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ELECTROENCEPHALOGRAPHIC STUDIES OF CLASSICAL
CONDITIONING IN MAN

CHUN-HSING CHANG

Despite the rapid growth in our knowledge of the brain and nervous system in
the past century, information in this field has still fallen far behind the needs of
the rapidly growing science of psychology. Even today, the role of the brain and
nervous system in the simplest sensory experiences or motor reactions is not com-
pletely understood. Our knowledge of what an organism can perceive, learn, remember,
and do, is much greater -than our understanding of how such proecesses occur. In
recent years, however, psychological and physiological resarches have brought us
some new discoveries and new concepts of the functioning of the brain and nervous
system. Among these discoveries, the EEG (electroencephalograph) which has been
utlized to study the relation between brain function and behavior is of particular.
importénce. ) : '

In 1929, a German neuropsychiatrist, Hans Berger, demonstrated that the nervous
system is not a mere standby system, .active only when i‘n_éoming sensory massages
arouse it to activity, but that it is continuously active elec’_crically ( Hill aﬁd Parr,
1963). This pioneer work was largely ignored until similar investigations were carried
out in Adrian’s laboratory at Cambrige. Then, in 1934, Adrian and Metthews published
their classic paper entitled “The Berger Rhythm; Potential Changes from the Occipital
Lobes in Man” confirming to a large extent of Berger’s observations.

Adrian and Matthews described regular potential oscillations at approximately
10 cycles per second detected by electrodes applied to the scalp. They agreed with
- Berger's conclusion that these waves were due to electrical activity of the cortex;
they demonstrated, however, that these waves arose from the occipital lobes and
not from the whole cortex as Berger had contended. Investigating the response of
this activity (which became known as alpha activity) to certain types of stimulation
they concluded that the essential activity necessary for the disappearance of the
rhythm is pattern vision, although certain other types of stimulation or activity
such as unexpected touch stimuli, pressure on eyeballs, probem solving may cause a
diminution. '

After Adrian and Matthews'’s confirmation, investigators in Europe and America
began to utilize their techniques in an attempt to solve the tangled problem of
brain function. The electroencephalographic experiments carried out so far have
been concerned chiefly with the effect of light upon alpha activity. Investigators

1. These studies were supported by a research grant from the National Council on Science
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throughout thz2se studies and for making facilities for them available.
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have studied the effect of ‘variation in stimulus intensity and duration upon the
alpha activity (Cruikshank, 1937; Jasper and Cruikshank, 1956), the effect of attention
and external stimulation upon the alpha wave response to light (Jasper and Cruik-
shank, 1935; Thomas, 1962), the perseveration of the alpha blocking response to
light (Jasper and Cruikshank, 1937; Travis and Knott, 1936, 1937), and have made
electroencephalographic studies of conditioned learning (Jasper and Shagass, 1941;
Knott and Henry, 1941; Travis and Egan, 1936). A review of these researches shows
that few investigators have considered the phenomenon of orientation reflex (also
entitled habituation) of the alpha wave response to a strong visual stimulation.

~In this country, though it has been utilized recently for clinical purpose in
several hospitals, electroencephalographic techniques has not yet been employed in
psychological laboratory. The present series of experimental studies was undertaken
to -investigate the basic phenomena of various aspects of electroencephalogram in
groups of normal human subjects in a rather simply equipped laboratory. Three
related experiments were included in these stduies: (1) the effect of light stimulation
upon occipital alpha rhythmic activity; (2) conditioned response formation of occipital
alpha rhythm; and (3) orientation reflex of alpha rhythrri to light stimulation.

EXPERIMENT I~
THE EFFECT OF LIGHT STIMULATION UPON
ALPHA RHYTHMIC ACTIVITY

In this experiment, the following two aspects of alpha rhythm were examined:
(1) blocking time and recovery time of alpha rhythm; and (2) frequency changes
after light stimulation. The term “blocking time”, first used by Jasper and Cruik.
shank (1937), means the time between the incidence of light to the eyes and the
last alpha wave., They reported that the proceeding rhythm does seem to be clearly
changed only a few milliseconds after the light stimulation. The average blocking
time, they found, was 280 msec. (millisecond). By “recovery time”, also named by
Jasper and Cruikshank (1937), is meant the time from the cessation of the stimulation
to the first reappearance of the aipha rl}ythm. The average recovery time, Jasper
and Cruikshank reported, was 1200 msec.

The oscillations of the alpha rhythm in a normal subject are reported as
apporximately 10 cycles per second. Berger’s data varied from 8 to 12 cycles per
second. Adrian and Matthews found frequenciés cf 9.5 to 10.5 cycles per second.
Jasper and Cruikshank (1937) reported a frequency of 8 to 12 cycles per second.

METHOD AND PROCEDURE

Subjects

Ten male college students, screened from sixteen, enrolled in an introductory
psychology course at Taiwan Normal University participated as subjects. Their age
renged from 18 to 24 years. They were selected based upon two criteria: (1) they
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were free from pathological conditions of the brain and auditory and visual difficulties;
and (2) according to their ELG records obtained from the preliminary experiment,
they had the most regular and continuous alpha rhythms.

Apparatus .

The apparatus used for recording the electroencephalogram consisted of a Offner
Type T amplifier and a eight-pen ink-writing oscillograph. Visual stimulation used
in this experiment was light provided by bulbs ranged from 4.5 to 100 watts placed
approximately four feet in front of the subject.

" The room was semidarkened, but lack of sound-proof and electrically shielded
equipment. A black curtain used as a partition to separate the subject from the
experimenter, the recording equipment, and the devices for producing stimulations.
Procedure

Bgfore recording began, the experimental procedure was explained in general
terms to the subject to avoid possible apprehension regarding the study. Scalp elec.
trodes were applied by means of microhm jelly bilaterally to frontal, parietal, occipital,
and temporal areas. Bipolar recording technique was used. During the preliminary
'experim_ent period, the subject was seated comfortably with eyes closed. While the
alpha rhythm appeared, the subject was instructed to open his eyes frequénﬂy to -
test the effect of visual stimulation upon alpha activity. If the alpha rhythm couldv_'
not be observed after twenty . minutes or 1f it had no effect upon the subJect,s alpha
activity, this subject was then dropt out of. the group., If the alpha rhythm of the
subject appeared contmuously and showed effect, the subject’was selected to pa.rt1c1pate

in the subsequent experiment.
RESULTS AND DISCUSSION

Blocking Time and Recovery Time
In the studies reported here, when a light stimulation was presented to the eyes

of a subject, the proceeding alpha rhythm changed only a few milliseconds after the
stimulation as though a possitive effect were introduced before suppression or blocking
effect occurred. - This phenomenon is shown in Figure I. In many records, however,
no clear positive effect was distinguishable; the alpha rhythm simply dropt-o'ut_
rather abruptly after a delay of time. The periods of delay ranging from approxi-
mately 100 to 500 msec. were found in this experiment. 100 measurements of blocking
time made on 10 individuals are presented in the left part of Table L. ‘The average
time ranged from 176 to 324 -msec. for different individuals with a mean of 246
msec., and standard deviation of 41 msec. for the group.

No warning signal was given to these subjects before a light stimulation. The
wide difference in blocking is probably due to the difference in mental set assumed
by the different individuals to the same instruction. It appeared from some of the
records that the latency decreased as the subject became alert and prepared for the

appearance of the stimulation.
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Fig. L EEG alpha record from the subject Ca. 3-M-21-1/66 indicates the blocking and
recovery time after light stimulation. Arrow 1= appearance of light. Arrow 2 = disappearance
of light :

LP-0 = Left Parietal-Octipital Lobes.

LT-0 = Left Temporal-Occipital Lobes.

RP-O = Right Parietal-Occipital Lobes.

RT-0 = Right Temporal-Occipital Lobes.

‘Table I. Blocking and Recovery Time of EEG Alpha Rhythm '

Subject Number of trials ‘Average blocking time | Average recovery time

"1 10 : - 324 : 1,150
2 10° o277 Lm0
3 10 282 860
4 10 247 930
5 10 226 1,110
6 10 265 1,045
9 10 176 900
8 10 193 735
9 10 235 ' 1,090
10 10 238 1,070

(5300 ¢+ W 100 :

Mean..ve vorevtnanannen ; 246 1,061

SDueiii et e, ' 4 249

In almost every trial in which alpha activity was affected by light stimulation
the EEG records of different individuals clearly showed that the recovery time was
much longer than the blocking time. This phenomenon may be noted in Figure L
100 trials of recovery .time made on 10 subjects are presented on the right side of
Table 1. The average time ranged from 735 to 1710 msec. for different individuals
with a mean of 1061 msec., and standard deviation of 249 msec. These results,
though mutually diverse, were obtained with constant duration (3 seconds each time)



73

and intensity (60-watt bulb) of the light stimulation. The experimenter tested the
possibility of recovery time being associated with the duration and intensity of the
light stimulation. As a general rule it was shorter for a briefer stimulus period
with a higher intensity, but there were some exceptions and some records even
showed a reverse trend. Jasper and Carmichael (1935) suggested that the phenomenon
of latency in return to normal of the alpha rhythm is possibly associated with the
phenomenon of visual after-image. ‘
Frequency Changes

In normal subjects the frequency varying between 8 and 13 cycles per second
1s considered as normal alpha frequency (Glaser, 1963). Table II shows frequency
measurements of the EEG records of 10 normal adult subjects in this experiment.
It was found that the frequencies of the occipital alpha rhythm ranged from 9 to
12.5 cycles per second with an average of 10.84 cycles per second. No frequencies
were found below 9 cycles per second. This rather skew distribution might be due
to the small population. Jasper and Cruikshank (1956) reported that the frequency
of the alpha rhythm as it reappears following its blocking by light stimulation is
higher than during the pre-stimuation period, and this mcrease in frequency is
greater with hlgher intensity.’

Table II. Frequency Changes of Alpha Rhythm Pre- and Post-Light Stimulation

Csubject | NUpRof | AN RS | dvenaees | Difference | Iereriht
1 5 12.2 13.2 1.0 8.20
2 5 11.4 13.2 - 18 15.79
3 5 11.8 125 0.7 ) 5.93
4 5 11.0 12.4 1.4 12.73
5 5 11.6 . 126 1.0 8.62
6 5 10.6 12.0 1.4 13.20
7 5 9.6 10.2 0.6 6.25
8 5 9.6 10.4 0.8 833
9 5 10.4 10.5 0.1 0.96
10 5 10.2 11.6 1.4 13.73

Sum=50 M,=10.84 M,=11.86 M-M;=1.02 | Av. Incr.=9.34
SD=0.86 SD=0.94 :

The frequency changes found after light stimulation are presented in Table IL
These data cover 50 trials made on 10 subjects. The average frequencies of alpha
rhythm of pre-stimulation ranged from 9.6 to 12.2 cycles per second for different
individuals with a mean of 10.84 cycles per second, and standart deviation of 0.86
cycles per second for the group. On the other hand the average of alpha rhytm of
post-stimulation ranged from 10.2 to 13.2 cycles per second for different individuals
with a mean of 11.86 per- second, and standard deviation of 0.94 cycles per second
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for the group. The increments of alpha frequency after light stimulation ranged
from 0.962; to 15.79% comparing with the average frequencies before light stimula-
tion for different individuals. The mean difference between the two situations was
1.02 cycles per second, and the total average increment of the 50 trials reached
9.342.

The difference between fhe two means is highly significant (t=6.50, P<0.001),
the statistical probability of this difference occurring by chance being far less than
one per cent. .

EXPERIMENT II
CONDITIONED RESPONSE FORMATION OF
OCCIPITAL ALPHA RHYTHM

Studies of electroencephalographic z".esponse< to light led accidentally to the
discovery that the alpha blt;cking response could be conditioned. Durup and Fessard
(quoted by Glaser, 1963) were studying the response of alpha rhythm to visual
stimulation, in 1935, using a camera to photograph changes in alpha activity after
the appearance of a bright light. Previous testing had shown' that the noise of

opening the shutter alone had no effect on the electroencephalogram. ‘When, -

however, the click was presented in conjunction with the light, they noted that
after a few such temporal association “the,click began to cause disappearance of.
alpha. activity just as had the light. If the click were then presented several times
without visual reinforcement, it ceased to affect the alpha activity. Durup and
Fessard interpreted this observation to indicate the development of a conditioned
response; thatis, an auditory stimulus (the conditioned stimulﬁs), previously having
no effect upon the alpha activity, had, by its temporal association with the light
(the unconditioned stimulus), which routinely caused disappearance of the alpha
rhythm, acquired the ability to effect disappearance of the alpha activity. A similar
observation was made almost simultaneously by Loomis et al. (1936). They found
that if a tone and a light were presented concurrently to the subject lying in a
darknese, after a number of combination the tone alone, which previously had no
effect, p\rovoked alpha rhythm suppressibn. However, the effect of the tone alone
will not last more than two or three trials without light reinforcement.

Since then study of this form of conditioning has been made in a number of
laboratories. Travis and Egan (1938) reported results of more elaborate experiments
designed to investigate conditioning of alpha acfivity. The response of the subjects’
alpha rhythm to sound or light alone was first tested. The tone alone was followed
by disappearance or striking diminution of the amplitude of the alpha activity in 11
per cent of 643 presentations, while light alone was effective in 99 per cent of 344
presentations. The sound and the light were then presented together, the sound
preceding the light by 480 to 750 msec. During the paired stimulations, disappearance
of the alpha activity followed the sound before appearance of the light in 35 per
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cent of the records. These observations were interpreted to indicate true condition.-
ing of the alpha activity in man.

Knott and Henry (1941) re-evainated the data of Travis and Egan, noting that
tone was just as effective in producing alpha blocking in the first one-fifth of the
paired presentations as in each of the subsequent four-fifths: that is, there was no
curve of increasing effectiveness as pairing of sound and light continued. In their
opinion, this did not resemble conditioning, but rather sensitization. In similar
studies, Knott and Henry confirmed that sound might be followed by disappearance
of alpha activity when it was associated temporally with light. They interpreted
this phenomenon, however, as a “conditioned anticipatory response” instead of a
conditioned response in the Pavlovian sense.

Jasper and Shagass (1941) reported a more elaborate studies on conditioning the
occipital alpha rhythm in man. The conditioned stimulus was a 500¢/sec. sound,
_which appeared 700 msec. before the light, the subject having been instructed
previously to press a button whenever light appeared. Under these conditions, simple
conditioning was fairly easy to achieve, though the conditioned response was unstable,
extinction usually occurring after as few as three unreinforced presentations of
conditioned stimulus. In addition to simple conditioning, they demonstrated cyclic”
conditioning, delayed conditioning, differential conditioning, tréce conditioning, and
backward Eonditioning. They considered “‘sensitization” to be ruled out by the
demonstration of differential conditioning, that is, the response was frequency-jspeciﬁc
and not just any stimulus of eqﬁal intenéity. More elaborate forms of conditioning
were achieved by Jasper and Shagass than by other investigators, probably for two
reasons: (1) their experimental design was more complex; and (2) their subjects
were instructed to press a button each time that the visual stimulus -appeared. It
has subsequently been noted that cerebral desychronizatidn to the conditioned stimulus
is easier to obtain and more consistent when the unconditioned stimulus represents
a signal for a motor act by the subject (Wells, 1963).

Recently, Stern et al. (1961) have advanced further objections to entitling these
phenomena “conditioned cerebral responses”. This objection to employ Pavlovian
terms for electrical events has led their being called “temporary cerebral connections”,

“electrical correlates of conditioning responses”, “contingent alpha blocking”, and so on.

The present experimental study was undertaken to discover whether or not the’
basic phenomena of conditioned response of alpha rhythm in man could be establish-
ed in this simply equipped laboratory. Due to lack of sound-proof and electrically
shielded equipment, the study was limited to two types of conditioning: (1) the

simultaneous conditioning; and (2) the delayed conditioning.

METHOD AND PROCEDURE

Subjects
Twelve male college students, screened from twenty, participated in this ex-
perzment. The selected criteria and procedure were the same as in experiment I
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Apparatus

_ In addition to the apparatus used for recording electroencephalogram in experiment
I, a sound stimulus, produced by a beltone audiometer and was delivered through
earphone to one ear, was employed as a conditioned stimulus; and a 60 watt bulb
placed approximately four feet in front of the subject was employed as an uncondi-
tioned stimulus. The intensity of sound was adjusted until it was judegd by the
subject to near threshold. This was due to minimize the effect of the tone itself
upon the alpha rhythm,
Procedure : ,

At the beginning of conditioning experiment, several times of sound stimulus
was presented in order to avoid the startle effect of sound on the alpha rhythm.
Then 5 to 6 control trials with sound alone were made. In the process of condi-
tioning experiment, the light stimulus was presented after the sound. The intervals -
between sound and light and the durations of the stimuli varied in different condi-
tioning trials. '

RESULTS AND DISCUSSION
(A) - Simultaneous Conditioning

According to Pavlov, the simultaneous condtioning is meant one in which the
interval between the CS (condtioned stifnulus) and UCS (unconditioned stimulus)
was not more than five seconds. Pavlov apparently found no important.difference .
" in case of conditioning with the CS.-UCS intervals between -0 and 5 seconds. More
recent experimental evidence, however, indicates that the optimal interval is much
shorter than 5 seconds, probably being something more like a tenth of that value
(Hilgard and Marquis, 1961). A

The interstimuli intervals in this eXperiment were ranged from 0.5 to 1.0 second.
Before conditioning the sound stimulus was presented alone, 2 seconds in duration,
for testing the effect of sensitization of alpha activity. The sound stimulus was
repeated until the alpha activity became habituated to the sound. In most cases
the alpha rhythm became completely habituated to the sound within five trials. This
phenomenon is illustrated in Figure IL! Following this paired sound and light
stimuli were then presented to the subjcet. The sound appearing 0.5 to 1.0 second
and then both sound and light continued for 2 to 3 seconds. Conditioning was
considered established when at least 5 consecutive responses to the conditioned
stimulus occurred in which there was sufficiently depression of the alpha rhythm to
be clearly a response to the stimulus rather than a spontaneous variation. At first
the alpha activity responded to the light but not to the sound (Fig. III). Upon the
average of seven presentations of paired sound.light combinations the conditioned
responses of alpha rhythm could be observed. Figure IV demonstrates the typical
conditioned responses of alpha rhythm. It could be noted that the alpha rhythm
responds to sound stimulus just as it did to light. ‘
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Fig. II. EEG alpha record from the subject Ca. 5-M-20~1/66 indicates the electroencephalogram
has become habituated to the effect of sound stimulus after three trials, Arrow 1 and 3 = appearance
of sound. Arrow 2 and 4 = disappearance of sound.
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Fig. III. EEG alpha record from the subject Ca. 5-M-20-1/€6 irdicates the electroence-
phalogram responses to paired sound-light stimuli. Arrow 1 = zppearance of scund. Arrow 2=

appearance of light. Arrow 3 = disappearance of sound and light. Note that’scund alone has no
effect upon the alpha activity, while light is followed by disappearance of it.
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Fig. IV. EEG alpha record from the subject Ca. 5-M-20~1/66 indicates the conditioned
responses of alpha rhythm. Arrow 1 = appearance of sound. Arrow 2= appearance of light.
Arrow 3 = disappearance of sound and light. Note that the sound is followed by disappearance

of alpha activity before light appears.
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When conditioned responses established several test trials were made. The sound
stimulus was presented alone and without following the light. The conditioned
responses of alpha rhythm did occur and was of comparable duration (Fig. V).
These conditioned responses were not stable. In most cases extinction occurred
after as few as four or five test trials without light reinforcement.
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Fig. V. EEG alpba record from the subject Ca. 5-M-20-2/66 indicates the electroence-
phalogram of the subject is. completely coniiitioned to sound. Arrow 1 = appearance of sound.
Arrow 2 = disappearance of sound. : ‘

i)
ki

(B) Delayed Conditioning

By delayed conditiohing is meant that the conditioned stimulus begins from 5
seconds to several minutes before the unconditioned stimulus znd overlapping it in
repeated conditioning trials. Before conditioning the sound was presented alone, 5
to 10 seconds in durations for testing the effect of sensitization of alpha activity
just as the procedure in the simultaneous conditioning. Then the paired sound.-light
stimuli, with 5 to 10 seconds intervals, were presented. After 50 such presentations,
however, the experimenter failed to observe the occurrence of any conditioned
response (Fig. VI). It was found necessary to use Pavlov’s method of conditioning
first with short delay (e.g. for 1 second) znd then gradually postponed it vatil to
10 seconds. Under this manner of arrangement the delayed conditioning could ke
established. With a delay of 5 seconds, for example, a delayed conditioned response
was observed in zabout 40 trials (Fig. VIL). The duration of the sound before the
light varied in different trials between 5 to 10 seconds. The rate of establishment
of this form of conditioned response varied with the length of delay; the longer
the delay, the greater number of trials needed,

It was contrary to simultaneous qondtioning, the deleved conditioned response
was always anticiptory, that is, the blocking of alpha rhythm occurred before the
time at which the light hzd tegun tefcre. Fcre exzmple in the exyer’ment frcm
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Fig. VI. EEG alpha record from the subject Ca. 8-M-21-3/66 indicates the electroence-
phalogram responeses to paired sound-light stimuli. Arrow 1 = appearance of sound. Arrow 2=
appearance of light. Arrow 3 = disappearance of sound and light. Note that the sound alone
has no effect upon the alpha acctivity, whilé the light is followed by disappearance of it.
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Fig. VII. EEG alpha record from the subject Ca. 8-M-21-3/66 indicates the delayed condi-

~ tioning of alpha rhythm. Arrow 1= appearance of sound. Arrow 2 = disappearance of sound.

Note that the delayed conditioned response is anticipatory, the blocking of alpha activity occurred
before the time at which the light had begun before.

which the sample of Figure VII was taken conditioning trials were given delay of
5 seconds, the conditioned response occurred after a delay of 4.3 seconds and lasted
until the sound was turned off. ]

Delayed conditioned response was more unstable than that of simultaneous
conditioning. Extinction was easily observed after two or three trials without light
reinforcement. :

EXPERIMENT III
ORIENTATION REFLEX OF ALPHA RHYTHM TO LIGHT

Recent investigato;'s (Roger et al, 1958; Gastaut and Bert, 1961) have reported
that alpha blocking response to light stimulation, especially to rhythmically repeated
light stimulation, could be become habituated, the light lost its effect upon alpha
activity. Roger et al. called this phenomenon “orientation reflex” and this led some
investigators convinced that the light stimulation, though it blocking the alpha
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activity, could not simply be interpreted as an unconditioned stimulus in Pavlovian
sense. Gastaut and Bert (1961) have studied orientation reflex of alpha blocking
response to rhythmically repeated light stimulation. Using as a light stimulus a
75-watt lamp placed 1.5m from the subject, the stimulus being presented rhythmically
for 4 sec. every 20 sec., they found that the orientation reflex appeared usually
"between the third and eight such presentations. The present experiment was
purposed to examine if the orientation reflex phenomenon could be observed under a
strong flashed light stimulation.

METHOD AND PROCEDURE

Subjects and Apparatus '

Both the subjects and apparatus used in this experiment were the same as in
experiment IL
Procedure o

The source of the flahed light stimulation used in this experiment was provided
by a 100-watt bulb placed four feet in front of subject. A specially designed
equipment . made. the light flashed. The frequencies of the flashes varied from 5 to
11 times -per second, and were presented at irregular time intervals. No sound
stimulation was provided. ' '

RESULTS AND DISCUSSION

Figure VIII illustrates the phenomenon of orientation reflex of alpha rhythm to
flashed light stimulation. The intensity of light was 100-watt with frequencies of

9 times per second. The average of the first appearance of this phenomenon in ..

different individuals and in different fcrials was about 30 seconds after the beginning
of the continved flashed light stimulation. That is, when the flashed light continued
for 30 seconds, the alpha rhythmic activity began to become habituated, and the
light had lost the effect of blocking upon the alsha rhythm. When the flashed light
continued for 50 seconds the rhythmic activity had become almost completely habi-
tuated. As the records inditcate (Fig. VIII), when the flashed light was interrupted
the alpha rhythm was blocked just as iI} its usual respnses to light stimulation. “The
cessation of light stimulation to which the subject had been habituated now became
a new effector blocking the rhythm. When the absence of flashed light lasted about
3 seconds the rhythmic activity recovered, it became habituated to dark. As soon
as the alpha potential recovered its full strength the flashed light was again presented.
The alpha activity was blocked as in its usual responses, but recovered about one
and one half seconds. When the alpha rhythm had recovered fully the flashes were
stopped and the same responses as in the second period were observed. It was noted
that when alpha rhythm became completely habituated to the light, it recovery after
. blocking tends to be easier when it is in the light than when in the dark.
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Fig. VIII. EEG record from the subject Ca. 10-M-20-3/66 indicates the phenomenon: of
orientation reflex to a flashed light stimulation. Note that in the first period, the extreme left
side, the alpha rhythm had become habituated to the flashed light stimulation. The disappearance
- of the flashed light, instead of appearance of it, blocked the rhythmic activity (as shown in the

2nd. period). When alpha rhythm was habituated to the dark, however, the appearance of hgh‘

blocked its rhythm as usual (as shown in the 3rd period). . .
LF-P=Left Frontal-Parietal Lobes.

RF-P=Right Frontal-Parietal Lobes.

- The experimenter tried to vary the frequencies of flashed light from 5'to 10
‘times per second. The results indicated that when the frequencies ranged from. 8 to
. 10 times per second, the orientation reflexes were more easily observed. This might
be related to the frequencies of alpha rhythm in which 8 to 10 cycles per second
have been usually con51dered as normal alpha frequency. '

\

SUMMARY

‘The present experimental studies were purposed to investigate thebresponsiveness
of EEG alpha activity to light stimulation in groups of normal subjects and in
‘particﬁlar to examine: (1) the effect of light stimulation upon occipital alpha rhythmic
-activity; (2) conditioned response formation of occipital alpha rhythm: and (3)
orientation reflex of alpha rhythm to light stimulation. The results are summanzed
as follows: '

1. Recovery time was much longer than blocking time. -In a total of 100 trials
made with 10 subjects, the mean blocking time was 246 msec. with standard deviation
of 41 msec. The mean of recovery time of the same trials was 1061 msec. with
standard deviation of 249 msec. :

2. Frequencies increased after light stimulation. In a total of 50 n'ialé made
with 10 subjects, the mean frequencies before light was 10.84c/sec. with standard
deviation of 0.86c/sec. The mean frequencies after light was 11.86c/sec. with
standard deviation of 0.94c/sec. The mean difference between the two situations was
1.02c/sec. and the total mean increment reached 9.34%.
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.3. When the intervals between the conditioned and unconditioned stimuli were
ranged from 0.5 to 1.0 seconds, the simultanesus.conditioning could be easily observed.
The conditioned response occured on the average of 7 presentations of the paired
sound-light stimulations. Simultaneous conditioned response was unstable, the extinc-
tion was obtained after four or five test trials.

4¢ Delayed conditioning in which the intervals between the conditioned and
unconditioned stimulations were ranged from 5 to 10 seconds could be established.
With a delay of 5 seconds the conditioned response was observed on the average of
40 presentations of paired sound-light stimulations. Delayed conditioned response
was more unstable, and the extinction usually occurred after as few as two or three
trials without Iight reinforcement.

5. Light stimulation, though blocking the alpha activity, could not be viewed
as an unconditioned .stimulus. In the orientation reflex, light, “in many instance,
fails to have-any effect upon alpha activity, especially under the situation of rhythmic

"light stimulation. The orientation reflex of alpha rhythm to a strong rhythmic
light stimulation about 9 times per second could be demonstrated after 30 to 50
seconds of its continued presentations.
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