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ABSTRACT 

The similarities between photic evoked rhythmic 

after-potentials (RAPs) and EEG alpha activity have led 

several investigators to the conclusion that RAPs are 

actually alpha waves. Subjects (Ss) in this study are 

trained to regulate the amount of alpha activity they 

produce by placing them in a feed-back loop with their on

going EEG. Photic evoked potentials are obtained while S 

is increasing or decreasing his level of alpha activity. 

RAP frequency increases during alpha-on trials, while EEG 

frequency decreases. The latency of RAP onset was longer 

during alpha-on trials than during alpha-off trials in 

three of the five Ss. These data suggest that RAPs are 

not alpha waves per se and that the subjective state of S 

can affect several parameters of the visual evoked 

potential. 

ix 



INTRODUCTION 

The study of the electroencephalogram (EEG) has 

added much to our knowledge of the electrophysiology of 

the human brain since Berger's discovery of these elec

trical signals (Berger, 1929). The sensory evoked 

potential has been even more informative in that per

ceptual or psychophysical variables can be studied at the 

same time that neurophysiological measures are being 

recorded (White and Eason, 1966). The development of 

electronic averaging computers, devices which can ex

tract the evoked potential from the on-going, background 

EEG, has led to a tremendous growth, in the field of 

sensory evoked potentials. Consequently, the past ten 

years have been rich with research findings on the elec

trophysiological response of the brain to repetitive 

sensory stimulation. 

As so often is the case, this wealth of new in-' 

formation has raised many new questions. One such set of * 

questions can be stated simply by asking: What is the 

relationship between evoked potentials and the background 

EEG of the individual? This question is raised because 

of the finding that some components of the visual evoked 

potential (VEP) are highly similar to aspects of the 

1 
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subject's (Sfs) spontaneous EEG. Specifically, VEP components 

occurring later than about 300 msec, frequently have many 

characteristics of the EEG alpha waves, which are sponta

neously occurring rhythms of 6-13 Hz., with an amplitude of 

about 50 to 100 microvolts (Barlow, 1957; Goldstein and Peake 

with associates, 1959; Brazier, 195&K The late VEP com

ponents are often of the same frequency as the alpha waves, 

exhibiting their sinusoidal configuration and general 

appearance as well. These late VEP waves have been referred 

to as "after-discharge," "after-rhythms,11 '̂ ringing," "after-

activity," "post-discharge.," and "rhythmic after-potentials" 

(RAPs), as they will be referred to herein. 

Similarities between RAPs and Background EEG 

The RAPs can indeed look very much like alpha waves, 

and some investigators believe that is exactly what they are. 

In one study (Clynes, Kohn, and Lifshitz, 1964)> it was 

noted that background alpha activity is more prominent 

when the eyes are closed. Evoked potentials to light 

terminations and to negative flashes were recorded. (See 

also Efron, 1964-) They found that RAPs were more pronounced 

to terminations of square- and ramp-shaped pulses, and to 

negative flashes, than to onset and positive pulses. There 

were no RAPs at all when ".on" and "off" stimuli were pre

sented successively. Finally, the RAPs were found to be 

phase-locked with early VEP components, all of which led 



3 

them to the conclusion that RAPs are actually a return of 

alpha activity in background 'EEG. This interpretation is 

supported by Cohn {1964) who presents a physiological 

model for RAPs. To summarize his model: {1) light 

flashes block on-going alpha activityj (2) alpha waves 

return during the period following the flash; (3) a flash-

off, alpha-on triggering results from the light on-off 

action. This serves to pace, synchronize, or set the 

phase of returning alpha. Recent studies by Lansing and 

Barlow (1969)* however, call this interpretation into 

question. 

A v/ide variety of studies has demonstrated the 

similarities between RAPs and EEG without concluding that 

they are identical. Cooper, Winter, Crow, and Walter (1965) 

recorded flash evoked potentials simultaneously from the 

scalp and dura to account for the changes in EEG affected 

by the skull and scalp. They found that the amplitude of 

RAPs was higher at the scalp than at the dura, presumably 

due to the averaging of signals from a wide area in the • 

skull and scalp. This is the reverse of the typical find

ings for background EEG recorded in this manner. It was 

also found that RAPs appear simultaneously at the scalp and 

dura. The greatest response was with the eyes closed, but 

RAPs were still recorded from the cortex with eyes opened. 

The hemispheric distribution of RAPs is the same as 

that of alpha activity (Creutzfeldt and Kuhnt, 1967). The 
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same study showed that the duration and amplitude•of RAPs 

depend on the age of the subject* This is also the case for 

the basic EEG rhythm (Weinmann, Creutzfeldt, and Heyoe, 

1965)« The anatomical distribution of RAPs suggests at least 

some relationship with the visual system. Recordings from 

electrodes implanted in the primary visual cortex show RAPs 

from restricted regions, frequently in areas that are less 

involved with the specific evoked potential (Walter, 1964), 

Sometimes, however, RAP is more pronounced from parietal or 

vertex areas, probably due to the averaging effect of the 

skull and scalp. Walter interprets these data as showing 

precise synchronization over a large area rather than in

tense activity from a particular region. 

Several investigators believe that RAPs and alpha 

are synthesized in common from several groups of neural 

elements. Using a low intensity spot with a visual angle 

of 1°, Eason, Oden, and White (1967) obtained sinusoidal 

evoked potentials from 150-500 msec. The frequency of these 

waves was the same as background alpha for all five Ss, "all 

Ss having different alpha frequencies. Their tentative inter

pretation is that the primary evoked response to a light flash 

acts as a trigger stimulus which "temporarily synchronizes a 

certain percentage of neural elements normally under the in

fluence of an internal pacemaker" (Eason, et al., p. 323). 

Since the trigger stimulus occurs with the same latency 

following each flash, the synchronized activity is also 



time locked with the flash. The waveform is more.complex 

when the entire retina is stimulated, perhaps due to the 

"algebraic summation of two or more periodic sinusoidal 

reverberations representing the synchronized activity of 

populations of neurons discharging out of phase" {Bartley, 

1959; Chang, 1959). 

Brazier's interpretation is similar. The alpha 

rhythm is regarded as a time base against which sensory 

stimuli, such as flashes, register by starting a rhythm of 

a different phase. It also creates a complex frequency 

change which may be a modification of the relative dominance 

of the. several different rhythms that are always present in 

different parts of the brain {Brazier, I960), 

Some investigators believe RAPs to be related 

primarily to non-specific rather than specific sensory 

systems in the brain. Barlow (I960) compared EEG auto

correlations with VEPs in Ss with both prominent resting 

alpha and those with predominantly low voltage fast activity 

In Ss with prominent alpha activity, there was a close re

lationship between their RAP and alpha frequencies. A 

rhythmic component in the alpha frequency range (lO.S/sec.) 

was induced by photic stimulation at the rate of l/sec. in 

a S whose background EEG was predominantly iS/sec. There 

also was a RAP, but of a lower frequency (9.3/sec.). 

Barlow interprets these data.as supporting Bartleyfs (1940) 

distinction between two groups of cells. One group, 
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spontaneously active, is represented in the alpha.rhythm; 

the other is not spontaneously active, but is expressed in 

the specific cortical response to peripheral stimulation. 

Interaction between the two permits a specific response to 

set up an alpha train. 

Remond and Leserve (1967) employed a unique technique 

that relates alpha activity to RAPs in a different way. The 

"alpha average" is obtained from a series of electrodes so 

that the activity from a large area of the brain can be ex

pressed in a simplified general image. Then the stimulus 

flash is triggered at ê her the "source" or "sink" (i.e., 

peak or trough) of the "alpha average." RAPs were diminished 

when the flash was triggered at the maximum of an alpha 

source. When triggered at an alpha sink, the RAPs were 

enhanced considerably, sometimes occurring at the beginning 

of the response so that the VEP was completed masked. This 

particular response was similar to the "alpha average," 

obtained without stimulation. Although it was concluded 

that the phase of the alpha rhythm exerts an influence on 

the VEP, the finding may have actually resulted from in- . 

phase summation of spontaneous alpha and RAPs. Remond and 

Leserve, however, believe there is an influence which is 

mediated indirectly through a "non-specific maximum of 

synchronization or recruitment." 

One way of demonstrating that RAPs are phase-locked 

v/ith the early evoked potential is to repeat the same measure 
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on separate occasions and then compare the RAPs (Walter, 

1963)• One thing apparent in Figure 1 is that the RAPs are 

indeed phase-locked. Another interesting occurrence, though 

not commented upon by Walter, is that there is coherent 

sinusoidal activity in the curves even before the occurrence 

of the flash, though of lower amplitude than the RAPs. 

There is no reason to suspect that spontaneous alpha is 

synchronized with the flash since the stimulus is delivered 

randomly. This demonstrates the possibility for alpha to 

be averaged into the evoked potential, even when it is not 

synchronized with the stimulus. This possibility is 

certainly easy to conceive considering that alpha waves 

typically have an amplitude of 50-100 microvolts, and only 

several such trains need be synchronized in order to appear 

in the average. This was probably the case in Figure 1, 

especially with Walter's low W of 12. 

There have been no longitudinal studies on evoked 

potentials in children, but there is some evidence that 

RAPs and alpha have corresponding developmental patterns-. 

Cohn (1964) found that young children seldom have any RAPs-

to low frequency flashes, nor do older children, unless they 

have dominant alpha rhythms. Similarly, the EEG recorded 

from infancy through childhood shows progressive changes 

(Berger, 1933). 
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Dissimilarities between Alpha Activity and RAPs 

There is also a significant body of data pointing to 

the dissimilarities between alpha activity and RAPs. In some 

instances, RAP frequency is found to be different from alpha 

frequency in a given S. RAP frequencies are sometimes found 

to be both in the alpha range and the range of 16-lS/sec. in 

the same S in different sessions (Contamin and Cathala, 

1961). This finding is corroborated by Gastaut and Regis 

(1964) in the summary of their work on several hundred 

normal and abnormal Ss. RAP frequency was sometimes the 

same as Ss1 alpha, plus or minus 1,0 cycle, while at other 

times RAP frequency is greater than alpha, bearing no 

harmonic relation. Walter (1964) notes that there are some 

cases in which RAP frequency is different from any intrinsic 

rhythm, suggesting that RAP is not necessarily related to 

alpha. 

Some investigators have suggested that the dis

crepancies between background and RAP frequencies are due 

to the fact that alpha is thought to originate in multiple 

foci which have different characteristics of frequency and 

amplitude and which have continuously variable phase rela

tionships throughout the whole occipital lobe and outside 

it. Perez-Borja, Chatrian, Tyce, and Rivers (1962) recorded 

evoked potentials simultaneously from scalp and depth 

electrodes implanted in the occipital lobes of abnormal Ss. 
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Recordings were with eyes opened. Cortical regions with 

fast background activity also showed fast RAP. A partic

ularly interesting finding in this study was the occurrence 

of two different alpha frequencies, 3-12/ and 12-l6/sec., 

often' recorded from the same electrode. Other depth 

recordings of 8-l6/sec. were not regarded as alpha in that 

they were not blocked by visual attention or mental 

activity. Gastaut (1949) contends also that several alpha 

rhythms are "artificially synthesized" in the process of 

scalp recordings, the skull and scalp acting as a summating 

device. Several others have also found multiple components 

of alpha which appear to reflect the activity of multiple 

generators (Sem-Jacobson, Bickford, Peterson, and Dodge, 

1953 J" Walter, 1954)* Perez-Borja also agrees with Garoutte 

and Aird (195&) that there are "multiple local pacemakers 

which may in turn be under the relative control of a central 

pacemaker." "The fact that afferent volleys converged by 

those visual pathways may activate mechanisms analogous to 

thosa underlying spontaneous rhythmical activity does not 

imply the identity of such mechanisms" (Perez-Borja, et al., 

1962, p. 131). 

One clue to the relationship between RAPs and alpha 

is the persistence of RAPs and their synchronization. Using 

a 4-sec.-long averaging time, Cohn (1964) found that RAP 

synchronization lasts for only the first 1.5 sec. The 

last 2.5 sec. show a decrease in RAP amplitude with an 
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increased number of sweeps. YJere the RAPs appearing in jthe 

first 1.5 sec. actually alpha waves, it is probable that the 
i 
! 

same alpha burst would continue into the last 2.5 sec. Even 

if this happened only several times during averaging, the 

large amplitude of alpha waves in comparison with evoked 
j 

potential amplitude would cause the alpha waves to appear 

in the average. This would mean that the amplitude of RAPs 

would increase with the number of sweeps for the whole 

4-sec. averaging time, not just the first 1.5 sec. The 

fact that this does not happen suggests that RAPs are hot 

alpha waves per se. 

Casual observation of the inkwriter during S stimu

lation .also opposes the idea that RAP is indeed alpha 

activity. When a signal marker synchronous with the flash 

is observed simultaneously with on-going EEG, one can see 

alpha blocking following each flash, and if the inter-

stimulus interval is sufficiently long, alpha return is also 

observed. In such cases it is noted that alpha usually 

returns later than the point in time at which RAP appeals, 

implying that RAPs are not alpha activity per se. 

A rather different approach was employed by Kitasato 

and Hatsuda (1965) which demonstrated that RAPs are a 

response to light flashes, rather than a contamination of 

the evoked response with alpha waves. Averages obtained, 

without photic stimulation were contaminated'with alpha 
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waves, particularly when S*s eyes were closed. (See Walter, 

1963.) It was found from the alpha wave frequency histogram 

that alpha waves could be treated in the same manner as sine 

waves summed with random phase differences. When sine waves 

with definite phase differences are summed, the final 

amplitude is a function of the phase differences between 

different sweeps of the summation. From this it was shown 

mathematically that RAPs are not summed alpha activity, but 

rather are a true response to the flash. 

Data of this sort leave several questions unanswered. 

We might ask: 

1. Are rhythmic after-potentials actually a return 

of spontaneous alpha activity, at least in some 

instances? 

2. If not alpha per se, are rhythmic after-

potentials generated by the same system or 

systems? 

3. What is the general relationship between 

rhythmic after-potentials and other spontaneous . 

brain rhythms? 

4. Are rhythmic after-potentials part of the com

plex potential evoked by a stimulus, or are they 

akin to spontaneous rhythms? 

Two difficulties are encountered in trying to answer 

these questions, and others as well. One is that the back

ground EEG characteristically shows wide fluctuations in 



13 

pattern, frequency and amplitude. It is for this .reason.that 

it is frequently referred to as "spontaneous" EEG. Because 

of this random nature, it is difficult to relate EEG to the 

evoked potentials obtained within a given epoch. During 

a 1-min. recording session, for example, during which 6̂  

flashes are presented to the S, some flashes will occur 

during alpha bursts, some during beta, and so on. That is, 

there has been no way of controlling the characteristics of 

background EEG, either during the recording of evoked po

tentials or any other time. 

The second difficulty relates to the subjective 

activity of the S during the experimental session. Atten-
* 

tion, vigilance, boredom and other states affect not only 

the background EEG, but evoked potentials as well. Haider, 

Spong, and Lindsley (1964) found that as detection ef

ficiency in a visual vigilance task decreased with time, 

the amplitude of responses evoked by the stimuli was de

creased, and latency increased. Y/hen a S is stimulated in 

two different sensory modalities, selective attention 

determines the characteristics of the evoked potentials. . 

If clicks and light flashes are presented alternately to 

S, for example, responses evoked by the flashes v/ill be 

higher in amplitude when S is instructed to pay attention 

to the flashes and ignores the clicks, and the response to 

the clicks is higher when the flashes are ignored (Spong, 

Haider, and Lindsley, 1965). It is also a common finding 
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in EEG work that relaxing and letting attention wa.nder with 

eyes closed will enhance alpha activity, while trying to 

perform a mental calculation will block on-going alpha. 

Therefore, no matter how one instructs the S, one can never 

be sure exactly of what S is doing. Watching the strobe 

light, seeing the strobe light, concentrating on the light, 

and ignoring the light probably will result in evoked 

potentials that differ in one or several ways from each 

other, but all of these conditions may occur under the same 

description in a methodology section. The level of alert

ness, interest and boredom are significant variables as 

well, but extremely difficult to monitor. 

Given these two problems, the randomness of back

ground EEG and the fluctuating subjective state of S, the 

purpose of this study is to employ a technique that will 

reduce the variance introduced by both these factors. 

Training S in EEG autocontrol satisfies these two conditions. 

EEG autocontrol has been described by several in

vestigators {B. B. Brown, 1969; Hart, 19&7; Kamiya, 196&), 

all employing the same principle. The S is put in a direc.t 

feed-back loop with his on-going EEG. By means of selective 

filtering the S receives a feed-back signal when his EEG is 

in a given state, such as an alpha burst, but he receives no 

feed-back when his EEG is in any other state. Feed-back may 

be contingent upon the presence of any given EEG state that 

can be selectively filtered. According to SsT reports, the 
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feed-back signal at first does not seem to be related to his 

subjective state. After sufficient autocontrol training, 

however, many Ss learn how to control the frequency of 

occurrence of the feed-back signal, which is to say they 

learn to enhance or suppress their alpha activity. 

Ss in this study were given five alpha autocontrol 

sessions employing a feed-back loop. Photic evoked po

tentials were obtained with eyes closed at the beginning 

and end of each session. This was done during three dif

ferent conditions. During alpha "on" S duplicated the sub

jective state which he had found to be successful in increasing 

the frequency of occurrence of the tone during "on" training 

trials. However, no feed-back was given during evoked po

tential trials. Similarly, during alpha "off," S duplicated 

the subjective state he had learned during "off" training 

trials. The third condition was a control condition during 

which S was instructed to relax and to make no attempt at 

autocontrol. 



METHOD 

The experiment was conducted in the Department of 

Psychology, The University of Arizona, Tucson, Arizona. 

Medical supervision was provided by personnel from The 

•University of Arizona. 

Experimental Design 

One female and four male students between the ages 

of 20 and 26 years served as Ss. Each sat for five sessions 

of approximately an hour's duration. They were instructed 

that the feed-back tone v/as in some way regulated by their 

mental activities, and that it was possible to bring the 

presence or absence of the tone under control. Their task 

was to either increase or decrease the total time the tone 

was on, according to instruction. No feed-back was given 

during control trials, during which Ss were instructed to 

relax. Their eyes remained closed during the 3-niin. exper

imental or control trials, and opened during the 1-min. rest 

intervals. All Ss were somewhat familiar with the idea of 

EEG autocontrol, but none had practiced any form of medita

tion as the sort done in Zen or Yoga. 

There were 16 of the 3-min. trials in each session. 

Numbers 1 and 16 were control trials to establish baseline 

16 
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activity. During these trials, S sat quietly and received no 

feed-back. Photic evoked potentials were obtained during 

trials 2-4 and 13-15* again with no feed-back. Trials 2 

and 15 were controls in that S was instructed to relax as 

in trials 1 and 16. During trials 3, 4, 13» and 14, he 

was instructed to turn the tone on or off. Trials 5-12 

served as training trials during which the low volume feed

back tone of 1000 Hz. was presented. The order of presenta

tion of all on and off trials was counterbalanced over days, 

starting with on for trial 3 of the first day. These con

ditions are shown in Table 1. 

- S -was seated in a comfortable chair with eyes 12 in. 

from a white hemisphere, 12 in. deep and 28 in. in diameter. 

The Grass photostimulator was located at the top of the 

hemisphere and directed toward its center. The hemisphere 

was used to insure that the retinas v/ere evenly stimulated. 

Apparatus and Data Recording Procedure 

EEG was recorded between the right ear and an elec

trode located 1 in. above and 1 in. to the right of the 

inion. Ground was to the left ear. The signals v/ere 

amplified with a Grass Model 7 Polygraph with wide-band 

A.G. preamplifier. The high and low frequency cut-offs v/ere 

set at 35 Hz. and 1 Hz., respectively. EEG was recorded con

tinuously on one channel of a Hewlett Packard Model 3600 EM 



TABLE 1 

EXPERIMENTAL, CONTROL AND TRAINING CONDITIONS 

Trial No. Instructions Feed-back Stimulation 

1 Relax No No 

2 Relax No Yes 

3 Tone on No Yes 

4 Tone off No - Yes 

5 Tone on Yes No 

6 Tone off Yes No 

7 • Tone on Yes No 

S Tone off Yes No 

9 Tone on Yes No 

10 Tone off Yes No 

11 Tone on Yes No 

12 Tone off Yes No 

13 Tone on No Yes 

14 Tone off No Yes' 

15 Relax No . Yes ' 

16 Relax No No 



tape recorder. A stimulus marker from the Grass ?S-2 photo-

stimulator was recorded on a second channel; 

Alpha Detection and Feed-back 

The amplified EEG signal was fed into a Krohn-Hite 

band-pass filter with upper and lov/er frequency dials both 

set to 10 Hz. At this setting, signal voltage was reduced 50% 

at S Hz. and 12 Hz. The filtered signal was again amplified 

with a Grass Model P5 pre-amplifier. The signal then was 

passed into a trigger circuit that closed a relay when the 

voltage exceeded a criterion level. The apparatus is 

illustrated in block diagram in Figure 1. 

The trigger relay activated several other relays. 

One relay started an elapsed time clock, a second one 

operated the feed-back signal to S, and a third operated a 

marker on the inkwriter. A counter recorded the number of 

times the trigger circuit was activated. In this way it 

was possible to record the number of seconds of alpha 

activity during each trial, as well as the average length 

of each alpha burst. 
* 

Calibration 

A 10 Hz. signal of 1.73 volts root mean square (RMS) 

from a Heathkit Audio Generator was fed into the Grass pre

amplifier external calibrator, which was set at 50 micro

volts. The gain was then adjusted so that the pen excursion 
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on the inkwriter was 20 mm. The trigger was then adjusted so 

that it would activate the relay at 20 microvolts. The 

criterion for feed-back, then, was 20 microvolts at 10 Hz. 

Evoked Potentials 

The photostimulator was set at intensity 4 and de

livered flashes at the rate of 0,6/sec. The stimulus was 

presented 64 times in the middle of each evoked potential 

trial. The recorded, raw EEG was later played back into a 

Fabri-tek 1052 signal averager to extract the evoked po

tential. The evoked potential was then written out on a 

Hewlett Packard (Moseley) 7035AM X-Y Recorder. 

Alpha Frequency and Mean Integrated Energy 

Alpha frequency was determined by selecting one 

10-wave burst from each 10-sec. epoch. Thus there were IS 

samples per trial. The length of the 10-wave alpha bursts 

was measured in mm and then converted to Hz. 

Mean integraged energy (MIE) in the alpha frequency 

band was determined as an indicator of the energy in that 

part of the spectrum. The taped EEG was played through the 

band-pass filter, set as before. The output of the filter 

was fed into a Grass Model UI-IE Integrator with a wide-band 

A.C. rectifying pre-amplifier. Calibration of the integra

tion was performed by passing the 50 microvolt, 10 Hz. 

signal through the system. The measure of MIE is in 

microvolt-seconds. 



RESULTS 

Analyses of variance were performed to determine the 

effects of autocontrol training on background EEG, and the 

effects of autocontrol on photic evoked potentials. (Anal

yses of variance summary tables are shown in Appendices 

A-G.) The effectiveness of autocontrol training was 

determined by measuring per cent time alpha activity, 

alpha frequency, duration of alpha bursts, and the number 

of alpha bursts per trial. Evoked potentials were evaluated 

by measuring the latencies and amplitudes of five selected 

waves, the latency of RAP onset, and the frequency of RAPs. 

Effects of Autocontrol Training 

The per cent time alpha activity greater than 20 

microvolts in shown in Table 2. These data are means of 

five different Ss for all five sessions. Feed-back was 

given only for the on and off conditions. (See Method . 

section.) Evoked potential—control (Ec) is a control for.: 

evoked potential—alpha on (Eon), and evoked potential—alpha 

off (Eoff), in that S relaxes and makes no attempt at auto

control. Ss S.B. and L.C. were able to increase their per 
t , 

cent time alpha activity above the resting baseline level 

during on trials. Ss A.B., D.T., S.C., and L.C. reduced 

21 
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TABLE 2 

PER CENT TIME ALPHA ' 

Subject C Ec Eon Eoff On Off 

A.5. 17 11 12 11 9 10 

S.B. 43 35 . 35 34 55 45 

D.T. 92 91 93 91 92 91 

S.C. 32 23 21 20 22 21 

L.C. 53 53 50 36 57 33 

Per cent time of alpha activity greater than 20 microvolts. 
C: . control trials; Ec: evoked potential control; 
Eon: evoked potential, alpha on; Eoff: evoked potential, 
alpha off; On: alpha on training trials with feed-back; 
Off: alpha off training trials with feed-back. 
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alpha below baseline during off trials. In all cases but one 

(A.B.), there is less alpha activity during off trials than 

on trials. During evoked potential trials, during which no 

feed-back was presented, all Ss showed less alpha activity 

during off trials than during on trials. Only one S (D.T.) 

was able to increase alpha above baseline during photic 

stimulation. 

Because it takes considerable time to learn alpha 

autocontrol, means and analyses of variance were calculated 

for the last Wo of the five sessions. Training trials with 

feed-back and photic stimulation trials with no feed-back 

are considered separately. Table 3 shows that S.B. increased 

alpha activity 12/5 above baseline, L.C. 11% above baseline. 

All Ss successfully reduced alpha below baseline during off 

trials, the greatest reduction being 2£$ (L.C.). All Ss had 

less alpha activity during off trials than on except A.B., 

who showed a 2fo reversal. The differences between means 

were significant for D.T. (P-̂ .05) and L.C. (P<.0l). 

Although Ss reported that the autocontrol task vJas 

particularly difficult during photic stimulation and without 

feed-back, three Ss were able to maintain alpha activity 

above baseline during these trials (Table 4)* During off 

trials, two Ss were below baseline, two were the same as 

baseline, and one was above. The data in Tables 2 and 3 

indicate that two Ss learned the autocontrol task while 

three were only able to reduce alpha below baseline. 
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TABLE 3 
i * * 

PER CENT TIME ALPHA FOR LAST TWO TRAINING SESSIONS 

Subject C On Off 

A.B. 13 10 12 

S.B. 53 -70 52 

D.T. 96 93 91 

S.C. 24 22 21 

L.C. 52 63 24 

Per cent time alpha greater than 20 microvolts for last two 
training sessions with feed-back. C: control trials; 
On: alpha on training trials with feed-back; Off: alpha 
off training trials with feed-back. 

TABLE 4 

PER CENT TIIvIE ALPHA FOR LAST WO EVOKED POTENTIAL SESSIONS 

Subject C On Off 

A.B. 10 40 10 

S0B. 40 35 46 

D.T. 93 95 93 

S.C. 23 IS 21 

L.C. 49 52 26 

Per cent time alpha during photic stimulation in the last two 
sessions. No feed-back was presented during these trials. 
C: control trials; On: alpha on training trials with feed
back; Off: alpha off training trials with feed-back. 
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EEG frequencies in Hz. for all conditions are shown 

in Table 5- All Ss show higher frequencies for off trials 

than for on trials, but the differences are small and not 

statistically significant. In all but one case (L.C.), on 

frequencies are higher than in the control condition, sug

gesting that a slight increase in activation level may 

accompany the autocontrol task under these conditions. 

During photic stimulation, the off trials also show higher 

frequencies than on trials except for S.B. Three Ss 

(A.B., D.T., and L.C.) did have frequencies lower for Eon 

than for Ec, but again the differences are small and not 

statistically significant. 

TABLE 5 

EEG FREQUENCY (HZ.) 

Subject C Ec Eon Eoff On Off 

A.B. 10.95 11.34 11.21 11.26 11.09 11.24 

S.B. 9.96 10.10 10.14 10.07 9.99 10.11 

D.T. 9.46 9.59 9.56 9-69 9.61 9.66 

S.C. 10. S3 11.00 11.09 11.11 10.99 11.03 

L.C. 9.76 9»&4 9.77 10.00 9.5̂  9.62 

EEG frequency in Hz. Based on samples per trial for all 
trials. C: control trials; Ec: evoked potential control; 
Eon: evoked potential, alpha on; Eoff: evoked potential, 
alpha off; On: alpha on training trials with feed-back; 
Off: alpha off training trials with feed-back. 
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The average duration of alpha "bursts was computed by-

dividing the number of times the alpha trigger was activated 

into the total number of seconds of alpha per trial. These 

data are shown in Table 6. Although some Ss had alpha bursts 

that were several seconds in duration, the values in the 

table are small because of frequent triggering by short 

bursts of only a few waves. The durations are shorter 

during off than on trials, except for A.B. The bursts are 

longer during on trials than during C trials for three 

Ss: S.B., S.C., and L.C. During photic stimulation the 

duration of alpha bursts were longer during Eon than during 

the control condition for all Ss. The duration of Eoff 

alpha bursts was shorter than Eon for all Ss except S.B. 

TABLE 6 

AVERAGE DURATION OF ALPHA BURSTS (SEC.) 

Subject C Ec Eon Eoff On Off 

A.B. 0.71 0.63 0.99 0.65 0.60 0.64 

S.B. 1.42 1.45 1-55 1.90 1-53 1.29 

D.T. 0.56 0.43 0.62 0.57 0.47 0.45 

S.C. 0.50 0.53 0.54 0.52 0.57 0.55 

L.C. 0.92 0.74 0.30 0.76 0.96 0.30 

Data computed by dividing the number of times the alpha 
trigger was activated during a given trial .into the number of 
seconds of alpha activity in that trial. C: control trials; 
Ec: evoked potential control; Eon: evoked potential, alpha 
on; Eoff: evoked potential, alpha off; On: alpha on train
ing trials with feed-back; Off: alpha off training trials 
with feed-back. 
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Another measure of alpha activity is its MIE measured 

in microvolt-seconds. This is a measure of energy in the 

alpha frequency range. It is of interest because it is 

possible that a S could increase the amplitude of his alpha 

activity without affecting the per cent time of its occur

rence. These data are shown in Table 7»' (Data tapes from 

two Ss were damaged in a laboratory accident so data for 

only three Ss are shown.). In all cases the MIE is higher 

during on than off trials. Two Ss, S.B. and A.B., had a 

higher MIE during on than during C trials. This is partic

ularly noticeable for S.B., whose MIE was 17$ higher for 

on trials than for control trials. 

TABLE 7 

MIE OF ALPHA ACTIVITY—LAST THREE SESSIONS 

Subject C On Off* 

3047 3569 2S69 

7270 6669 6612 

2236 2304 2292 

• 
j 

MIE in microvolt-seconds for last three sessions. Note 
that MIE is higher during on than off trials in all cases. 
C: control trials; On: alpha on training trials with 
feed-back; Off: alpha off training trials with feed-back. 

A suggestive finding concerning the effects of 

marijuana (Cannibus sativa) on the EEG came about by accident 

during the study. During session 1, the EEG record of A.B. 

S.B. 

D.T. 

A.B. 
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was predominantly of low voltage and high frequency. During 

the course of session 2, it was noticed that his record 

showed a great abundance of alpha activity, which seemed un

usual when compared with the first session. Upon asking him 

whether he was feeling different than he had felt during the 

preceding session, he said he had "smoked a joint Marijuana 

cigarette7 on the way to the lab." At this point, the 

session was discontinued. Some data from this episode were 

analyzed and are shown in Table Although this was not a 

controlled situation, the results suggest that marijuana 

enhances the abundance of alpha activity. Both the MIE and 

per cent time alpha are about four times greater during this 

session as compared with those in the five regular sessions. 

This is particularly interesting in view of the fact that 

A.B.Ts normal record is the activated pattern with very 

little alpha activity. 

Evoked Potentials 

The latencies of five selected evoked potential waves 

and RAP onset, and the amplitudes of both were measured. The 
• 

five waves selected are shown in Figure 2. These waves were 

selected on the basis of similarity in wave form. In some 

instances the latencies for given waves are different between 

Ss. The mean latencies of .each S for all five sessions are 

shown in Table 9* In order to see the effects of autocontrol 

training, the amplitudes and latencies of the first two 
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TABLE 3 

EFFECTS OF MARIJUANA ON ALPHA ACTIVITY 

Session 
MIE (microvolt-sec.) 

C On Off 

Regular 223S 2304 2292 

Marijuana 7S40 5740 5320 

Per Cent Time Aloha • 

Regular 17 9 10 

Marijuana 35 21 19 

Both the MIE and per cent time alpha are increased by a 
factor of approximately four in the control condition. 
C: control trials; On: alpha on training trials utith 
feed-tack; Off: alpha off training trials with feed-back. 
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TABLE 9 

EVOKED POTENTIAL WAVE LATENCIES (MSEC.) 

Subject Wave C On Off 

A.B. 1 53 50 55 

2 &L . 74 50 

3 122 105 123 

4 154 14$ 162 

5 1S9 1#4 194 

R 654 599 

S.5. 1 114 109 106 

2 149 156 163 

3 200 195 194 

4 254 250 254 

5 323 3U 303 

R 417 435 5#5 

D.T. 1 113 112 109 

2 159 144 . 149 

3 166 ISO 162 

4 239 24S 247 

5 2 #6 305 304 

R 561 600 601 
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TABLE 9—Continued' 

1 10 4 A09 94 

2 139 136 136 

3 135 131 166 

4 233 231 230 

5 275 274 276 

R 435 39^ 460 

1 63 66 71 

2 92 95 92 

3 . 113 121 117 

4 175 194 161 

5 237 247 216 

R 507 464 443 

Mean latencies of evoked potential waves and RAP onset (R) in 
milliseconds. Means are across all trials from all five 
sessions. C: control trials; On: alpha on training trials 
with feed-back; Off: alpha off training trials with feed
back. 
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sessions are compared with those from the last two sessions. 

These data are presented graphically in Figures 4, 5, 7, 

10, 11, 13, 14, 16, and 17. All Figures show on and off 

trials as compared with controls from the same sessions. 

These, data are considered separately for each S. (For 

purposes of comparison, Figures 3 through 17 follow 

immediately in sequence.) 

Evoked potentials for A.B. are shown in Figure 3* 

On and off trials are superimposed for comparison. RAPs 

appear more rhythmic and persistent during off trials than 

during on trials. Figures 4 and 5 show latencies and 

amplitudes for A.B. The last off trials (labelled B) are of 

considerably longer latency than are the others, except RAP 

onset,which appears much earlier in this condition than the 

others. The amplitudes (Fig. 4) of waves 3 and 4 are higher 

after training, but RAP amplitude is about the same in all 

four conditions. Regarding A.B.Ts autocontrol training, 

this S was not only unable to learn the task, but showed 

more alpha activity during off trials than during on trials. 

Figure 6 shows evoked potentials for S.B. The 

control shown was obtained by triggering the averager at 

random while playing in a tape from the last Econ trials. 

This S, who had about 40$ alpha during stimulation, was able 

to autocontrol alpha activity above and below baseline 

during training trials, but during stimulation trials he 

had more alpha during off trials than during on trials, 
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Fig, 3* Evoked Potentials from Last Session, Subject 
A.B. N = 64* Sweep = 1-sec. 
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A shows mean data from the first two sessions, B shows 
mean data from the last two sessions. Curves for Eon and 
Eoff are in relation to Econ, the solid line at 0.0 on 
the ordinate. 
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Fig, 6. Evoked Potentials from-Last Session, 
Subject S.B. N ~ 64, Sweep ='l-sec. 



3$ 

^ 

Off © 

On O"""0 
Off QaimnO 

WAVE 

Fig. 7. Eon and Eoff Evoked Potential Wave Latencies 
vs. Control, Subject S.B. 



i 

39 

6.0 S. 3. 

4.0 

2.0 

^ 

2.0 

4.0 
A < On 

Off 

6.0 

R On 0-—0 
B <Off ©•"—• 

2 3 4 5 R 

WAVE 

Fig. 8. Eon and Eoff Evoked Potential Wave Amplitudes 
vs. Control, Subject S.B. 
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Fig. 9« Evoked Potentials from Last Session, 
Subject D.T. N = 64, Sweep = 1-sec. 
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Fig. 11. Eon and Eoff Evoked Potential Wave Amplitudes 
vs. Control, Subject D.T. 
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Fig. 12. Evoked Potentials from Last Session 
Subject S.C. N = 64* Svreep = 1-sec. 
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Fig.-15,. Evoked Potentials from Last Session, 
Subject L.C. N = 64» Sweep = 1-sec. 
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both being below baseline. The RAPs are clearly sinusoidal 

and of higher amplitude during Eon than during other condi

tions. The waves in the first 500 msec, of Econ are also 

sinusoidal in comparison with the other conditions. 

Figures 7 and 8 show latencies and amplitudes. The 

latencies of waves 1 and 2 after training are longer during 

Eon than during the other conditions. The latency of RAP 

onset is longer during Eon than during Econ after training. 

The amplitudes of all waves are considerably greater after 

training during Eon than during other conditions, and those 

for Eoff are lower before training. 

' The background EEG record of D.T. was predominantly 

alpha before any training. During Eon trials he was able 

to increase alpha activity slightly above baseline. A 

sample of his evoked potentials is shown in Figure 9* 

Waves in the first 500 msec, of Econ appear more sinusoidal 

than do those in the other conditions. The control clearly 

shows the possibility of alpha-like waves appearing in an 

averagea even though triggering.is at random. After train

ing, the latencies of waves 2, 3* 4* 5,. and R are longer * 

during Eon particularly RAP onset (Fig. 10). Amplitudes 

are also larger during Eon after training (Fig. 11). This 

is the case for all waves. 

S.C., who lvas a low alpha S, also was unable to 

learn the task, showing practically no difference in per 

cent time alpha between conditions.. A-sample of her evoked 



potentials is shown in Figure 12. These evoked potentials 

appear more similar to each other for the three conditions 

than do those for the other Ss. RAPs are more rhythmic in 

appearance during Eon than those in the other conditions, 

but the difference is small. The latencies of waves 3, 4* 

and 5 are longest during Eoff after training (Fig. 13), 

while RAP onset is shorter after training. The highest RAP 

amplitudes occurred during Eon after training (Fig. 14)• 

L.C., who had about $0% alpha activity in his 

resting EEG, learned the autocontrol task successfully for 

both training and stimulation trials. A sample of his 

evoked potentials is shown in Figure 15- The amplitude and 

rhythmicity of RAPs are most pronounced during Eon. Also, 

a noticeable rhythmicity appears between 200 and 500 msec, 

during Eoff, which is not present in the other conditions. 

Figure 16 shows that the latencies of all waves are longest 

during Eon after training. The latency of RAP onset is 

also longer during Eon than durilng the other conditions, 

but is shorter.than Econ. RAP amplitude is highest during 

Eon after training, as shown in Figure 17. Figure 17 also 

shows that with the exception of wave 3, all Eon amplitudes 

after training are greater than Eoff amplitudes. 

The frequencies of RAPs during the three conditions 

are shown in Table 10, along with background EEG frequency 

occurring at the same time. RAP frequency is lower during 
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TABLE 10 

RAP AND EEG FREQUENCIES (HZ.) 

RAP EEG 
Sub.iect Ec Eon Eoff Ec Eon Eoff 

A.B 10.32 3.50 . 7.56 . 11.34 11.21 11.26 

S.B. 9.45 9.57 9.00 10.10 10.14 10.07 

D.T. 10.35 9.4S 9.2S 9.59 9.5S 9.69 

S.C. 6.36 9.05 9.00 11.00 11.09 11.11 

L.C. 9.45 9.40 9.04 9. $4 9.77 10.00 

Mean RAP frequencies compared with background EEG frequencies 
from the same period. RAP frequencies are lower during Eoff, 
while the reverse is true for EEG frequency in al.l but one 
case. Ec: evoked potential control; Eon: evoked potential, 
alpha on; Eoff: evoked potential, alpha off. 
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Eoff than Eon in all cases. The opposite is true .for EEG 

frequency in all cases but one (S.B.). In general, the 

differences between RAP and corresponding EEG frequencies 

are large. Recall that photic stimulation occurs during 

the collection of both sets of data, but is presented only 

during about half the EEG measure. If RAPs were indeed 

identical to alpha waves, one would predict that the EEG 

frequencies would be slightly lower than RAP because half 

the data represents time with no photic stimulation. Quite 

to the contrary, in 1̂  of the 15 cases, EEG frequencies are 

higher than the corresponding RAP frequencies. 

Subjective Reports 

No formal procedure was used to collect information 

about the subjective experiences of the Ss, but some of 

their comments were recorded for their general interest. 

Those who were able to control their alpha activity gave 

surprisingly similar descriptions of the experience. In 

general, the alpha on state was described as being void 

of awareness of all external stimuli except for the feed-
« 

back tone. Even the feed-back tone seemed to be at a 

distance. Subjects reported that when turning on the tone, 

they "could hear it but were not listening t£ it." They 

found the alpha on condition to be pleasant, and several 

regretted that these trials were not longer. The only 

unusual report was that of L.C., who said he felt as though 
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an infinite pane of glass were suspended above his head, and 

that thick paint was spreading slowly in all directions 

across its surface. 



DISCUSSION 

It was suggested in the introduction that EEG auto-

control training may be a way of controlling the Sfs back

ground EEG and subjective state while obtaining visual 

evoked potentials. In the training trials, during which 

feed-back is presented to S, two Ss learned to control per 

cent time alpha above and below the resting baseline level. 

Tvro Ss learned to reduce alpha below the level of alpha-on 

and control trials, and one S showed a reversal, having 

more alpha during off trials than during on trials. During 

photic stimulation trials, however, this S was able to 

increase alpha above baseline during Eon trials. Tvro other 

Ss showed a reversal during photic stimulation trials, 

having more alpha during Eoff than during Eon trials. In 

all, three of the five Ss were able to increase alpha above 

Econ levels during photic stimulation. This shows that a 

S can be trained to maintain a level of alpha activity 

greater than his baseline level in the presence of photic 

stimulation, even though such stimulation usually tends to 

block alpha activity in the background EEG. 

EEG frequency was higher during off than during on 

trials for all Ss except S.B., for whom the. difference was 

only 0.07 Hz. This suggests that whatever they did to 

5k. 
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reduce alpha activity tended to increase activation level. 

During autocontrol training, alpha frequency was higher 

during on than during control trials in four of the five Ss, 

suggesting that an increase in per cent time alpha is not 

necessarily accompanied by a decrease in frequency. During 

photic stimulation, EEG frequency is about the same during 

both Eon and Econ trials. These data suggest that the in

creases in alpha activity during Eon were not due to 

drowsiness, in that alpha frequency did not decrease during 

Eon trials. 

The average duration of alpha bursts during stimula

tion was longer for Eon than for Econ in all Ss. Eoff alpha 

bursts were shorter than Eon in all cases except one. This 

indicates that the increase in alpha activity during auto-

control includes an extension in the duration of alpha 

bursts, rather than just an increase in the number of times 

alpha bursts occur. 

The incidental finding regarding the effects of 

marijuana on the EEG is suggestive only because of the un

controlled nature of the situation. The fourfold increase' 

in alpha activity is large enough, however, to merit further 

study. Studies of this nature are called for at this time 

for reasons apart from the obvious pharmacological interest. 

One reason is that physiological psychology has recently 

expanded into a new realm in .which altered states of con

sciousness, such as those observed in Z.en and Yoga 
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meditation, are found to be correlated with the .EEG, partic

ularly the alpha and theta waves. Such states, which 

heretofore had been considered mystical experiences out of 

the domain of science, are now known to have definite 

electrophysiological correlates (Bagchi and V/enger, 1957)• 

Marijuana certainly falls into the category of conscious 

altering agents, and the small amount of data reported here 

suggests that it» too, has a large and measurable effect on 

the background EEG. The study of marijuana's effects on 

the EEG and on subjective experience should enrich our under

standing of the relationships between the brain's activity 

and subjective experience. 

After autocontrol training, the amplitude of all 

evoked potential waves and RAPs was higher during Eon than 

during Eoff trials in two of the three Ss who were successful 

at the task (the only exception is L.C., wave 3)* The 

latencies of all waves (except L.C., wave 1) and RAP onset 

aire longer during Eon than during Eoff as compared with the 

control condition. This is particularly noticeable for. 

D.T., whose RAPs begin 44# msec, later during Eon that during 

Eoff. 

Two Ss, S.B. and S.C., had more alpha activity during 

Eoff than during Eon trials. The latencies of waves 2-5 are 

longer for S.C. during off than during on trials, RAP latency 

being about the same. S.B. showed no consistent differences. 
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The amplitudes of all waves (except one) and RAPs are higher 

during Eon than during Eoff for these tvro Ss. 

Finally, A.B., who increased his alpha during stimu

lation but not during training trials, showed vave latencies 

consistently longer during Eoff than during Eon. RAP onset, 

however, occurred 205 msec, earlier during Eoff than during 

control trials. Eon data were not available for comparison. 

Note that this early RAP onset during Eoff is the same as 

for D.T. and L.C. 

These data show a fairly large amount of variability 

between Ss for several of the dependent variables. There 
! 

are, however, several consistent findings which relate to 

the problem stated in the "Introduction." These findings 
i 

suggest that visual evoked RAPs are not alpha return as 
i 

several investigators have suggested (Clynes, Kohn, and 

Lifshitz, 1964; Cohn, 19&4)• There are several reasons 
i 

for the present interpretation. 

First, the comparison of RAP and EEG frequencies 

(Table 10) shows that RAP frequency is lower during Eoff 

than during Eon .'trials in all cases. The findings for EEG 

frequencies obtained during the same trials is quite to the 

contrary. In all cases except one, EEG frequency is lower 

during Eon than during Eoff. If RAPs were actually a return 
1 

of alj)ha activity, it would be predicted that the changes in 

frequency observed between these two conditions would be at 

least in the same direction. The same table also shows 
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that the differences between RAP and EEG frequency are large 

in most cases. Subject A.B., for example, shows an EEG 

frequency that is 3»7 Ha. greater than the RAP frequency 

during Eoff. 

The latencies of RAP onset also support this inter

pretation. After autocontrol training, three Ss, S.B., 

D.T., and L.C., showed longer RAP onset latencies during Eon 

than during Eoff. Two of these Ss succeeded in increasing 

their level of alpha activity above the control level during 

stimulation. If RAPs were actually alpha waves returning 

in the background EEG, it would not be predicted that the 

latency of RAP onset increases with an increase in the 

abundance of alpha activity. 

• When Ss are ranked according to their ability to 

perform the autocontrol task during stimulation, there is 

no relationship with RAP onset latency or with RAP amplitude. 

This suggests that the abundance of alpha activity in the 

background EEG is not quantitatively linked to RAP amplitude 

or onset latency. 

The reports of the Ss suggest that their subjective 

experiences while increasing alpha activity were similar. 

The dominant characteristics of this state appear to be a 

loss of awareness of external stimuli and the subjective 

feeling that attention is not directed at anything in the 

usual sense. This finding has been consistent in the work 

done in the area of EEG autocontrol (Karaiya). There is, 
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however, a need for a clear definition of the autocontrol 

state. It is possible that two Ss could attain the same 

degree of autocontrol by using entirely different subjective 

methods. 

The intent to reduce variability in the background 

EEG was partially successful. This in itself is important 

because it shows that the study of the relationship betxveen 

evoked potentials and background EEG can be carried out by 

having the S control his background EEG activity. Other 

studies focusing on this relationship have had to rely on 

the stimulus falling at random within a desired EEG epoch. 

Autocontrol training procedures could be improved in several 

ways in future studies. One weakness in the procedure used 

in this study was the use of a fixed alpha criterion of 20 

microvolts. It is now obvious that the criterion is too 

easy for high alpha Ss and too difficult for low alpha Ss. 

A more efficient technique would be to use a floating 

criterion, based on STs resting EEG. A beginning criterion 

based on per cent time alpha could be selected for each S. 

Then a shaping procedure could be followed so that S would. 

have to produce more and more alpha to maintain the per cent 

time criterion. The second improvement would be to use longer 

training trials, as it takes some time for Ss to get themselves 

into the appropriate autocontrol state. Finally, more sessions 

would probably improve the S's proficiency at the task. 



APPENDIX A 

SECONDS OF ALPHA ANALYSIS OF VARIANCE FOR 

CONDITIONS—LAST TV/O SESSIONS 

Subject Source SS df MS F 

A.5. Within Conditions 6,529 21 311 

Between Conditions 432 2 216 0.695 

Total 6,961 23 

S.B. Within Conditions 51,307 21 2 ,443 

Between Conditions 5,100 2 2 ,550 1.043 

Total 56,407 23 

D.T. Within Conditions 597 21 2S 

Between Conditions 272 2 136 4.775 

Total £69 23 

S.C. Within Conditions 1,379 19 72 

Between Conditions SS 2 44 0.607 

Total 1,467 21 

L.C. Within Conditions 15,0̂ 4 17 SB? 

Between Conditions 20,524 2 10 ,262 11.565* 

Total 35,609 19 * 

*Signi£icant P <•01• 
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APPENDIX B 

EVOKED POTENTIAL V/AVE LATENCY (MSEC.) ANALYSIS OF VARIANCE 

FOR CONDITIONS—LAST TWO SESSIONS—SUBJECT A.5. 

Wave Source. SS df MS F 

1 Within Conditions 3,569 9 352 
0.837 Between Conditions 704 2 352 0.837 

Total 4,273 11 
352 

2 Within Conditions 4,319 9 430 
Between Conditions 954 2 477 0.994 
Total 5,273 11 

3 Within Conditions 5,525 9 614 
Between Conditions 950 2 475 *0.773 
Total 6,475 11 

4 Within Conditions 4,119 9 4 53 , «  

Between Conditions 954 2 477 1.042 
Total • 5,073 11 

5 Within Conditions 2,312 9 257 
Between Conditions 612 2 306 1.191 
Total 2,925 11 

R Within Conditions 6,933 4 1,733 
Between Conditions 18,704 1 18,704 10.790* 
Total 25,637 5 

18,704 

Ŝignificant P< -05» 
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APPENDIX C 

EVOKED POTENTIAL WAVE LATENCY (MSEC.) ANALYSIS OF VARIANCE 

FOR CONDITIONS—LAST TWO SESSIONS—SUBJECT S.B. 

Wave Source SS d£ MS F 

1 Within Conditions 367 5 73 
Between Conditions 130 2 65 0.887 
Total 497 7 

2 Within Conditions 717 5 143 
Between Conditions 33 2 17 0.116 
Total 750 7 

3 Within Conditions 1,168 5 233 
Between Conditions 94 2 47. 0.200 
Total 1,262 7 

47. 

4 Within Conditions 1,496 5 299 
Between Conditions 1 2 0 
Total 1,497 7 

5 Within Conditions 1,683 5 337 
Between Conditions 338 2 169 0.502 
Total 2,021 7 • 
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APPENDIX D 

EVOKED POTENTIAL V/AVE LATENCY (MSEC.) ANALYSIS OF VARIANCE 

FOR CONDITIONS—LAST TWO SESSIONS—SUBJECT D.T. 

Wave Source SS df MS F 

1 Within Conditions 1,133 6 189 
Between Conditions 67 2 33 0.176 
Total 1,200 8 

2 Within Conditions 133 6 22 
Between Conditions 39 2 19 0.874 
Total 172 8 

0.874 

3 Within Conditions 567 6 94 
Between Conditions 405 2 203 2.174 
Total 972 8 

4 Within Conditions 117 6 69 
Between Conditions 139 2 69 3-571 
Total 256 8 

5 Within Conditions 283 6 47 J 
Between Conditions 6 2 3 
Total 289 8 

R Within Conditions 112,3̂ 3 6 18,730 
Between Conditions 6,867 2 3,433 0.183 
Total 119,250 8 
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appendix e 

EVOKED POTENTIAL WAVE LATENCY (MSEC.) ANALYSIS OF VARIANCE 

. FOR CONDITIONS—LAST TWO SESSIONS—SUBJECT S.C. 

Wave Source SS df MS F 

1 Within Conditions 1,575 4 394 
Bet\*7een Conditions 6g 2 34 
Total 1,643 6 

2 Within Conditions 362 4 91 
Between Conditions 7̂ 0 2 390 4.305 
Total 1,142 6 

3 Within Conditions 2,237 4 559 
Between Conditions 1,34# 2 674 1.205 
Total 3,5̂ 5 6 

674 1.205 

4 Within Conditions 10,637 4 2,659 
Between Conditions 3,S4S 2 1,924 0.723 
Total 14,4S5 6 

5 Within Conditions 3,137 4 734 
Between Conditions 1,105 2 552 0.704 
Total 4,242 6 

R Within Conditions 1,400 3 . 467 
Between Conditions 2,333 2 1,417 3.035 
Total 4,233 5 
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APPENDIX P 

EVOKED POTENTIAL WAVE LATENCY (MSEC.) ANALYSIS OF VARIANCE 

FOR CONDITIONS—LAST WO SESSIONS—SUBJECT L.C. 

Wave Source SS df MS F 

1 Within Conditions 535 15 36 ' 
Between Conditions 31 2 15 0.434 
Total 566 17 

2 Within Conditions • 1,321 15 68 
Between Conditions 36 2 16 0.205 
Total 1,357 17 

3 Within Conditions 625 15 55 
Between Conditions 136 2 66 1.237 
Total 961 17 

1.237 

4 • Within Conditions 10,442 15 696 
Between Conditions 3,356 2 1,679 2.412 
Total 13,600 17 

1,679 

5 Within Conditions 15,554 15 1,037 
Between Conditions 3,153 2 1,579 1.522 
Total 16,712 17 

R Within Conditions 136,421 14' 9,744 
Between Conditions 2,606 2 1,303 0.133 
Total 139,026 16 

1,303 
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APPENDIX G 

MIE ANALYSIS OF VARIANCE FOR CONDITIONS 

Subject Source SS df MS F 

A.B. . Within Conditions 320,176 27 11,656 

Between Conditions l6l 2 90 . ' 

Total 320,356 29 

S.B. Within Conditions 114,216 17 6,719 

Between Conditions 20,536 2 10,269 1.526 

Total 134,756 19 

D.T. Within Conditions 327,596 26 12,599 

Between Conditions 16,600 2 6,300 0.656 

Total 344,196 26 

MIE: Mean integrated energy 
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