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ABSTRACT

The EEG in five frequency bands was studied in the occipital and
frontal areas of two subjects performing a behavioral task.

Each trial of the task was divided into pre-stimulus, stimulus, and
post-stimulus periods, with a duration of 10 seconds each. All trials
démonstrating activity which was thought to be of muscular origin were
discarded. The resulting data showed the following: (1) Activity at
20 Hz was consistently lower during tﬁe‘stimulus period in the occipital
electrodes. (2) Activity at 40 and 50 Hz increased in the occipital
derivation during the stimulus period in both cases. (3) None qf the
comparisons showed any significant changes in the F3—FZ derivations.

Tentative hypotheses were advanced relating the decrease in 20 Hz
to behavioral "inhibition" and the increase in 40 and 50 Hz to~"facilita-
tion" or possibiy "orientation". It was suggested that these data might
also be interpreted as electrical corollaries of short term memory

processes.
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CHAPTIER I

STATEMENT OF THE PROBLEM

The continuous electrical activity of the cortex, which is present
even in the apparent absence of any specific peripheral stimulation, has
been extensively studied, and this branch of electrophysiology has earned

a name of its own: electroencephalography. Recordings of this activity,

made through the intact human skull, are referred to as electroencephalo-
grams (EEGs) .

The recording of EEGs of man lagged for many years behind their
- demonstration in animals, partly because in recording through the skull
both electrodes lie at a distance from, and on the same side of, the
active brain tissue and the potentials are consequently attenuated
(Brazier, 1953). An additional factor which has hampered research dealing
with the EEG frequencies above approximately 25 Hertz (Hz) in man is
muscle artifact (Gibbs & Grass, 1947; Mark, 1947). Finley (1944) pointed
out th;t muscle artifact can be readily mistaken for fast EEG activity, '
gttributable to brain. Thus, one finds three plausible reasons why
research on 40 Hz activity in the human EEG as recorded at the scalp has
fallen behind its documentation in many subhuman species.

The problem to be investigated stems directly from a pair of studies
conducted by Sheer and his colleagues (1966 a, b). In these particular
studies, it was reported that the power spectrum of a cat's visual area I
showed a significant shift in proportional power from 31.5 Hz to 40 Hz
during the S+ period after learning of a visual discrimination task had

occurred. Congruent with each response there was also a marked rise in
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the 31.5-40 Hz bands, with the rise in 40 Hz persisting until the termi-
nation of the_trial. In a recent review, Sheer (1970) noted that the
behavioral data strongly suggest that memory traces involved in short-term
storage should take the form of patterned electrical brain activity. 1In
order to further elucidate this relationship, Sheer suggested a research
.strategy which would commence with attempts to establish correlations
between behavior and critical patterns of organized electrical activity.

The purpose of this study, then, is twofold: (1) to demonstrate the
presence of 40 Hz activity in the human EEG which can be attributed
solely to brain; and (2) to relate this activity to the performance of

a discrimination task.



CHAPTER II

REVIEW OF THE LITERATURE -

Analysis Methods

With the discarding of the notion that there were two types of waves
in the EEG, alpha and beta, and realization that the ongoing EEG was
composed of a continuum of frequencies (Gibbs et al., 1935; Travis &
Knott,\1936) with a demonstrable relationship between frequency and
amplitude (Knott & Travis, 1937), it was but a short step to the intro-
duction of automatic frequency analysis, which would give data relative
to two of the three dimensions of the EEG, frequency and voltage. The
third parameter, phase, could not be incorporated into the system
(Knott, 1953).

The early methods for determining the frequency spectrum of the EEG
prior to automization were primarily graphical (Kozhevnikév, 1958; and
Engel et al., 1944). Fujimori et al. (1958) analyzed the EEGs of children
by this method in an attempt to derive a quantitative expression of slow
activity. They concluded that the method was applicable to clinical
practice, especially since the results were similar to what was obvious
upon visual inspection of the original record. However, a sérious draw-
back to this method is the laboriousness of its épplication, with analysis
of a few seconds of record taking up to a week (W. G. Walter, 1963).

A commonly employed method, visual analysis, is accurate only within
the limits of the experience of the observor. For example, it sometimes gives
the impression of a transition to an EEG of higher frequency during afferent

~

stimulation. Rusinov (1960) pointed out that this may be due to the



suppression of activity at lower frequencies, allowing the faster
frequencies to become more clearly evident. He supported his conclusion
with data which showed the faster activity to be presént prior to the
onset of the stimulus.

Before automatic instruments were employed, there were also attempts
to compute characteristic features of the EEG curve by Fourier's method
of harmonic analysis, which involves the separation of any course in a
certain time period into a series of sine waves, the frequency of which
is_thertotal multiple of the basic frequency. Each one is then character-
ized by a certain amplitude and phase relation to the original sine wave
(Matou¥ek, 1967). However, Fourier's method is not in theory.directly
applicable to the EEG as it assumes that a portion of the signal repeats
itself identically in the past and future or is nil éutside the recording
interval, conditions that rarely occur in physiological signals (Cammarata,
1967) . .D. 0. Walter (1963), in his review of the mathematical relations
of this method, pointed out that only certain individual waves are derived
from some basic frequency and one can not presume'that the whole EEG is
derived from one such frequency. It was therefore necessary to generalize
Fourier's transform, introducing the concept of statistical variability
in the signal (Cammarata, 1967).

Tuned paésive filters for detection of individual frequencies ot the
EEG were first employed by Loomis et al. (1936), to study the differential
EEG reactions both within the same subject and across subjects during
various behavioral states, including sleep. The integrated output of this
tuned circuit expressed the quantity of activity of the brain at a specific

frequency which had occurred in the preceding 30 seconds. Drohocki &
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Drohocka (1939) and Drohocki (1945) have described a similar method, and
employed it for the study of urethane parcosis.

| Grass and Gibbs (1938) described the first automatic analyzer which
provided a continuous frequency-voltage plot in the EEG frequency range;
unfortunately, none but the‘original experiméntal model were produced.
However, it was used in a number of studies which are discussed in the
next chapter.

Automatic analysis of the EEG is usually performed by electronic har-
monic analyzers of various types (W. G. Walter, 1943; Baldock & W. G.
Walter, 1946; and Barbour, 1947). Knott et al. (1951) have described an
american eduivalent to the analyzer developed by W. G. Walter. Hoefer et al.
(1949) employed an automatic analyzer of their own design to study the EEGs
of normals és well as patients with various neurological defects. It is
interesting to note that their analyzer as originally designed covered all
frequencies from 1 to 60 Hz, However, upon repeated analysis of different
EEGs, nothing significant was found above 30 Hz and thus, the final analysis
was limited to activity from 1 to 30 Hz. No activity was seen at all in
the filters tunmed to frequencies from 18 to 60 Hz when a short alpha burst
was analyzed. The band width of the filters employed in the analyzer
usually determines whether the process is termed "frequency analysis"

(broad band filters) or "spectral analysis" (fine division of frequencies)
(Goldstein & Nicotra, 1961; Eidelberg & Cheshire, 1964; and-Cohn, 1964) .

More recently, Burch, et al. (1564) has abstracted wave shape infor-
mation from the EEG as an aperiodic function. This method, termed "period
analysis", utilizes a digital computer and breaks down the ongoing EEG into

major, intermediate, and minor periods which are distributed over three



spectrum of "equivalent'" frequencies in ten bands per spectrum.

40 Hz in Animals

The occurrence of a pronounced rhythmic electrical bursting in
rhinencephalic structures was first discribed by Adrian & Ludwig (1938)
in the catfish. Subsequently, a number of investigators have observed
and verified the occurrence of this activity in the following organisms:
cat (Freeman, 1962; Gault & Leaton, 1963; Hernandez-Peon et al., 1960;
Leese, 1960); catfish (Rappoport, 1965); chimpanzee (Adey, 1963); dog
(Domino & Ueki, 1960; Sundstein & Sawyer, 1959); frog (Gerard & Youﬁg,
1937); hedgehog (Adrian, 1942); monkey (Domino & Ueki, 1960; Hughes &
Mazurowski, 1962; MacLean & Delgado, 1953); rabbit (Adrian,'1955); rat
(Wooley & Timiras, 1965); toad (Takagi & Shibuya, 1961); and turtle
(Boudreau & Freeman, 1962).

The frequency of this activity may differ for various zones in the
rhinencephalon--olfactory bulb, prepyriform cortex, and_amygdala—-and,
particularly, for different species; but in most cases it centers at
about 40 Hz (Sheer & Grandstaff, 1969). Sheer et al. (1963, 1966 a) and
Grandstaff (1965) have shown that airflow through the nasal passage is
essential for the appearance of 40 Hz activity in all of these structures
under a variety of behavioral conditions. Bilateral removél of the
olfactory bulb was seen to abolisﬁ this activity, while unilateral nasal
occlusion abolished it ipsilaterally with a corresponding increase contra-
laterally. .This work has since been confirmed by Pagano (1966), Pagano &
Gault (1964) and Gault & Leaton (1963). |

The relationship between olfactory bulb, prepyriform cortex, and



amygdala is not invariant with respect to this 40 Hz activity. For
example, in the amygdala, it is also related to the novelty and/or
"meaningfulness" of the odor associated with the airflow. A necessary
condition for the occurrence of 40 Hz activity in the amygdala is orienting
behavior characterized by a high level of alertness, EEG arousal patterns
at the cortex, and sniffing. 1In quadruped animals, particularly, olfaction
and the associated motor feedback of sniffing are highly adaptive orienting
responses for exploratory, food, and sex behavior (Sheer, 1970). These
observations on rhinencephalic structures were extended to neocortical
areas in a study by Hix (1969) with cats on a successive visual discrimi-
nation task. She noted that significant changes in activity at 20 and 40 Hz
occurred in visual area I and the motor cortex, but not in auditory area I
 of one cat.tested during the performance of a discrimination task. Specif-
ically, 40 Hz activity was consistently higher during SD periods with a
response than during any other behavior conditions studied. Coincident
with this rise in 40 Hz was a systematic drop in activity at 20 Hz in the
same cortical areas. Hix advanced the tentative hypothesis that the 40 Hz’
activity was an electrical correlate of the orienting response and that

the 20 Hz activity was an electrical correlate of its inhibition.

40 Hz in Humans
As would be expected, the invaétigation of 40 Hz activity in sub-
cortical structures in man has not been carried out extensively.
In 1?53 Sem-Jacobsen et al. reported acti&ity in the 24-36 Hz range
to be present in the human olfactory bulb. This work was later confirmed

by Sem-Jacobsen et al. in 1955 and again in 1956(a). In the 1956(a) study,
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they recorded from the olfactory bulbs of 17 patients (psychotics) who
had been implanted for diagnostic purposes. They noted that stimulation
of the nasal mucous membrane by various odors was capable of evoking electri-
cal rhythms in the olfactory bulb which varied in frequency from 25 to 38 Hz.
Hughes et al., (1970) noted variations in the.frequency (<40 to>65 Hz)
of the activity of the human olfactory bulb which were specific according
to the type of odqriferous stimulus employed and also to a lesser degree
the electrode iocation. They concluded that the perception of an odor
depends mainly on the amplitude of thé various frequency components.

Gedevani (1969) has described a spontaneous rhythmic activity at 55 Hz
(range 50-60 Hz) anﬁ a related rhythm of 2-5 Hz in the olfactory bulb of
man. He is currently of the opinion that these rhythms seen in the
olfactqry bulb are an electrical expression of orienting and emotional
responses and may be evoked by any externél or internal stimuli, as well
as by olfactory stimu}i. According to Gedevanishvili (1959), Gedevani has
also reported sinusoidal bursts of 55 Hz activity to be present in éhe
frontal polar regions of the human brain. This frontal polar activity
was hypothesized to be related to either the orienting reflex or the
formation of a temporary connection during conditioning.

Brazier (1959) was able to record fast frequency bursts (36 Hz) in
the amygdaloid complex of a temporal lobe epileptic that aépeared tg be
accentuated by any unexpected streséful stimulus which also evoked a
galvanic skin response. Brazier related‘this finding to the work of
John and Killam (1959) who recorded from the amygdala in the cat during
perfprmance'of a conditioned avoidance task. They noted prominent bursts

of 40 Hz activity occurring in the amygdala during the performance of this



task. Adey et al. (1960) have recorded similar bursts from the cat
amygdala during approach training. Leese et al. (1955) described
rhythmicél bursts of activity at 20-30 Hz appearing in the amygdala of
three chronic schizophrenics and one subject being treated for intractable
pain. They correlated this activity with thoughts either elicited during
directed interviews or occurring spontaneously. It was suggested that
this type of activity is related to emotionally significant memories.
Chatrian et al. (1958, 1960) recorded from an electrode estimated to
be in the anterior calcarine cortex or underlying gray matter. Constant
illumination provoked a response in this area characterized by an initial
slow potential, followéd by a fast discharge of around 50 Hz. This evolved
after a variable amount of time into a discharge of 20 to 25 ﬁz. A
similar pattern was seen when the stimulus was terminated.
Perez-Borja et al. (1961 a, b) implanted bilateral electrodes,
estimated to be deep in the posterior teméoral or parietal lobes, immediately
posterior to the pulvinar and anterior to the ventral portion of the
calcarine region at about 25 millimeters from the midline; The EEG
recorded from these electrodes was a fast focal response (40-45 Hz) which
showed nonspecific responsiveness to stimulation in all sensory modalities.
. “According to Sem-Jacobsen et al. (1956 b) the EEG recorded from the
lower part of the occipital lobe of one patient demonstrated the following
patterns: activity of 2-8 Hz when the eyes were closa2d; 4-8 Hz when the eyes
were open; and 27-50 Hz when the patient looked at a picture. The activity
at 27-50 Hz was elicited only as long as the patient was interested in
the picture or object at which he was looking. An increase in frequency

from 25 to 50 Hz in the rolandic motor cortex and underlying white matter
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was noted when the patient passed from a resting state to a more active
state.

Bickford et al. (1958) noted a fast response (50-60 Hz) in the right
posterior temporal lobe of one patient accompanying a clinical state which
they described as a temporal lobe automatism. - |

Tﬁree types of electrical activity have béen recorded by Irger et al.
(1949) in the human cerebellum. These types were formulated on the basis
of the frequency range in which the activity was noted (6-8, 30-50, and
170-220 Hz). In their studies on the electrical activity of the human
cerebral cortex, Beritov et al, (1943) also grouped their subjects into
three classes, each characterizgd by a particular band of what they termed
beta activity (80, 100-120 and above 120 Hz) . |

Frequency analysis of the human EEG as recorded at the scalp has not
as a rule been extended beyond the 20-30 Hz range (Plutchik,‘1966; Peneul
et al., 1955; Knott et al,, 1959; Kennard & Schwartzmann, 1956; Kennard
et al., 1955; Finley, 1943; and Bickford, 1951) with a number of studies
oriented to the slower (1-13.5 Hz) end of the frequency spectrum (Yoshii & ,
Hockaday, 1958; Verdeaux et al., 1961; Meister et al., 1959; Matousek,
1968{ Friedman & Engel, 1956; and Berkhout & D. 0. Walter, 1968). 1In
“either case, the majority of the studies are highly clinically oriented,
as are those which present data on activity at frequencigs around 40 Hz
and above. |

Those studies presenting dééa on frequency analysis of the EEG as
recorded from the scalp at frequencies around 40 Hz usually do so only
as a secondary point of interest, for they do not, as a rule, discuss

this activity in any detail. For example, Gibbs and Maltby (1943), in a
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study on the effects of drugs on the EEG state that, "the frequency
curves between 40 and 50 Hz add nothing to the data", and on this basis,
e#cluded it from further discussion. The curves they presented for
activity at 40 Hz do not appear to vary greatly from drug to drug. Gibbs
et al. (1940) studied the effect of metabolic changes on the frequency
spectrum of the EEG. The graphs of their data éhow activity in the 40 Hz
‘range as recorded monopolarly from the occiput referred to the two ears.

Gibbs (1942) noted an increasing amount of energy in the EEG spectrum
above 24 Hz along a gradient from the temporal and frontal areas to the
parietal and occipital areas.

In 1950, Gibbs and Lorimer, and Gibbs et al., studied the clinical
correlates of what they considefed to be a rare EEG pattern consisting
of approximately sinusoidal, 30-40 Hz waves OCCurring.in the frontal and
to a lesser extent in the parietal and temporal areas. They reported a
high correlation between the appearance of this. pattern and personality
disturbances. 1In later papers, Gibbs and Gibbs (1962, 1967) further
discuss the possible clinical correlates of what they termed exceedingly
fast (above 30 Hz) activity. Beta waves af frequencies above 30 Hz were
found in 1.15i of the EEGs of a predominantly peuropsychiatric population
by Flugel (1969).

Gibbs and Knott (1949) examined thé changes with age in the frequency
spectrum of the scalp EEG, as recorded from the right occipital area.
They noted no systematic increase in voltage with age for activity in
the fréquency range from 22-60 Hz.

Knott et al. (1942) performed a Fogrier transform of the EEG which
showed 40 Hz activity to be present in approximately equal amounts during

waking and sleep.
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Finley (1944) reported EEG activity at around 40 Hz with an amplitude
of 50 microvolts which he delineates from muscle artifact on the basis
of morphdlogy.

Regan (1968) employed a light sinusoidally modulated at varying
frequencies to elicit an evoked potential. further analysis of this
data showed a marked peaking of activity within the 45-55 Hz range. Dewan
(1969) recorded from the right occipitél area of one subject (§) during
‘photic stimulation at 5 cycles per second. The autospectrum of this
activity showed a dominant peak at about 10 Hz, with an additional small
peak at 40 Hz. Kaufman aﬁd Price (1967) have described a techﬁidue with
which it is possible to record visually evoked activity from the human
scalp with a frequency content of 300-1000 Hz.

Motokizawa and Fujimori (1964) noted that fast activity (13 to 60 Hz)
did not increase in association with alpha blocking. However, Grindel
(1965) was able to record a simultaneous depression of alpha and beta
activity in the occipital areas with the onset of a light stimulus.
Activity in the gamma fange remained unaltered. Gibbs and Gibbs (1950)
reported only a very slight increase in activity at 40 Hz in the occipital
area with eye opening. Il'Ianok (1960) employed a modified Walter analyzer
to study the occipital EEG. He found a minor drop in the amount of 40 Hz
activity present (averaged over 50 seconds) under a steady illumination
condition relative to the level seen in total darkness.

According to Jasper (1937), Dietsch (1932) found several frequencies
between 17 and 50 Hz when a Fourier analysis was made of some of Berger's
alpha and beta waves. Dietsch éubdivided these frequencies into categories

In his classification, C1 corresponds to

which he labeled C1 through C7.
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tho;e oscillations which Berger termed alpha waves with a duration of
100 millisecondé (msec.) and Cg to Berger's beta waves (duration 33 msec.).
Tﬁe maximum amplitude ot the C3 components was only 1/30 that obtained
by the principal oscillations (Gloor, 1969)!

Jasper (1935) recorded from electrodés élaced on the forehead and
just above the inion. In this derivatipﬁ, hg noted activity varying between
25 and 50 Hz with an amplitude of 15 to 30 microvolts, which he related
to the beta rhythm described by Berger. However, in later stidies on beta
waves, Jasper and Andrews (1936, 1937).occassiona11y observed frequencies
from 35 to 50 Hz, but they could not be definitely shown to be of cortical
origin as could the slower beta waves. |

>Frequencies ranging up to 200 Hz were observed in the EEGs recorded
from electrodes placed on the scalp at Fp1-03 and C3-01, in 14 normal Ss
by Hall et al. (1967 a, b). Synchronous "spiking" triphasic waves of
about 30 msec. total duration with a slight increase in amplitude in
the Fpl—C3 derivation were also regularly observed. Their rate of occurrence
wouldioccassionally be as high as 40 Hz. They concluded that the EEG above
50 Hz contains sﬁbstantial elemeﬁts of brain origin.

Burch et al. (1967) in.their éeriod analysis of the EEG data from the
flight of Gemini VII, defined two states of arousal: the T1 category,
interpreted as a state of non-specific neuroﬁhysiological arousal as
contrasted to the relatively specific visual arousal of the eyes open
category. Both arousal states showed an increase in slow components but
delta! tended to predominate in the T, category while slow theta ﬁas dominant
with the eyes open. In addition, the eyes open state showed twice as much

24 to 35 Hz activity as compared to T This accentuation of the relatively
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high frequéncy beta component was thought to characterize the specific
visual arousal of the eyes open situation. The predominant 30 to 40 Hz
activity in the minor period further defined this speéific visual
component as being dquite well organized and primarily in the fast beta
range. Contrasted to the beta component of épecific arousal, the T1~state
tended to show increased superimposed agtivity in the 12 to 18 Hz range
which was demonstrated to be a well organized wave shape by the compara-
tively high 10 to 20 Hz component of the minor period. More recently,
Spilker et al. (1969) presented data obtained from Ss trained to control
the amplitude of their alpha rhythm. Period analysis of the EEG activity
recorded from 04-02 and CZ—A2 in these Ss showed an increase in the
average number of full waves per second in the 33.3-50.0, 50.0-66.7 and
66.7-100.0 Hz frequency bands when the § maintained a low alpha as
compared to a high alpha awplitude. However, they are careful to point
out that this fast activity above 33.3 Hz may not be of brain origin.

Hans Berger, in his first report on the electroencephalogram of man
in 1929 questioned the possibility of detecting mental work as a change
in the EEG. His research did not lead to an unequivocal answer, but he
was inélined to believe that with strenuous mental work the larger waves
of first order with an average duration of 90 msec. are reduced,.and the
smaller (35 msec.) waves of second order become more numerous. He fut
forth similar statements in later sfudies (1930, 1931).

In his fourth report (1932) Berger discusses the appearance of this
phenomenon in more detail. It was clearly evident to Berger fhat the alpha
wave became much smaller and in many places was completely missing when

one S solved mental arithmetic. In those segments where beta waves
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alone were'present, there was a decrease in potential to 1/5th that of

the previously exiéting voltage. 1In his twelfth report (1937) Berger.
pfesented some contrasting results. He compared the amplitude of beta
waves at rest to those of mental work. During mental work, the beta

waves with a duration of 11-24 msec. sﬁbwed.not only a four to eightfold
increase in amount (sometimes 5 brief bgta waves immediately succeeded
each other) but they also increésed in amplitude. Furthermore, in mental
work which con;inued for a relatively long time, periodic fluctuations
became apparent in the EEG with a transient return ot the alpha wave
(Berger, 1938). He chose to refer to this as the active EEG (Gloor, 1969),

According to Mundy-Castle (1951) there appear to be at least two
broad groups ot beta activity (maximum 30 Hz), one showing suppression
during mental activity and often though not invariably related to alpha
frequency, the other apparently augmented by such mental activity. He
tentatively hypothesized that beta'activity occurring during mental
éctivation represents an accelerated process resultant on scansion of
the projection and/or association areas in'which patterned neuronal
activity is present consequent upon the presentation of stimuli in the
form of either visual or mental patterns. He confirmed these findings
in 1953 and again in 1957, proposing in the latter paper the terms beta I
and beta II for this bifold classification of the beta rhythm.

A significant increase in beta activity (13+ Hz) during verbal learning
has been reported by Thompson and Obrist (1963). In a later study (Thompson
& Obrist, 1964) they confirmed the;e original results, and noted that this
increase was maximal at a-critical time in the learning process; 1i.e.,

when syllables were first being anticipated correctly,
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Volavka et al. (1967) reported an initial suppression of both beta I
and beta II activify with eye opening. A significantrincrease in these
.ffequencies occurred with the performance of mental arithmetic either with
the eyes open or closed.

Sakhialina and Mukhamedova (1958) noted that the initial phase of a
form of muscular activity (pedaling a bicycle ergometer) to which the § was
not accustomed was accompanied by 30-40 Hz EEG activity. On the first
experimental day, these oscillations were recorded from the ocecipital,
parietal, and temporal regions. On subsequent days, they became localized
td specific areas in the sensory motor region. Further trials led to a
return of the alpha rhythm. They related the appearance of this phenom-
enon to the gradual consolidation of the sterotype that had been formed,
consolidation being apparently associated with concentration and increasingly
strict localization of excitation in some limited sections of the cereﬁral
cortex, with some predominance of the inhibition process in all other
regions. Similar studies, with confirminé_reshlts have been carried out
by Pavlov and Iochilov (1960) , Soloqub (1960) ,"Khavkina (1958), and
Shtiurmer (1958). However, Mil'Shtein (1960) was unable to record rapid
oséillations of this nature in a similar situation. Thus, therquestion
of contamination by muscle artifact arises. However, Pavlov and Tochilov
(1960) by employing strict controls (recording directly from muscle, cooling
of muscular tiésue, etc.) were able to rule out contamination of this nature,
and conclude that this activity was of cerebral origin. Soloqub et al.
(1961) noted an increase in activity at 20 Hz during muscular exertion.

In an experiment designed to assess the changes in the frequency spectrum

of the EEG during activities involving different kinds of auditory, visual,
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and conceptual functions, Giannitrapani (1969 a) noted the following
changes: (1) mental arithmetic showed increased fast activity (21-33 Hz)
bilaterally, anterior, more in the prefrontals; (2) 1isteﬁing to noise,
an increase in this fast activity bilaterally in prefrontal and temporal
areas; (3) listening>to music, increase in 33 Hz activity in the left
occiput; (4) listening to voice, simulated noise except for a decrease
in activity at 33 Hz in the left occiput; and (5) visual examination of
a poster and looking through diffuéing goggles showed similar changes
spread over the entire head.

The literature cited here tends to support the position of rhythmical
activity'at about 40 Hz being not onlylrecordable at the human scalp and
attributable to brain, but also its being related to memory consolidation
and/or performance of a mental task. However, it remains fér a correla-
tion to be established between behavior and critical patterns of organized
EEG activity as suggested by Sheer (1970), which, as stated earlier, is

one of the purposes of this study.



CHAPTER III

METHODS AND PROCEDURES

Subjects
Subjects for this study were two paid vélunteer undergraduates
(Case I and Case II) who were free from.any known neurological defects
at the time of the recording. These Ss ﬁere selected from a larger
population on the basis of their ability to relax in the experimental
situation thereby drastically reducing the amount of muscle artifact in

their EEG records.

'Apparatus

The experimental chamber was an electrically shielded, semi-sound-
proof room adjbining the recording area. The experimenter was able to
view the S via a one way mirror. An intercom system provided verbal
communication with the S.

The S was seated in a comfortable reclining chair in front of a
table on which the behavioral apparatus (Lehigh Valiey human behavior
panels) had been placed. The chair and the table were individually
_positioned for each 8 to maximize his comfort and to allow to make
a response with a minimum of effort.

A combination.of Foringer and Lehigh Valley autonatic timing equipment
was employed to control the inter-trial intexrval, present the varying
groups of stimuli, and record the S's responses.

At the start of each experimental session tle following instructions

were read to each S:
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Three geometric lighted stimuli will appear on the upper

panel and a sound will come from either the right or left

speaker in the upper panel. You are to respond by pushing one

of the three push panels on the lower panel on which are

engraved a triangle, a circle, and a square. When you make a

correct response the red light to the right of the response

panel will flash. You will receive one dollar for each correct

answer.
The thirty trial sequence was repeated until the § responded correctly
for 15 consecutive trials. A five minute rest period was allotted
between sequences, when more than 30 trials were required for the § to

learn the task.

EEG Recordings

The collodion techniﬁue was employed to attach Beckman silver silver
chlorided electrodes to the S§'s scalp according to the International 10-20
system. Interelectroded resistances were in all cases under 5,000 ohms.
A Microdot mininoise qable 1inked>the electrodes to a Grass electrode box
which had been modified to accept twinaxial cable connections. The elec-
trodes were bipélarly connected to the input terminals of eight Grass
Model 7P511 EEG amplifiers in a Grass Model 78 polygraph. The frequency
response of these amplifiers was down 507% at 10 and 100 Hz.

The amplified cortical signals were stored on magnetic tape via an
Ampex SP300 tape recorder, permitting off-line computer analysié of the
records. A specially constructed hybrid analog computer (Benignus, 1967)
was employed to perform the frequency analysis of the EEGs.

Program number 1 was employed for this study. This program will
write out two channels of moving window normalized band power functions

for any brain areas selected. Five band powers are computed with 23%
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(1/3 octa&e) band-pass filters with center frequencies at 20, 25, 31.5,
40, and 50 Hz. The upper and lower half power points for the broad band
filter was 55 and 18 Hz, respectively. The low pass filters employed for
moving window integration have adjustable time constants from .l seconds
through 1.5 seconds. The dividers make continuous divisions, giving the
mean normalized band power at any given point in time. The output

equation for one channel is 4};240 in which X240 is the square of the
-\-2
Jx“sp

voltage from the 40 cycle filter and X2 is the square of the voltage

BP

from the broad band filter. The resulting output is displayed as a

histogram on a Brush pen recorder.



CHAPTER IV
_ RESULTS
The aata to be presented here are based on only those trials which
were judged to be devoid of muscle artifact upon examination of the |
original ink written record. The criterion used to discard trials was
the presence of ény activity which on the basis of its morphology was
felt to be of muscular origin (Finley, 1944). If such activity was
discernible anywhere within the 10 second‘pre—stimulus (PRE) , stimulus
(STIM) or post-stimulus (POST) periods, regardless of its duration, that
trial for fhat electrode pair was discarded. ‘
A Friedman two-way analysis of variance by ranks (Siegel, 1956)
was obtained on the data, to indicate the overall level of siénificance
attained across conditions. Table 1 gives the values for this statistic
for both cases. -Only those frequency bands and electrode combinations
which achieved overall significance in both cases as noted in Table 1
were subjected to further analysis. ‘A modification of the Friedman
statistic (Miller, 1966) was employed to test for specific differences
between conditions. Values obtained by this method are shown in Tables

2 and 3.

20 Hz Activity
A significant (p« .05) systématic decrease in 20 Hz activity
occurred during the STIM as compared to the PRE and POST periods in the
occipital electro&e combinations for both cases. This systematic decrement

is clearly seen in Figure 1. A significant decrease in power in the F -FZ

3



SIGNIFICANCE 1EVELS FOR EACH FREQUENCY BAND ACROSS THE THREE CONDITIONS

Freq.
20.
25
31.5
40

50

Freq.
20
25
31.5
40

50

"% The electrode placements and frequency bands, significant in both cases.

TABLE 1

(PRE-STIMULUS PERIOD, STIMULUS PERIOD, POST-STIMULUS PERIOD)

OZ-QZ

er

24,2788

2.0878
27.5938
23.4312

24.0110

01-0z

X°x

15.600
6.0384
4.8752

21.3744

15.5008

AT EACH ELECTRODE PLACEMENT

o

¢:;001
=.05
£.001
£ .001 %

<.001 *

< .001

-

< .05

> .05

S

£ .001

%

£ .001

Case T

Case IL

Freq.

20
25
31.5

40

50

Freq.

20
25
31.5
40

50

1.7872
.2880
2.8512
.8752

.6624

F.-F

er

8.0024

2.8630

5.1114
3.4342

3.4342

> .05

~>.05

.05

>.05
.05

< .05

> .05

> .05
>.05
> .05
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TABLE 2

MEAN RANK DIFFERENCES BETWEEN CONDITIONS FOR CASE 1

0 ~Oz Derivation

2

FREQ. PRE-STIM PRE~POST
20 1.3293 * 4620

40 1.2513 * .2503

50 1.2898 * .3273

FREQ.

20

40

50

%

ek

F_~-F Derivation
3 "z :

PRE-STIM PRE-POST
.2812 4687
.0625 ‘ .3125
.1875 .2812

p <.05
p < .01

p <.001

STIM-POST
.8663
1.0010

.9625 -

STIM-POST
.1875
.2500

.0937



TABLE 3

MEAN RANK DIFFERENCES BETWEEN CONDITIONS FOR CASE 1L

FREQ. PRE-STIM
20 1.0000 %
40 1.3125 st
50 .8750 *
FREQ. PRE-STIM

20 4284

40 ' .3570

50 ’ .3570

* p «£.05

%% p < .01

*%%p & .001

1

0 -Oz Derivation

PRE-POST
3437
.1875

.5000

Derivation

PRE~POST
.6426
.3570

.7140

STIM~POST

1.3437 #k

1.5000 ##x

1.,3750 #®&%

STIM-POST
1.0710 *
.7140

.3570
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combination during the STIM is present only for Case II as seen in Table 3.

25 Hz Activity
The Friedman rank statistic indicated a significant o&erall change
in the activity in this band width occurred at the 0;-0, derivation in
Case 1I. However, the comparison carried out with the Miller statistic
showed no significant differences between the three conditions. No other
statistical differences were noted in the band.
31.5 HzAActivity | -
Significant changes in this frequency.band as reflected inrthe

Friedman statistic occurred only in the occipital derivations for Case I.

40 Hz Activity
Tables 2 and 3 show a significant increase in the percent power of
40 Hz activity during the STIM for both cases occurring in the occipital
electrodes. None of the comparisons .showed any significant changes
occurring in the activity at this frequency in the frontal electrode
combinations. Figure 2 depicts this difference in percent power for the

02-0z electrode combination in Case I.

50 Hz Activity
Activity in this band width, paralleled the changes seen in the 40 Hz

band for each case and each electrode combination.
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THE THREE CONDITIONS ACROSS THE TWENTY-SIX TRIALS



CHAPTER V

DISCUSSION

The rigid criterion employed for the discarding of trials coupled
with the data presented, offer considerable support for one purpose of
this study stated previouély as "to demonstrate the presence of 40 Hz
activity in the human EEG which can be attributed solely to brain'".

That this finding is in good agreement with the literature cited earlier,
concerning EEG activity at around 40 Hz as recorded from the scalp,
further substantiates the conclusion that with the proper controls one
éan reliably record activity in this frequéncy rangé which is attribu-
table to brain. However, in lieu of the large number of trials which
had to be discarded (as many as 44 trials for one case) due to the
presence of musc le artifact, it takes on additional significance.

Indeed, it points directly to the possibility of erroneous data being
reported in studies of this nature, unless the data ére first carefully
screened for the presence of artifact of this ﬁafure.

The apparent inverse relationship between activity at 20 Hz and
that at 40 Hz parallels that reported previously by Sheer (1970) and
Hix (1969) in feline studies.

Sheer (1970) and Hix (1969) noted that this relationship variéd
between the Sp and Sy conditions of a visual discrimination task and
'£e1ated it to behavioral "facilitation" (40 Hz) and "inhibition" (20 ﬁz).
The éxperimental paradigm employed here, by loose analogy contains an
Sy (or "inhibitory") period, in the form of the PRE and POST conditionms.

Thus, one could conceive of the increase in 20 Hz activity during the PRE
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and POST periods to a level above that seen in the STIM period as an
eleétrical expression of "inhibition". The possibility that this
reduction in activity at 20 Hz during STIM is a parallel to the decrease
in beta I activity which occurs during mental activity, as described by
Mundy-Castle (1951, 1953, 1957), should also be considered. However,
Motokizawa & Fujimori's (1964) finding that fast activity (13 to 60 Hz)
did not increase with alpha blocking, would tend to rule against this
decrement in 20 Hz being harmonically related to.alpha blocking. Also,
Mundy-Castle stated that this beta 1 decrement was not invariably related
to alpha frequency. |

The possibility of a computational error (i.e.; since the program
involves the computation of per cent power, if one frequency increases
another must decrease) accounting for this apparent relationship can be
ruled out on the grounds that the relationship is not perfect (14 of 40
trials did not show this relationship in the occipital derivations) and
the remaining frequency bands were not similarly affected.

The prominent localization of the signifiéant changes to the occipital

electrodes as compared to the F -Fz combination raises the question of

3
the data being contaminated by a visual evoked potential. This is
especially true, since the visual evoked.response is known to contain
high frequency components (Regan, 1968). However, preliminary anaiysis

of the data employing a Tabri-Tek 1670 signal averagér synched to the
stimulus onset revealed no discernible evoked response to the visual
stimuli. Rather, a more plausible explanation might lie in the anatomical

relationship between the electrode's position and the underlying neural

structures. The 01-0z and 02-Oz combinations would lie over the occipital
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cortex whereas F3-Fz would lie more over the precentral or premotor areas
(behind the frontal association areas).. Thus, the 0O

-0 and 0,-0 pairs
z z

1 2

would lie in direct relationship to cortical areas significantly involved
in the §'s performance of the task (whereas the F3-Fz pair would not),
and would thereby be prone to demonstrate changes in the EEG frequency
spectrum coincident with task performance. Such a hypothesis is not
éntirely without precedent. In 1966, Giannitrapani studied the changes
in average EEG frequency (5 second epoch} during resting and thinking.
He noted a significant overall increase in avérage frequency from 32.8
to 38.9 Hz in the tﬁinking as compared to the resting state. There was
also a sigqificant electrode placement effect, with the increase in mean
frequency being maximal in the frontal areas and minimal at the occiput.
The increase at the frontal derivations was significantly greater than
that.occurring at any other combination. He concluded that these differ-
ential findings were the result of differential involvement of the areas
studied and an indication'of their functional role for the conditions
studied. He reported similar findings in 1969 (b). That the maximal
frequency changes occurred.in the frontal areas (Giannitrapani, 1966)

as opposed to the occiput appears contradictory to the findings of this
study. However, the task employed was markedly aifferent in the two
situations. Giannitrapani (1966) employed a mental multiplicagion task
which he considers to be '"werbal' (Giannitrapani, 1969 b) whereas a
predominantly visual task was employed here. In a study employing two
conditions of strong, complex, visual stimulation (i.e., silent and oral
reading) , Knott (1938) noted a definite shift in the frequency spectrum

of the occipital EEG to faster frequencies as compared to a relaxed eyes
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closed control condition. He associated this shift to faster frequencies
with the occurrence of more complex. functional structuring of the cortex
'under the reading conditions. A figure presented in a similar paper by
Grass & Gibbs (1938) shows an inqrease in activity at 40 Hz with a
corresponding decrement in activity at 20 Hz occurring in the left
occipital area of one S during reading as compared to a resting eyes
closed condition. This data, closely parallels the findings of this
study.

That high frequency activity is glicited in the occipital areas by
visual stimulation (Chatrian et al., 1958, 1960 and Perez—Borja et al.,
1961 a, b) which may be récorded at the scélp (Regah, 1968 and Dewan, 1969)
coupled with the dominant role vision plays in this task, would offer
further support for.the apparent occipital focus of the noted frequency
changes.

The apparent drop in 40 Hz activity during the STIM period, to PRE
and POST levels seen in the last 13 trials of Figure 1 could possibly be
related to the finding by Sem—Jacobsen‘et al. (1961 a, b) that the focal
fast response in the lower occipital lobe disappeared when the patient
lost interest in the picture or object he was examining. It is entirely
possible that the S had lost interest in those last 13 trials,; since he
was unable to solve the problem (nor could any other S) even on hig
second attempt. However, an analysis of the last 13 trials for both
frequencies with Millexr's statistic, reveals that the percent power at
40 Hz increased above PRE levels during the STIM period. Therefore, a
slight incre;se in power during the POST periods would appear to account

for the graphically apparent drop in per cent power during the STIM. A
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comparison of PRE and POST levels for these last 13 trials shows an
increment (not statistically significant) in the per cent power during
POST as éompared to PRE levels. 1t is interesting to note that there is
a corresponding decrement in the per cent power at 20 Hz during these
13 trials. Such a carry over of these faster frequencies into the POST,
with a corresponding drop in 20 Hz activity, may be a reflection of
extended "orientation" by the § to the situation, as a result of his
inability to solve the task at hard. |

The increase in proportional power in both the 40 and 50 Hz bands
may not be due to a total increase in power of all frequencies above
about 35 Hz. Rather, it may be related to.an increése in somé intermedi-
ate (betﬁeen 40-50 Hz) value which would-be included in both Eands by the
computer (due to filter overlap), and thereby show up as an increase in
both bands. A finer grained analysis would be necessary to delineate
this possibility.

The discarding of large numbers .of trials from each of the cases
precludes any -statements about the possible reiationship of the changes
in the EEG frequency spectrum and the actual learning of the discriminatioﬁ
task at this time. However, since none of the PRE-POST comparisons
performed achieved significance, one-may conclude that the appearance of
these electrical patterns is indeed related tb the Ss performanée of the
task. Preliminary analysis of tHe data from a similar project presently
being conducted in this laboratory shows a marked increment in 40 Hz
activity occurring in the left occipital area which is response contingent.

The presence of a marked increase in 40 and 50 Hz and corresponding

drop in 20 Hz activity from the first trial on in both cases, and the carry
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over of these patterns into the POST period in the last 13 trials for
Case I, would favor an "orienting" interpretation of the results. However,
it should be stressed that the data appear to be indicative of possible
correlations between behavior and specific EEG patterns as suggested by
Sheer (1970)."LT£is is especially true, in light of the parallel findings
by Grass & Gibbs (1938) obtained under reading conditions. Further
support for this point might be garnished from the studies by Thompson &
Obrist (1963, 1964) which show a significant increase in beta activity

occurring at a critical time in the learning process.



CHAPTER VI

SUMMARY AND CONCLUSIONS

The EEG in five frequency bands was studied in the occipital and
frontal areas of two subjects performing a behavioral task.

Each trial of the task was divided into pre—stimuius, stimulus, and
post-stimulus periods, with a duration of 10 seconds each. All trials
demonstrating activity which was thought to be of muscular origin were
discarded. The resulting data showed the foliowing: (1) Activity at
20 Hz was consistently lower during the stimulus period in the occipital
electrodes. (2) Activity at 40 and 30 Hz increased in the occipital
derivation during the stimulus period in both cases. A(3) Noné of the
comparigons showed any significant changes in the F3-FZ derivations.

Tentative hypotheses were advanced relating the decrease in 20 Hz
to behavioral “inhibition" and the increase in 40 and 50 Hz to "facilita-
tion" or possibly "orientation'. It was suggested that these data might
also be interpreted as electrical corollaries of short term memory

processes.
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