. 

"The shape of the response varies, among other things, from 
subject to subject, from one sense modality to another, and from 
one position of the scalp to another. Of these the largest source 
variation is subjects, but within a subject from one experimental 
session to the next the shape of the evoked potential is remarkably 
consistent, provided ̂the sensory mode and the electrode placement 
are kept the same." 

45 
With these observations in mind, Perry and Childers suggest that the same 

subject should serve as his own control in an experimental situation. It 

is this theory which underlies the choice of an ipsative study in the^pre-•• 

sent case. 

5. Rationale for the Experiments 

It is likely, on both logical grounds and on the basis of experi­

ments already cited (Ertl, Gilden et.al.), that the cortex gives rise to 

a certain amount of nonrandom activity prior to and immediately following 

a voluntary act. Placed in the context of a reaction paradigm, where sen­

sory input to the cortex serves as a signal to motor response, the problem 

of detecting such activity becomes one of placing appropriate controls upon 

the more complex process so as to be able to sort out its individual ele­

ments and to examine them both separately and in their interactions with 

one another. This goal is elusive indeed, because the interaction itself 

4 4R.T. Wilkinson, "Evoked Response and Reaction Time", in Acta Psy-
chologica, Vol. 27, 1967, p..236. ~ 

4 5N.W. Perry, Jr. and D.G. Childers, The Human Visual Evoked Response: 
Method and Theory, Springfield, Illinois, Charles C. Thomas, 1969, p. 9, 
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may significantly change each of the interacting elements: the whole is 

not necessarily the sum of the parts. Nevertheless, the present experiments 

were designed to examine a limited number of the variables involved in the 

reaction paradigm, each in as pure a state as possible, so as to gain some 

insight into the nature of their form and their interactions. 

Though independently conceived and carried out, a preliminary pilot 

study involving nine young adults turned out to be similar in conception 

46 
to the experiments reported by Vaughan et.al. Summated records of evoked 

potentials under two response conditions, and the result of subtracting 

these curves, were obtained for all nine subjects. In no case did the re­

sults resemble those published by Vaughan et.al. These results are not, 

however, reported in detail here, since they were inconclusive due to several 

technical problems and, in any case, fell to the same criticisms as those al­

ready cited in relation to Vaughan et.al. 

The experience gained from these failures proved valuable, nonethe­

less, in designing the final experimental procedure reported in the next 

chapter. Since the normal variance in form of the evoked potential, and per­

haps also the motor potential, across individuals appeared more to obscure 

than to bring out the reliable elements in the recorded cortical activity, 

it was decided to conduct an ipsative study. Many records were obtained 

from one individual over a period of several days, and since the general 

form of the evoked potential proved to be reliable over time, these results 

46 H.G. Vaughan, L.D. Costa, L. Gilden, and H. Schimmel, op.cit. 
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could be combined to improve the signal-to-noise ratio of the records and 

provide more meaningful information. Another advantage of this technioue, 

47 

noted particularly by Wilkinson and Morlock , was that it reduced the con­

founding effects of fatigue and habituation, which auickly become apparent 

in long experimental sessions involving boring tasks. A check on the re­

liability of the evoked potential over time was introduced in the statisti­

cal analysis by blocking evoked potential records by trial number, that is, 

by position in time. 

Much valuable information had been lost from the subtracted curves 

in the pilot study because of a consistently large difference in the ampli­

tude of evoked potential peaks under no-response and response conditions, 

due most probably to differences in the level of arousal or attention. It 

was therefore decided to place more stringent controls upon these variables 

by having the different response conditions intermixed within the same block 

of stimuli. The attention level of the subject would then be essentially 

the same in records obtained across conditions. In addition, each experi­

mental series was kept as short as possible, to insure a generally constant 

level of arousal, while yielding reliable summations of cortical activity 

under each condition. 

A rather wide distribution of reaction times was another possibly 

important variable.. Thus the final statistical analysis of results includes 

one analysis of variance in which the evoked potential records are blocked 

47 R.T. Wilkinson and H.C. Morlock, op.cit. 
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according to whether the reaction-time mode for each trial was longer or 

shorter than the median of all the modes. In this way the reaction-time 

distribution was made more lentokurtic, more closely approximating the con­

ditions of Ertl's and Gilden's experiments, where EEG records were aligned 

for summation according to the moment of onset of the motor reaction. 

Having thus introduced controls on the variables of subject varia­

bility, fatigue, arousal, and reaction time, it was decided that two final 

changes in design might prove relevant. A third channel o^ EEG was intro­

duced at the C^ (vertex) location, in order to more adequately cover the 

motor area and to compare effects in the three different locations across it. 

Finally, Gilden et_.al. having reported observing a more marked motor poten-

48 
tial in conjunction with foot movement , it was decided to introduce a 

second type of response--'Foot reaction to the stimulus—bringing to three 

the number of conditions under which the evoked potential was to be recor­

ded and examined. 

Out of the review of evoked potential literature to date, and the 

experience gained from a pilot study, grew the design of the experiments 

reported in this thesis. In particular, they were intended to support or 

to refute the following set of null hypotheses: 

l) There are no statistically significant task-related differences 

in the latency or amplitude of reliable peaks of the visual evoked potential 

obtained under three different response conditions: 

48 L. Gilden, H.G. Vaughan Jr., and L.D. Costa, op.cit., p. 437. 
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2) There are no statistically significant differences in the laten­

cy or amplitude of reliable peaks of the visual evoked potential obtained 

from three different locations over the motor cortex; 

3) There are no statistically significant differences related to 

the speed of reactions in the series; 

4) There are no statistically significant differences related to 

the specific trial, or position in time, from which a particular evoked 

potential was obtained. 



CHAPTER IT 

EXPERIMENTAL DESIGN 

The theoretical and practical considerations underIving the design 

of the present experiments have been elaborated in Chanter T. The present 

chapter describes in more detail the experimental set-up and methods o* 

data analysis. 

1. Subject and Method 

The subject for the series of experiments was a 27-vear-old 

male who had not previously been familiar with evoked potential studies. 

His EEG was derived from three pairs of bipolar scalp electrodes placed 

over the motor cortex at C,, C , and Cu according to the international con-

vention, and a ground electrode was placed on his left ear. The ongoing 

EEG was amplified by a Nihon-Kohden electroencephalograph (gain set 9x6db) 

and recorded on three channels of an FM tape recorder (Vetter Model A), 

to be later replayed for analysis. Photic stimuli of ten microsecond dura­

tion and 94,000 candlepower intensity at the source were delivered by a 

Grass PS-2 photostimulator placed thirty-four inches from the subject's 

eyes. The stimuli were recorded on an additional three channels of the 

tape recorder, each channel later serving as the triggering device for com­

puter summation of EEG under one of the three conditions. A pushbutton ac­

tivated by the subject's right index finger, and a pedal activated by the 

right foot, recorded the reaction times on the final two channels of the tape. 

The subject sat in a chair with his eyes open, looking at a spot ten 

inches to the right of the light. After ten minutes' adaptation to darkness, 
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a series of 150 stimuli was delivered at random intervals, approximately 

one every two to three seconds. The subject responded to these as follows: 

first flash—no response, second flash—finger response, third flash—foot 

response, fourth flash—no response, fifth flash—finger response, etc. 

The subject was left responsible for maintaining the proper order of re­

sponse modalities, though the experimenter, in an adjacent room, constantly 

monitored both EEG and responses to be sure that no consistent errors occurred. 

The final computer analysis showed that no more than eight per cent of the 

responses were erroneous in any one trial. After a period of rest, and ad­

aptation to darkness if necessary, the procedure was repeated. Ten such 

trials were carried out during two non-consecutive days. Four blocks of 

fifty passes with no light were interspersed among the experimental trials 

to control for background noise and assure that the ongoing cortical activity 

not evoked by photic stimulation or muscular activity was indeed random. In 

the final three experimental trials, the order of the foot and finger reac­

tions was reversed, as a control on interaction effects. Before the first 

trial, the procedure was explained to the subject, and he was instructed to 

pay attention to the light and to respond as quickly as possible upon seeing 

the flash, in the appropriate mode. A few sample stimuli quickly acquainted 

him with the flashing light, the finger button, and the foot pedal. 

2. Analysis of Data 

The data recorded on magnetic tape during the ten experimental trials 

and four noise control trials was first filtered (Krohn-Hite Model 3550 filter) 

on a three to thirty Hertz band pass, with attenuation slope of 24 db/octave, 

in order to minimize the confounding effects of muscular and on-line noise. 
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It then passed via an AX08 lab periphery into a DEC PDP-8I digital computer. 

There, an averaging program permitted digitizing the data into 250 components 

distributed over a 500 millisecond period following the trigger pulses, 

averaging of data from sequential sweeps, and recording of reaction times 

where appropriate. The pulses triggering the averaging device were pro­

duced by a Datapulse 101 pulse generator. Those marking reaction latencies 

came from a Hewlett-Packard 3300A function generator with 3302A trigger/phase 

lock plug-in. The evoked potentials obtained by summation of digitized data 

from fifty sweeps for each of the three conditions and ten trials, plus 

four noise controls,were stored on DECtape and punched on paper tape used 

for all subsequent additions and subtractions of data. Data from each of 

the three scalp locations was always treated separately, giving a total of 

ninety separate evoked potentials used for analysis, plus twelve noise con­

trol series examined. 

Even after summation of a fairly large number of sweeps, in any 

evoked potential study there still remains a decision problem as to which 

peaks are truly significant. In the present case this problem was dealt with 

as follows: nine "group" evoked potentials were obtained by summating all 

data corresponding to a particular location and condition, across the ten 

trials. This gave evoked potentials of 500 sweeps and relatively more pro= 

minent peaks. From these, nine peaks (5 positive, 4 negative) were chosen 

as being the most reliable across conditions and locations. Then, signifi­

cant peaks of the individual (50-sweep) evoked potentials were defined as 

being those whose latency lay closest (usually within -15 msec) to those of 

the corresponding "group" peaks. Amplitude and latency coordinates of the 
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peaks thus defined in each of the ninety individual evoked potential records 

provided the data used in the statistical analyses. 

A study of evoked-potential reliability was performed to assure con­

sistency of recorded activity over time, and to ascertain the validity of 

any conclusions drawn from the analyses of variance. Evoked potential curves, 

matched for location and response condition, were randomly paired by com­

puter and correlated for peak amplitudes and peak latencies. For the pur­

poses of reporting reliability, ten of the 45 possible pairs under each con^ T 

dition and location have been randomly chosen, and their amplitude and la­

tency correlation coefficients recorded in Appendix 1. These coefficients 

generally exceed 0.90 for amplitude, and range from 0.97 to 0.99 for latency. 

A global measure of reliability in curve form was thus obtained. In addi­

tion, the separate peaks were subjected to analysis across all conditions, 

locations and trials. The mean and standard deviation of amplitude and la­

tency were calculated for all nine peaks, and are reported in Appendix 2. 

The digitized data was subjected to three separate analyses of va­

riance: 1) a two-way analysis (condition vs. location, with ten replications) 

with no blocking; 2) a three-way analysis with data blocked according to trial 

number(i.e. position in time); and 3)a three-way analysis with data blocked 

according to speed of reaction times ("fast" or "slow") within each trial. 

The Scheff^ test was used to locate precisely the significant differences 

where a main factor having more than two levels was concerned. The results 

of these procedures will be recorded and discussed in the next chapter. 

As a final step, in order to get a global picture of the elements 

distinguishing evoked potentials under the various response conditions, a 
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series of subtractions was performed, similar to those reported by Vaughan 

et̂ .al. The "group" evoked potentials from the no-response condition were 

subtracted from those of the foot response and the finger response condi­

tions, using the same averaging program and the PDP-8I computer mentioned 

previously. The resulting "difference" curves were used in conjunction 

with the statistical analyses for interpreting certain results. 

1 H.G.Vaughan, L.D.Costa, L.Gilden, and H.Schimmel, op.cit. 



CHAPTER III 

RESULTS AND DISCUSSION 

The two types of analysis applied in the present design complement 

each other, and point toward compatible conclusions. The subtraction of 

curves gives a more global and intuitive picture of differences between re­

sponse conditions. The statistical analyses of amplitude and latency co­

ordinates of the nine reliable evoked potential elements reveal significant 

differences in these coordinates due to three different main effects: 

response condition, location, and speed of reaction. A summary of these 

differences, and their level of significance, is found in Tables I and II. 

More detailed results of the analyses are included in Appendiv 3. 

1. Subtraction of Curves 

Subtraction of the "group" evoked potentials (500 sweeps) under the 

no-response condition from those obtained when a motor response was required 

yielded a curve containing between three and eleven apparently reliable 

positive and negative elements. No formal reliability study was made in 

this case, due to insufficient data, and to the fact that the reliability 

of the curves used in the subtraction had already been established. Further­

more, the subtraction was intended only to give a general picture of the 

pattern of differences—that which subsequently aided interpretation of the 

more precise statistical analyses. Figures 1 and 2 show examples of two subtrac­

tions. Most noticeable in the "difference" curves are three elements: 

1) a positive peak of latency around 100 msec; 2) a negative shift reaching 
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Table I. ] 

Summary of Significant Differences in Peak Latencies 
Revealed in Three Analyses of Variance 

Peak Mean ANOVA # Latency Differences 
Latency(msec) Source Significance 

p , 
1 

N! 
1 

P„ 
2 

N o 
2 

P, 
3 

N o 
3 

P., 
4 

N, 
4 

Pc 
5 

37 

76 

. 

120 

164 

199 

212 

240 

338 

440 

I 
II 
III 

I 
II 
III 

I 
II 
III 

T 
II 
III 

I 
II 
III 

I 

IT 
III 

I 
IT 

III 

I 
II 
III 

I 
II 
III 

task 
task x location interaction 
task 

task 
task 
task 
location x speed interaction 

task 
task 

location 
location 
location 

task 

task 
location 

task x location interaction 

task 
task 
location 
task 
speed 

task 
task 
speed 
task x speed interaction 

task 
task 
speed 

.05 

.05 

.05 

.001 

.01 

.01 

.001 

.01 

.01 

.001 

.001 

.01 

.05 

.01 

.01 

.01 

.001 

.01 

.05 

.05 

.05 

.001 

.001 

.05 

.01 

.001 

.001 

.001 
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Table II. 

Summary of Significant Differences in Peak Amplitudes 
Revealed in Three Analyses of Variance 

Peak Mean ANOVA # Amplitude Differences 
Amplitude Source Significance 

p l 

N l 

P2 

N2 

P3 

N q 
3 

PlL 
4 

N i . 
4 

P 
5 

7 

-7 

,. 11 

-28 

10 

5 

32 

-30 

24 

I 
II 
III 

I 
II 
III 

T 
II 
III 

I 

II 

III 

I 
II 
III 

I 
II 
III 

I 
II 

IIT 

I 
II 
III 

I 
IT 
III 

task x SP 

__._ 

location 

location 
location 
location 
soeed 

task 
location 
task 
location 
location 
speed 

task x si 

location 

task x si 

location 
location 
task 
location 

location 
location 
location 
speed 

location 
location 
speed 

.001 

.05 

.001 

.001 

.05 

.01 

.001 

.001 

.01 

.001 

.05 

.01 

.05 

.01 

.05 

.001 

.001 

.01 

.01 

.001 

.001 

.05 

.05 

.01 

.01 

.05 
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Figure 1. Evoked Potential Subtraction: Sum of EEG activity following stimulation over 500 
passes with no task subtracted from sum over 500 passes with finger task (Left 
motor cortex location, C-). 
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Figure 2. Evoked Potential Subtraction: Sum of EEG activity following stimulation over 500 
passes with no task subtracted from sum over 500 passes with foot task (Center or 
vertex location, C ). 
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its maximum close to the 160 msec point; and 3) a second positive peak of 

latency around 230 msec. Although the mean latency of reaction times for 

the finger reaction was 229 msec, and for the foot was 288 msec, the above 

pattern occurs with the same latency under the two conditions. 

2. Effects of Different Response Conditions 

In this ipsative study, responding to the light flash with a finger 

movement, with a foot movement, or not responding at all, resulted in dif­

ferential effects on the latency of reliable evoked potential peaks. All 

peaks except one (N„) were significantly affected in this way. The pattern 

of effects, however, is most interesting. In the early peaks, P., N., and 

P„, the foot response condition is associated with the shortest latencies. 

At N„ there are no significant differences across conditions, but at P„ and 

every peak thereafter, it is the finger response condition which corresponds, 

with progressively greater significance, to the shortest latencies. This 

pattern is evident in Table ITI« 

From the table it is also clear that the effect of different re­

sponse conditions on peak amplitudes is significant only at N„ and Pu. 

This fact is meaningful in two respects. First, the fact that most evoked 

potential elements show no change in amplitude whether the subject made 

a motor response or not, indicates that the attempt to control attention 

level (and therefore amplitude of the evoked potential) by mixing response 

and no-response conditions in the same block of stimuli, was successful. 

Because of this fact, a second inference can be drawn with much confidence. 

The amplitude of N„ in particular, and also P^, are greater—that is, N„ is 
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Table III. 

Summary of Significant Differences in Peak Latency and Amplitude 
due to the Main Effect of Response Condition* 

<e 

Peak Mean ANOVA # Latency Differences Amplitude Differences 
lat/ 
amp. 

P I Foot < NoT+Fin (.05) 
1lat. 3? II 
amp. 7 III Foot<NoT(.05); Foot< Fin( .05) 

N I Fin<NoT(.05); Foot< NoT( .01) 
lat. 76 II Foot< NoT(.05) 
amp. -7 III Fin<NoT(.01); Foot < NoT ( .01); 

Foot<Fin(.05) 

P I Fin<NoT(.05); Foot < NoT(.05) 
lat. 120 II Fin<NoT(.05); Foot< NoT( .05) 
amp. 11 III 

N I — Fin>NoT(.05); Foot> NoT( .05) 
lat. 164 II — Fin>NoT(.05) 
amp. -28 III 

P I Fin<NoT(.05) 
lat. 199 II 
amp. 10 III 

N I Fin<NoT(.05) 
lat. 212 II 
amp. 5 III 

P I Fin<NoT(.01); Fin <Foot( .05) 
lat. 240 II Fin<NoT(.01) Fin>NoT( .05); Foot> NoT( .01) 
amp. 32 III Fin<NoT(.05) 

N I Fin<NoT(.01); Fin <Foot( .01) 
lat. 338 II Fin<NoT(.01); Fin <• Foot (.01) 
amp. -30 III 

P I Fin<NoT(.01); Fin<Foot(.01) 
lat. 440 II Fin<NoT(.01); Fin<Foot( .01) 
amp. 24 III 

*Key: Fin - finger response; Foot - foot response; NoT - no response 
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more negative and Pu more positive—in the two response conditions that 

they are when no response is required. It is likely, then, that these chan­

ges in amplitude are specifically related to the motor response conditions. 

Furthermore, the mean latencies of N- (164 msec) and Pu (240msec) corres­

pond almost precisely to those of the negative shift and the following posi­

tive peak already noted on the subtracted curves. Thus it would seem logi­

cal to assume that the pattern of differences seen' in this area of the 

"difference"curves can be accepted as reflecting statistically significant 

differences in the evoked potentials under two different conditions. 

From the graphical evidence (Figs.1,2) the negativity in the region 

of N„ has a rather gradual onset, casting some doubt on its relation to the 

abrupt negative shift preceding a motor response, reported by Gilden et.al. 

2 
and Ertl . However, it must be remembered that their "motor potential" was 

discovered by averaging EEG's aligned so as to make the time of overt motor 

reaction coincide on each sweep. Here, on the contrary, the reaction times 

are rather widely distributed, since alignment was done on the basis of 

stimulus point. Thus the gradual onset of negativity is not in itself a 

reason to reject the possibility of such a relationship. 

Relating the negative shift to reaction time raises additional 

interesting possibilities. The point of maximum negativity on the differ­

ence curves, falling very close to N_ (mean latency 164 msec), lies 65 msec 

prior to the mean of the reaction modes under the finger response condition 

(129 msec), and 124 msec from that of the foot response condition (288 msec). 

These delays are consistent with the 50 to 150 msec separation between 

1 L.Gilden, H.G.Vaughan Jr., and L.D.Costa, op.cit. 
2 John Ertl, op.cit. 
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3 
abrupt negative shift and overt motor response reported by Gilden et.al. 

4 
If they are somewhat longer than those mentioned by Vaughan et.al. 

(30 to 40 msec for finger; 60 to 80 msec for foot), the difference may be 

due both to confounding factors in their experiment which were better con­

trolled here, and to the fact that they measured reaction time to the onset 

of EMG potential, whereas in the present design an overt movement was ne­

cessary to complete the circuit recording reaction time. The point of maxi­

mum negativity, rather than the onset of the negative shift, is chosen as 

the best correlate of the previously-reported abrupt shift because of the 

wide spread of reaction times and the fact that the attempt here has been 

to relate it to a mean of reaction-time modes over ten trials. It is not 

surprising that the maximum negativity coincide for finger and foot reactions 

since afferent transmission and integration times would logically be the 

same for both, a difference in reaction time being incurred by differing 

efferent transmission times to the extremities. If these arguments are 

accepted, it seems reasonable to admit the possibility that the significant 

N„ enhancement may be due to the specific effect of a "motor potential" 

similar to that reported by Gilden ejt.al. and Ertl under different conditions. 

Additional research is needed to definitively determine whether the pre-

reaction enhancement of N. in the visual evoked potential of the present 

subject is due to the specific effect of a "motor potential" or whether it 

represents a more general excitatory state, as Karlin et.al. would have it. 

3 L.Gilden, H.G.Vaughan Jr., and L.D.Costa, op.cit., p.434. 

4 H.G,Vaughan, L.D.Costa, L.Gilden,and H.Schimmel, op.cit., p.180. 

5 L.Karlin, M.J.Martz, S.E.Brauth, and A.M.Mordkoff, op.cit. 
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Statistically, the present data shows a much more localized negative shift 

than does that presented by the latter group. The experimental design was 

similar to theirs in that the subject was responsible for responding or for 

withholding his response, though in the present design no instantaneous de­

cision was required on the basis of randomly assorted signals. Still, general 

attention and "readiness" have been shown to have been well controlled, and 

therefore the more specific "motor potential" interpretation is favored in 

this case. 

The enhancement of Pu during the reaction conditions is an anomaly 

requiring further research. Previously, the positive shifts reported oc­

curred subsequent to the reaction and were therefore interpreted as afferent 

feedback from the reaction. In the present case, however, a significant 

positive enhancement occurs only at Pu, nearly coincident with the finger 

reaction mean, and well before the foot reaction mean. It may be due in 

this case to a simple "rebound effect" of many neurons recovering after fir­

ing simultaneously. If so, it too would point toward the specific effect of 

a sudden and widespread activation as the best explanation for the preceding 

negative shift at N . 

A final point may be made with reference to this enhancement of 

certain peaks during the motor response conditions. That the motor poten­

tial should appear as an enhancement of specific peaks, rather than as a 

more independent factor superimposed upon the normal visual evoked potential 

form, is an intriguing coincidence. Bates has suggested that movement may 

be initiated only at certain points of the alpha cycle . A review of the 

6 J.A.V.Bates, op.cit., p. 256. 
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literature has shown reaction speed to be related to alpha wave nhase. Could 

the present finding be related to these observations? Is an individual limited 

in his ability to time voluntary acts bv the natural rhythmic activity of his 

cortex? This field is certainly ripe for some fruitful investigation. 

3. Effects of Different Cortical Locations 

Table III contains a summary of the differences in peak latencies 

and amplitudes related through statistical analysis to differences in loca­

tion of the scalp electrodes from which recordings were made. Across all 

these analyses, only N. shows significant differences in latency depending 

upon the location of cortical recording. This is indeed remarkable, since 

the analysis of task differences has revealed that N. is most probably in­

volved in some way with motor activation. The location-related latency 

differences may possibly give a clue as to the pattern of that activation. 

In particular, all three analyses emphasize that the latency of N. is shor­

ter at the left location than at the right, and in turn shorter at the right 

than at the center. The left location being over the part of the motor 

cortex contralateral to the activated hand or foot, activation may logically 

be initiated there, then pass to the right hemisphere via the corpus callosum, 

and thence upward toward the vertex. This interpretation is consistent with 

Cernacek's contralateral motor irradiation hypothesis, though it goes some­

what further by speculating that facilitation spreads to the vertex area. 

Further inquiry into the problem of an activation pattern may well prove fruit­

ful in understanding the nature of cortical activity. 

The differences in peak amplitudes according to location arp morn 
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Table IV. 

Summary of Significant Differences in Peak Latency and Amplitude 
due to the Main Effect of Cortical Location* 

Peak Mean ANOVA # 
lat/ 
amp. 

Latency Differences Amplitude Differences 

lat. 
amp. 

Llat. 
amp. 

I 
39 II 
7 III 

I 
76 II 
-7 III 

2 X 

lat. 120 II 
amp. 11 III 

2 J 

lat. 164 II 
amp. -28 III 

3 1 

lat. 199 II 
amp. 10 III 

3 1 

lat. 212 II 
amp. 5 III 

1 

lat. 240 II 
amp. 32 III 

I 
+lat. 338 II 
amp. -30 III 

I 
'lat. 440 II 
amp. 24 III 

L<C (.01) 
L<C(.01); L<R(.05); R<C(.05) 
L<C(.01); L<R(.01); R<C(.01) 

R<C (.05) 

L<C (.05) 

O L (.05) 

R>L (.01); R>C (.01) 
R>L (.01); R>C (.01) 
R>L-4- C (.01) 

R>L (.01); R>C (.01) 
R>L (.01); R>C (.01) 
R>L (.05); R>C (.05) 

O L (.05) 

R>L (.01); R>C (.01) 
R>L (.01); R>C (.01) 
R>L (.01); R>C (.01) 

R>L (.01); R>C (.01) 
R>L (.01); R>C (.01) 
R> L (.05); R>C (,05) 

R>L (.05); R>C (.05) 
R>L (.05); R>C (.05) 

*Key: L - left location; C - center, or vertex, location; R - right location 
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consistent and more marked. In general, the right hemisohere cave an evoked 

potential with greater variance and, accordingly, larger peak amplitudes 

than either the left or the vertex locations, which were not usually sig­

nificantly different from each other. This difference likely reflects 

the position of the photic stimulus in the subject's visual field, 

the most intense stimulation going to the right hemisphere. Two additio­

nal factors may have contributed as well to the greater variance on the 

right: the fact that the stimulus was non-verbal and the fact 

that the subject was likely of above-average intelligence, being a Ph.D. 

candidate at the time of the experiments. Both the stimulus type and the 

level of intelligence have already been mentioned as associated with larger 

amplitude responses in the right hemisphere. Nevertheless, the significance 

does not carry through all the peaks. It is found at ? and N , then again 

at ? and later peaks. Again, these are precisely the areas most closely 

related to motor activity. T,7hv one hemisphere should be more highly sensi­

tized to such activity or, on the contrary, whether it does have any special 

relation to the motor tasks are questions open to further investigation. 

The tendency for higher amplitudes to occur at the center location at N 

and N also needs further confirmation or reiection. 

4. Effects of Reaction Speed 

The analysis of effects of reaction speed on latency and amplitude of 

the evoked potential peaks gives somewhat inconclusive results, though the dif­

ferences due to the main effect are consistently in the same direction. In par­

ticular, the latency of the late peaks P , N , and ° is significantly shorter 

when the reaction is classified as "fast'' than when it is "slow". If it is as­

sumed that a Fast reaction reflects a high level of arousal at the time oc the 
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Table V. 

Summary of Significant Differences in Peak Latency and Amplitude 
due to the Main Effect of Reaction Speed 

Peak Mean 
lat./ 
amp. 

Latency Differences Amplitude Differences 

N, 

lat. 39 
amp. 7 

lat. 76 
amp. -7 

lat. 120 
amp. 11 

lat. 164 
amp. -28 

lat. 199 
amp. 10 

lat. 212 
amp. 5 

lat. 240 
amp. 32 

lat. 338 
amp. -30 

lat. 440 
amp. 24 

Fast .C Slow (.05) 

Fast < Slow (.05) 

Fast <- Slow (.001) 

Fast < Slow (.01) 

Fast < Slow (.01) 

Fast < Slow (.05) 

Fast < Slow (.05) 
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7 
stimulus, this finding *s in accord with that of Haider et_.al. , who related 

level of vigilance to latency of evoked potential peaks and found similar 

results. As seen in Chapter I, however, other authors disagree, 

finding no correlation between reaction time and peak latencies. The ques­

tion deserves further study, and especially the aspect of the late appear­

ance of significance in latency differences. This corrollary could perhaps 

find some elucidation in a study of the post-reaction afferent feedback 

mechanism. The present design was not conceived to deal with this particu­

lar problem, and the method of distinguishing "fast" from "slow" was imper­

fect due to technical requirements: the two reaction conditions being inter­

mixed, reaction times from each trial had to be classified together as "fast" 

or "slow" even though they were in two cases of opposite classification. 

The distinction is therefore somewhat blurred in this case, and needs fur­

ther study. 

Another phenomenon which should receive further attention is the 

relationship between reaction speed and amplitude of the evoked potential 

peaks. It is apparent from Table V that in the present design the ampli­

tude of the peaks in evoked potentials associated with fast reactions is 

consistently smaller than, or equal to, the amplitudes of those associated 

with slow reactions. On the contrary, the published literature generally 

asserts the opposite—that fast reactions are associated with enhanced posi­

tive and negative peaks. Were it not for a widespread consensus to this 

effect,the present results could be logically explained on the grounds that 

7 M. Haider, P. Spong, and D.B. Lindslev, op.cit. 
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a normal aroused EEG is characterized by low amplitude, high frequency acti­

vity and that this type of activity, summated over many trials, might yield 

an evoked potential of significantly smaller amplitude variance than one 

occurring under under more relaxed conditions. Another possibility is that 

the decision as to response modality served as a distraction to the subject, 

giving results similar to those of Satterfield's first experiments. Or, this 

finding may reveal a unique characteristic of the present subject, not com­

monly found in a larger population sample. In any case, this problem should 

receive further study. 

5. Effects of Position in Time 

The statistical analysis with blocking by trial number—that is, po­

sition in time—of the experimental series, revealed no significant trial-

related differences in amplitude or latency of evoked potential peaks. This 

finding is in accord with that generally reported in the published litera­

ture: the evoked potential of a particular person has a characteristic form 

which remains quite stable through time. It provides strong support for the 

logic underlying this ipsative study, that some of the confusion introduced 

into evoked potential studies by wide interindividual differences can be 

avoided by taking repeated measures upon the same person over time. An ip­

sative study does not, of course, guarantee generalizability of results to 

large populations, but it may help to clarify the possible utility of speci­

fic methods and theories to a still very young field before the more diffi­

cult job of generalization should be attempted. 

8 J.H. Satterfield and D. Cheatum, op. cit. 



SUMMARY AND CONCLUSIONS 

As a first step toward understanding the significance of the elec­

trical activity of the cortex in human behavior, it is essential to confront 

it in its most simple form: as the basic stimulus-response paradigm. At 

the present time, however, there is much controversy in this field with re­

spect to the effects of motor activity on the sensory evoked potential, and 

little insight into the differences in electrical activity in different parts 

of the brain. For these reasons, the present project was conceived and car­

ried out. 

An ipsative study, involving only one subject but taking measures 

during ten trials over a period of several days, was considered most appro­

priate for detecting reliable, time-locked, but elusive factors obscured by 

ongoing random EEG activity. Evoked potential measures from three different 

areas of the motor cortex were obtained under three different response con­

ditions, and statistically analyzed for the main effects of response condi­

tion, location, speed of reaction, and position in time. These experiments 

led to the rejection of three out of the four preliminary null hypotheses. 

Significant differences were found in the latency and amplitude of reliable 

peaks of the visual evoked potential due to response modality, location of 

recording electrodes, and speed of reaction, but not due to position of the 

experimental trial in time. 

The effect of response modality on latency of the peaks followed a 

pattern, the shortest latencies being associated with the foot response con­

dition in the early peaks, but with the finger response condition in the 
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later peaks. The amplitude of only two peaks was affected, N2 (164 msec) 

very significantly, and P (240 msec) to some extent, both finger and foot 

response conditions being associated with larger amplitudes than the no-

response condition. These results suggest that the negative enhancement of 

N may be due to the simultaneous firing of many neurons, a sudden activa­

tion of the corticospinal tracts, leading to execution of a motor response. 

The positive enhancement of P may result from a "rebound" or recovery effect. 

The effect of location over the motor cortex upon peak latencies 

was found to be significant primarily at N^- This being the peak most af­

fected in amplitude by motor response, an activation pattern within the cor­

tex is hypothesized. Since only a few previous reports hint at such a 

pattern, the possibility deserves further attention. Locational differences 

in peak amplitudes are consistent and significant, the right hemisphere 

showing greater variance than either the left or center locations, as a 

result of stimulus placement and normal hemispheric differences in activity 

level. 

The effects of reaction speed are less clear in their interpretation. 

The latency of three late peaks is shorter with faster reaction speed. 

Though probably related to activation level, the reason for the late ap­

pearance of the effect is not clear. The amplitude of all peaks is the 

same or smaller with fast reactions than with slow, contrary to most pub­

lished data. Whether this is simply an individual characteristic of the 

subject, or whether due to a distracting task, should be further investigated. 

The effect of position of the experimental series in time was in no 

case significant. This fact provides confirmation of the utility of an ip­

sative study 
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APPENDIX 1 

SAMPLE CORRELATION COEFFICIENTS OF LATENCY AND AMPLITUDE COORDINATES 

FOR SIGNIFICANT PEAKS: 

AN ESTIMATE OF RELIABILITY OVER TIME OF EVOKED POTENTIAL WAVEFORM* 

*Key: NOT - no-response condition; FIN - finger response condition; 
FOO - foot response condition. 

L - left location; C - center, or vertex, location; 
R - right location. 

1 through 10 - trial number. 
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DISPERSION OF PEAK LATENCIES AND AMPLITUDES ACROSS ALL CONDITIONS AND LOCATIONS: 

A LIBERAL ESTIMATE TO AID IN INTERPRETATION 

OF THE OVERALL RELIABILITY COEFFICIENTS 

WITH REFERENCE TO INDIVIDUAL PEAKS 

Peak Latency Amplitude 

Mean Standard Mean Standard 
Deviation Deviation 

p l 

N l 

P2 

N2 

P3 

N3 

P4 

N4 

P5 

37.3 
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198.7 
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APPENDIX 3 

DETAILED RESULTS OF THE ANALYSES OF VARIANCE 

The following pages contain the results of three different analyses 

of variance, all using the same data (peak amplitude and latency coordinates), 

but treating it in different ways. Differences significant at a level of pro­

bability greater than 0.05 have been indicated on the tables. 

The first analysis (ANOVA I in the text) uses a simple two-way design. 

Factor A has three levels and represents response condition. Factor B has 

three levels, representing cortical location. Factor C is the replication 

factor, with 10 elements in each of the 9 cells. 

The second analysis (ANOVA II) uses a blocked design. Factor C is the 

blocked factor, having ten levels corresponding to the 10 experimental trials. 

Factors A and B are the same as before. 

The third analysis (ANOVA III) introduces a new blocking factor—that 
is 

of reaction time speed. This»Factor C, having two levels. Factor D is the 

replication factor, with five elements in each of 18 cells, while Factors A 

and B are again response condition and cortical location respectively. In 

this analysis it will be noted that interactions between main factors are fre­

quently significant. As the Scheff€ post-hoc test for significant differences 

revealed no consistent trends in these interactions, they were not included 

in the tables summarizing main effects in the text. The results are, however, 

available upon request from the author. 



ANALYSIS OK VARIANCt SUMMARY TAbLE FOR DEPENDENT VARIABLE 1 
PI latency 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT* 
•DIGITS* 
*IN SS* 

A 
B 
AXd 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0,3052666/D 03 *8* 
0,312000000 02 *8* 
0.32413333D 03 *7* 
0,374740000 04 *Q* 

0.15263333D 03 
0,156000000 02 
0,810333330 02 
0.46264198D 02 

3,2992 0,04.193 
0,3372 0,71477 
1,7515 0,14676 

ANALYSIS OF- VARIANCE SUMMAHY TABLE FOR DEPENDENT VARIABLE 

SOURCE NESTING DtGREES OF FREEDOM 

NUM DEN 

SUM OF SUUARES MEAN SQUARE 

PI amplitude 

F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

A 
b 
AXB 
C A,B 

2 
2 
4 

81 

81 
. 81 

81 

0,54155^5(50 02 *8* 
0,672222220 02 *8* 
0,128711110 03 *7* 
0.20657000D 04 *8* 

0,270777780 02 
0,336111110 02 
0,321777780 02 
0.25502469D 02 

1,0618 0,35061 
1,3160 0,27336 
1,2618 0,29186 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE Nl latency 

SOURCE NESTING DtGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT* 
•DIGITS* 
*IN SS* 

A 
a 
AXB 
c A,B 

2 
2 

. 4 
81 

81 
81 
81 

0,073266670 03 * 8 * 
ii),1516666?0 03 * 8 * 
0.13986667D 03 * 7 * 
0,377960000 04 *8* 

0,336633330 03 
0,758333330 02 
0,34966667D 02 
0.46661728D 02 

7,2143 0,00131 t a s k 

1,6252 0,20323 
0,7494 0,56129 > 

M 
55 
O 

ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 4 

SOURCE NESTING DEGREES OF" FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

Nl amplitude 

F RATIO- PROB, 

A 
B 
AXB 
C A.B 

2 81 0,5820000140 02 *6* 
2 81 0.61266667D 02 * 8 * 
4 81 0,473333330 02 * 7 * 

81 0,185dl000D 04 *B* 

0.29100000D 02 
0.30633333D 02 
0.11833333D 02 
0,229395060 02 

1,2686 0,28676 
1,3354 0,26878 
0,5158 0,72426 

en 
oo 



ANALYSIS OF VARIANCE SUMMARY TABLE FUR DEPENDENT VARIABLE 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

P2 latency 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

A 
B 
AXB 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0.33646667D 03 *8* 
0,109800000 03 *8* 
0.36333333D 02 *6* 
0.23794000D 04 *B* 

0.16623333D 03 5,7270 0,00472 
0.54900000D 02 1,8669 0,16088 
0,908333330 01 0,3092 0,87104 
0.29375309D 02 

task 

> 
••o 
25 
o 
l- l 
X 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DtPENDENT VARIABLE P2 amplitude 

SOURCE NtSTIHG DLGRttS OF FKEfcDOM SUM OF SQUARES 

NUM DEN 

MEAN SQUARE F RATIO PROB, 

A 

a 
AXB 
C 

A.B 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

2 81 0.1243555OD 03 *8* 
2 81 0,112462220 04 *8* 
4 81 0,85lillllD 02 *6* 
81 0.33617000D 04 *7* 

0,621777780 02 
0,562311110 03 
0.21277778D 02 
0.41502469D 02 

1.4982 0,22967 
3,5489 0,00001 loc. 
0.5127 0,72656 

1 ,4982 
1 3 , 5 4 8 9 

0 , 5 1 2 7 

en 
<£> 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

N2 latency 

F RATIO PROB, 

A 
B 
AXB 
C A,b 

2 
2 

• 4 
81 

81 
81 
81 

0,189555560 02 *8* 
0.20202222D 03 *8* 
0,20511111D 02 *7* 
0,637^00000 03 */* 

0.94777778D 01 
0 . 1 0 1 0 1 1 U D 03 
0 .51277778D 01 
0,103432100 02 

0,9163 0,40409 
9,7659 0,00016 loc. 
0,4958 0,73886 > 

z o 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE NESTING DEGHEES OF FREEDOM SUM OF SQUARES 

NUM DEN 

N2 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

A 
B 
AXB 
C A,B 

2 
2 
4 
1 

81 
81 
81 

0.10369556D 04 *8* 
0,569075560 04 *8« 
0,177177780 03 *6* 
0,573840000 04 *7* 

0.51847778D 03 
0.28453776D 04 
0.44294444D 02 
0,708444440 02 

task 7 , 3 1 8 5 0 , 0 0 1 2 0 
4 0 , 1 6 3 7 0 , 0 0 0 0 0 loc 

0 , 6 2 5 2 0 , 6 4 5 8 4 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

P3 latency 

MEAN SQUARE F RATIO PROB, 

A 
B 
AXB 
C A,B 

NUM 

2 
2 
4 
79 

DEN 

79 
79 
79 

•SIGNIFICANT* 
•DIGITS^ 
•IN SS* 

0,721319950 02 *8* 
0,340251670 02 *8* 
0.87712985D 02 *7* 
0,791011110 03 *8* 

0,360659970 02 
0.17012584D 02 
0,219282460 02 
0,100127990 02 

3 , 6 0 2 0 0 , 0 3 1 8 4 t a s k 

1 ,6991 0 , 1 8 9 4 6 
2 , 1 9 0 0 0 , 0 7 7 6 3 

> 
W 
as 
o 

ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 10 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

P3 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•OIGITS* 
•IN SS* 

A 
B 
AXB 
C A,B 

2 79 0 , 3 4 1 * 1 / 1 4 0 03 *8* 
2 79 0 , 6 4 1 4 / 2 5 0 0 01 *8* 
4 79 0 , 2 2 8 5 0 4 l b D 03 *7* 

79 0 , 5 9 6 / 4 5 5 6 0 04 *8* 

0 , 1 7 0 9 0 8 5 7 0 03 
0 . 3 2 0 7 3 6 2 6 0 01 
0 , 5 7 1 2 6 0 3 7 0 02 
0 , 7 5 7 9 0 5 7 7 0 02 

2 . 2 5 5 0 0 , 1 1 1 5 8 
0 , 0 4 2 3 0 , 9 5 8 5 9 
0 , 7 5 3 7 0 , 5 5 8 5 1 

• The design i s unbalanced and the analysis of variance i s only approximate. 

o> 



ANALYSIS OF VARIANCt SUMMAKY TABLt FOR DEPENDENT VARIABLE tl* 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

MEAN SQUARE 

A 
B 
AXB 
C A.B 

2 
2 
4 

78 

78 
78 
7B 

•SIGNIFICANT* 
•DIGITS* 
•IN S3* 

0 , 1 7 4 5 5 / 4 1 0 03 *8* 
0 ( 17l624id /D 03 *6* 
0 .65102910D 02 *7* 
0 , 1 4 2 0 9 5 5 6 0 04 *7* 

N3 latency 

F RATIO PROB, 

0,872787040 02 
0,658120370 02 
0,162757260 02 
0,182173790 02 

4 , 7 9 1 0 0 , 0 1 0 9 0 t a s k 

4 , 7 1 0 4 0 , 0 1 1 7 1 l o c * 
0 , 8 9 3 4 0 , 4 7 2 0 4 > 

M 

o 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENOtNT VARIABLE 12 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE 

•SIGNIFICANT* 
•DIGITS* 
• I N SS* 

N3 amplitude 

F RATIO PROB, 

CO 

A 
0 
AXB 
C A,B 

2 
2 
4 

78 

78 
78 
78 

0 , 1 2 5 8 2 7 2 5 0 03 *8* 
0 , 5 2 5 4 2 4 0 / 0 03 *8* 
0 , 3 9 4 7 7 9 1 0 0 03 *7* 
0 , 4 5 3 4 6 0 0 0 0 04 *8* 

0 ,62913624D 02 
0 , 2 6 2 7 1 2 0 4 0 03 
0 , 9 8 6 9 4 7 7 5 0 02 
0 , 5 8 1 3 5 8 9 7 0 02 

• The design i s unbalanced and the analysis of variance i s only approximate. 

1 ,0822 0 . 3 4 3 8 9 
4 , 5 1 8 9 0 , 0 1 3 9 0 l o c -
1 .6977 0 , 1 5 8 9 9 

CT> 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE 

13 

NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

P4 latency 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS* 
•IN SS* 

A 
B 
AXd 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0,240355560 03 *8* 
0,48688889D 02 • »• 
0,597777780 01 ̂ 6^ 
0,819600000 03 *7* 

0,120177780 03 
0,24344444D 02 
0,14944444D 01 
0.10118519D 02 

11,8770 0,00003 
2,4059 0,09660 
0.1477 0,96352 

ANALYSIS OF VARIANCE SUMMARY TABLE FUR DEPENDENT VARIABLE 14 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

PA amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
• I N SS* 

A 
B 
AXB 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0,568600000 03 *e* 
0,6035466/D 04 *6* 
0,21/933330 03 *6* 
0,952430000 04 *7* 

0.28440000D 03 
0,30177333D 04 
0,544833330 02 
0,117583950 03 

2,4187 0,09544 
25,6645 0,00000 
0.4634 0,76241 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 15 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE 

•SIGNIFICANT* 
•DIGITS* 
• IN SS* 

N4 latency 

F RATIO PROS. 

A 
B 
AXB 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0,4681666/D 04 *8* 
0,258200000 03 •S* 
0,23353333D 03 *6* 
0.10422B00D 05 *7* 

0.23409333D 04 
0,129100000 .03 
0,583833330 02 
0,128676540 03 

18,1924 0,00000 
1,0033 0,37118 
0,4537 0,76940 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 16 

SOURCE NESTING DEGREES OF FREEDOM 

NUM OEN 

SUM OF SQUARES 

NA amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

A 
B 
AXB 
C A,8 

2 
2 
4 

81 

81 
81 
81 

0,257355560 03 *8* 
0.33944222D 04 *8* 
0,128444440 03 *6* 
0,775600000 04 *7* 

0,128677760 03 
0.169721UD 04 
0,321111110 02 
0,957530860 02 

1,3438 0,26659 
17,7249 0,00000 
0.3354 0,85340 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 17 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE 

NUM DEN •SIGNIFICANT* 
•DIGITS* 
•IN SS* 

P5 latency 

F RATIO PROB, 

A 
B 
AXB 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0.21281556D 04 *8* 
0,112155560 03 *8* 
0,678444440 02 *6* 
0,621030000 04 *7* 

0,106407780 04 
0.56077778D 02 
0,1696111 ID 02 
0.76670370D 02 

13,8786 0,00001 ta«k 
0,7314 0,48438 
0,2212 0,92587 

> 

CTJ 

a 

co 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 18 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

P5 amplitude 

MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT^ 
•DIGITS* 
•IN SS^ 

A 
B 
AXB 
C A,B 

2 
2 
4 

81 

81 
81 
81 

0,171555560 02 *8* 
0,741088890 03 *8* 
0,139311110 03 *7* 
0,45l64000D 04 *6* 

0,857777780 01 
0.37054444D 03 
0,348277790 02 
0,557580250 02 

0,1538 0.85766 
6,6456 0,00213 loc-
0,6246 0,64627 



ANALYSIS OF VARIANCE SUMMARY TAB.LE FUR DEPENDENT VARIABLE 19 RMS value of E.E.G. 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

F RATIO PROB, 

A 
B 
AXB 
C A.B 

2 
2 
4 

81 

81 
81 
81 

0,702422220 03 *6* 
0,673093560 05 *8* 
0,519844440 03 *5* 
0,461967000 05 *7* 

0,351211110 03 
0,336546780 05 
0.12996U1D 03 
0.57032963D 03 

0,6158 0,54272 
59,0092 0,00000 

0,2279 0,92204 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 20 S.D. of evoked potential 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
B 
AXB 
C A.B 

2 
2 
4 

81 

81 
61 
81 

0,189955560 03 *8* 
0,1533395&D 05 *8* 
0,260311110 03 *bn 
0,225381000 05 *7* 

0.94977778D 02 
0,766697780 04 
0,650777780 02 
0,278248150 03 

0,3413 0.71183 
27,5545 0,00000 
0,2339 0,91852 



ANALYSIS OF VARIANCE SUMMARY TABLt FOR DEPENOENT VARIABLE I PI latency 

SOURCE DEGREES OF FREEDOM 

NUM OEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB. 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS* 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

4 
36 

IB 

18 

36 

0,3052666/0 
0,9431/7/80 

0,312000000 
0,621911110 

0,324133330 
0.93208889D 

03 
03 

02 
03 

03 
03 

• 8* 

*7* 

*8* 
•7* 

*7* 
*7* 

0,125022220 04 *8* 

ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE DEGREES OF FREEDOM 

NUM" DEN 

SUM OF SQUARES 

0.15263333D 03 
0,523987650 02 

0.15600000D 02 
0,345506170 02 

0,810333330 02 
0,25691358D 02 

2,9129 0,08017 

0,4515 0,64368 

3,1297 0,02622 

0.13891358D 03 

PI amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
16 

2 
16 

4 

18 

16 

36 

0.54155556D 02 *8* 
0.719622220 03 *7* 

0,672222220 02 *8* 
0.33055556D 03 *7* 

0 , 1 2 8 / U U D 03 *7* 
0,50iul7778O 03 *7* 

0.27077778D 02 
0,399790120 02 

0,336111110 02 
0.18364198D 02 

0,321777780 02 
0.13893827D 02 

0,6773 0,52047 

1,8303 0,18899 

2,3160 0,07595 

0,515344440 03 •B* 0,572604940 02 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR UEPtNDENT VARIABLE 3 Nl latency 

SOURCE DEGREES OF FREEDOM 

NUM OEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS^ 
•IN SS* 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

4 
36 

18 

IB 

36 

0,6732666/D 03 *8* 
0.10169556D 04 * 7 * 

0,1516666/D 03 *8* 
0,977bb»o9D 03 •/• 

0,139b666/D 03 *7* 
0,10145/7bO 04 * 7 * 

0,770177/80 03 • &• 

0,33663333D 03 
0,564975310 02 

0.75833333D 02 
0,5432716(30 02 

0,349666670 02 
0,281827160 02 

5 , 9 5 8 4 0 , 0 1 0 3 3 t a s k 

1 ,3959 0 , 2 7 3 1 7 

1 ,2407 0 . 3 1 1 1 4 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

0.85575309D 02 

Nl amplitude 

> 
T) 
CJ 
=5 
O 
l-H 

X 
CO 

SOURCE DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

4 

18 

18 

36 

0.58200000D 02 *8« 
0.62513333D 03 * 7 * 

0,612bo66/D 02 *8* 
0.114H666/O 03 *7+ 

0.47333333D 02 *7* 
0,58/333330 03 *7* 

0,29100000D 02 
0.34729630D 02 

0,306333330 02 
0.63370370D 01 

0,118333330 02 
0.16314615D 02 

0,8379 0,44881 

4,8340 0,02088 l o c < 

0,7253 0,56046 

0,5315666/0 03 * 8 * 0,590629630 02 oo 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

SOURCE DEGREES OF FREEDOM SUM OF SQUARES 

NUM DEN 

P2 latency 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS^ 
•IN SS* 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

0.16B23333D 03 
0,222209680 02 

0,549000000 02 
0,4710987/D 02 

0,90833333D 01 
0,220524690 02 

0.33755556D 03 *8* 0.37506173D 02 

2 
18 

2 
18 

4 
36 

18 

18 

36 

0,3364666/D 
0,399977780 

0,109800000 
0,84797//OD 

0.36333333D 
0,793888890 

03 
03 

03 
03 

02 
03 

* 8 * 
• ? • 

• 8* 
*7* 

* 6 * 
*7* 

7,5709 0,00411 task 

1,1654 0,33425 

0,4119 0,79888 

ANALYSIS OF VAKIANCt SUMMARY TABLE FOR OtPENOENT VARIABLE 

SOURCE DEGREES OF FREEDOM SUM OF SQUARES 

NUM ' DEN 

P2 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS* 
•IN SS* 

> 

n 
•z o 
t-H 

x 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

0.62177778D 02 
0,786345680 02 

0 , 5 6 2 3 1 1 U D 03 
0 ,24101235D 02 

0,212777780 02 
0,22086420D 02 

0,71734444D 03 *8* 0,797049380 02 

2 
16 

2 
18 

4 
36 

16 

18 

36 

0 , 1 2 4 3 5 5 5 6 0 
0 , 1 4 1 5 4 2 2 2 0 

0 , U 2 4 6 2 2 2 D 
0 ,433b2222D 

0 , 8 5 1 1 1 1 1 1 0 
0 , 7 9 5 i l l U D 

03 
04 

04 
k)3 

02 
03 

*b* 
• 7 * 

*8* 
*7* 

*6* 
•7* 

0,7907 0,46865 

23,3312 0,00001 loc. 

0,9634 0,43940 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR OtPENDENT VARIABLE 

SOURCE DEGREES OF FREEDOM SUM OF SQUARES 

NUM OEN 

N2 latency 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
16 

2 
16 

4 
36 

18 

18 

36 

0,18955556D 
0,290600000 

0.20202222D 
0,93533333D 

0.205111UD 
0,3572666/D 

02 
03 

03 
02 

02 
03 

• 8^ 
•7* 

• 8* 
•7^ 

•7* 
*7* 

0.964000000 02 *8* 

0.94777778D 01 
0,161444440 02 

0,101011UD 03 
0,519029630 01 

0.51277778D 01 
0.99240741D 01 

0,5871 0,56626 

19,4391 0,00003 l o c 

0,5167 0,72390 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

0 , 1 0 7 1 1 1 1 1 0 02 

N2 amplitude 

> 

M 
o 

SOURCE 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

DEGREES OF FRtEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

0,51847778D 03 
0.91848148D 02 

0,284537780 04 
0,51600000D 02 

0.44294444D 02 
0,391092590 02 

0,174840000 04 *8* 0,194266670 03 

2 
IB 

2 
18 

4 
36 

IB 

18 

36 

0,103695560 
0,1653266/D 

0,569075560 
0,928800000 

0,177177/80 
0,140/93330 

04 
04 

04 
03 

03 
04 

*8* 
•7* 

*8* 
*7* 

*6* 
*7* 

5.6449 0,01250 task 

55,1430 0,00000 loc. 

1,1326 0,35666 

o 



ANALYSIS OF VARIANCE SUMMARY TABLE F-OR DEPENDENT VARIABLE 13 P4 latency 

SOURCE DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
IB 

2 
18 

4 

18 

18 

36 

0,240355560 03 *8* 
0,2318666/0 03 *7* 

0,48688889D 02 *8* 
0,10153^330 03 *7* 

0,59777778D 01 *6* 
0,2224666/0 03 */* 

0,263733330 03 *8* 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 14 

SOURCE DtGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

0,120177780 03 
0,128814810 02 

0,24344444D 02 
0,564074070 01 

0,149444440 01 
0,617962960 0} 

9 , 3 2 9 5 0 , 0 0 1 6 6 t a s k 

4 , 3 1 5 8 0 , 0 2 9 4 4 l o c « 

0 . 2 4 1 8 0 . 9 1 2 7 1 

0,29303704D 02 

P4 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS* 

> 

M 
ss 
o 

A 
AXC 

a 
BXC 

AXB 
AXBXC 

2 
16 

2 
18 

4 
36 

18 

18 

36 

0,568800000 03 *8* 
0,62606b89D 03 *6* 

0,603546670 04 *8* 
0,103942220 04 *6* 

0,217933330 03 *6* 
0.6091/7760 03 *6* 

0,284400000 03 
0,348938270 02 

0.30177333D 04 
0,57745679D 02 

0,544633330 02 
0,224771600 02 

8,1504 0,00302 

52,2590 0,00000 

task 

l o c . 

2,4239 0,06587 

0,704761110 04 *B* 0,78306790D 03 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 15 
N4 latency 

SOURCE DEGREES OF FRtEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

4 
36 

16 

18 

36 

0,4681666/0 04 
0.37541J33O 04 

0,256200000 03 
0,1310466/D 04 

0,233533330 03 
0,165180000 04 

*8* 
•7^ 

*8* 
• 7* 

*6* 
• 7 * 

0,370640000 04 *&* 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 16 

SOURCE DEGREES OF FREEDOM 

NUM" DEN 

SUM OF SQUARES 

0.23409333D 04 
0.20856296D 03 

0.12910000D 03 
0.72803704D 02 

0.58383333D 02 
0,458833330 02 

1 1 , 2 2 4 1 0 , 0 0 0 6 8 t a s k 

1 ,7733 0 , 1 9 8 1 6 

1 ,2724 0 , 2 9 8 8 1 

0.41162222D 03 

N4 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

> 

M 
•z o 
CO 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
16 

2 
18 

4 
36 

18 

16 

36 

0,257355560 03 *6* 
0,736422220 03 * 7 * 

0,339442220 04 *8* 
0.15813556D 04 *7* 

0.12844444D 03 *6* 
0,79i?///bD 03 *6* 

0,128677780 03 
0.40912346D 02 

0 . 1 6 9 7 2 U 1 D 04 
0 ,87853086D 02 

0 . 3 2 1 1 1 1 1 ID 02 
0 , 2 1 9 9 3 8 2 7 0 02 

3 , 1 4 5 2 0 , 0 6 7 3 8 

0 , 4 6 4 6 4 4 4 4 0 04 *U* 0 .51627160D 03 

1 9 , 3 1 6 7 0 , 0 0 0 0 3 loc. 

1,4600 0,23464 

v] 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 17 
P5 latency 

SOURCE DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

•4 
36 

IB 

18 

36 

0.21261556D 04 *8* 
0.95717//6D 03 *7* 

0.11215556D 03 *6* 
0.12631/78D 04 •/• 

0,676444440 02 *6* 
0.24881556D 04 *7* 

0,1501788.9D 04 •B* 

ANALYSIS OF VARIANCE SUMMAKY TABLE FOR OEPENDtNT VARIABLE 18 

SOURCE DEGRtES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

0.10640778D 04 
0,53176543D 02 

0.56077778D 02 
0.70176543D 02 

0,169611110 02 
0,69115432D 02 

20,0103 0.00003 

0,7991 0,46506 

0,2454 0,91056 

task 

0,166865430 03 

P5 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

> 

M 
Z 
a 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
16 

2 
18 

4 
36 

18 

IB 

36 

0.17155556D 02 *8* 
0,827511110 03 *7* 

0,74108b89D 03 *8* 
0,102757/BD 04 •/• 

0,139311110 03 *7* 
0,762686890 03 *7* 

0.85777778D 01 
0,45972840D 02 

0,370544440 03 
0.57087654D 02 

0.34827778D 02 
0,211658020 02 

0,189862220 04 *&• 0,21095802D 03 

0,1866 0,83137 

6,4908 0,00754 l o c 

1,6439 0,18452 

v] 
CO 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 19 BMS value of EEG. 

SOURCE DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANTS 
•DIGITS^ 
•IN SS* 

A 
AXC 

B 
axe 

AXB 
AXBXC 

2 
18 

2 
16 

4 
36 

18 

18 

36 

0,702122220 03 *8* 
0,554/00000 04 *7* 

0,673093560 05 *8* 
0.24762B6/O 05 *7* 

0,519844440 03 *5* 
0,511593330 04 *6* 

0,10770100D 05 *8* 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 20 

SOURCE DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

0 , 3 5 1 2 1 1 U D 03 
0 , 3 0 8 2 1 H 1 D 03 

0,336546780 05 
0.13757148D 04 

0,129961110 03 
0,14210926D 03 

1,1395 0,34200 

24,4634 0,00001 

0,9145 0,46603 

0,119667780 04 

SD of evoked potential 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
*IN SS* 

A 
AXC 

B 
BXC 

AXB 
AXBXC 

2 
18 

2 
18 

4 
36 

16 

16 

36 

0,lB995b56D 03 *6* 
0,1527377t»D 04 *7* 

0,153339560 05 *8* 
0,34440444D 04 *7* 

0 . 2 6 0 3 H 1 1 D 03 *6* 
0 , 1 1 9 2 3 5 5 6 0 04 *6* 

0.94977778D 02 
0.84854321D 02 

0,766697780 04 
0,191335800 03 

0,65077778D 02 
0,331209880 02 

1.1193 0,34820 

40,0708 0,00000 1 

1,9649 0,12084 

0,163743220 05 *8* 0.18193691D 04 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE Pi latency 

SOURCE NESTING DEGRtES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

AXB 

C 
AXC 
BXC 
AXBXC 
D A,B,C 

1 
2 
2 
4 
72 

72 
72 
72 
72 

0,305266670 03 *8* 0.15263333D 03 31.1497 0,03110 

0,31200000D 02 *8* 0.15600000D 02 0,7500 0,57143 

0,324133330 03 •/• 0,810333330 02 4,3802 0,09060 

task 

0,900000000 02 *8* 
0,980000000 01 *6* 
0,416000000 02 *7* 
0.74000000D 02 *7* 
0,353200000 04 *8* 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 

0,900000000 02 
0,490000000 01 
0,208000000 02 
0,185000000 02 
0.49055556D 02 

PI amplitude 

1,8347 0,17981 
0,0999 0,90507 
0,4240 0,65604 
0.3771 0,82425 

> 

3 
55 o 

SOURCE NESTING DEGREES OF FREEDOM 

NUM. DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS* 
*IN SS* 

AXB 

C 
AXC 
BXC 
AXBXC 
D 

0,541555560 02 *8* 

0,672222220 02 *8* 

0,126711110 03 *7* 

A,B,C 

1 
2 
2 
4 
72 

72 
72 
72 
72 

16,2777777*0 00 •B^ 
0,391488890 03 *8* 
0,748888890 01 *7* 
0,240444440 02 *6* 
0,164240000 04 *7* 

0.27077778D 02 

0.33611111D 02 

0.32177776D 02 

0.27777778D 00 
0.19574444D 03 
0,3/4444440 01 
0,601111110 01 
0.22811111D 02 

0,1383 0,87848 

8,9763 0,10024 

5,3530 0,06653 

0,0122 0,91244 
8,5811 0,00045 speed 
0,1642 0.848*3 
0,2635 0,90043 

vj 
en 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 3 Nl latency 

SOURCE NESTING DEGREES Of FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

2 2 0,6732666/0 03 *8* 

2 2 0,1516666/0 03 *8* 

4 4 0,139866670 03 *7* 

1 72 0,106/llllD 03 *8* 
2 72 0,1088Bc)89D 01 *6* 
2 72 0,311622220 03 *7* 
4 72 0,3377/7/00 02 •&• 

A,B,C 72 0.33264000D 04 *7* 

ANALYSIS OF VARIANCE SUMMARY TABLE FUR DEPENDENT VARIABLE 4 

A 

B 

AXB 

C 
AXC 
BXC 
AXBXC 
0 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

0.33663333D 03 618,3061 0,00161 task 

0.75833333D 02 0,4867 0,67263 

0.34966667D 02 4,1408 0,09880 

0,10671111D 03 
0,544444440 00 
0,155811110 03 
0,844444440 01 
0.46200000D 02 

2,3098 0,13294 
0,0118 0,98829 j * 
3,3725 0,03980 speed 
0 , 1 8 2 6 0 , 9 4 6 6 3 

Nl amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

> 

M 
55 
O 

CO 

AXB 

C 
AXC 
BXC 
AXBXC 
D 

0,682000000 02 *8* 

0,6126666/D 02 *8* 

0,473333330 02 *7* 

A,B,C 

1 
2 
2 
4 

72 

72 
72 
72 
72 

0.934444440 01 
0,90b22222D 02 
0,695555560 01 
0,685777760 02 
0,166240000 04 

• 8* 
*7* 
*7* 
*7* 
*8* 

0,291000000 02 0,6406 0,60945 

0,30633333D 02 8,8083 0,10195 

0.11B33333D 02 0,5344 0,72061 

0,934444440 01 0,4047 0,52668 
0,4541111lD 02 1,9668 0,14735 
0,347777760 01 0,1506 0,86044 
0,221444440 02 0,9591 0,43531 
0,23088689D 02 v] 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 5 P2 latency 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT^ 
•DIGITS^ 
•IN SS^ 

A 

B 

AXB 

C 
AXC 
BXC 
AXBXC 
D 

2 2 0,3364666/0 03 *8* 

2 2 0,109800000 03 *8* 

4 4 0,363333330 02 *6* 

1 72 0,0 *9* 
2 72 0,316666670 02 *7* 
2 72 0,4526666/0 02 *7* 
4 72 0.65266667D 02 *7* 

72 0,223720000 04 *7* A,B,C 

A'.ALYSIS OF VAKIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 

0,168233330 03 

0,54900000D 02 

0.90833333D 01 

0,0 
0,158333330 02 
0.22633333D 02 
0.16316667D 02 
0,310722220 02 

P2 amplitude 

10,6253 0,08602 

2,4256 0,29192 

0,5567 0,70781 

0,0 1,00000 
0,5096 0,60291 
0,7284 0,48620 
0,5251 0,71757 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE 

NUM DEN 

F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN S3* 

AXB 

c 
AXC 
BXC 
AXBXC 
0 A,B,C 

I 
2 
2 
4 

72 

72 
72 
72 
72 

0,124355560 03 *8* 

0,112462220 04 *B* 

0 . 8 5 1 1 1 1 U D 02 *6* 

0,396900000 03 *8* 
0,173600000 03 *7* 
0,5306666/D 02 *6* 
0.30533333D 02 *6* 
0,270/60000 04 *7* 

0,621777780 02 

0,56231111D 03 

0,212777780 02 

0.39690000D 03 
0,86800000D 02 
0,265333330 02 
0.76333333D 01 
0,37605556D 02 

0,7163 0,58264 

2 1 , 1 9 2 6 01.04506 

2.7675 0,17232 

10,5543 
2,3082 
0,7056 
0,2030 

0,00176 
0,10676 
0,49721 
0,93595 



ANALYSIS OF VARIANCE SUMMARY TABLE FUR DEPENDENT VARIABLE '7 £ 2 — l a t e n c y 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^-
•IN SS^ ' 

AXB 

C 
AXC 
bXC 
AX6XC 
D ArB,C 

2 

2 

4 

1 
2 
? 
4 

72 

2 

2 

4 

72 
72 
72 
72 

0.18965556D 02 *8* 0.94777778D 01 0,3980 0,71529 

0,202022220 03 *8* 0,101011110 03 478,4737 0,00209 loc> 

0.205111110 02 * 7 * 0,512777780 01 0,2256 0,91081 

0,28444444D 01 *8* 
0,476222220 02 *7* 
0.422222220 00 *5* 
0,909111110 02 * 7 * 
0,696000000 03 *7* 

0.28444444D 01 
0,23811111D 02 
0,2111U11D 00 
0.22727778D 02 
0,966666670 01 

0,2943 0,58918 
2,4632 0,09231 
0,0218 0,97840 
2,3511 0,06211 

> 

W 
55 
a 

ANALYSIS OF VAKIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE N2 amplitude 

SOJRCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

AXB 

C 
AXC 
8XC 
AXBXC 
0 A,B,C 

2 

2 

4 

1 
2 
2 
4 

72 

72 
72 
72 
72 

0,103695560 04 *8* 

0,569075560 04 *8* 

0.17717/7UD 03 *6* 

0,608400000 03 *8* 
0,1316660/0 03 *6* 
0,1322666/D 03 *6* 
0,6926666/D 02 *6* 
0,477680000 04 *7* 

0.51647778D 03 

0.28453778D 04 

0,442944440 02 

0,608400000 03 
0.65833333D 02 
0,66133333D 02 
0.22316667D 02 
0.66344444D 02 

7,8756 0.11267 

43,0249 0,02271 l° C' 

1,9848 0,26152 

9,1703 0,00341speed 

0,9923 0.37574 „, 
0,9968 0,37409 *• 
0,3364 0,65259 

v] 
CO 



ANALYSIS OF VARIANCE SUMMAKY TABLE FUR DEPENDENT VARIABLE 9 P3 latency 

(The design Is unbalanced and the resul ts of the analysis of variance are approximate) 
SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT* 
•DIGITS* 
•IN SS* 

A 

B 

AXB 

C 
AXC 
BXC 
AXBXC 
D A , B , C 

2 

2 

4 

1 
2 
2 
4 

70 

2 

2 

4 

70 
70 
70 
70 

0 , 7 0 5 6 8 9 1 9 0 02 *8* 

0.33960U11D 02 *8* 

0 , 8 9 6 5 1 3 5 1 0 02 *7* 

0 , 4 9 2 6 6 7 5 / D 00 * 8 * 
0 .25228376D 02 *7* 
0 ,30040541D 01 *7* 
0 , 2 0 0 b l J 5 l O 02 *7* 
0 , 7 4 2 5 5 0 0 0 0 03 *7* 

A N A L Y S I S OF V A R I A N C t SUMMAKY TABLE FOR DEPENDENT VARIABLE 10 

( The design i s unbalanced and the results of the analysis of variance are approximate) 
SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE 

0.35284459D 02 

0.16980405D 02 

0,224128380 02 

0,492567570 00 
0.12614189D 02 
0.15020270D 01 
0.50128378D 01 
0.10607857D 02 

P3 amplitude • 

2,7972 

11,3050 

4,4711 

0,0464 
1,1891 
0,1416 
0,4726 

0,26335 

0,08127 

0,08801 

0,83002 
0,31056 
0,86822 
0,75569 

> 

n 
=5 
O 
X 
(A) 

F R A T I O P R O B , 

NUM DEN •SIGNIFICANT* 
•DIGITS* 
•IN SS* 

AXB 

C 
AXC 
BXC 
AXBXC 
D A , B , C 

1 
2 
2 
4 

70 

70 
70 
70 
70 

0 , 3 4 1 1 4 0 5 4 0 03 *6* 

0,93891U92D 01 *6* 

0 , 2 4 7 4 5 9 4 6 0 03 *7* 

0 . 1 3 9 2 6 7 5 / D 03 •&• 
0 , 5 2 8 3 6 2 1 6 0 03 *7* 
0 ,96005405D 02 *7* 
0 .13152432D 03 *7* 
0 , 5 1 2 1 4 0 0 0 0 04 *7* 

0 .17057027D 03 

0 , 4 6 9 4 5 9 4 6 0 01 

0 ,61864865D 02 

0 .13926757D 03 
0 , 2 6 4 1 8 1 0 8 0 03 
0 , 4 8 0 0 2 7 0 3 0 02 
0 , 3 2 8 8 1 0 8 1 0 02 
0 , 7 3 1 6 2 8 5 7 0 02 

0,6457 0,60766 

0 , 0 9 7 8 0 , 9 1 0 9 1 

1 ,8815 0 , 2 7 7 7 2 

1 .9035 0 . 1 7 2 0 8 
3 , 6 1 0 9 0 , 0 3 2 1 8 speed 
0 , 6 5 6 1 0 , 5 2 2 0 3 
0 , 4 4 9 4 0 , 7 7 2 4 6 v ] 

10 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 11 N3 latency 

(The design is unbalanced and the results of the analysis of variance are approximate) 
SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •S IGNIF ICANT* 
• D I G I T S * 
* I N SS^ 

AXB 

C 
AXC 
BXC 
AXdXC 
0 A ,B ,C 

1 
2 
2 
4 
69 

69 
69 
69 
69 

0 .16992133D 03 * 8 * 

0 ,16896133D 03 * 8 * 

0 , 6 6 6 4 6 6 6 / 0 02 * 7 * 

0 , 6 6 6 6 6 6 6 / D 01 * 8 * 
0 , 2 4 / 6 1 J 3 J D 02 * 7 * 
0 , 2 2 0 4 1 3 3 3 0 02 * 7 * 
0 , 2 3 6 6 6 6 6 / 0 01 * 5 * 
0 .13667000D 04 *7* 

0 , 8 4 9 6 0 6 6 7 0 02 

0 , 6 4 4 8 0 6 6 7 0 02 

0 .16661667D 02 

0 , 6 6 6 6 6 6 6 7 0 01 
0 , 1 2 3 8 0 6 6 7 0 02 
0 .11020667D 02 
0 , 5 9 1 6 6 6 6 7 0 00 
0 , 1 9 8 0 7 2 4 6 0 02 

6 , 8 6 2 4 0 , 1 2 7 1 9 

7 , 6 6 5 7 0 , 1 1 5 4 0 

2 8 , 1 6 0 6 0 , 0 0 3 4 5 I o c ^ * 

0,3366 0,56370 
0,6251 0,53823 
0,5564 0,57582 
0,0299 0,99824 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 12 

SOURCE 

N3 amplitude 

(The design i s unbalanced and the r e s u l t s of the analysis of variance are approximate) 
NESTING DECKLES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN •SIGNIFICANT* 
*DIGITS* 
•IN SS* 

> 

n z o 
n 
X 

CO 

0.131201330 03 *8* 0,656006670 02 

AXB 

C 
AXC 
BXC 
AXdXC 
0 A,B,C 

1 
2 
2 
4 
69 

69 
69 
69 
69 

0,58956133D 03 *8* 

0,3782106/D 03 *7* 

0,106134000 03 *6* 
0.44065200D 03 *7* 
0,94036000D 02 *7* 
0,127544000 03 *6* 
0,378055000 04 *7* 

0,294780670 03 

0,945526670 02 

0,2977 0,77057 

6,2695 0,13756 

2,9653 0,15872 

0,106134000 
0,220326000 
0,470180000 
0,316660000 
0,547905800 

03 
03 
02 
02 
02 

1.9371 
4,0212 
0,8581 
0,5620 

0.16846 u* 
0,02229 ip&d 
0,42842 
0,67671 o 



ANALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 13 P4 latency 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

AXB 

C 
AXC 
BXC 
AXBXC 
0 A,B,C 

1 
2 
2 
4 

72 

72 
72 
72 
72 

0.24035556D 03 *8* 0,120177780 03 26,2524 0,03669 
task 

0.48688U89D 02 *B* 

0,597/7/780 01 *6* 

0.513/7/7BO 02 *B^ 
0,9155555t>D 01 *6* 
0,169555560 02 *7* 
0,241111110 02 *6* 
0,718000000 03 *7* 

0.24344444D 02 2,8716 0,25829 

0,149444440 01 0,2479 0,89727 

0.51377778D 02 
0.45777778D 01 
0.84777778D 01 
0.60277778D 01 
0.99722222D 01 

0 
5 . 1 5 2 1 
9,4591 
0 , 8 5 0 1 
0 , 6 0 4 5 

0,02621 
0,63372 
0,43160 
0,66067 

speed > 

M 
as 
a 
M 

ANALYSIS OF VARIANCE SUMMAKY TABLE FOR DEPENOtNT VARIABLt 14 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

P4 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS^ 
•IN SS* 

AXB 

C 
AXC 
BXC 
AXBXC 
D A,B,C 

1 
2 
2 
4 

72 

72 
72 
72 
72 

0,566U0000D 03 *6* 0,284400000 03 4,2071 0,19205 

0.60354667D 04 *6* 0.30177333D 04 248,7143 0,00400 loc* 

0.21/9333JD 03 *6* 0.54483333D 02 4,6633 0,08252 

0,184900000 03 *8* 
0,13520id00D 03 *7* 
0,2426666/0 02 *5* 
0,467333330 02 *5* 
0.913J2000D 04 *7* 

0,184900000 03 
0,676000000 02 
0.12133333D 02 
0.11683333D 02 
0,126850000 03 

1.4576 0.23126 
0,5329 0,58919 
0,0957 0,90890 
0,0921 0,96466 



ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 15 N4 latency 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT^ 
•DIGITS^ 
•IN SS* 

A 

B 

AXB 

C 
AXC 
BXC 
AXdXC 
0 

2 2 0,468186670 04 *8« 

2 2 0,258200000 03 *8« 

4 4 0,23353333D 03 *6* 

1 72 0,480/llllD 03 *8* 
2 72 0.13760222D 04 *7* 
2. 72 0.42426U89D 03 *7* 
4 72 0.1575/778D 03 *6* 

/2 0./9852000D 04 *7* A,B,C 

A'.ALYSIS OF VARIANCE SUMMAKY TABLE FOR DEPENDENT VARIABLE 16 

SOURCE NESTING DEGREES OF FREEDOM 

NUM DEN 

SUM OF SQUARES 

0,234093330 04 

0,129100000 03 

0,583833330 02 

0,480711110 03 
0,687511110 03 
0,212144440 03 
0,393944440 02 
0,11090556D 03 

3,4049 0,22702 

0,6085 0,62168 

1,4820 0,35618 

4 , 3 3 4 4 0 . 0 4 0 9 0 s P e e d 

6 , 1 9 9 1 0 , 0 0 3 2 8 iU]ft 
1 ,9128 0 , 1 5 5 0 9 
0 . 3 5 5 2 0 , 8 3 9 6 0 

N4 amplitude 

MEAN SQUARE F RATIO PROB, 

•SIGNIFICANT* 
•DIGITS* 
•IN SS* 

> 

M 
2 
O 

AXB 

C 
AXC 
BXC 
AXBXC 
D A.B.C 

1 
2 
2 
4 

72 

72 
72 
72 
72 

0.25735656D 03 *8* 0.12867778D 03 5.8996 0,14494 

0.33944222D 04 *6* 0.16972111D 04 42,4185 0,02303 loc-

0,12644444D 03 *6* 

0 ,44444444D 03 * 8 * 
0 , 4 3 6 2 2 2 2 2 0 02 * 6 * 
0 , 8 0 0 2 2 2 2 2 0 02 * 6 * 
0 . 7 4 7 1 1 U 1 D 02 * 6 * 
0 . 7 1 1 3 2 0 0 0 0 04 * 7 * 

0 . 3 2 1 1 1 1 1 1 0 

0 .44444444D 
0 , 2 1 8 U 1 U D 
0 . 4 0 0 1 1 1 U D 
0.18677778D 
0 , 9 8 7 9 4 4 4 4 0 

02 

03 
02 
02 
02 
02 

1 ,7192 

4 , 4 9 8 7 
0 , 2 2 0 8 
0 , 4 0 5 0 
0 . 1 6 9 1 

0 , 3 0 6 2 6 

0 , 0 3 7 3 7 
0 . 8 0 2 4 4 
0 , 6 6 8 4 9 
0 , 9 4 3 3 8 

speed 

00 

ro 



C 1 72 0,313600000 03 *8* 
AXC 2 72 0,168000000 02 *6* 
dXC 2 72 0,582000000 02 *6* 
AXBXC 4 72 0.23000000D 02 •&• 
D A,B,C 72 0,410460000 04 *7* 

2 

2 

4 

1 
2 
2 
4 

72 

2 

2 

4 

72 
72 
72 
72 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 17 p5 latency 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB. 

NUM DEN *SIGNIFICANT* 
•DIGITS* 
•IN SS* 

A 2 2 0,212816560 04 *8* 0,106407780 04 11,5396 0,07975 

8 2 2 0,112155560 03 *8* 0,56077778D 02 1,3564 0,42438 

AXB 4 4 0,67844444D 02 *6* 0,169611110 02 0,2905 0,87082 > 

C 1 72 0,117361110 04 *8* 0.11736U1D 04 18,6287 0,00005 sP e e d M 
AXC 2 72 0,184422220 03 *6* 0,922U111D 02 1,4637 0,23819 g 
BXC 2 72 0,626686890 02 *6* 0.41344444D 02 0,6563 0,52166 M 
AXBXC 4 72 0.23357/700 03 *6* 0,56394444D 02 0,9269 0,45325 * 
0 A,B,C 72 0,45360000D 04 *7* 0,630000000 02 o> 

ANALYSIS OF VARIANCE SUMMARY TABLE FOR DEPENDENT VARIABLE 18 P5 amplitude 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN *SIGNIFICANT* 
•DIGITS* 
•IN SS* 

0,171555560 02 *8* 0.85777778D 01 1,0212 0,49476 

0.741088890 03 *8* 0,370544440 03 12,7335 0,07281 

A X 8 4 4 0,139311110 03 *7* 0.34827778D 02 6,0570 0,05455 

0,31360000D 
0.64000000D 
0,291000000 
0,575000000 
0,570111110 

03 
01 
02 
01 
02 

5,5007 
0,1473 
0,5104 
0,1009 

0,02177 speed 
0,86326 
0,60239 
0,98183 

CD 
CO 



ANALYSIS OF VARIANCt SUMMARY TABLt FUR DEPENDENT VARIABLE 19 RMS value of EEG 

SOURCE NESTING DEGREES OF FREEDOM SUM OF SUUARES MEAN SQUARE F RATIO PROB, 

NUM DEN *SIGNIFICANT* 
•DIGITS^ 
•IN SS* 

0 . / 0 2 4 2 2 2 2 D 03 *8* 0 , 3 5 1 2 1 1 U D 03 0 , 3 1 7 1 0 , 7 5 9 2 2 

0 , 6 7 3 0 9 3 5 6 0 05 •&• 0 , 3 3 6 5 4 6 7 8 0 05 5 3 7 , 3 2 8 5 0 , 0 0 1 8 6 l o c * 

AXB 4 4 0 , 5 1 9 8 4 4 4 4 0 03 *5* 0 ,12996111D 0 3 . 0 , 5 6 9 5 0 , 7 0 0 5 8 

2 

2 

4 

1 
2 
2 
4 

72 

2 

2 

4 

72 
72 
72 
72 

> 
C 1 72 0.25000000D 01 *8* 0,250000000 01 0,0042 0,94856 ^ 
AXC 2 72 0,2214866/0 04 ^7* 0.11074333D 04 1,8568 0,16357 g 
BXC 2 72 0.1252666/D 03 *5* 0,626333330 02 0,1050 0,90045 o 
AXBXC 4 72 0,9126666/D 03 *6* 0.22821667D 03 0,3827 0,82035 £ 
0 A,B,C 72 0,429412000 05 *7* 0.59640556D 03 

AMALYSIS OF VARIANCt SUMMARY TABLE FOR DEPENDENT VARIABLE 20 SD of evoked potential 

SOURCE NESTING DEGREES DF" FREEDOM SUM OF SQUARES MEAN SQUARE F RATIO PROB, 

NUM DEN *SIGNIF1CANT* 
*Dit.irs* 
*IN SS* 

AXB 

c i 
AXC 2 
dXC 
AXBXC 
0 A,B,C 72 

2 2 0.18995656D 03 *8* 0.94977778D 02 6,5754 0,13201 

2 2 0.15333956D 05 *8* 0,76669776D 04 132,3922 0,00750 loc» 

4 4 0.26031111D 03 *6* 0.6507777BD 02 2.90S! 0,16291 

72 0,2201i2//Hu 04 *6* 0,220ii27/UD 04 7,8802 0,00643 speed 
2 72 0.288H8UUWD 02 *6* 0.144444440 02 0,0517 0,94962 
2 72 0,115e!2222O 03 «5* 0,57911111D 02 0,2074 0,81317 
4 72 0,895111110 02 *5* 0,223777780 02 0,0801 0,98819 
2 0,20103600D 05 *7* 0,279216670 03 

CD 



APPENDIX «* 

ABSTRACT OF 

The Nature of Cortical Activity in a Stimulus-Response Paradigm 

The nature of cortical activity during a simple stimulus-response 

paradigm was investigated in these experiments. Evoked potential measures 

from three areas of the motor cortex were obtained from a single subject 

over many trials, under three response conditions. Statistical analysis 

of the measures led to rejection of three out of four preliminary null hy­

potheses. 

Significant differences were found in the latency and amplitude of 

reliable peaks of the visual evoked potential due to response modality, lo­

cation of recording electrodes, and speed of reaction, but none due to posi­

tion of the experimental trial in time. 

The results suggested that a "motor potential" enhanced the negative 

peak (N ) at 164 msec latency during both finger and foot response conditions, 

and that recovery from this widespread discharge in turn enhanced the posi­

tive peak (Pu) at 240 msec. A pattern of cortical activation at N was sug­

gested, beginning in the left motor cortex, passing to the right, and then 

upwards to the vertex. The right hemisphere showed greater amplitude vari­

ance than either of the other locations. Fast reactions were associated with 

shorter latency in the late peaks and smaller amplitude throughout, than were 

slow reactions. The value of an ipsative study in evoked potential investiga­

tion was upheld. 

Further research was suggested in connection with the activation 

pattern within the cortex, the effect of reaction speed on peak amplitudes, 
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and the possible synchronization of the motor potential with pre-existant 

evoked potential elements. 


