20 AND 40 C/SEC POWER FUNCTIONS IN THE VISUAL, MOTOR, AND
AUDITORY CORTICES OF THE CAT DURLHG THREE LEVELS
OF FPERFORMANCE IN A SUCCESSIVE VISUAL

DISCRIMINATION TASK

A Thesis
Fresented to
the Faculty of the Department of Psychelogy

3

Uaiversity of Houston

In Partial Fulfillaeat
of the Requirements for th2 Degree

Master of Arts

By
Lyllisn B. Hix

January, 1969

' 463856



ACKNOWLEDGMENTS

I want to express my gratitude to several people who
assisted in thes research of this thesiss Dr., Daniel E. Sheer
for his continual guidance tihwroughcut the project, Dr. Netta
Grandstaff who implanted the electrodes, Mr, Richard Miller
who recorded the magnetic tapes analyzed, Mrs, Carol Deaton
and Mr. Ron Hoffman for their assistance in the computer
analysis of the data, and Mr, Henry Pekar for his many in-
genious innovations in the computer hardware which matecially
lescened the labor and increasad the agcuracy of the computer
enalysis.

The author wishes to ackancwledge suprvort by NASA Grant

NsG(T)-52 Sup. 3.

Houstoa, Texas

Jaauary, 19569



20 AND 40 C/SEC POWER FUNCTICNS IN THE VISUAL, MOTOR, AND
AUDITORY CORTICES OF THE CAT DURING THREE LEVELS
OF PERFORMANCE IN A SUCCESSIVE VISUAL
DISCRIMINATION TASK

An Abstract of a Thesis
Frescented to
the Faculty of the Department of Psychology

University of Houston

In Partial Fulfillment
of the Requirements for the Degree

Master of Arts

By
Lylijan B. Fix

Janusyy, 195%



ABSTRACT -

The electrical activity in 5 frequency bands in the a-
rousal spectrum was studied in the primary visual cortex,
motor cortex, and primary auditory cortex of one cat during
prestimulus (PS) and stimulus periods at 3 levels of per -
formance in a successive visual discrimination task. The
task involved pressing a bar to obtain milk only in the pres-
ence of a 10 c/sec flashing light as the Sy and inhibiting
during an S, pericd of a 3 ¢/sec light.

EEG records representing the poorest, an intescmediate,
and the best behavioral performance, tased on SD/QQ ratios,
in the visual disccimination task werce computer analyzed to
give averag: continuous power fuactions at 1/3 octave fre-
quency tands with center frequencies of 20, 25, 31.5, 40, and
50 ¢fs2¢c. The trials in the task on cach tape were divided
into as irany as six hehavioral categceries, dependiag on the
availability of trials withia each category, ac followss )
PS, Sp, and S, concomitant with a response (FSgp, SDR' Sag*
respectively) and PS, Spy and S, in which no response occurred
(PSyRs Spyg: Seygs respectively). Initiaticn of computation
was contingent upeon a response, either behavioral or ertificial
and either with or without a delay, so that the averaged band
powers in a perviod of time prior and subsequent to the response

could be accurately ascertained. The analysis epoch was divided
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into two periods of time, oné in which the electrical activity
was assumed to be response related, the other assumed to be
sufficiently removed in time from the response that the elec-
trical activity was little affected by the response., The re-
sults weres

1, At all three levels of performance the 40 c¢/sec ac-
tivity in visual I and motor cortex, but nct in auditory I,
was consistently higher during SDRthan during the other ba-
havioral conditions studied,

2. The 40 c¢/sec electrical activity in visual I coinci-
dent with a reiunforced response increased as performance imn-
proved, although the 40 c¢/sec activity with intexmediate pere
formence appeared to be more similar to that occurring with
supericr performance than to that céncomitant withh poor pare
formance. The 40 c/sec electrical activity in the motcr Coce
tex with a reinforced respcnse varied little with performaace
level. .

3, A marked peaking of the &40 c¢/sec activity and a marked
decrease in 20 c¢/sec activity occurred coincidcn{ with a re-~
inforced response in both visual 1 and motor cortex, but nor
in auditory 1, These phenomena were particularly evident
with intermediate and superior rerformance in wvisuai I,

4. Graphic data indiceted an inverse relationchip he-
tween the 20 ¢f/sec and 40 ¢/sec activity in the visuval arnd

motor cortices during SDR and Sp The 20 c/s2c activity

NR’

vi



was higher during QQNR than éuring SDR and the 40 c/sec was
higher during SDR than during SANR' Statistical analysis
was not possible because of the small N (1N=3).

5. A marked peaking of the 20 ¢/sec activity in auditory
I occurred approximately 2 to 2% sec following a reinforced
respcense during "lapping"” behavior. At the sam2 time, signife
icant but very-small decreases in the 40 and 50 c/scc bands
occurred, The 20 c¢/sec activity was consistently higher dur-
ing lepping than it was following a response that was not re-
inforced or during a prestimulus period.

6, 3ince 40 c¢/sec activity was observed in asscciation
vith facilitatory or arousal behavior ead the 20 ¢fscc with
behavicral inhibition, a tentative hypotlhesis was advanced
that the 40 c/sec activity is an electrical corralate of the
orisnting respcnse and that the 20 c¢/sec activity is an eclec-
trical correlate of the inhibition of the orienting response,

2
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CHAPTER 1

STATEMENT OF THE PROBLEM

The general trend of the literature has been to concep-
tualize such behaviors as learning and memory in terms of two
types of processes, one a reversible, unstable short-term proc-
ess, the other a more stable long-term process (Grossman, 1967
Sheer, Benignus, & Grandstaff, 1956a; John, 1967)., The oscile-
latory short-term process has been assumed in most hypotheses
t:0 come about through a temporal facilitation of synaptic
riransmissicn between the central representatina of the condie

tioned and unconditioned stimuli, This short-term process has

been assumed to represent a functioral modificatioa which decays
rapidly and leaves no permanent trace in the central nervous
systeains It is apparently very susceptible to electrical efe-
fects, drug effects, trauma, and otier kinds of external ine
terfercrce. The more stable long-term prccess scems to.require
sone time for fixation in order for it to oeccur, e.g., throuzh
the repeated presentation of a particular comtination of stimuli
in such a fashion that the same central rathways are subjected
t0 recurrent or continual facilitaticn. In other woirds, this

long-term process has bLean asaumed to represent some kind of

h

tructural modificacicn of the certral nervous system, either

biochemical or anatomical in rature,

farly theories with rezgard to the second process teaded



to point to anatomical measurements as the most suitable meas=-
urement operations, however more recent theories, e.g., Hyden
(1959), have suggested that'perhaps chemical measurement operae
tions are preferable. Sheer, Grandstaff, & Benignus (1966b)
have suggested that the flexible, dynamic brain organizations
required for the short-term process may be in the‘form of 40
c/sec electrical activity. Their designation of "40 c¢/sec

electrical activity" refers to highly dynamic changes within

g.
w

fast frequency spectrum usually designated as "EEG arocusal"”
and undoudbtedly may be expected to vary from species to species.
There iz evidence both frcm microelectrode work (Ricci; Doane,
& Jasper, 1957; Kogan, 1960) and from studies of intrinsic
electrical activity (Yosﬁii, Matsumoto, Ogura, Shimokochi,
Yamaguchi, & Yamasaki, 1960) that the so-called cortical ae-
rousal or activation pattern may be associated with a complex
organization of neural activity which may represent inhibitory
as well as excitatory processes., )

The purpose of this thesis is to make a correlation be-
tween a measurement of behavior and a measurement of brain
function. Pilot analyses of the EEG data to be reported in
this thesis had shown what appeared to be significant responsc-
related changes taking place in the electrical zactivity of
the visual ard notor cortices and perhaps a reinforcement-

related change in the electzrical activity of the auditorv

cortex several seconds after the response. Contianucus write-



outs of the 40 c/sec power function for iﬂﬁividual trials
(Figure l) showed simultaneous peaks in the functions of the
visual and motor cortices with a reinforced response., In the
auditory cortex approximately l=3/4 to 2-1/2 sec following a
reinforced response, but not following an unreinforced response,
there appeared to be a large peak in the 20 c¢/sec powver funcf
tion, as shown in Figure 2, The results of these pilot anal-
yses suggested that a more sophisticated analysis of these
data might be profitable. A program was dzsigned in which

the continuous band power was averaged and the averaging procs-
ess was triggered by the appropriate stimulus and response
contingencies,

The data of this investigation are (1) behavioral per=-
formance measures in a successive visual discrimination task
which show fluctuations above and below criterion over a per-
iod of 6 weeks and (2) the intrinsic electrical activity of
the visual, motor, and'auditory cortices of the brain, Re~
cordings cf the intrinsic electrical activity of a quality
required for computer analysis were carried out for 8 experi-
mental sessions. Three recordings, representing three levels
of performance in the discriminaticen task, were analyzed with
a pybrid computer specially designed for the analysis of froe-
quency and power changes in the arousal spectrum, i,e., 20-50
c/sec (Benignus, 1967), The performance of the animal was

compared to the power srectral functions.
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FIGURE 1
CONTINUOUS UNNORMALIZED 40 C/SEC POWZIR FUNCTIONS FOR Sp TRIAL
VISUAL 1 AND MOTCR CORTEX

Note thz increases in power coincident with the two bursts of responses.
ELZG signals were pazsed through 40% band-pass fllters with a center fre-

quzancy of 40 c/sec. amplification of the motor pcwer function is twice
that of tne visual power functionm,
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CHAPTER 11

REVIEW OF THE LITERATURE

Numerous studies (Morrell & Jasper, 1956; Sakhiulina,
1950) have shown similar manifestations in conditioning in
several animal species: A previously habituated cortical de-
synchronization response to the conditioned stimulus is dis-
inhibited as soon as the stimulus is paired with a ncxious or
appetitive unconditioned stimulus, Conditioned cortical de-
synchronization usually appears before the overt cenditioned
response can be observed, In the initial stages of condition-
ing this desynchronization is diffuse, occurring in all areas
of the cortex. Repetition of the combined stimuli leads to a
gradual narrowing of the zone of desynchronization and it bee
ccines localized in th2 motor cortex as conditioning proceeds
and as overt conditioned responses begin to appear. Fine=~
grained analyses of th%s desynchronizaction have indicated that
certain dynamic changes occurcing within this broad speétrum
may be correlates of the learning process (Lesse, 1960; Sheer
et al, 1S66a, 1966hb).

This review will be restricted primarily tos (1) ana-
tomical and physiblogical mecharnisms responsible for the a=-
rousal response, (2) studies with reference to the activation
pattern and the role that the arousal systems play in learning,

except those which are based upon tine~grained analyses of



the fast frequency spectrum which will be ﬁealt with sepa-
rately, (3) anatomical considerations of the visual and motor
systems with reference to their function in conditiéning or
learning, and (4) fine-grained analyses of the fast frequency
spectrum usually designated as "EEG arousal," particularly as

related to conditioning or learning.

Anatomical and Physiclogzical Mechanisms of the

Arousal Response

Sraiunstem _and Thalamic Reticular Systems

Many of the anatomical characteristics of the reticular
formaticn have becen known for some time., The reticular formae-
tion is a core of neuiral tissue rurning centrally through the
ertire brainstem and extending from the spinal cord anteriorly
into the hypothalamus and thalamus., Thin cross sections of
the reticular formatio? under a microscope reveal an inter-
lacing of nerve fitars making a weblike network or "reticulum"
of fibers in which the cell bodies of neuroins are 4iffusely
embedded., The reticular foiriration is surrounded on both sides
by the pathweys and nuclei of the svecific sensory projections
and the pyramidal'and extrapyramical motor systems, At the
level of the upper mesencephalon, the reticular core branches
iato two divisions., The dorsal limb enters the thalanus in

the cz2ntre median nucleus and the ventral limb exteads into
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the sub- and hypothalamus forward toward the septal area,
Jasper (1961) distinguishes the thalamic reticular system as
the dorsal limb of the cephalic end of the brainstem reticular
formation.

Nuclei, Ninty-eight nuclear masses have been classified
in the brainstem reticular formation, of which the most coun-
spicuous nuclei are: (1) the lateral reticular nucleus, ly-
inz dorsolateral to the olive; (2) the reticular nucleus of
the pontine tegmentum lying dorsal to the pontine nucleij;

(3) the paramedian reticular nucleus, which lies near the mid-
line dorsal to the olive; (4) the large-celled reticular nucleus
(gigantocellularis), extending from the middle of the olive to
the level of the facial nucleus occupying the medial two-thirds
of the reticular formation; (5) the caudal reticular nucleus

of thie pons extending cranialward from the large-~cz2llad nucleus;
and (6) the oral reticular rucleus of the pons extendinz up to
the mesencephalon. Other less couspicuous nuclei include the
small-celled reticular nucleus medial to the spinal nucieus

of the 5th nerve and the ventral reticular nucleus extending
caudalward from the large-celled nucleus. (Ranson'& Clark,
1959) .

The thalamic’reticular system is made up of a closely
interconnective network of nerve cells and fibers, which are
situated between and arcund the specific thalamic nuclei.

Jasper (1961) determined the distribution of the thalanmic
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reticular system in terms of those region; which produced re-
cruiting responses upon repetitive stimulation. He found that
the fibers from the ventral portion of the ventral anterior
nucleus pafsed forward into the anterior limb of the ?nternal
capsule bordering upon and even extending somewhat into the
head of the caudate nucleus. The thalamic reticular system
appeared to extend further than the classical intralaminar
system of the thalamus, It included all of the rostral pole
of the reticular nucleus, as well as the border zcnes of the
madial group of nuclei and of the lateral posterior nucleus,
and extended posteriorly into the suprageniculate region, but
did not include the posterior pole of the centre median nucleus,
inputs. Connections to the brainstem reticular formation
are widespread. The reticular formation of the brainstem re-
ceives collaterals from all ascending pathways, Additicaal
spinoreticular pathways synapse on cells scattered throughout
the lateral extent of'the brainstem reticular formation, Col-
laterals from cranial nerve nuclei also feed into it. ﬁicro-
scopic examinatiocn of the brainstem reveals that the central
core of the reticular formation is characterized by cells which
have diffusely branching dendritic fields and short axons.
This is a structﬁre wihiich is ideally suited to the convergence
of afferents from many different sources on a single razticular
neuron, thereby permitting the integrative activity ascribed

to the system as a wnole (Grossman, 1967).°
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Reticular neurons are subject to infiuence from the cere-
bral cortex., Corticifugal influences on the reticular forma-
tion have been shown to originate in the sensorimctor cortex,
particularly in the motor region, the orbitofrontal cortex,
the cingulate gyrus, the temporal lobe, the parietal, the
lateral temporal, and the paraoccipital areas (French, 1960;
Grossman, 1967). The corticifugal potentials appear in the
sam2 general brainstem regions which are influenced by ascende
ing sensory collaterals., In this respect, Worden and Livinge
ston {1961) view the reticular formation as advantageously
sitrated as a site of interaction between activities induced
by cortical and by peripheral sources of stimulation.

lmportant counnections from rhinencephalic structures,
principally the hippocampus and entorhinal region, liave been
demonstrated {French, 1960),

Brookhart (1960) has assigned to the cerebellum an im-
portant role in "modulgting the excitability of key neurons
in transmission pathways [of the brainstem] which receiQe their
principal 2ctivation from sensory sources or sources higher in
the brain." The cerebellum is believed to exercise facilitae
tory as vell as inhibitory influences on the reticular system.
French (1960) cited evidence that the nature of the influence
induced is a function cf cerebellar dischargs rate, Both fa-
cilitatory and inhibitory responses have been elicited by ex-

citation of the sama cerelellar site with different stimulus
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frequencies,

The trainstem reticular formaticn alsc receives important
extrapyramidal motor inputs -from the basal ganglia, indirectly
via the thalamic nuclei and directly from the fastigial nuclei
of the cercbellum (Groessman, 1967). Jung and Hassler (196€0)
regard the reticular formatioﬁ as the main lower center for
extrapyramidal motor functions. They remind the reader that
"the reticular formation is mainly a mctor coordinating center,
the lower part for respiration, the higher parts for eye move=-
ments and boldy posture" and that “the psychological effzcts of
attention and conscious acts are only secondary specializations,
aeLived -from the basic reticular functioas contrelling mocor
behavicre "

In addition to its intimate connection with the Lralnstem
szticular formation, cocticifugal projections into the thala-
mic reticular formation have been demonstrated by Jasper (1961).
There is & considerable overlapping of corticifugel nevnjections
from many areas of the cortex to the same general region in the
thalamic reticular system, suggesting to Jasper a confluence
of projections which might provide the basis for the consider-
able iantegrative function arising from cortical influences.

Outputs. The brainstem raticular formation projects both
downward and upward within the neuraxis. The brainstem retic-
ular formation of the lower brainstenm projects to tha cortex

either directly via diffuse extrathalamic projections thrcugh
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the ventrolateral diencephalon or indirectly via reticulo-
thalamic cennections. A reticulostriatal connection is estab-
lished via the midline aand intralaminar nuclei of the thalamus,
Cells in the bulbar peortion of the reticular formation project
extensively to the cerebellum. (Grossman, 1967)

Jasper (1961) has determined the cortical projections of
the thalamic reticular system on the basis of the distribution
of those regions from which recruiting responses can be eljcited
with repetitive stimulation. He found that with complete ex-
pPloraticn it is possible to demonstrate recruiting responses
in all cortical areas, but not from a single site within the
thalanic reticular systems The most medial portiocns of the
system were found to project forward te the frontal regions,
wnile the lateral portions in the central lateral nucleus were ’
found tc¢ praject posteriorly into the parietal and occipital
areas, In addition; he found a rostrocaudal organization where-
by the posterior limit§ of the system in the centre median
nucleus project forward, while the projections to the m&re
posterior cortical areas are obtained only in the more rostral
portions of the thalamic reticular system.

The extrathalamic division of the reticular formation
projects ventrall& into the hypcthalamus by way ¢f tne medial
forebrain bundle, Many of its fibers coutinue oa through the
hypothalamus to enter nearby structures at the base of the

cerebral hemisglicres in the rhlnen&ephalon; Many of the hypo-
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thalamic cells that receive axons from the reticular formation
also send their axons into the rhinencephalon., (McCleary &

Moore, 1965)

Raticular influences on sgensory and motor systems and the
cerebral cortex. Worden and Livingston (1961) have identified
two activating systems in the reticular formation, one working
upward and the other downward within the neuraxis., The descend-
ing reticular system is capable of modifying the electrical
activity in nerve cells throughout the lower brainstem and spi-
n2l cord and can facilitate and inhibit the transmission of
nerve impulses in both sensory and motor systems, accounting
for such phenomena as attention, habituation, and adaptation
(Hernéndez-Peén, Guzman-Flores, Alcaraz, & Ferndndez-Guardiola,
1856; Herndndez-Pedn & Scherrer, 1955; Herndndez-Pech, Scherrer:
& Jouvet, 1956), Grossman (1967) offered much evidence to supe
port his interpretation of reticular influences on seunsory
mechanisms at the receptor level and in central relay stgtions.
with a central control over sensory reception, conduction, and
perception being exercised by a system which originates in the
cortex of the cerebrum (and perhaps the cerebelium) which es-
sentially parallels the entire course of the primary sensory
patrhways, picking up additional influences from integrative
seaters along the way,

The reticular formation alsc influences tonic and phasic

motor functions. Exeitation of the reticular formation may



14

produce sufficient spinal facilitation to élicit movements,

but more typically, reticular influences act primar?ly to fa=-
cilitate or inrhibit spinal motor mechanisms and thus modify
rather than eiicit postural and phasic movements {(Grossman,
1957). WVorden and Livingston (1961) have found in general

that stimulation of the lowermost portion of the reticular net-
work yields a widespread inhibitory influence downstream, af=-
fecting reflexes and cortically induced movemen: at spinal
levels, and that similar stimulation in mcre anterior portions
¢f the trainstem and in the midline thalamic nuclei yields an
ezsentially facilitatery downstream effect. Although this is
true in a general way, Grossman (1967) cited studies in which
inhiblrory effects were obtained from all portions of the brain-
stem reticular formation and from related nuclei in the thala. °
mas and septal area.

Perhaps one of the most significant influences of the re-
ticular formation withlregard to this thesis is its influence
on cortical functions, Moruzzi and Magoun (1949) demonétrated
that EEG changes:seemingly identical with those in the phys-
iolezical arousal reactions can be produced by direct stimu-
laticn of the reticular formation of the brainstem, without
exciting classical sensory paths, The arousal respcnse could
be elicited by stimulating the medial bulbar reticular formae
tion, pontina and midbrain tegmentum, and dorsal hypothalamus

and subthalamus. The FEG resporice to reticular excitation
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was best obtained with low voltage, high f;equency stimulatioa,
Stimulus frequencies of 50/sec were the lowest at which defi-
nite alterations could be elicited, and the response was con=
siderably improved by increasing frequencies up to 300/sec.
According to Worden and Livingston (1951), reticular, peri-
pheral, and cerebellar activation all induce a similar kind cof
behavioral arousal, Also behavioral arcusal can be brought
about by stimulation of the cortical zones which project to the
reticular formation.,

Most studies have shown that the arousal system cannot
functicn in the absence of sensory input directly to the re-
ticular formation itself. Large lesions of the reticular forma-
tion sericusly impair consciousness and if extensive enougl: re~
salt in a conatose animal (Lindsley, Schreiner, Knowles, & .
Magoua, 1950; Lindsley, Bowden, & Magoun, 1949), However,
Adametz (1959) found that equally large lesions inflicted in
multiple stages failed to abolish behavioral and EE2G arousal,

A second arouvsal svsteme-the limbiec svstem., Attention

has been focussed on the reticular system as an arousal systeme~
to be more exact, perhaps, as the arcusal system--for the past
twenty years since it was originally described by Moruzzi and
Magoun (1949). Ié has been employed to account for attention
(Herndndez~Pedn et al, 195%a; Hernindez-Pedn et al, 1956b),

and "habituation” cr "adaptation" (Herndndez-Pedn & Scherrer,

1955), and learniang, 2bout which more will be said later.
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More recently a two-arousal hypothesis has been advanced
by Routtenberg (1968) in which Arousal System I is the reticu=
lar formation and Arousal System II is the limbic system. It
is Routtenberg's thesis that the reticular formation alone as
an arousal system is unable to account for all the data; e.8.,
lesions destroying the reticular formation alone in multiple-
stage operations do not render animals ccmatose (Adametz, 1959),
animals with reticular lesions are able to perform complex be-
havioral conditioning tasks (Doty, Beck, & Kooi, 1939). Other
data contrary to the hypothesis of a single arousal system in-
clude Feldiman and Waller's (1962) investigations in which they
found that lesions in the midbrain reticular formation of cats
which cause EEG synchronization do not cause scmnolence, but
toet lesious restricted to the pesterior hypothalamic medial
forebrain bundle regien produce a sleening or comateose animal
capzble of demonstrating low veltage fast EEG activity., In
addition, there is the problem of REM (rapid eye movemenp)
sleep, which is characterized by a desynchronized EEG pattern
{Pament & Kleitman, 1957) and which still appears following
lesions of the reticular formation (Jouvet, 1961; ﬁobson. 1965),
Jouvet (1961) rerorted that certain limbic lesicns eliminated
the low voltage f;st activity seen during RElM slcep.

On the basis of such evidence as the above, Routtenberg
concluded that other structures must be involved in EEG arousal

and that "nelther the reticular formation aloae nor the limbic



17

-

system alone is critical for LVF (low voltage fast activity),

but that either one may be capable of bringing about LVF,"

Reuttenberg has suggested that the medial forebrain bundle

(MFB) system'running through the hypothalamus and telencephalcn
also mediates the low voltage fast activity. Routtenberg (1968)
cited the following as evidence for his hypothesis of MFB media-
tion of LVF:

« o« o Stimulation of MFB at the level of pos-~
terior hypothalamus produced neocortical desynchron-
ization and hippocampal theta. It should be re=-
called that theta activity has often been referred
tc as a "hippocampal arousal response.," If a cenr-
vezou is0lé transection was performed neocortical de-
synchronization disappeared but theta remained, Thus,
the transection reduced neocoxrtical "arousal" by vire
tue of cutting off midbrain RF; the seme section, how-
ever, left hippocampal "arousal" intact . . . If a
sufficient time for recovery of function is allowed
« ¢« » then this system might be able to produce
neocortical desynchronization, parhaps via a septale
2ingulate pathway (p. 54) o + «

T

According to Routtenberg's theory then Arousal System I i1s the
primary system in producing neocortical desynchronization, al-
though Arousal System 1I can produce necccrticalldesynchroni-
zation when Arousal System 1 is demaged. It would be expacted
that elimination of Arousal System 1 would eliminate or reduce
neocortical desynchronization; however in Routterberg's theory
Arousal System 11 would be sufficient to maintain the wakeful-
ness of the organism, With elimination of Arousal System II
scmnolence or severe disruption of primary vegetative activities

wottld be likely, but LVF might still persist, Arousal System 1
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is ascribed a more sustaining, or tonic, influence with re-
spect to neocortical desyachronization, and Arousal System 11,
on the other hand, is assumed to be more critical than Arousal
System 1 for the mainternance of basic "vegetative" activities,
Arousal System I is assumed to be active where stimulatione
produced neocortical desynchronization is obtained and Arousal
System LI where stimulation-produced reward effects are ob-
tained, However, it is postulated that each may contribute,
in the other's absence, to the function of the other,

Although Routtenberg does not feel that complete anatomi-
cel) specification of the two systems is yet pessible, in his
curreat formulation (1968) he identifies Arousal System I with
the reticular formation and Arcusal System 11 with the limbice
nidbrain system, with the major ascending component of Arousal
Systew 1 being Fora2l's tractus fasiculorum tegmenti and the
majorr corponent of Arousal System 1II being the MFR, which cone

tains both ascending and descending componants.
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Activation Pattern and the Role of Arcusal Systems

in Learning

Study of the EEG response to light led accidentally to
the discovery that the alpha blocking response could be con=-
ditioned., Durup and Fessard (1935) noted that the click of
the camera shutter used in photographing the alpha bleccking
elicited by light soon induced the same electrographic response
even when the light was withheld. The click had not previously
rroduced an electrocortical response and had apparently acguired
the property of altering the occipital alpha rhythm specifi-
cally as a result of its association in time with the wisual
stimulation, Gastaut, A, Jus, C. Jus, Morrell, Storm Van Leeu~
wen, Dongier, Nacquet, Regis, Roger, Bekkering, Kamp, and erve
(1257) fcund im humans that the rolandic rhythm (rhythme gé
arceaun), which is preferentially blocked or desynchronized by
movewent of the limb but is unaffected by vicual stimulation,
could be conditioned to a tone, The U3 was a pure tone which
produced no alteration of EEG rhythms before conditioning.
The UCS vas a continuous or intermittent light. The subjects
had been instructed previously to cleach the fist (recorded
electromyographic;lly) the instant the light appeared., Com-
binatiorn of somatomotor and visual unconditioned signals proe
duced desynchronization of both the alpha and rolandic rhythms,

After paired trials in which visual stimulus and fist clench
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were preceded by the previously ineffective acoustic signal,
a bilateral desynchronization of alpha and rolandic rhythms
occurred in response to the sound and before appearance of
the light. This phase of widespread responsiveness was brief
and was socn replaced by an isolated blocking of the contra-
lateral rolandic activity upon presentation of the tone.

A number of theoretical formulations have used the braine
stem reticular formation as a nodal point. Several investi=
gators (Gastaut, 1958; Yoshii, Pruvot, & Gastaut, 1957; Yoshii
et al, 1960) have suggested that the activity of the brainstem
seticular activating system is first conditioned and, subsae
quently the activity of the amygdaloid-hippocampal system and
the tralamic¢ reticular system, vhich suppresses the activity
¢f the wmidbrain reticular system., Gastaut {(1958) explained
the mechanism of "closure" in terms of synaptic ccnvergence
¢t bhetercgensous sensations on the neuronss of the reticular
formation: .

fhatever sensory modalities are utilized in the
elaboration of a conditioned reflex, one of the sig-

nals (the uncenditioned) is capable of causing the

neurones of the braian-stem reticular formaticn to

discharge., The latter are efficaciously bcmbarded

by the reticulopetal collaterals of the ascending

pathways in which the signal circulates; scme of

the peripheral manifestations of the unconditioned

reflex depend on this discharge. On the other hand,

the other signal (the conditioned) is not able to

make these same neurones of the reticular formation

discharge; the reticulopetal collaterals converge

on these same neurones but the bocmbardment is ine-

effective, Finally, the succession at brief inter-
vals of the conditloned and the unconditioned stimuli
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and the repetition at more widely spaced intervals

of these combinations of stimuli create, at the

reurones which have been converged upon. phenomena

of spatial and temporal summation. The functional

"traces" of these phenomena (which are phenomena

of facilitation and of potentiation) and the plastic

traces (structural modification of protein mclecules)

finally make the coanditioned stimulus capable of

causing these neurones to discharge on their own

account (p. 265),
Yoshii et al's (1957) evidence for the early participation
and later inhibition of the mecencepnalic reticular formation
is the appearance in the carly stages of conditioning of de-
synchronization during the presentation of the conditioaned
stimulus, a continucus tone, and the replacewrent of this de=
syncheonization in a latesr stage by hypersynchronous repeti-
tive discharges which progressively tend to folliow the frequency
of the unconditicned stimulus, an intermitteat photic stimulus,.
Gastaut (1958) concluded that the reticular neurounes which
participate in the conditioned closure are chiefly found at
the tholomic level (the thalamic reticular system), because
the closure is expressed on the cortex by local and not by
gereralized desynchronization, i.e., there is a contraction of
the cortical response to the region of the unconditioned analye
Zer,

7 # . 7’ -

Grastyan (CGrastyan, Llssék, Madarasz, & Donhoffer, 1359;

Grastyén, 1961) has proposcd that one role of the hippocampus

may be to produce reticular irhibition. In earlier studies

Grastyin et al {1959) had found that stimilation of the retic-
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ular system elicits an orientation reflex very similar to a
natural one and at the same time high amplitude slow waves (4

to 6 ¢/sec), theta waves, in the hippocampus (Green & Arduini,
1954}, while stimulation of the hippocampus effectively inhibits
the orientation reflex and conditioned reflexes and is accom-
panied in the contralateral hippocampus by a clearcut dé;ynchron-
ization in the hippocampus and rhythmic slow potentials only
appeared after a sufficient number of associations of the stimu-
li, i.2., at an early stage of development of the temporary
connaction. At the stabilization of the conditioned reflex,

the slow waves ccdsed and desynchroﬁization reappsared, How=
ever the rhythmic slow waves were found to reappear in associa-
tion ~irh the orientative reflex, whenever the COnditioned.reflex
becae labile, or regressed (e.g., at the beginning of develop~
ment of differential inhibition, or at extinction), Consider~
ing desynchrenization in the hippocampus, as at the n2ocortex,
ean ecxpression of enhanged activity and the rhythmic slow waves
that of an irnhibitory state, rastyén et al (1959) coacluded
that the normal function of the hippocampus may be to prevent
the occurrence of orienting responses to insignifiéanr sensory
stimulation, and that this inhiptitory function mray be suppressed
during the initiai phase ¢of learning. In this fcrmilation the
rhythmic slow response 2of the hippocampus 1s taken as an early
sign of the appearance of a temporary connection, The release

phepomana such as hyper.aotility. snd increased orientation
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following hippocampal ablation (Karmos & Grastydn, 1962) sup-
port Grastyén's proposal that the reticular formation can be
inhibiteé by the hippocampus,

Galambos (Galamboes, 1958, 1961;: Galambos & Morgan, 19460)
has suggested that changes associated with learning are to be
found in many places within the central nervous system and that
a much broader formulation--if indeed we are ready for formu-
lation of hypotheses at all at¢ this stage--is necessary., He
hss propnsed that learning involves four main systems: (1)
the classical afferent pathway to specific thalamic nucleil

and to corresponding cortical projection areas; (2) che descend-

o

ng elierent sensory systems arising from cortical and subcoxe-

(%3

ical wegiore and making synaptic contact with ascending pathe-
ways at all levels including the first sensory relay; (3) the
rericular or non-specific ascending pathways receiving col-
laterals from specific sensory tracts and passing to the cove
tex by way of the intralaminar and mid-line nuclei of t?e
thalamus; and (4) limbic-midbrain circuit in which activity
arising in the midbrain passes to the hippocampus, amygdala,
hypothalamus, septal nuclei and then back to the midbrain re-
ticular formation. The classical afferent systems (specific
sensory pathways); modulated by efferent control systems are
ascribed the function of disseminating information about.cur-
rent environmental events to the cortex and to the reticular

formation, Galambocs suggested that the reticular formation
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subserves arousal and alerting functions and that motivational
factors depend upon activity in the limbic system circuit.,
For Galambos (1961) "the neural change of learning is not a
singla event occurring at a single point in time but rather a
sequence of events occurring over a more or less prolonged
interval in widespread train locations." He sees the neural
change of learning as a "dynamic course of events during ace
quisition according to which responses grow and fade in one
structure after another until at last a stable pattern of
brain activity associated with the fully elaborated CR be=-
cones established,”

The theoretical formulations involving arcusal systens
presentied thus far have been of a type which might be called
"conna2ctionistic,” COther have developed formulations which
might te termed "pattern coincident," i,.,e.,, they involve in
gencral a matching by the drain of a pattern established by
learning with the currént signal coming in. The'typical eX=
periment invclves the presentation of a repetitive stimalus.
The initial ldea of such studies was the identification of
anatomical structures that respond to conditioned stimulil
during different phases of the learning prccess,

One of the earliest studies involving the frequencye-
speciflc respenses to repetitive stimuli upon which such formu-

lations are based 1s that of Livanov and Poliakov (1945). The

-



25

™

UCS was repetitive electrical stimulation of the skin; the CS,
a light flickering at the same rate (3/sec) as the electrical
stimulaticn, They observed that 3 c¢/sec driving of the corti-
cal EEG appeared after only a few CS-UCS pairings during the
CS presentation as well as during the intertrial intervals,
When the behavicral CR (leg flexion) became well established,
the spentaneous repetitive rhythms disappeared frem the inters
trial periods, but occurred reliably when the CS was preseunted,
I¢ was noted thét frequency~specific activity was most pro-
nouaced in the visual cortex during the early stages of cone
ditioning but later became localized primarily in the motor
cortex which had shown little or no photic driving during the
injtial CS-UCS presentation.

Mcrrell and Ja;per (19558) achieved similar results using
a flickering light as the UCS and a tore, touch, or changs in
background illumination as CS, However, they noted that the
repetitive response is not always uniform nor frequency-speci-
£ic and that these repetitive responses can bz conditioned on-
ly within the narrow range of frequzsncies which appear spon-
taneously in the background rhythkm of the animal, Although
it was possible in a given animal to condition several dif-
ferent repetitivé rates by using different frequencies, the
conditioned response was usually not precisely at the flicker
frequency but merely tended to appreoach that frequency with

repetitive trials,
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McAdam, Snodgrass, Knoz%, and Ingram (1961), with a 20/sec
flash for the CS and a delayed shock as the UCS in cats, recorded
the electrical response of the reticular formation, hippocampus,
thalamus, and several cortical regions. They observed good free
quency~specific responses at 20 c¢/sec in the hippocampus and
in the reticular formation during the early stages of condie
tioning. As in Livanov and Poliakov's (1945) and Morrell and
Jasper's (1956) experiments, as the conditicned reflex became
noce rezular, the frequéncy-specific responses disappeared.

Yoshii et al (1957) were among the first to advance the
hypovhesis that there is a relationship between the frequency-
specific discharges and the physical expression of a mnemecnic
trace, They found that the frequency=-characteristic waves pre-
deminated in the reticular formation and were less clear in ’
the centre-median, When the authors became aware of the hippo-
campgi arcusal pattern in the same frequency band appearing
during classical comditioring, they studied the frequency-
specific waves with higher stimulus frequencies., Yoshii et al
(1960) found that frequency-characteristic waves appeared
sporadically from a wide area of the cortex and am}gdala. hip~
pccampus and reticular formation, btut the rate cf occurrence
¢f the response wés smaller than wher the UCS was of a fre-
quency of 4 or 5 per second, At the same time the hippocampal
arousal pattern of subcortical 5 c¢/sec waves was also seen

arising from the amygdalcid nuaclei, hippocauwpus, reticular
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formation, septal region, foénix. and nucleus commissurae pose
terioris. However, they noted that the frequency-characteris-
tic waves occurred in the cortex after the hippocampal pattein
disappeared, Yoshii et al (1960) concluded that a distinction
should be made between nonfrequency=-specific slow waves of
hippocampal origin which appesar during the early phase of cone
ditioning in subcortical as well as cortical leads and the fre=-
qguency=-chbaracteristic waves which are seen only in cortical
leads and persist after the hippocampal arcusal pattern has
hebitvatad, They consider the two phencmena as basically dif-
ierent 2nd merely superficially similar due to the use of a
UCS incidentally of the same frequency of the hippocampal a-
rousal pattern,

Jonz {1961, 1967) has advanced a "pattern coincideat™ or
"coincideace derection” hypothesis on the btasis of similar obe
servations of responses to repetitive stimiuli and studies cf
the characteristics of ,electrographic data obtairied for appre-~
priate and erroneous behavioral responses during differeatial
conditioning. When behavioral responses in the frequency-
discrimination task were appropiriate for the particular stimnu-
lus which was presen%ted, potentials recorded from the specific
sensory system and f£rcm nonmodallity specific structures agreed
with the frequency of the CS. When inappropriate responses
ccourred, the frequency of potentials in the specific sensory

structures still agreed with the CS. Howevar, the potentials
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observed in nonspecific struétures deviated from the presented
CS frequency and tended to correspond with that of the stimu-
lus appropriate to the behavioral response which was performed,
John conc¢luded that:

e » » in certain vrain regions the electrical
activity elicited by a stimulus was largely stimuluse
bound, and primarily reflected the peripheral input,
while in other structures the mode of electrical
activity reflected the release of temporal pat~
terr.s which were related to previous experience
[and that] the behavioral outcome in discrimina-
tion situations seemed to invelve interaction
between these two systems (p. 252).

John (1967) postulated that two representational systems

2re estoblished during conditioning: (1) a general rerresen=

(% 4
t

¢

2tioral system built as a consequence of repeated experiences,

which might be called the "memory trace" or "engram" of that
expericeace. John has suggested that ronspecific structures,
e.3., rezicns of thz reticular formation, the intralaminar
and azsociation nuclei of the thalamus; the hypothalamus, and
the rhinencephalon, which are in a sustained nowrandom state
¢f activity during the stimulus or which are activated by the
stimulus, become associated in the general representaticnal

system. (2) A specific representational system established

between structuras in the specific sensory system which are
activated by the stimulus. John's coincidence-detection nypo-
thesis demands a mechanism for the comparison of the rattern
of activity in the general and specific representational syse

- tems. John has proposed that, es these two representational
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systems are elaborated, a set of associatéd links is estab-
lished whereby phase-locked activity iun the two systems inter-
acts. According to his hypothesis, the dominant temporal pate
tern activated by a stimulus ir the reticular formation and
other associated nonsrecific regions, refiecting the tonic in-
fluences of the moment from structures reporting the state and
“set" of the organism, is propagated urward to the intralaminar
nuclei of the thalamus, then to the association nuclei, and
then to the association areas Bf the cortex, From the associa-
izion areas, Johi has suggested that this pattern might projact
to the specific sensory areas of the cortex via #xodendritic
synapses, with information arriving along the classical sensory
paihways activating axosomatic synapses. Iﬁ this fashion, the

probability of consequent efferent discharge from the cortex

8]

might be altered by proper phasing of patterns of axosomatic

and axodendritic impulses, impinging on cortical neurons,



Anatomical Considerations of Visual and

Motor Systems

Since it was not thne intent of this thesis to study either
the visual or motor systems per se, only a brief description
of the general anatomy of each is presented, followed by studies
ccncerning the changes in the electrical activity of those sys-

tems with arousal or witn leacning.

Visual Svstem

The visual system consists of (1) the retirna which con-
tains the primary photoreceptors as well as the first (bipolar)
and second (ganglion cell) relays of the system; (2) the optic
nerve wnicn partially deéussates at the optic chiasma in such
a way thar each postchiasmatic optic tract carries information
feom the nasal half of the contralateral retina and the temporal
half of the ipsilateral retina; (3) relay ncclei in the braine
stem, including the laéeral geniculate body, superior collicu-
1i, and pretectal areaj (4) the optic radiations from the
geniculate body o the visual cortex; and (5) the primary visuel
projection area (area 17) and the visual assccietion areas
(areas 18 and 19) of the occipital cortex,

Area 17, the striate cortex, projects to the visual as-
sociation areas, The parastriate cortex, which surrounds

area 17 and extends anteriorly to area 19 and the border of

-
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the occipital lobe, does not ' receive direct fibers from the
visual system, The major afferent input to area 18 arises

from the primary visual projection arza of the striate cortex.
The parastriate cortex is reciprocally connected through the
long association bundles of the hemispheres to the somatosen-
sory, auditory, and frontal association areas as well as the
primary somatosensory and motor areas which surround the cen-
tral fissure, It projects corticotectal and corticomesencepha-
lic fibhers to the superior colliculi and pretectal nuclei for
the control of eye movements,

PBubal and Wiesel (1965) have werked out in cats the
rvetinctopic organization of the three visual areas using inicroe-
¢lectrode recording of single cell activity and have, in addi-
tioﬂ, aralyzed the histological appearance of the cortex in
the three areas. Hubel and Wiesel have found an exact corre-
spoacence between physiologically defined zrea I and histo-
iogically defined area 17, between area 11 and area 18, and
between area 1]l and area 19. Also, on the bhasis of fiﬂer
degeneration, they have confirmed the existence of a previously
descrited fourth visual area Vgg in the medial suprasylvian
sulcus,

The visual sistem apparently projects to the reticular
formation (French, Verzeano, & Magoun, 1953). Anatcmical data
(Brodal, 1957) suggest that this might be via a pathway from

the supericer colliculus to the reticular formation.
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There are apparently aléo prcjections from the brainstem
reticular formation to the visual system. The resting activity
of geniculate neurons has been found to vary as a function of
general "“arousal" with some cells showing an increased rate of
firing during EEG and behavioral activation, others a decre-
ment., Ogawa (1963) has shown that electrical stimulation of
the brainstem reticular fcrmation increases the rate of spon-
taneous discharge of some geniculate neurons. Arden and Soder-
bercg (1961) found that sudden auditory scimuli (whistling, hand-
clarpinz, and other noises) increased the geniculate response
to light as well as the resting level cf spontanecus discharge,
Maintained or frequently repeated presentations of visual stimu-
11 tended to reduce the response of geniculate neurons., Arden
and Sdderberg found that electrical stimulation of the brain-
stem seticular formation caused the same eflect as patural
"arousing" stimuli,

Using the height of vesponse recorded from the pyramidal
tract as an index of excitability, Wall, Remond, end Dobson
{(1953) found increased excitability of the motor cortex with
visual stimulation. They concluded from the results cf lesions
placed at various levels in the visual system that neither the
vicual receiving area nor the visual association area were
rezponslible for the facilitatory effect of visual afferent
voileys on the motor cortex. Only lesions placed in the Tre-

tectal regionm abolished the facilitatory effect of stimulation,
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Kuypers, Szwarcbhart, Mi;hkin. and Rosvold (1965) have
shown that cortical mecharisms in vision undoubtedly extend
into the temporal area, The tempcral area in question is lo-
cated on the inferior convexity of the temporal lcobe and come
prises parts of the inferior and middle temporal gyri, They
suggested that perhaps the visual function of this temporal
area depends primarily on corticocortical connnections which
link it to visual cortical areas, The effects of crosshatch-
inz sad undercutting on original learning and postoperative
ratencion in visual pattern discrimination tasks have lLieen in-
consistent, Fribram, Blehert, and Spinelli (1966) found cross-
hatchirg produced rno impairment in learuning or retention, where-
2s uindersutting resulred in imp&irments in both situations.,
Chew (1961), cn the other hand, found impairment when the tem-;€
noral cartex was crosshatcned, .

Merrallts (19€60) microelectrode study of benavior of sine
gle units in the visual cortex, reticular formation, dogsal
hippocampus, and nucleus ventralis anterior of the thalamus
(nonspecific thalamic nucleus) during sensory-senzory condi-
tioning indicated cortical participation at all stéges of cone
ditioning with predcminance of excitatory effects (with refe-
erence to single'ﬁnit discharge) at some stages and inhibitory

at others.
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Motor Svstem

Two types of mctor systems are commonly distinguished:

the pvramidal and the extrapyramidal. The pyramidal system

is usually characterized as controlling the rapid and precise .
movements of the extremeties of the type often called skilled
movements. The influences of the extrapyramidal system seem

" more concerned with alterations in response tendency ranging
in complexity from gross postural adjustments to subtle and

as yei npoorly understood control of movement,

Pvramidal motoir svstem, The pyramidal system, as defined

by Grosewan (1967), includes all cortical cells which project
axons through the pyramids of the ventral medulla descending
into the spinal cord. The primary motor aresa (Broadmann area 4)
occupies most of the precentral gyrus. Anteriorly, it is
bounded by a "suppressor" area (area 4s), Layer V of the motor
area contains many giant pyramidal cells of Betz which give
rise to many of the long, myelinated fibers of the cort%cobul-
bar and corticospinal tracts. Othexr fibers of the pyramidal
motor system-arise from smaller pyramidal cells located in the
primary motor area as well as areas 6 and 8 of thé frontal

lobe and the sensory-motor areas of the postcentral gyrus
(areas 3, 2, andvl of Broadmann). The posterior portion of
area 6 contributes to the pyramidal and extrapyramidal fiber
system. Stimulation of this area typically gives rise to

gross limb movements.
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Extrapyramidal motor system. The extrapyramidal motor

system consists of several interacting components which are
to some extent anatomically and functionally distinct. The
extrapyramidal system, as described by Grossman (1967), con=-
tains (1) cortical neurons from most if not all sections of
the cerebral hemispheres; (2) the striatum and pallidum of
the telencephalic basal ganglia; (3) certain diencephalic
nuclei (the subthalamic nucleus and the nuclei ventralis an-
terior, ventralis lateralis, and medialis o¢f the thalamus);
(%) mesencephalic structures (the red nucleus and substantia
nigra): (3) certain reticular and cranial nerve nuclei of
the leover brainstem; and (€) the cerebellum,

Some pathways formipg part of the extrapyramidal motor
cyst2m and arising from the primary motvor area of the frontal
lobe project to molor centers of the brainstem and spinal cord,

he axéns of these tracts arise prirmarily in ths fifth and
sixth layers cof the precentral gyrus and pass to the caudate
nucleus, putamen, glob&s pallidus, thalamus, red nucleué.
substantia nigra, and subthalamus.

The precentral gyrus receives afferents from areas 3, 2,
1, 5, and 21 and 22 of ths temporal lcbe and areas 6, 8, 9,
and 10 ofwfhe frontal lobe. Area 4 projects assoclation
fiters to areas 1, 5, and 7 of the parietal lobe, t¢ the
secondary motor area at the foot of the central fissure, and

e

to areas 4 and 6 of the frontal lobe,



36

Stimulation of the anterior portion éf the precentral gy-
rus (area 4s) produces a general relaxatign of muscular ten-
sion and terminates spontaneous activity., This "suppressox"
effect is indepenéent of direct connections betwzen areas,4
and 4s. It seems to be mediated by subcortical projections
which connect arca 4s with the caudate nucleus, globus pallie
dus, nucleus ventralis anterior of the thalamus, and primary
motor cortex.

A secondary sensory-mqtor area has teen demonstrated at
the base of the precentral and postcentrél gyri,

The more anterior pofnion of area 6 and the adiacznt area
8 project largely to the basal ganglia and bulbar motor nucledl,
Corticowuldbar effereats also arise from area 44 located ven~
traily to z2rea 3, The premotor areas 6 and 8 are reciprocally
. comected to the primary motor area of the preceptral gyrus
as well as to portions of the cingulate gyrus and the narietal

lobe. These areas prodject afferents to the putemen, globus

v

pallidus, red nucleus, aad midbrain via corticostriate and
corticorubral pathways and fibers which join the ansa lenticu-

laris,

Creatlion of a Dominant Feccus by Anodal Stimulation

A “"cominant focus of excitation” can be created by the

-
e

application of a coenstant current low level anodal stimulus

to the cercbral cortex. Aa anodal current applied to the
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motor region of the cerebral ‘cortex does hot itself produce
movement, but when a sensory stimulus such as tone cr light
is administered during the current flow, a discrete movement
corresponding to the polarized region is noted. On cessation
of the pclarizing current, presentation of the sensory stimulus
continues to elicit the motor response for periods of about
half an hour, the effectiveness gradually diminishing during
this intevrval,

Rusinov and Rabinovich (1958) have reported the results
of a number cf Russian researches in which temporary connactions
have teen formed in the presence of a dominant focus established
by surface anodal polarization. Naumova (1956) studied in rabe
bits the nature of the changes in electrical activity of the
cocrtical dominant focus under the influence of motor reflexes
to sound. She showed that the appearance of a dominant focus
in the pelarized part of the mctor ceortex is accompanied by a
worlecate rise in the fr?quency of electrical oscillations which
increases during the movement., Sokolova end Hon Sek-Bu (19%7)
likewise observed an acceleration of the rhythm of electrical
oscillations in the EEG under the acticn of continuous current,
which acceleraction they regarded as an increase in the lability
of the polarized area. In cases when a motor reaction accom-
, ranied the acceleration of rhythm it was preserved after the
switching off of the current. In cases when a dominant focus

cculd not be created the rise in rhythm was unstable and the
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faster rhythm disappeared in the EEG immediately after the
switching off of the continuous current,

Novikova and Farber (1956) studied in rabbits the prop-
erties of the domninant focus created in the occipital cortex
and showed that the focus of stable excitatiou created in the
occipital area by frequent photic stimuli, as well as the
focus of excitation created by the anode of continuous current,
possess the properties of a dominant,

Fabinovich and Trofimov {(19537) demonstrated that during
the formation of a conditioned reflex an excitation focus ap-
pears in the cortex which possesses certain properties of a
dominaant, According to Rabinovich and Trofimov:

This dominant focus expands to the cortical

zraas between which a temporary connection is formed

arising vhenever the conditioned stimulus exerts

itz action and inhibits the areas of the cortex which

have no direct relatlon to the given reflex., This

excitation focus in its electrographical expressicn

me@y arise in response to impulses from other sources

and then it inhibits the capacity of other parts of

the coriex to respond to stimulaticn addressed di-

rectly to them. Finally, tnis excitation focus

possesses certain inertia (p. 27).

Rusinov and Rabinovich (1958) concluded from their review
of the Russian researches that the dominant focus of excita-
tion plays an important role in the formation of temporary
connections.

Kalinin and Sokolova (1961) investigated the effects of

indifferent stimuli during the simultaneous polarizaticn of

both the sensorimotor cortex and the midbrain reticular forma-
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tion of rabbits. Following anodal stimulafion of the motor
cortex alone they observed, after only a few applications of

an "unextinguished" (novel) stimulus, a motor reaction set in
that was characteristic for the reinforcement of a dowinant
focus in a polarized area., On the other hand, with the appli=-
cation of an "extinguished" (habituated) stimulus, they found

it was only very rarely possible to obtain a motor reaction,

The following modifications appeared in the EEG with the appli-
cation of the direct current: Against the background of the

BDC actien, the unextinguished stimulus evoked a distinctly
vrclonged reaction of blcecking, whichh did not become extinguished
with repstitioen of the stimulus, The extinguished stimulus
ageinst the background of the DC action elicited, at best, a
relatrivaly weak blocking reaction., With simultaneous polariza=--
ticn of the cortex and the midbrain reticular formation, both
tha extinguisned and the unextinguished stimuli eiicited a move-

nent, although that to the unextinguished stimulus was more

»

powerful., The EEG af the sensorimotor cortex showed a di;tinct
reaction of desynchronization in response to both stimuli; The
authors concluded that a deminant focus is reinforced by an
indifferent stimulus only when this stimulus evokes in the EEG
a distinct reaction of activation and that a stimulus to which
the reactiocn of activation has been previocusly extinguished
either evokes no movement at all or a weak and unsteady one.,

They suggested that the reinforcement of a dominant focus is-



40

-

closely bound up with influences exerted by the reticular
formation of the midbraia,

Summation in the dominant focus is explained by Kalinin
and Sokolova (1961) in terms of an interacticn of local excita=-
tion in that focus with the diffuse reaction in the narvous
system in response to a stimulus appearing on the EEG in the
form of the so-called arousal or activation reaction, which
they assune to be a reflection of the activity of the midbrain
raticular formation. In other words, Kalinin and Sokclova
postulate that the reinforcemant of a dominant focus in the'
cerebral cortex is closely connected with the influences cma-
ﬁating from the midbrain reticular formation, which are reflected
in the form of the diffuse changes in the EEG in response to
the stimulus,

John {1961) c¢ited a study of Sckolova (1958) in which
motor movements to visval and auditory stimull were elicited
during anodal polarizqtion_of the motor cortex, . Sokolsva found
tha; when a motor response 1is obtained to a sound, the éound
elicits first a suppression ¢f activity in the visual cortex,
then slow waves followed by a desynchronization of motor cor-
tex as the wmovemeant occurs,

Rusinov and.Rabinovich (1953) cited a study of Sakhiulina
(1955) in which changes in electrical activity of the motor
and auditory areas oi the cortex ¢f dougs were studied during

the developrment of a defensive mctor conditiorned reflex to
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sound, The formation of the 'conditioned ébnnection was ace
companied by an increment in frequencies and amplitudes of
electrical activity in both areas, As the conditioned reflex
became stronger, high-amplitude electrical activity rhythms
became concentrated in the motor area ¢of the cortex in a focus
which corresponded to the projection of the animal's limb
stimulated by electrical current.

Morrell (1961), in confirmation of the Russian studies,
found that during the period of current flow, the polarized
region appeared to be sensitized in a nonspecific manner so
that any transitory event such as a handclap, extraneous noise,
& pufi ¢f air to the animal's face, entrance of the experimen-
ter into the recording cage or tone or light stimulus would
trigger the appropriate behavioral respcase, However, in the °
poscpularization interval, behavioral responses appeared only
upon presentation of those stimuli which had been administered
during the actual current flow and were atsent during the ade
ministration of signals of.the same or other modalities'hav-
ing no prior association with the anodal current,

Morrell (1961) alsn studied the activity of single units
within the polarized field, He found that the low level anodal
current did not itself produce any significant change in the
unit dissharge frequency, but the superimposition of a peri=~
pheral stimulus, which prior to polarization failed to alter

the rate of unit firing, produced a clearcut change in unit
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discharge frequency. In the  immediate postpolarization inter-
val unit discharge patterns showed a selectivity similer to
that in the behavioral response when "differential" signals
were presented,

Morrell (1951) concluded that such findings indicate that
the selective sensitivity is a function of the past history of
a signal rather than aun incident characteristic at the moment
of presentation, ©On the basis of the selectivity of the po-
larized neuronal population, Morrell has tentatively proposed
that the imposed poteatial gradient has conferred upen these
cells & property analogous to some attributes of short-term
memery. Partlicularly in support of his hypothesis are the ree
sults of certain single unit studies. During the passage of
onsdal current, a "conditioning” train of 3/sec flicker caus-
ing 3/sec unit driving was delivered, A single test flash
presented 30 sesconds to several minutes after cessation of
the conditioning train elicited a repetitive unly discharge
at a 3/sec frequency..from which he assumed that the polarize
ing current had conferred upon the sampled cells the property
of retaining some represantation of the temporal pattern of a

prilor experienca.

Laninar Analvses in Cerebral Cortex during CR Formation

Rabinovich (1961) has conducted several laminar analyses

of the motor and visual, auditery, and cutaneous analyzers
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during establishment of a conditioned defensive reflex to the
stimulus specific to the analyzer under investigation. Prior
to pairing the CS and UCS, he found that when the stimulus
(sound, light, or electrical skin shock) was applied, there
was an increase in the amplitude and frequency of the poten-
tials in all layers of the analyzer specific for the stimulus,
Hewever, this increase was most pronounced in layers 1II and 1V
¢f the appropriate CS analyzer., Electrocutaneous stimulation
of the pav sometimes induced a very weak reaction in layers

IiI and V of the motor analyzer, but less frequently than in

t

h2 curaneous analyzer, Rabinovich felt that the relative
weakness and inirequency of the motor reaction effectively
eliminated the possibility that these changes might be due to
the act of paw flerion itself,

After a2 few pairings pf the CS with electrical stimula-
tion of the paw, the light or sound began to induce responses
in the scmatic sensory and motor cortex that were similer in
nature and localizatio; to those previously induced by stimu~
lation of the paw, while stimulation of the paw elicitzd the
petential changes specific for such stimulation in the visual
or acoustic cortex, Although initially there was a generalized
elevation of activity in response to the epplication of the CS
and UCS, as a stable CR began to appear, the elevation was
found only in layers 1 and IV c¢f the appropriate CS analyzer

and ;he_somatic sensory cortex and layers 1II and V of the

-
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motor cortex. A selective acdtivity increase of lesser magni-
tude was also seen occasionally in the background records be=-
tween trials, especially in layers II and IV of the C3 analyzer
and somatic sensory cortex, and somewhat less regularly in
layers 111 and V of the motor cortex.

Rabinovich (1961) has also demonstrated that internal ine
hibition, irrespective of the conditions of its emergence (dif-
ferentiation, extinction), develops simultaneously in all analyz-
ers participating in the closure of the ziven CR, As inhibition
tecame stebilized, the frequency and amplitude of the poten=~
tials in all cortical layers decreased, However, in many cases
tine application of an inhibitory CS resulted in a2 reduction
in activity primarily in layer IV, and more ravely in layer 1I,°
of the analyzer to which the CS was addressed, and in layer V
of the motor cortex, simultaneously with a greatexr reduction in
layer 1V of the cutaneous analyzer. Rabinovich regarded these
findings with regard to inhibition as particularly significant
since it suggested to him that structures of layer IV ma& parti-
cipate not only in CR closure, but also in CR inhibition at the
cortical level,

On the basis of these laminar analyses, Rabinovich (1961)
suggested that afferent input te the CS analyzer causes an oute
flow from layers III and 1V via asscciation fibers of pyramidal
neurons, Contact with the motar region is assumed to be made

through cells in layer 11 of motor cortex. 'These in turn are
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assumed to send short axons to synapse with pyramidal cells

in layer .V where the final efferent discharge coriginates,

Fine-CGrainad Analyses of Fast Frequency

Spectrum

Structures_from which 40 ¢/Sec fActivity Has Been Recorded

There have been many studies reporting generalized corti-
cal desyachronization during conditioning, particularly during
the earlicer phases and often continuing into later phases of
conditioning (John, 1961)., Also a number of researchers have
observad the appearance of specific frequencies, particularly
"40 o/sec activity,” within the fast frequency “"arousal' space
trum 2t vavious stages in the development ¢f conditioned re- .
sponses; nowever in such studies the observation of such fast
activity has frequently been merely incideptal to the investi-
gation of other phenomena, Further, 40 ¢/sec electrical active
ity has been eliciééd By electrical stimulation 6f certain
structures., A few studies'involving fine-grained analyses of
the entire fast frequency spectrum (20-5C ¢/sec) have indicated
the presence of synchreoncus 40 c/sec activity witnhin the dif-
fuse, "desynchrcnized" EZG activation response. The discussion
of studies relating 40 c/sec activity tc learning, or stages
of learning, will, for the most part, be deferred pending

descripition of the loci within the nervous system where 40
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c/sec activity has been observed. 1In a féw instances a study
involving a learninzg task will be discussed in the earlier sec-
tion when its close connection with the material under discus-
sion would render its exclusion at that point unnatural,

Olfactory bulb ard cther rhinencephalic structures. Adrian

(1942), studying olfactory reactions in the hedgehog, found that
when air is blown or sucked forcibly through the nose 35-45
cfsec electrical activity occurs in the pyriform lcbe, Simi-
larly, series of volleys with a frequency of 30-40 c/sec were
evident in the olfaétory bulb when air was blown into thg nos~-
txil or sucked through it by post-nasal cannula, The intense
stimulaticn produced by such odors as totacco smoke also Droe
voked velleys at a frequency of about 40/sec, although vespir-
atory movements were completely irhibited,

. Since A@;ian's early observation of these rhythmic bursts
of approximately 40 c¢/sec in the olfactory bulb ard pyriform
lobe, numerocus investisatcrs have recorded such activity from
various rhinencephalic structures, including the olfacfo:y
bulb, olfactory tubercle, lareral olfactory stria, prepyriform
cortex, pyriform cortex, and the amygdaloid complex, This
activity has been cbserved in rhinencephalic structures in
many species, aléhough the exact-frequency has varied scme=-
what from species to species. However it is usually approxie-

mateiy 40 c/sec¢ It has been observed in the catfish (Adrian

& Ludwig, 1938); toad (Takagi & Shibuya, 19€1); frog (Gerard &
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Young, 1937); turtle (Boudreau & Freeman,‘1962); rabbit (Adrian,
1955; Yamamoto & Iwama, 1961; Stumpf, 1965); rat (Woolley, Bar-
ron, & Timiras, 1366; Woolley & Timiras, 1955); hedgehog (Adrian,
1942); doz (Domino & Ueki, 1960; Ueki & Domino, 1961); cat
(Lavin, Alcocer-Cuardn, & Herndndez-Pedn, 1959; Lesse, 1957a,
1960; Herndndez-Pedn, Lavin, Alcocer-Cuardn, & Marcelin, 1960;
Freeman, 1962a, 1962c¢; Boudreau & Freeman, 1963; Gault & Leaton,
1963; Eidelberg & Neer, 1964; Pagano & Gault, 1964; Gault &
Coustan, 1965; Pagano, 1966; Sheer et al, 1965a, 1966b; Peha-
loza-Rojas & Alcocer-Cuardn, 1967); monkey (MacLean & Delgado,
1%53; Domino & Ueki, 1950: Ueki & Domino, 1961; Hughes & Mazuvrow-
skl, 1962a, 1962b); chimpanzee (Adey, 1963); and man (Brazier,
1861; Gedavanishvilli, 1959; Sem-Jacobsen, Peterson, Dcdze,
Jacks, lLazarte, & Holman, 1956),

The 40 efeec rhythmic activify in the olfactory bulb has
been attributed both to activation of mechanical receptors by
airflow (Ueki & Domino} 1901; Gault & Coustan, 1965; Gzult &
Leaton, 1963; Pagano,‘1966) and to a centrifugel influeéce
which is assumed to originate from some region.of sensory.con-
vergence related to arousal, e,g., the mesencephalic reticular
formation (Lavin et al, 1959; Hernandez-Peon et al, 1960),

The evidence at this time seems to indicate that the 40
c/sec activity, in the olfacrory bulb is a functicn of both
nasal airflow and centrifuvgal input, but nasal airflew must

be preseunt for the occurrence of this rhythmic activity in the
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olfactory bulb, Pagano (1966) appears to-have performed the
crucial experiment to resolve the conflict concerning the im-
portance of nasal air flow versus direct reticular influences
upon olfactory bulb activity, He iunvestigated the effects of
nasal air flow and brainstem stimulation in the medullary
reticular formation (Med RF), mesencephalic reticular forma-
tion (Mes RF), and mesencephalic central gray (Mes CG) on in=-
duced activity recorded from olfactory structures in acute,
artificially respirated, curarized cats. In this way, it was
possible to observe the influence of this stimulation upon ol-
factory bulb induced activity without the confounding by air
flow ¢hanges normally z2licited by the effect of such stimula-~
tion on brainstem respiratory centers. Nasal air flow vas
manipulated independently by pumping air in puffs through a
canaula placed in one naris.

With nasal air flow held constant from puff to puff, stimu-
lation in the Mes RF, ged RF, and i{es CG produce& a strong
augmentation of clfactory bhulb induced activity. Stimuiation
in the absence of nasal air flow, however, produced no obs
servable irnicrease in pre-existing oifactory bulb activity.

This augmentation was completely eliminated by severing the
olfactory pedunclé showing that the augmentation was effected
via cgntrifugal fibers rurning in the olfactory peduncle to tha
olfactory bulb, Increases in nasal air flow in the absence of

brainstem stimulation caused augmeﬁtation of the olfactory
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bulb induced activity without significant-changes in neocor-
tical arousal., From these results Pagano concluded that ol-
factory btulb induced activity varies in amplitude and duration
as a function of nasal air flow and centrifugal input and that
the effect of brainstem stimulation is one of modulation of a
respouse elicited by nasal air flow. The variations associated
with changes in nasal air flow alone were assumed to reflect
recruitment of different numbers of olfactory receptors,

As early as 1953, Arﬁuini and Moruzzi {1953a, 1953b),
with less evidence, suggested that the pons and the medulla
facilitate in some way the olfactory arousal reactions, Are
cduint and Moruzzi had found that the eléctrical activity of
the olfactory bulb is synchronized by stimulating recruiting
areas 0f the thalamus and that bulbe-reticular stimilations,
eliciting generalized arousal reactious, eare able to disovgan-
ize the thalamically induced but not the peripheral synchronizae
rion of the oilfactery Fulb. Also, burst activity of the cere-

bral cortex was observed to be blocked in the cerveau isolé

cat by olfactory but not by visual impulses. On the basis
of their findiungs, they advanced the hypothesis thgt the olface
tery and the reticular .ascending impulses converge on the
cepnalic areas of'the activating system. T i

Freeman and his associates (Biedentach & Freeman, 1965;
Boudreau & Freeman, 1963; Fresman, 1960a, 1960b, 1962a, 19620,

1962¢, 1964) have made extensive researches into the electrical
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activity of the prepyriform cortex of the Eat. Freeman has
found that the prepyriform cortex exhibits a spontaneous sinus-
oidal waveform of approximately 40 ¢/sec, which appears in
high amplitude bursts, synchronous with respiration. Freeman
(1962b) has devised a four-parameter system for describing
evoked potentials: amplitude, frequency-spectrum, phase of
onset, and degree of resonance, or Q. Q gives an indication

of the number of cycles of oscillation in the evoked response

and is estimated by the equation

LLs
In (V/Vy 4 1)

O
]

where V, is the amplitude of a chosen peak in the time response
and Vy + 1 is tﬁe amplitude of the peak of the following cycle,
Biedentach and Freeman (1965) regard these four parameters as
indlcés'of cortical excitability, with the higheék Q value be-
“ing associated with "optimal" cortical excitability.

Biedenbach and Freeman (1965) stimulated the lateral ol-
factory tract and recorded the evoked potentials from the pre-
pyriform cortex of cats. The evoked potqﬁtial was isolated
from the backéround of-spontaneous activity by averaging many

responses with a Mnemotron CAT 4CO0, A set of averaged poten-

tials was obtained at five intensities of stimulation for each
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of 12 cats., The first stimulus intensity.was near threshold,
the last was that intensity at which the fcrm of the pctential
no longer significantly changed, usually between 2.5 and 3.5
times threshold intensity. This intensity range was divided
by four to obtain five stimulus intensities,

The Q parameter of the evoked potentials was plotted as
a function of increasing stimulus intensity and it was found
that Q became maximum; i.e,, the evoked potential became most
oscillatory, between 1.l and 1,8 times threshold intensity.

The p=22K value olcurred at l.4 times threshold intensity, At
the highest intensities Q decreased,

Fourier transforms from a set of averaged evoked potentials
were obtainad at four stimulus intensity levels--threshold,
Xl.3, x1,7, and x2.5, At threshold there was a broad distri-
tution of frequency components, all with low amplitudes., At
1.3 times threshold intensity (almost correspondiang to the maxi-
mum value for Q), a marked peaking occurred at 40 c/sec, At
1,7 times threshold a low frequency component increased.in ampli-
tude, and at 2.5 ;imes threshold intensity the dominant waveform
shifted to a low frequency band and the high frequency component,
which was domirant at the lower intensities, became subsidiary,

Freeman (195Ec) measured amplitudes of evoked potentials
in the prepyriform cortex as a function of frequency of stimu-
lation to the lateral olfactory tract of cats during bar press~

ing for milk. Trequency-response Eurves»plotted from -these
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data revealed that at cne week after criterion there was a
dominant peak at approximately 44 (41-46) c/sec. As over=-
training progressed the frequency-response curve underwent a
gradual change consisting of a flattening and increased ire-
regularity, with the appearance of one or more additional
peaks at low frequencies, particularly the enlargement of an
amplitude peak at one-half the initial peak frequency (18-

24 c/sec). Within 4 to 7 weeks the original peak near 44/sec
was absent or greatly reduced, and the new amplitude peak had
become duminant,

Ecudreau and Freeman (1963) performed power spectral
analyses on the spontaneous activity from the prepyriform cor=-
tex of cats in a standardized food response, consisting of
orientation to a light signifying imminent arrival of milk
and, following preseatation of the milk 4 sec later, larping
of the milk for approximately 10 sec. They found that the
dominant component in fhe spectrum is a sinusoidal waveform
of about 40 ¢/sec, which appears in large amplitude bur;ts
synchronous with respiration. In a2 number of records large
changes occurred in the lower frequency end of the spectrum
coincidental with "lapping." In some records a definite
peak at 24 c¢/sec éppeared and in others there was an increase
in the amplituds of the 6 c¢fsec band, .
Although air flow is both a necessary and sufficient con-

dition for the occurrence of rhythmic 40 c/sec electrical ac~
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tivity in the olfactory bulb, in certain other rhinencephalic
structures, e.g., amygdala, air flow appears to be a necessary,
but not a sufficient condition for the occurrence of the char-
acteristic electrical activity., Apparently there must be air
flow and some level of arcusal for this rhythm to occur.

MacLean and Delgado (1953) described rhythmic burst active
ity synchronous with respiration in the amygdala of monkeys
that disappeared when the nasal passages were occluded or when
a trachoal cannula was inserted, .

Sheer et al (1966a) also cbserved that air flow throuzh
the nasal passage is essential for the occurrence of the 40
of/sec activity not only in the oifactcry buld, btut also in the
prevyriforin cortex and the basolateral amygdala. Bilateral
ablatica of the olfactory bulb abolished the 40 c/fsec activity;
ipsilateral nasal occlusion abolished it ipsilaterally with an
increase contralaterally, Autocorrelogram; and frequency anale-
yses were computed with and without nasal occlusion, Bqth loss
of periodicity and a flat frequency spectrum were demonstrated
with nésal occlusion,

Observations of Domino and Ueki (1960) indicafed that
behavioral arousal is necessary for the appearance of the 40
¢/sec activity in.the amygdala ia monkeys, When arcuseq,
bursts of 40 c/sec activity every few seconds were evident in

the amygdéla'and related'olfactory areas., Spontaneous arousal

from sleep was sufficient to produce the 40 c¢/sec activity;
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however loud noises, stimulation of the tcoth pulp at slightly
above threshold, and pain induced by increasing the pressure
in a balloon inserted into the rectum were more effective,
Neocortical desynchronization accompanied all four conditions
of arousal, but was less evident in the case of rectal dis-
tension, When the animal began to sleep again, the bursts in
the amygdala subsided, -

On the other hand, Lesse (1957a) found that the rhythmic
amygdaleid pattern in the cat was not merely‘a stereotyped con-
conitaat of the neocortical arousal pattern and was not iassocia-
ted with spontaneous changes from sleep to wakefulness, Stimue

1i, such as a buzzer, which resulted only in waking or in brief

)

ttantiveness did not induce the rhythmic 40 c/sez activity but

'id elicit desynchronization in the neocortex, Certain stimuli,

o

e,8,, noxious stimuli, very lovd noises, visual, clfactory, or
auditery stimuli asscciated with food or water after periods

of deprivation, prcximity of a mouse or dog, for a cat, Fended
to elicit the characteristic 40 c¢/sec activity from the baso-
lateral éortion of the amygdala and the adjacent pyriform cor-
tex. The modality of the stimulus was found to be unimnortant
in eliciting the electrical response--visual, aud}tory. olfac-
tory, and noxicus‘s:imuli all proved effective, Trood or water
stimuli wece found to be effective when the enimals wére hungry
or thirsty but not after: they.were satiated. From this evi-

dence Lesse cencluded that *this type of eléctrophysiologic
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activity, unlike neocortical"desynchronization' may be ase
sociated with behavioral responses encompassing ‘viéilance'
or ‘excited attentiveness' as distinct from mere arousal from
sleep or alerting to hrief attentiveness.,”

Subsequent to these early observations of the necessity
for air flow and arousal for the occurrence of rhythmic 40
c/sec bursts in.the amygdala, there have been numerous demon-
straticns of a dissociation between amygdalo;d and olfactory
zctivity (Gault & Leaton, 1963; Gault & Coustan, 1?65; Grand-
steff, 1965; Sheer et al, 1966a). Gault and Leaton {(1i963)
noted that it is possible for bursting to oceur in the bulb
without activation of the amygdala and that amygdala bursting
and acrivity in the olfactory bulb are most closely asscciatead
vhen the animal is in an excited state,

Grandstaff (1965) observed that during‘the behavioral
restiag state 40 ¢/sec hursting occurred clearly only in the
olfactory bulb and pyriform cortex, but during behavioral ae
rovsal 40 ¢/sec electrical bursting occurred also in the baso-
lateral amygdala., Sheer et al (1966b) have shecwn that the oce
currence of 40 ¢/sec rhythmic activity in the amygéala ig not
directly related to the amount of airflow but to the novelty
and/or "meaningfulness" of the odor associated with the air-
flow, e,g5., sardine odor as compared with anise, Orienting
behavior, characterized by a high level of alertness, cortical

EEG arousal pattern, #and sniffing responses, appeared to be a
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necessary condition for the occurrence of“40 c¢/sec rhythmi.c
activity in the amygdala,

Since a dissociation between the 40 c/sec activi%y in the
olfactory bulb and the amygdala can be clearly demonstrated,
Pagano and Gault (1964) have suggested that there must be two
inputs into the amygdala, one from the olfactory bulb, and the
other from central origirs, The latter is assumed to gata the
40 c/scc activity from the bulbt while at the same time regulat-
ing cortical activity. .

A disscciation alsc has been observed between the prepyri-
form certex and the olifactory bulb. DIagano (1966) noted that
in the absence c¢f nasal air flow changes, the prepyriform acvivity
induced by brainstem stimulation is not a mere reflection of
olfzctrry bulb activity., From this evidence he concluded that
different machauisrs apparently are operating in the twc areas.

Forty ¢/sec activity has also been recorded from the hip-
pocarpus by Torii (1961) with stimulation of the medial septum,
the lateral hypothalamus, and the mecdio-ventral part of the
tegmentum of the midbrain of tge rabbit and by Stunpf (19655
in the rabbit with reticular or septal stimulation, Torii
(1961) found that direct stimulation of the medial preoptic
arca, medial hypo}halamic region, central gray matter and dorsn-
lateral part of the tegmentum of the midbrain produced the slouw
wave pattern of the hippocampus, characterized by regular slow

~

waves at 5 to 7 ¢fsec. Torii-suggested that two separate -
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systems within the brain, occupying separéfe pathways, influ-
ence the hippocampal activity, one producing a slow wave pat-
tern, the other a fast wave pattern, each system being activated
by stimulation of separate brain areas. One system is assumed
to run from the ventro-medial part of the tegmentum of the mid-
brain through the lateral part of the hypothalamus to the
medial septal region and fimbria, and the other from the dorso-
lateral part of the tegmeatum tlrough the central gray matter
to the medial part of hypéthalamic and preoptic area. He sug-
gested that the slow and fast wave induced systems mey corros
spond to Schutz's system, composed mainly of fibers which ascend
from the periaqueductal gray midbrain substance to the caudal
reglion sof the periventricular zone of the hypothalamus, and the
madial ferebrain bundle, respectively, The fast wave induvced
system passing through the medial forebrain bundle of the
lateral hypothalamus is assimed by Torii tc be coacerned with
the parasympathetic acFivity and the slow wave induced systen
including Schutz's system with sympathetic activity. ‘ -
Stumbf (1965) has found that several separate patterns
cf hippocampal activity can exist under various exberimental
conditionst the hippocampai slow activity may be irregular,
rezularized (thefg rhythm), or depressed ‘and each of these
slow wave patterns may bz associated either with an incone
spicuous, irregular and low voltage fast activity or with

fairly regular, relatively high voltage fast activity. OCa
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the basis of this evidence, he postulated éhat three separate
mechanisms must influence hippocampal activity: one inducing
the hippocampal theta rhythm, a second the regular fast active
ity, and the third the depression of hippocampal slow waves.,

Cerebellum, Three patterns of spontanecus electrical
activity have been reported from the cerebellum: (1) low volt-
age fast waves at 150-25C c/sec: (2) extremely fast potential
oscillations (1,000-2,000 c¢/sec) superimposed on the low volt-
age fast waves, and (3) much slower regular rhythmic waves of
a fregquency ranging from 20-40 ¢/sec and, according to Irger,
Koreisha, and Tclmasskaya (1949), a slower frequency of 6-8
c/sec. The latter slow wave pattern, which has been described
varicusly as 30-50, 20-40), and 20-40 c/sec activity, has been
observed by a number of investigators (Matsumoto, 1961; Irger
et al, 1949).

Rusinov andé Rabinevieh (1958) cited the research of Jrger
et al (1949) In which they studied the electrical potentials
on the human cerebellum, the results of which studies th;y
confirmed from the recording of electrical activity of the
cerebellum from the exposed brain during an operation. They
recorded three types of potentials of the electrical activity
of the cerebellumtthrough an electrode inserted through the
hollow of an injection needle to the cranium at the site of
the projection of the cerebellﬁm: oscillations of 170-220

c¢/sec;. oscillations of 3(-50 c/sec{ and oscillations of 6-8
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c/sec. In experiments on animals the autﬁors established that
nscillations with a 6«8 ¢/sec frequency are recorded chiefly
from the cerebellar hemispheres and oscillations of 30-40 c¢/sec
frequency are registered from the vermis area. The rapid os-
cillations (200-300 c¢/sec) were observed in all parts of the
cerebellum both in iman and in animals.,

Matsumoto (1961), recording primarily from the vermal parts
of the cerebelluwn and occasionally cn the lobulgs ansiformis,
studied the morphology, conditions of occurrence, and possible
mochanisms involved in the production of what he called CRA

. )
td - *
("caeras

ellar rhythmic accivity™) in 43 cats. He found thac
CRa is induced by (1) sensory stimulation, e¢.z., a pinch of the
hindleg; (2) electrical stimulation of the ascending activating
system, including the bulbar and mesencephalic reticular forma-
tidu, the thalamic nuclei (e.g,, n. centralis lateralis), but
not the specific thalamic nuclei, and the posterior hiypothala-
mus, and (3) electrica} stimulation of the frontal cortex, CRA
could not be induced by stimulation ¢f the cerebellar cgrtex,
nucleus lateralis of the cerebellum and trachium pontis.. The
optimal frequency to elicit a train of cerebellar responses by
repatitive reticular stimulation was approximately 30 c/sec,
a frequency identical to that of CRA,

The tetanus waves induced by tcpical application of stryche
aine to the reticular formatién as well as by systemic strych~

ninization closely resembied the CRA induced by arousal stinu-
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lation and a laminar analysis revealed that the same compcnent
of the cell layers of the cerebellar cortex was responsible
for bothh CRA and strychnine tetanus waves, Both strychnine
tetanus and the rhythmic activity produced by high frequency
reticular stimulation were found to be abolished by barbi=-
turates and by the surgical isolation of the cerebellum from
the brainstem., -

The CRA was observed to closely parallel the electrical
events in the neocortex and the hippocampus: the appearance
nf the CRA always accompanied arousal or activated patterns in
the cerebrum (low voltage fast waves in the neocortex and
regular large slcw waves in the hippocampug), irregardless of
whether the CRA was produced by sensory stimulation or by elece
trical stimulation of the reticular formation., The injection
of nembutal pirevented the production of CRA with arousal stimue
lation and irregular slow and spindle~like waves similar to
those 0f the cerebrium pccurred in the cerebellar cortex,

From the foregoing evideace, Matsunoto concluded that the
CRA arpzars to be related to the whole ascending activating syse-
tem, including lower brainstem, thalamic and hypothalamic struc-.
tures. Matsumoto has suggested that divect reticulo-cerebellar °
connections may form the substrate of a circuit in producing
and maintaining a2 train of rhythmic waves in the cerebellar
cortax wihich refle¢t the occurrence of cercain rhythmic altera-

rions of thz reticular activity with arcuszl. The fact that
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the CRA occurs most prominenfly in the vermis adds credence
to his hypothesis since the vermis is abundantly supplied with
fiber connections from the reticular formation,

Neocortex. Gedevanishvilli (1959) has reported rhythmic
bursts of sinusoidal potent{al oscillations 55/sec in the
frontal pole of the brain during any orienting reactions (alert=-
rness, attention) in rabbits, cats, dégs. and man. Gedevanish-
villi has interpreted this rhythmic activity as an electrical
expression of the orienting reflex. He suggested that it in-
dicates a change in the condition of the cortex such that the
wost acdequate reaction to external stimuli is secured, The
spread of this activity from the frontal pole to other rezicns
of the cortex during the formation of conditioned reflexes is
iaterpreted by Gedevanishvilli as an electrical expression c¢f

The “temporary connection,”

Structurss from which 20 ¢/Sec Activity Has Been Recorded

3

Although the dcminant frequency in the rhinencephalic
structures appears to be 40 c/sec, there are persistent ref-
erences to a second frequency, usually approximately 20 c¢/sec,
e.g,, Freeman's (1952¢) observation of a shift to a domirant
frequency-of 18-24 c/sec with cvertraining previously described
and Maclean and Delgado's (1953) observation of electrical

bursts of 26 c/sec in the amygdala of monkeys under amobarbi-

tal anesthesia, These 26 c¢/sec bursts disappzared when the
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nasal passages were blocked or when a traéheal cannula was
inserted, Feindel and Gloor (1954) have similarly rnoted 20
c/sec activity in the amygdala of cats with ctimulation of
either the reticular formation or the opposite amygdala.
Presentation of a strong clfactory stimulus like lysol solu-
tion also was found to result in a similar activation of the
amygdaloid region,

Domino and Ueki (1%60) observed that, although the fre-
quency of the bursts in the olfactory bulb of the dog were
approzimately 40 c/sec (40-46 c/sec), every sacond spike seemed
somawnat enhanced and that the basic frequency of the bursts
in the medial amygdala and posterior hypothalamus were pre=-
cisaly half (20-23 c¢/sec) the frequency of the bursts in the
olfacrery bulb,

A 20~25 cfsec activity with nasal air insufflation was
noted by CGault and Coustan (1963) in the amygdala of cats also,
The administration of light doses of cocaine enhanced the 20~
25 c/sec activity in the amygdala and the 40 c/sec acti;ity in
the bulb., Frequently, the 20-25 c/sec response appeared in
the amygdala in animals in which there had been no.prior in-
dication of amygdaleid activity elicited by nasal air flow.

Wooclley et ai (1966) used the technique of spectral anal-
ysis, based on Fourier transforms, to investigate the elec=-
trical activity of the prepyriform cortex in rats with chron-

ically implanted electrodes., Using this technique, he was
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able to evaluate the relative‘contribution; of waves with dife
ferent frequencies to the total energy present in the prepyri-
form spontaneous (SEA) and evoked (AEP) electrical potentials,
For evoked potentials the lateral olfactory tract (LOT) was
stimulated electrically. Three principal components in SEA
spectra, in order ¢f frequency of occurrence, appeared in the
35-55, 1-5, and 15-20 c/sec frequency rangas, At low intensity
stimulation of the LCT, the major peak in spectra of the AEP.
also occurred in the 35«55 c/sec frequency range; however, with
increasing intensity of stimulation, the principal ccmponent
of AEP spectra increased in amplitude and shifted to 15-20
c/sec. Exposure to simulated 18,000 It altitude for 2 hrs
markedly decreased the amplitude and frequency cf the fastest
waves, vinile exposure to 12,500 ft decreaszd the frequency,
tut nut the amplitude, of the same component. Woolley et al
(1966) interpreted their results in terms of an interaction

of excitatory impulses arriving continuously via the LOT and
inhibition occurring periodically as the result of cortiéal
loop activity, They suggested that several builte-in-cortical
circuits, each with a different number of cells and synapses,
may explain the presence of several frequencies and the sim-
ilarity of the frequencies in both SEA and AEP spectra, The
fast component is assumed to dominate the AEP spectra at low
stimulus intensities because circuits for that frequency have

relatively low threshold, whereas circuits for the intermediata
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frequehcy appear to have higher thresholds'but are capable of
attaining greater amplitude. They further suggest that the
decreased frequency with increasing stimulus intensity to the
LCT may be related either to a prolonged inhibition of mitral
cells or to a prolongation of the inhibitory phase in the pre-
pyriform cortex.

A 20 c/sec activity has been observed by several investi-
gators in the hippocampus., Boudreau (1966) analyzed the fast
wave spoataneous activity recorded from the hippocampus of awake
cets with computers and found a dominant rhythm of abocut 15
to 20 c¢/sec, which could be detected ih the presence of theta,
Most of the spesctral energy was concentrated within the 10«30
¢c/ses range., Boudreau's results indicate that there may be two
kigh energy periodicities within the 10 to 30 ¢/sec range, one
at 14 a2nd another at 20 c¢/sec, although the 20 c¢/sec component
appeared predominant,

Brooks (1962)':ep?rted dominant_ spectral components of
both 15-25 c¢/sec and 35-40 c/sec in the hippocamnus of l&ghtly
anesthetized cats, Tokizane, Kawakami, and Gellhorn (1959),
using éultiple narrow band pass filtering, reported that the
spectral energy of fast activity recorded from cats with chron-.
ically implanted électrodas is concentrated in tﬁe 10-14 c/sec
“and 20;25 c/sec bands with a 40 ¢/sec component appearing oc= =
casionally, ' -

Recording from the hippocampué of cats; CGreen and Shimamoto
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(1953) observed with the puncture of the h&ppocampus by the
reccrding electrode a 30-45 c/sec activity which within a few
seconds spread to adjacent regions on the same side or to the
opposite hippocampus. With a weak stimulus, the magnitude of
the discharges waxed and waned and gradually died out., How-
ever, with a stimulus of greater intensity, the rate of the
dischargs frequently changed suddenly to 18 to 22 a second
and the discharge spread to adjacent regions, often even to
the rest of the birain,

The jnvestigations of Starzl, Taylor, and Magoun (1951)
have shown that the spontaneous activity of the red nucleus
cf cats under B-erythroidine is characterized by 20-30 ¢/sec
waves, Low frequency (3 to 10 c/sec) stimulation of the sci-
atic nzrva produced 20 ¢/sec waves in the red nucleus, An,
afteardischarge of- these waves continuad upon cessation of stime
ulatica,.,. With high frequency stimulaticn, the activity of
the area was desynchronized, but the afterdischarge remained
the same. Tpe red nucleus receives cerebello-ruvral af%erents
from the. dendate, globose, and emboliform nuclei of the cere-
bellum (Grossman, 1967). Starzl et al 51951) founa th§t bi-
lateral extirpation of the somatic cortex and c¢cmplete removal

of the cerebellum abolished the 20 c¢/sec wave afterdischarge.



40 c/Sec Activity during Learning

. The presence of electrical activity of approximately 40
c¢/sec has been reported by numerous investizators at certain
stages of learning, although usually such reports have been
incidental to the problem under investigation. The studies
reporting 40 c¢/sec activity in subcortical loci will be dis-
cussed first, followed by a discussion of those reporting such

activity in the n2o0cortex.

Rhinencephalic structures, Gedevanishvilli (1959) has

rereried intensification of sinusoidal potential oscillations

+

55/see in the olfactory bulb during the formation of conditioned
reflexss to external signals, )

Adey, Dunlop, and Hendrix (1960) reported 40 ¢/sec rhythe-
mic bursring in the amygdala in approach training, hcowever,
CEhay found no clear cerrelation between the conset or duration
of these bursts with either the animal's behavioral pattern or
the slow-vwave pattern in the entorhinal cortex. .There appeared
to be a slight diminution in amplitude and duration of the
bursts as each motor performance was completed,

Lesse (1957a, 1957b,-1960) recorded 40 c/sec‘éynchronous
activity from the basolateral amygdala and pyriform cortex of
cats during the f;rmation of a delayed conditionred response
in a shuttle box. Recordings were also made ¢f the electrical

activity from the caudate nucleus, the hippocampus, hypothala=-

mus, maedial geniculate body, mesencephalic reticular formation,
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septal area, and neocortex, but the rhythﬁic activity was not
observed in any of these structures. At first, the synchronous
activity appeared only in response to the shock, but as the
animal began to make avoidance responses, the 40 c¢/sec rhyth-
mic activity appeared also in response to the CS, a bhzzer.
During extinction the electrical bursting ceased to occur to
the CS shortly after the animal stopped making the behavioral
rasponse, m

John and Killiam (1959) observed 40/sec bursts in the
aamyedala of cats during a conditioned avoidance task. The
coaditioned signal for the avoidance response wes a 10/sec
flickering light. As behavioral responses gradually eppeared
the slectrical activity at the flash irequency was reduced in
the hippocampus, veticular formation, sugerior colliculus, .
fernixz 3nd septum, and was increased in lateral geniculate
arnd nucleus ventralis anterior of the thalamus, When criterion
was reached (100% CAR), bursts of 40 c/sec activity occurred
in the amygdala and tgé nucleus ventralis anterior of the
thalamus showed a marked frequency~specific response to the
tracer conditioned stimulus, At chis time, the cortical re-
sponse was observed to be a superisr hacmonic (20-30 c¢/sec),
Following training to 100% CAR with 10/sec flickering light,
two animals were transferred to an audlitory CS (10/sec clicks).
Initially presentation cf 10/cec clicks-did not evoke fre-

quency-specific poteaantlials in the electrical records nor the
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CAR, However, with full establishment oflfhe CAR to 10/sec
clicks, the electrical activity evoked at central sites by
10/sez clicks then became almost identical to that evcked by
10/sec flicker, particularly with respect to the incidence of
20 and 39/sec activity in visual cortex, the high voltage slow
waves in the superior colliculus, and the 40/sec bursts in

the amygdala,

'Sheer et al (1966b) have shcwn a phase lock-in of 40 c/sec
activity between the amygdala and the auditory cortex (auditory
area I) during C3 arousal and the CS-UCS acquisition phase of
learning in an appetitive classical conditioning situation with
tone as the CS, milk as the UCS, and licking as the CR., With
CS habitvation and CS-UCS overtraining, on the other hand, there
wis ne phase lock~in between amygdala and auditory cortex, al- '
theugh 40 ¢/sec was still present in the amygdaia. It is of
interest that Sheer et al (19€6a) in a successive discrimina-
tion task failed to sh9w such a relationship between the amyge
dala and visual cortex and that the visual 40 occurred just as
markedly in animals with both olfactory bulbs removed, -

Other subcertical structures. Kogan (1949) systematically

studied the changes in electrical activity of a number of sube
cortical structurés in the cerebrum of the cat (pons Varolii,
optic thalami, quadrigeminal bodies, the striopallidal system,
the hypothalamus) during the formation of food-taking and de-

fensive reflex acts., He demonstrated that 'the electrical
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activity of subcortical formations consists of slow waves of
a duration of up to one second and even longer with superime
posed oscillations of a 30-40/sec frequency.

Galambos (1959) reported 38 to 42 c/sec activity in both
the caudate nucleus and the globus pallidus of the cat con=
comitant with the learning that the last click of a series
of 11 clicks was a signal for an unavoidable shock across the
chest, Althcugh the evoked responses were substantially re=-
duced in size with extinction, the 38 to 42 ¢/sec activity
tended to remain,

In a similar experimznt, Rowland {1958) demonstrated the
appearance of 40 c/sec activity in both ccrtical {right ecto-
sylvian gyrus and right lateral gyrus) and subcortical (medial
geniculate, reticular formation, centre wmedian, and hippocampus)
placementss A 5 sec CS consisting of two clicks per second was
gradually lzngthened over the course of 20 days to 120 sec
duration, Shock (UCS) was applied to the skin at the end of
the auditery stimulus. By the 8th trial the presence of 40
c/sec bursts after the UCS was no;ed: by the 10th trial, these
40 c/sec bursts were appesaring during the CS and were present
in all placements, _

Neocorter. Welch (1964) recorded epidurally the evoked
potentials from the posterior lateral gyrus (visual primary
receiving erea) in cats to light flashes of l/sec. Response

averaging with a Mnemotron CAT 400 computer was performed on
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successive groups of ten evoked potentialé for seventy coasecu=~
tive flacshes. Fourier transfcrms rerformed with a digital com-
ruter on the first two and last threse sets of evoked potentials
revealed a marked peaking at the 40 c/sec band of the spectra
of the evoked potential in the first two sets, i.e., in re=
sponse to a novel visual stimulus, Freguencies below 20 were
predominant in the last three sets of habituated potentials
and there was little or no peaking at the 40 c¢/sec band,

During a successive visual discrimination task, Sheer et
z1 {i96682) studied the power spectra functions of visual acea
I of the cat on 1/3 octave bands with center frequencies at
31.5, 40, and 50 c/sec, norralized by total band power. The
cats were first trained to press a bar for milk only during
a 1¢ sec Sy period when a 7/sec flickering light was presented®
ca a 30 sec variable in%erval schedule. Later they were taught
to press cnly during the 7/sec Sp peried and to inhibit during
a 10 sec S, period wh%n a 3/sec light was presented, A sig-
nificant shift in proéortional pcwer from!31.5 te 4C c/;Qc
occurred during the Sp, as compared with the 3, , after learning
had occurred. The electrical bursting in visual area I was
not invariably correlated with the 40 ¢/sec activity in the
amygdala, In faét, the visual 40 occurred just as strongly
in animals with both clfactory bulbs rewoved,

Sheer et al (1966a) madeva fine~-grained analysis of the

_ relationship between the 40 ¢/sec activity.in the visual area
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1 and the behavioral response, utilizing an analog computer
technique providing continuously moving normalized power func-
tion; at 1/3 octave frequency bands with center frequencies of
31,5, 4G, 50, and 7 ¢/sec. Comparisons were made between suc~
cessive l0-sec periods of prestimulus, Sp end S, and post-
stimulus. 4 characteristic pattern of electrical activity in
vicual area I which cccurred only during the Sp trials after

the Sp discrimination had been learned was demonstrated by Sheer
et al (1966a), Both the 31,5 and the 40 c¢/sec bands rose
sharply with each behavioral response and, although beth dropped
afrer the response, only the 31.5 remained down for the rast of
trial, The 40 dropped orly momentarily end’ then increased and
remained up for the rest of the trial, altLovgh not at the

same level as during the rzsponse., Althcugh the 50 ¢/sec ac~
tivity was higher during Sp trials than during Sp trials, it
sliowzd 1o increase with the tehavioral respense,

Power functiens were computed at the 7 ¢/sec freguency
band in an effort to cbtain an index of tha relative degree to
which the evoked potentials occurred during Sp and S, trials
and during the prestimulus, stimulus, and poststimdlus periods.
The 7 c/sec activity was found to increase in the Sp follow-
ing the behaviora{ reséonses and in the 10 se¢ peststimulus
reriod after Sp trials. No such increase was noted in Sy

trials or prior to the response in Sp trials,

From sinmultaneous examination of both unfiltered EEG
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records and those high-pass filtered at a 10/sec 3db cut-off,
at a high resclution 200 mm/sec paper speed, Sheer et al (1966a)
suggested that congruent with the behavioral response on an
Sp trial, the primary positive component and oscillation train
of the evoked potential lock in with the intrinsic EEG activa
ity at 40 c¢/sec. While the primary positive component with a
pulse duration of 25 msec (40/sec) and the 40/sec EEG seemed
to be most prominent at the time the response was made, the
primary negative and secondary negative components appeared to
be more preminent after the response when the cat was drinking
niik,

McAdam and his associates {(McAdam, 1962; Mckdam, Knott,
& Ingrzx, 1962) have studied the electrcencephalegraphic changes
during classical aversive conditioning in two subcortical. loca~’
tions (n. ventralis anterior thalamus and dorsal hippocampus)
and two cortical locations (the posterior sizmoid gyri and the
posterior lateral gyri? of cats.. The CS was a light flashing
at 20/sec, the UCS a shock to the pads of the animal's saw.
The purpose of these experiments was to provide information
with respect to Gastaut's (1958) suggestion that the nonspaci-
fic thalamic projection system mediates the conditioned.stimu-
lus. The research is of interest here becazuse McAdam (1962)
used as his index of driving 2 complex combination of the oute
put from two resonators through which he fed his EEG data-~

one set tc respond to the fundamental (20 c/sec) and the second
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set to respond to the second harmonic (40 c/sec). His pur-
pose in chcosing 20 c/sec as the flash frequency was to choose
a'frequency somevwhere between one which might produce fusion
and one which could be construed to be producing quasi-trace
conditioning; howé&er it seems likely that his choice was a -
poor one since his results may represent a coafounding of an
actual driving effect and the intrinsic 40 c¢/sec activity re-
ported by numerous investigators to be associated with various
stages of learning, For this reason, his results are not cited
here, However, an illustration accompanying the study which
ohows the nutput of the two resonators for the posterior la-
teral gyrmus for the 102nd trial (out of 150) is of interest.

In this illustration, although the fundamental was 20 c/sec,
‘the ocutput of the 40 cfsec rasonator was almost as high as
rthat of the 20 c/sec resomator,

In & very difficult visual discrimination task, Pribram,
Spinelli, and Kambach (1967) have demonstrated that marked
bursts of activity approximately 40 c/sec in the visual striate
cortex of monkeys occurs just after differential response if -
the choice is incorrect; i.,e., with nonreinforcemeﬁt. The task
involved the activation of a stinmulus display for 0,01 msec
by the monkey andsthen the pressing of the right half of a
panel with the display of a circle and the left half with the
display of vertical stripes.. One monkey failed to learn the

task at all, and the other two monkeys veached a criterion of
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85% correct in 200 consecutive trials only after 1800 and 2800
trials,

Dumenko 61961) studied the electrographic changes }n the
projection zones of the forelimb and hindlimb of the motor core
tex and in th2 cutaneous, auditory, and visual cortical analyz-
ers, The dogs were first trained for defense CRs from the hind=-
paw; then they were switcheq to a defense CR from the forepaw

in the same room and with the same CS stereotype., Certain

paw zones. Potentials in the arsa corresponding to the hind-
. 1imd tegan to appear which were independent of the synchronized
potentials still seen in the auditory and cutaneous analyzers.
At the same time and prior to the development of the correct
forspasr vasponse, the slow waves (20-25/sec) which had char-
actarived the forepaw zone prior to the switch gave way to faster
waves (approximately 40/sec), With the appearance ¢f the cor-
rect responses from the forepaw a distinct synchrony of the po-
tentials in the auditory and cutaneous analyzexs and cortical
forelimb representation first appeared, -

Sakhiulina (1960) reviewed some of her previo&s research
in connection witn conditioned-reflex activity, from which the -
following materiai with reference to high frequency oscilla-
tions (30-40 c¢/sec) in the sensorimcotor area is quoted:

When separate conditioned reflexes or the stereo-

type elaberated from them became well established (af=-
ter hundreds of combinations), the electrical activity
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in the intervals between the applications of the
stimuli was distinguished by a very low voltage,
while the positive stimuli during their action
sometimes evokad considerable volleys of high-
frequency oscillations (30 to 40 per secound) in
the sensorimotor region of the hemisphere contra-
lateral to the leg, the lifting of which condi-
tioned reflexes were being elaborated. 1In all
other points of the cortex considerable and slow
oscillations were recorded which we are inclined
to regard as an indication of the phenomenon of
induction inhibition developing within them,

During their action the negative conditioned
stimuli evoked modifications in the EEG contrary
to those observed during the actioan of the posi-
tive conditioned stimuli, If by the moment of
the application of the differentiating stimulus
high-frequency oscillations took place in the
EZG they underwent complete depression, and
slover oscillations appeared in their place,
In 21l other points of the cortex the recorded
frnoquencies were also underoing certain changes,
lower frequencies being predcminant (p. 212).
Sakhiulina (1960, 1961) also studicd the changes cccure~
ring in the EEG of the dog in more complex forms of CR ace
rivity: shifting the site of applicatica of the US, C2A
switcning, and reversal of the signal significance of the
C3s., One common observation emerged from all three types of
experiments: elevated high~frequency electrical activity ap-
peared in one or another area of the cerebral cortex and was
maintained during the phase of sclution of the problem posed
and disappeared once the problem was solved and stable pere

P] . .

formance under the new condition was achieved, Chrracteris-
tically this high frequency activity was 25-30, sometimes

40-45.‘c/sec. This activity was observed primarily in two
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lobes: in the frontal lobe at the junction of the anterior
portion of the coronal and anterior ectosylvian gyci, and in
the parietal lobe, at the junction of the transitional fields
of the visual, auditory, aad somatosenscry analyzers. With
respect to the primary focus in the frontal lobe, it appeared
that the frequencies of 25-30 c/sec are dominant in the more
medial portion of the area (in the énterior portion of the
corvonal gyrus), while hlgher frequéncies predominate in the
morz lateral portion (the region of the ectosylvian .gyrus).
Sakhiulina suggested that this activity may be due to the in-
tluences of the reticular formation since the areas in which
the elevated high-frequency activity was observed coincide
with the cortical points that have the densest representation
6f tha btrainstem and thalamic reticular formations, or to the
cortical peints that, when stimulated, induce au arousal effect
via the reticular formation.

Rowland (1958) referred briefly to an experimeat in which
cats were trainred under psrtial reinforcement to expect shock
following 30 sec oif silence interspersed within a background
of clicks at the rate of l/sec throughout the day., At a id-
dle point between full reaction and full extinction bursts
of 40 c/sec were cccurring in the second haif of the CS, pre-
dominaﬂfly in the sensory motor cortex and the association
cortex. With full extinction, the 40 ¢/sec bursts were re-

4

placed ty the characteristic synchronized btackground of the
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sleeping animal.

20 c/Sec Activity during learning

Slow rhythms of approximately 20 c/sec have occasionally
been reported in connection with internal inhibition., Yoshii
et al (1960) reported waves of about 20 (18-23) c/sec appear-
ing from the cortex and subcortical structures "when alternate
presentation of positive and negative CS is stopped and the
naegative one alone is repeatedly presented, or when the nega-
rive €8 is given in the course of experimental extinction of
tre positive CS, that is, when a change in the sequence of the
stimulation occurred."” They have suggested that the appearance
of such 20 c/sec waves m;y be related to hippocampal activity,dc
gince similar electrical activity is elicited by stimulation ’
¢f the hippocampus. Green and Shimamoto (1953) found 20 c¢/sec
activity is propagated from the hippocampus into tlke temporal
lobe, . d

During the learning of a problem involving both delay of
response and delay of reinforcement, Roth, Sterman, and Clemente
(1967) observed a 12-20 c¢/sec synchrenized activity over the
coronal gyrus and adjacent seasorimoter cortex during inhibi-
tory behavior. This synchronous rhythm, which he called SMR
(sensori-motor rhythm), was ogéerVed during the portion of the
trial in wbkich the cat had learned.to inhibit bar-pressing

¥

and, even in the highly overtrained cat, if the behavioral
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inhibition was not observed, SMR did not éccur.

During a CR switching experiment previocusly discussed,
Dumenko (1951) noted 20-25 c¢/sec waves in the projection zcne
of the forepaw of the motor cortex when the correct CR was

flexion of the hindlimb,
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METHODS AND PROCEDURES

Subjects

The subject was one male mature cat;'OB-Z, which was one
of an OB series who had bilateral removal of their olfactory
bulbs for a previous study (Grandstaff, 1965), The animal was
a healthy alley cat secured from the city pound. The cat was
voused in the elr-conditioned animal colony of the psychology
labozratory of the University of Houston both during the interim
period prior to and during his use in this study. O©B-2 was ad-
ministered the standard dosage of Feline Distemper Vaccine.
The normal diet consisted of one cup per day of c/d prescrip-'
tion £0lid food, especially designed to meet feline nutritional
regqulirements, or an alternate equivalent diet of dry pellet food,
in addition to a milk supplement, whicihh consisted of equal parcs
of evaporated milk and water. Food and water wers available
to the animal on an ad-lib basis except during the period of
discrimination testing when the animal was adapted to a diet
of dry pellet food and no liquid except for the milk reinforcer

be received during the performance of the task,
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Eleétrodes

Concentric electrodes were used in both subcortical and
cortical loci. Constructicn of the concentric electrodes and
the ccennector by which chronic implantation was accomplished

are described elsewhere (Grandstaff, 1965).

Surgery

Litheough OB-2 was one of the animals from which the olfac-
tory vulbs were removed, electroencephalographic records (Fig-
ures 3-10) from the basolateral amygdala indicate that there
must have been at least some regrowth of the bulbs between
the completion of the pr;vious study (June, 1965) and initia-

tion of this study (June~August, 1966), The rhythmic bursting

[

4

(31

o c/sec activity so characteristic of the amygdala with
air flos is clearly evident in all recordings,

Bilateral, concentric depth electrodes were.implanted in
he anterior basolateral amygdala, ceorticomedial amygdala,
posterior hypothalamus, septal region, 2nd hippocampus. 3Bi=-
lateral cortical. electrodes wefe in the following areas:
visual I (striate gyri), visual Il (posterior suprasylvian
gyri), auditory 1 {middle ectosylvian gyri), anterior supra-
sylvian gyri, insular gyri, and temporal gyri.

The ablation of the olfactory bulbs and the implantation



Visty
EUDL

¥iS Ip
RESPONSE
noTy

CiA M?Y
By Rnyl
STAULYS
PHp

st MR RN it
e pertiPet ot ot el vawnh‘«wwwcw-‘wt’u\f.‘u \uf Uﬂﬂf W \JNf ,)\r-«-\w\.vwww*www wium.na 4\%4 4 ok
a2 A A M A AV At AP A i
AN AN N NWWVMWMMVV#%#ﬁWﬂwﬁﬂﬂ/LﬁJV{\b\FVNwN%waﬂfwuﬁ4¢ﬁm~NHMFwﬂpw¢V%JUWWU“NﬁM*kaJM
S S s AN N »»wmmmmwwwv«n..www R Y SR T Y
L i Ay it O *AM*\,’MM Al st Aoty i s MM eAm oty

Y N U U S TN WP VS N T N I U W S e

PUE S G S W W S WV W W U S W N W U WP W W G Y

FIGURE 3
UNFILTSRED EEG « .TAPE 18A: Spr

Iliustrative of the electrical activity associated with a reinforced response,
Note the 40 c/sec activity in right visual I coincident with the reinforced re-

sponse,

The 20 c/eec acvivity in left auditory cortex during lapping coincides

with the large voltege slow waves in left motor cortex, left auditory cortex,
and sometimes left corticomedicl amygdale and left basolateral amygdala,

Abbreviations:
visual I; MOTI,, left motor cortezx; CM AMYy, left corticomedial amyzdala; BL AMYL,

left basclateral amygdala; IR, right posterior hypothalemus,

VIS 11, left visual I; AUD, left auditory cortex; VIS IR, right .
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, Abbreviations: VIS Iy, left visual I; AUDy, left auditory cortex; VIS Iy, righi:
visual I3 MOTp, left motor cortex; CM AMYy, left corticomedial amygdala; BL AMYy,
left basolateral amygdala; PHyp, right postericr hypothalamus.
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UNFILTERED EEG « TAPE 18A: Sbyr
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Note that, in the absence of a response during Sp, the marked ‘40 c/sec activity
seen in Figures 3 and 4 coincident with a response does not occur. Abbreviations:

VIS

11, left visual I; AUDp, left auditory cortexs VIS Ig, right visual I; MOTp,

left motor cortex; CM AMYL, left corticomedial amyzdalas BL AhYL, left basolateral
amygdalas PdRr, right posterior hypothalamus.
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Abbreviations: VIS 11, left visual 1; AUDp, left auditory cortex; VIS Ix, right
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UNFILTSRED EEG = TAPE 18A: SaR

The merked 40 c/sec activity clearly visible in Figuvres 3 and 4 is barely detectable
when & raspoase occurs during st. Neote also that the large voltage slow waves ase-

sociated with reinforcement ( Figures 3 and &) do not occur “with an unreinforced re~

sponse, Abbreviations: VIS Iy, left visual I; AUDy, left auditory cortex; VIS Ip,

right visual I3 MOTp, left motor cortex; CM AMYp, left corticomedial amygdalas

BL AMYL. left basolateral amygdala; PHR, right postericr hypothalamus,
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Abbreviations: VIS I, left visual I3 AUDp, left auditory cortex; VIS Ip, right
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Abbreviations: VIS 11, left visuval I; AUDL, left auditory cortex; VIS IR, right
visuval I; MOTL, left motoxr cortex; CM AMYi, left corticomedial amygdala; BL AMYL,
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of both the depth and cortical electrodes were described by

Grandstaff (1965).

Experimental Apparatus

The testing chamber; liquid feeder system, photic stimula-
tor, control and timing apparatus, and électroencephalographic
and magnetic tape recorder systems were describad in detail’
by Grandstaff (1955); therefore oniy a brief description will
be glven,

The experimental chamber, construsted of formica and plexie
glas, was positioned in a sound resistant rnom before a one way
vision glass, which enabled the experimenter to observe the
fnimal from an adjacent room during the experimental session,
fhe chamber could be divided into two smaller ccompartnents
with a clear nlexiglas partition, the omerant chamber of which
was approximately 18" x 23" x 24", Dim or bright illumination

,

was pcovided by two DC lights located in the ceiling. A Grass
model PS 2 stimulator activated a naon photic light which was
mounted externally at one end of the experimental chamber to
produce a 7 ¢fsec flashing light for the Sp and a 3 ¢/sec
flashing light for the Sa » for a period of 1.0 sec each: The
flashes weré seen through a port 4" above the bar and feeding
cup. For both these events tﬁe intensity setting was 2.C.

Seven inches above the phetic pcrt*was a sound port, bshind
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which was an audio speaker connected to an auditory oscillator,
The sound port was used to deliver a2 masking click to the cham~
ber (65 db). The milk reinforcer was delivered to the liquid
feeder inside the chamber through polyethylene tubing by trig-
gering a solenoid valve, When the bar was pressed during the
Sp 0.3 cc of milk was delivered to the feeder cup. The sole-
noid valve cculd also be controlled externally by the experi-
menter,

Torinzer and Grayson-Stadler automatic control and timing
equirment were used in conjunction with an eight channel Rheem
Tape Reader to program the desired stimulus evants into the
cxparimental chamber,

A saven-analog and two=event channel Grass, rodel III D,
electroenrephalograph was the basic recording unit. The seven”
zrales channels reccrdaed electrographic resronses, One event
pea was used to record the onset and duration of the photic
stiiulus events and tﬁg second to record the bechavioral re-
sponses. The EEG was at the came time .recorded on magnétic
tape using a seven-aualog and eight-event channel magnetic
tape recorder, more fully described elsewhere (Grandstaff,
1265). The magnetic tape was started automatically 10 sec be-

fore each trial for tha Prestimulus Period (FS) and remained ,

on for the 10 sec Stimulus Period (Sp or S. ) and 10 sec Post-
D A L

stimlvs Pericd., Scven different EEG channels were recorded:

left visual I, left auditory 1, right visual I, left mmotor,
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left corticomecdial amyzdala, left basolatéral amygdala, and
right posterior hypothalamus, Stimulus onset and duration
and behavicral responses were reccrded on the event channels
of the tape recorder, Samples of EEG records are shown in

Figures 3 through 10,

Experimental Procedure

The results reported in this thesis are based upon a re-
testing approximately one year later in the successive visual
discrimination task which was the final phase (Phase Il) in
the expariment reported by Grandstaff (1965), The following
is a briei description of the behavioral testing prior to the
aninal®s use in the experiment from which the results reported.

a this thesis were derived: Grandstarf (1665) first shaped

$ 2]

the animals to bar press for milk and then csrried thenm
taroughh a series of successive days on continuous reinforce-
ment, fixed ratio 3, énd fivxed ratio 5, after wﬁich Phase 1
was initiated in which fifty daily trials were presented on

a 30 sec variable interval schedule., Each trial consisted

of é 10 sec Sp period of a light flashing at the rats of 7
c/ser, Quring which the cat would be reinforced with milk

for each bar press. If the znimal made wore than 3 bar
presses in a 10 sec period preqfding the Sp period, the timer

wonld reset the 10 sec interval until responses did not ex-
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ceed 3 in the 10 sec interval preceding the Sp trial, The
daily sessions were coantinued until the animal met a learning
criterion of twice as many Sp responses as intertrial responses
for three consecutive days. The animal was then run fo¥ three
additional sessions before going to Phase II.

In Phase II, sixty daily trials were presented, thirty
of S and thirty of Sa , in which a 3/sec flicker was on for
10 sec and the animal did not receive milk when he pressed the
bar. The reset was not used in this phase of testing., A
"blackcut" occurred for the duration of the S, periods on 50%
of the S, trials if a response was made, This testing pro-
cedure was continued until the animal met a learning criterion
of threc times as many responses during the Sp trials as dur-
ing the S, trials for three consecutive days. The experimen- )
tal preocedure for this experiment is essentialliy that described

four Thase Il by Grandstaff (1965).

- Data Analysis

Data Sclection

”

Magnetic tape recordings of EEG data were carried out over
a period of apprd%imately six weeks for one cat, OBE-2, in a’
visual disecrimination task, which the animal had learned to
critecrion one year previously., Eight recordings were of a

quality sulzable for computer anal&sis,~i.e;, all analogz and
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evenrt channels were functioning, noise level was low, gains
were stable throughout any single recording session. Sp/Sp
response ratios were calculated for each of these tapes. Three
tapes, 19A(1), 18A, and 10A, with Sp/S, ratios of 1.32, 1,97,
and 7.75, respectively, were selected to represent the low-

est, an intermediate, and the highest levels of performance.

Behavioral Conditions

The power functions were analyzed under as many as six
diffexent behavioral conditions, depending on the availability

of cdata in the various conditions, as follows:

Pre- S S
Stimulus D 4
Response PS S S
Sp R DR AR'
No response PSyr SDyR Sanr

The effect of a response may have entered into one.or two

trials of the 19 to 24 PSyp trials averaged.

Y

»
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Computer Analysis *

The analyses of the EEG were performed on 2 hykrid compu-
ter system developed in the University of Houston laboratory.
The design and theory of the various prewired computer pro-
grams are discussed elsevwhere (Benignus, 1967).

The input to the computer is from a seven analog=-chanuel
Ampex SP-300 with additrional mod-demod equipment for eight
event channels, on vhich are recorded prestimulus, stimulus,
or poststimulus period, Sp or S, , and behavioral responses.

The output of the computer is in two forms: {1) a Brush
recordexr model Mark 280, with two analog channels and three
event pa2n markers, for indicating the onset and termination
of analyvsis periods, stimuli (Sp or st)' and btehavioral re-
sponses concurrent with the EEG analyses on the analog chan-
nels; (2) 2 Hewlett-Packard digital voltmeter and associated
equipment for analog to digital conversion and digital print-
out to an interface for control of an IEM card pﬁnch, where
the cards are automatically punched for further processing
digitally., )

The main bedy of the computer consists of (1) control
components, which include an Aﬁp prograh board, digital timars,

-

sealed multipole dry circuit relays, the event channels on the

tape reccrder, a 5 x 11l matrix of banana jacks for selection

of options, and a 29-variable buffer .memery with simultaneous
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read-in and sequential read-out; and (2) ;nalog computing com-
porents, which include ten channels of selectable band=-pass
filters and two channels of broad-band filters, twenty-eight
variable time constant integrators, eight low-pass filters

with variable time constants from ,105 to 1,75 sec, eight high-
pass filters, four quarter-square multipliers, nine two-variable
magnetic multipliers, five pulse type two-variable multipliers,
two two-variatle dividers, six sign changers, six differential
90 degree phase shifters, two sin/arcsin generators, and ase-

sariated high stability cperational amplifiers, RC circuits, .

e band-pass filters are 23% 1l/3 octave filters with
center frequencies at 20, 25, 31.5, 40, and 50 c/sec. The cen=
ter frequencies were selected so that bands overlap at the ’
half power points. The two broad-band filters have a center
frequency of 31,5 c/sec¢ and their lower half power point is
18 cfsec with their upper half power point at 53 c¢/sec. The
area between 20 and 50 c¢/sec is flat +2,5%. The bandp;;s of
these two filters encompasses the five 1/3 octave filters be-
tween 20 and 50 ¢/sec. The broad-band filters were specially
designed such that their output could be used to compute per ’
cent power in thé 1/3 octave tands, i.e..‘normalizqd band
power. Total power, high pass filtered with the filter set

2t 3 low frequency half power point of 12 c/sec, was used as

a second normalization quanticy.
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Normalized power was used, first, because;the absolute value
of voltage from a given site is not stable across animals or
across electrodes, Secondly, apsolute value as computed by
the hybtrid computer is meaningless, except within a single EEG
recording session, because the operation of the computer re=-
quires the adjustment of the input signal to a standard level
for the highest amplitudes in thes EEG data. Normalization of
the power functions by broad-band or total power makes possible
spectrun coemparisons across different sites of measurement,
azross recording sessions for the same animal, and across an-
imals, Power functions normslized by both broad-band and to-
tal pounr were computed on this data; however only theafunc~
tions nermalized by broad-band power were statistically an-
3lyzed and all the figures were plotted either on the broad-
band neormalization data or, in one instance, on the abtsclute
valus, Hormalization by broad-band was chosen because the
primavy interest here was in the changes in the distribution
of power within the broad-band, i,e., 18-53 c/sec, Sinée
normalization by broad-band power eiicludes effects from oute-
side the range of the broad-~band filter, a normalization of
broad-band power by total power was computed by hand. Exame
ination of this qﬁantity permits the detection of extraspectral
events,

Program 5, an average continuous band power computation

program was used for the analysis of data in this study., With
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this program an epoch of con;inuous computation is broken
down into seven parts and the mean power is computed for each
of the seven parts over trials,

Figure 11 is a flow diagram for Program 5., Each of two
input signals may be fed into a five-band power computer and
into a normalizing power computer, yielding analyses of one
frequency for two input channels witﬁ rormalization by either
broad~band or total power for each input, but not by both,
Alternatively, as was done in the analysis of the data in this
study, one input may be fed into each of two five-band power
computers and normalizing power computers, yielding analyses
ol two frequencies for one input channel with normalization
for those two freguencies by both broad-band and total power,
The five-band power computers consist of band~pass filters
with squaring opsratocs on their outputs., The normalizing
power c¢omputer computes the broad-band power and the total
powzsr. To compute an approxXimation to a continuous band-power
writeout, one of the band-power outputs is fed into one of
the four sequential sampling averagers. Each of the four
. sequential averagers begins at t=0 and averages u§ to T/7
secs, then takes another sample for T/7 secs until saeven se-
quential samples have been taken, This process is repeated
automatically for each trial until the preselected number of
trials has been read in., Once all trials have been read in,

the outputs of the sequential aVveragers and the dividers (for
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the normalized band powers) are read out.

The program is designed so that averaging may be made con=-
tingent on a single event, or some logical combination of up
to three events at a time. A tape loop may be used as an op-
tion to delay the input wave which is being averaged so that
the averaging may be begun before the event upon which the
start is contingent occurs, The length of both the delay and
the analysis epoch are variable, cézpending, respectively, upon
tha iength ¢f the tape loop and an oscillator which is con-
nected tn a chain of countdown binaries on the program board.

The epoch length and delay were chosen so as to include
the phenomenon under investigation plus some unrelated activity.
Pilot studies had indicated that 3-1/2 sec with a delay of
141/2 s2c for visual I and the motor cortex would be necessary‘;
to achiove this result, It appeared that the peak in the 40
c¢/sec bznd occurred either at, or perhaps slightly hefore, the
response. Audifory I vas analyzed with the sama-epoch %ength
and delay as an anatomicél control for the visual.and mdtor
areas. The peaking in the 20 ¢/sec band in auditory 1 seemed
to occur at approximately 1-3/4 to 2-1/2 sec follo&ing a re-
inforced rezponse; therefore a second analysis was computed
on auditory T witﬁ a 5 sec epoch length and, of course, with
no delay.

Several corbinations of contingencies determined the ini-

tiation of the averaging process in the ‘analysis of the data
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in this study., In all cases, the averagiﬁg was contingent up=-
on the simultaneous occurrence of a "response" and either (1)
Spsy (2) Sp» or (3) PS. However, the "response" in some cases
was a behavioral response of the animal and in others an arti-
ficial respons2 sigﬂal fed into the response event input to
the computer to initiate analysis. In the case of the 3-1/2
sec analysis epoch and a behavioral response, a tape loop con=-
structed to yield a 1-1/2 sec delay was used., Thus 1-1/2 sec
of thie enalysis represented events occurring prior to the re=~
sponse and 2 sec, events occurring after the response. In the
case of the 5 sec analysis epoch with a.behavioral response
(auditory 1 only), the tape loop was not used, Here the full
5 sec ¢f the analysis respresented events occurxing in the 5 sec
after the response, In the case of both the 3~1/2 and 5 sec
analvsis epochs with the nonoccurrence of a behavioral response,
the tere loop was not used and a timer was set to introduce én
artificial response 1 sec after the beginning of the 10 sec
period, With the 3-1/2 sec analysis epoch, this resultéd in
the analysis of 3-1/2 sec from t=1 sec to t=4-1/2 sec during
Sps Sp s and PS. In the analysis of auditory I where the 5
sec analysis epoch with an artificial response was used, the

5 sec from t=l sec to t=6 sec was analyzed during PS only.
Figures 12 eand 13 illustrate the initiation and termination

of the analysis periods with respect to stiirulus onset, pre-

stimulus onset, and the response for the 3-1/2 sec analysis
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epoch and 5 sec analysis epoc¢h, respectively.

Figure 14 shows the output of one pen recorder channele-
in this case, 20 c/sec in auditory I with a 5 sec analysis
epochi and no delay. The first bar grarh shows the output of
the seguential sampling averager of the band power for each
of the saven time periods, each of which is 5/7 sec in length;
the cecond, the output of the sequential sampling averager of
the troad band power, again in 5/7 sec increments; and the
third, the output of the two-variable divider; i.e., the band
piwer novmalized by broad band power for each of the 5/7 sec
intexvals,

Thie nunter of trials averaged for each behavioral condi-

tiga ie shown in Table 1,
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The first set of bars shows absolute band power; the second, absolute broad band
power; the third, band power rnormalized by broad band power. The magnification
factor of the first set is twice that of the second. Each small division in the
writeout of the normalized band power is 1%; e.3., the highest bar in the nor-
malized writeout is read 43,.,3% and means that the frequency band analyzed con-
tains 48.3% of the power in the broad band,

1?01
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) TABLE 1

NUMEER OF TRIALS AVERAGED

Condition
Tape
PSre a b b
Sy PSy SANR SAR SDNR SDR
194(1) 19 3 7 8 6 11
18A 24 4 4 11 3 11
104 19 0 13 2 L 14

Siot computer analyzed for auditory I,

byot computer analyzed for auditory I (5 sec).



CHAPTER 1V .

RESULTS

Statistical analysis, primarily Friedman two-way analysis
of variance or Triedman with interactions, was performed oa the
data presented in this thesis, The statistical analysis is sup=
plemented by the more customary graphic presentation of the EEG
data,

Two EEG records each of SDR’ Spyr? Sags SANR, respectives=
iy azsz presentad in Figures 3 through 10,

filot znalyses indicated that the 3rd, 4th, and 5th time
tntervale (hereafter referred to as the *345 Pericd") in the
bar graph output of the corputer, representing the time from

-

t=i to £=2«1/2 sec ¢f the znalysis epoch, encompassed the re- °

i%
0'.-’

anse related event in the moctor cortex and visual 1. Inter-
vals 1, 2, and O are referred to as the "126 Perivd." One bar
was eliminated frem all analyses in order to equalize the Ks
: v .

for the two groups; the 7th bar was eliminated, since, by two
seconds after the response, the 20 ¢/sec band in auditory 1
following a reinforced response was beginnirg to show indica-
tions of the previously described auditory event, Figura.lSA,
showing the baxr graphs for normalized 40 o/sec frequency band
for visual I, tapz L0A, illusirates the SfS and 126 periods.
The ¢crosshatched poction represencs 345 Peried. Aduditory 1

5 sec epoch darta was similarly Jdivided Into twe groups, the
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126 AND 245 PERIODSs The analysis epoch was divided into two periods such
that 345 Period represented tiie period just prior to and subsequent to the
rezponse, The 345 Period was selected to coincide with the maximal develop-
ment of the 40 c/sec activity observed in pilot analyses of visual 1 and
meior ccertex coincident with a reinforced response.

abf AND ode PERIODS: The asnalysis epocn was divided into two parts such
that cde Period coinecided with maximal development of the 20 c/sec activity
observed in pilot analyses of auditory I approximately 2 to 2-1/2 seconds
after a reinforced rosponse.

L01
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3rd, 4th, and 5th intervals in this case representing the time
period from t=10/7 sec to t=25/7 sec, hereafter referred to as
"cde Period." The lst, 2nd, and 6th time intervals are here-
after veferred to as "abf Period." Figure 15B, showing the bar
graphs for normalized 20 c/sec frequency band for auditory I,
tave 18A, illustrates the cde and abf periods, The cross-
hatched pertion represents cde Period,

Appendices A, B, C, and D are three dimensional plots of
proporticnal power (band power normalized by broad band power)
vs. tlme vs. frequency for each condition for each tape for
visual I, motor cortex, and auditory 1 (3-1/2 sec) and auditory

1 (5 sec), respectively, These plots present diagramatically

~

the basic data for this thesis«=-the proportional powers ob-
tained divectly from the computer, Midpoints were drawn both
tetween the time intervals and between the frequency intervals
in ordzr %o give the surface stability. The dashed line is
the 40 c¢/sec band. The lightly shaded centef area represents
the 345 ané cdée periods for the 3-1/2 and 5 sec epochs, re=-

spectively, -

Descriptive Statistics

For analysis purposes, the band powers and the broad band
povers for a given period, e.g., 345 or cde, were summed and

the summed baand powers were divided by the sunmed broad band
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povers for that period, yielding in effect a mean normalized

band power for the period:

3
ZE Rand Power
1

Mean Normalized Band Powar =

1 Broad Band Power

i Moo |y

Eroad band power was normalized similarly by total power.

sppandix E contains tables of these descriptive measures

L3

cf mear Prupcrtioual power, which are in effect weighted meens,
categorized according to tape, period, frequency, and behave
ioral cendition for visual I, motor cortex, auditory I (3-1/2
soc) aad auditory 1 (5 sgc).

Mean bend powers, broad band power, and total power for
vigual ¥, wotor cortex, auditory I (3-1/2 sec), and auditory 1
{5 soc) araz tabulated in Appendix F. These mean absolute pow-
ers shown in Appendéixz F are presented scparately for each tapz
since atsolute values ;fe comparable only within, not aé}oss,
tapes. The absolute values are adjusted values., The operation
of the hybrid computer requires that values at each stage of
computation, e.g;. input, band pess filtering, squering, in-
tegrating, dividing, etc., be adjusted to a2 maximum within a
10V, limit. Therefore different scale fectors are frequently

required depending on the bchavioral condition and upon the

number of trials averaged. In order to compare absclute values
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within tapes, the output of the computer was adjusted to a
common magnification factor of 32 and a constant N of 15 trials

with the following formula:

Adjusted Value = J + OP

vwhere N is the number of trials averaged, X is the composite
computer scale factor based on magnifications at each computa-
tional staze, and OP is the absolute value output by the com=-
pater.

Figures 16 through 19 are two dimensional plots of pro-
rorticnal power across seven time intervals for each tape for
visuel Iz.Figures 20 and ‘21, for motor ccriex; Figure 22 for
suditory I (3-1/2 sec)., Two dimensional plots of the propor=
tional power in the 20 ¢/sec frequency band and of the abso-
lute power in the broad band across seven time intervals durs
ing Sppr SapRe and PSyp for auditory I (5 sec) are shown in

Figure 23,

Frequency x Condition Interacticn for Each Tape

The significance of the Frequency x Condition interaction
for each tape for both the 126 and 345 periods was tested with
the Friedman nonparametric analysis of variance with interac-

tions (Wilcoxon, 1949) for visual I, motor cortex, end auditory I
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for the 3-1/2 sec epcch data.t Frequancy bands were 20, 25,

31.5, 40, and 50 c/sec; conditions were PSyg, S‘*NR’ Sags SDNR’
SDR. The results of these analyses are presented in Table 2,
There was a significant Frequency x Condition interaction at at
least .05 level during 345 Period for all tapes for visual I

and motor cortex, and during 126 Period for tapes 18A and 19A(1),
visual I, and for tapes 18A and 10A, motor cortex. No signif=-
icant Frequency x Condition interaction was found in auditery 1
for cither 345 Period or for 126 Period.

Tre saine analysis was applied to the auditory 1 5 sec epoch
data.  Irequency bands were as above; conditions were PSyR, stR'
and SDR- The results of these analyses are presented in Tatle 3.
A significant Frequency x Condition interaction at at least the
.09 level was found during cde Period for tapes 18A and 19A(1),;
but not for 10A {p=.083). No significant interaction was found
for the abf Period except for tape 18A (p=.011). DLuring the
computation of these analyses it was noted that prior to“the
inclusion of Spp, when the anal&sis involved only conditions
PSyr and S s none of the )(2 (df=4) were significant,

The size of N (N=3) precluded the use of the éppropriate
analysis for detecting exactly where significance within the
Frequency x Condigion interactions lay; however the graphic
data were of value here,

Figure 16 shows that in the visual area during 345 Period,

[

40 ¢/sec proportional power was consistently highexr during SDR
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FREQUENCY X CONDITION INTERACTION FOR TAPES 19A(1l), 184, AND

10A-~VISUAL I, MOTOR CORTEX, AND AUDITORY I (3-1/& SEC):

Friedman nonparametric analysis of variance with interac-

tions

Interactions:

Frequency: 20, 25, 31.5.J40, 50 ¢/sec

Visual I
Tape 19A(1)
Taps 18A
Tapa 1iCA

¥otor Cortex
Tapa 19A(1)
Tape 18A
Tape 1CA

Auditory 1
Tape 19A(1)
Tape 18A
Tape 10A

N =3
K =5
df = 16
125 Period 345 Period
2 2
X - P X P
41,33 .001 34,14 .0C6
32,80 .008 34.40 .005
23,73 094 37.07 .002
23,73 .094 29.27 .022
30,67 +015 28.47 .028
2641 . 048 33.60 » 006
20,73 .19 17.34 +36
18.94 e 27 18.40 <30
21,39 o 17 18,26 31
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FREQUENCY X CONDITION INTERACTION FOR TAPES 19A(1l), 18A, AND

10A--AUDITORY I (5 SEC): Friedman nonparametric analysis of

variance with interactions

Interactionss N =3
Frequency: 20, 25, 31.5, 40, 50 c/sec ﬁf : g
Condition: PSyns SagRs SDg

abf Period cde Feriod
2 2

Tapes X, D X P
194(1) 9.05 .34 16,80 .032
18a 19,93 ,011 19,80 011
104 8.54 38 13,87 .C83
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than during either S“NR or PSNR. whereaSEZO c/sec proportional
power tended to be higher during PSyp and Sp ng than during
Spge From Figure 17 it may be seen that no consistent trends
across tapes were apparent in the other frequency bands. In
the motor area, as shown in Figure 20, during 345 Period the
proporticnal power in the 40 c/sec frequency btand during SDR
again was observed to exceed that present during SASNR or PSxRr.
Similarly, the proportional power in the 20 c/sec frequency
band tended to be higher during PSyp and SaAyr than during SDR
dvoring 245 Period., The 20 c¢/sec results seem to be less clear-
cut than the 40 ¢/sec results, but certainly there was a trend
toward lower proporstional power in the 20 band during SDR.
Shovm in Figure 24 are composite spectrogram plets for
Sppe Sapge and PSNR for visual I, motor cortex, and auditory I
tased on the mean proportional powars presented in Appendix E,
These plots indicate that in all three tapes in visual 1 and
motor cortex the mean ?roportional power in the 40 c/éec band
was higher and that in the 20 c¢/sec band was 1owér duriég ScRr
than during Sanyp or PSyg and that this "40 high-20 low" pat-
tern was not preseat in auditory 1., Figure 25 shows spectro-
grams plotted from ﬁean proporticnal powers shown in Appendix E
for 345 and cde ﬁbriods for auditory I: Sp, - 5 sec, Sap -
5 sec, PSyr - 5 sec, Spy - 3-1/2 sec, and Sap - 3-1/2 sec,
It is ¢lear from these plots that the only consistent changes

between conditicns across tapes were the increases in 20 c¢/sec
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and the decreases in the 40 and 50 c/sec frequency bands during

Spg - 5 sec cde Period.

Response X Frequency and Stimulus x Frequency

Interactions across Tapes

Since each tape showed a significant Frequency x Condi-
tion interactiqn during 345 Period for both visual I and motor
cortex and since the 40 c/sez activity during SDR Period was
higher than that during Sayp 345 Period in both the visual
and motor areas in each tape, it seemed appropriate to test
the significance across tapes of the Response (R and NR) x
Frequency and Stimulus (Sp and Sp ) x Frequency interactions
by using the mean proportional powers presented in Appendix E ~
for Sp,r SARe SDNR’ and Sapp during 34S.Period. Again the
analysic used was the Friedman analysis of variance with inter-
actions., The results are shown in Table 4, Examination of
the rank sums, where rank "1" was assigned to the smallést nume
ber, cevealed that in the visual and motor analyses of the
Frequency x Response interaction the 40 c¢/sec frequency band
had the largest sum of ranks and the 20 c/sec frequency band
had tke smallest sum of ranks, In the analyses of the Fre-
quency x Stimulus interactions in the visual and motor cor-

tices the high frequency bands had the larger sums of ranks

and the lower frequency bands the smaller sums of ranks;
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FREQUZNCY X RESPCNSE AND TFREQUENCY X STIMULUS INTERACTIONS

ACROSS TAPZS:

Friedman nonparametric analysis of variance

with interactions for visuval 1, motor cortex, and auditory 1

during 345 Period for 3-1/2 sec epoch data

Interactions:

Frzquency: 20, 25, 31,5, 40, and 50 c/sec

Resnonse: R (SD? and SISR) and NR (SDNR &nd sﬁ\NR)

Stimulus: Sp (SDR and SDNP) and 3 (SAR and SANR)

Cortical
Area

Visual 1
Motor corcaex

Auditory 1

Frequency ¥ Response

Freauencv x Stimulus

x.2 o x? o
13,73 ,008 9,20 054
17,73 ,001 6.67 .15
2,93 .54 3,37 .50
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however, there was no clearcut 20-40 relationship as in the
Frequency x Response analyses in those same areas. A critical
constant was calculated according to the method presented by

Miller (1966):

< (er)% [ k(k + 1) | 1, 1’ =1,2....k

with probability greater than 1 « A, Any difference which ex-
ceads the critical value is taken to be indicative of a popu~
lation difference @ - Oi' # 0, The critical constant for k=35,
r=f, £=,05 is 2,79, The only differences which met this critical
value were between the 20 c/sec and 40 c¢/sec baﬁds in visual I
(2.0) and motor cortex (3.,5) for the Frequency x Response in-
teraction, '

Fizure 18 indicates that tape 10A may havz unduly in-
fluenced the results ottained in the previous anmalysis since
SLsR pover functions for tepe 10A were based upon two tr}als
only and the results from these two trials were unlike those
for tapes 18A and 19A(1) and, in fact, were almost indistin-
guishable from those for Sp, in both visual I and motor cortex.
In view of this possibility, the aralyses for the visual and
motcr areas were rééomputed, omitting tape 10A and reducing --

N from 6 to 4, The significant interaction between frequency
and response remained in the motor cortex (p=.005); however

-

the previously significant Frequency x Response interaction
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in the visual cortex disappeared (p=.09).

The plots in Figures 19 and 21 provide additional informa-
tion concerning the Frequency x Response interaction inm visual
I and motor cortex, respectively, this time in the absence of
a stimulus, These figures show that there is little or no in-
crease in the proportional power in the 40 c¢/sec band during
PSp 345 Period in either visual I or motor cortex; i.e., dur-
ing a response in the absence of a stimulus, Sp or Sp . In the
visual area this is very clear; in the motor cortex, the result
is less clear, there being a slight increase in the proportional
power in the 40 c/sec band during a period of time prior to the

response, but not at the time of the response.
2

Batween Tap2s Analyses

Although all tapes cshowed significant Frequency x Condition
interactions in 345 Pefiod and most of the tapes showed sig-
nificant Frequency X Condition interactions in 126 Peri&a for
both the visual and motor cortices, it was still possible that
there might be significant differences between the tapes.
Friedman two~way analyses of variance were calculated between
tapes for the 40 c/sec frequency band for PSygr, SDR' and
SDR - PSNR' i.e., variations of SDR above or below PSyp as a

baseline and for the 20 ¢/sec frequency band for PSyR, SANR?

and Sﬂsnﬁ = PSyr. These analyses were computed for visual I,
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motor cortex, and auditory f based upon all seven time inter-
vals for the 3-1/2 sec epoch data, Due to the presence of the
20 c¢/sec event which pilét analyses had indicated in auditory 1
, at approximately 1-3/4 to 2-1/2 sec following a reinforced re-
sponse, the analyses for auditory 1 were reccmputed based upon
the first six time intervals only with essentially the same re-
sults as those obtained for'all seveﬁ time intervals, The re-
sults of these analyses for the 40 c/sec frequency band are
presented in Table 5, Auditory PSyr showed the only signifi-
cant differeace between tapes in the 20 ¢/sec band (p=.027),

In tha order of highest 20 c/sec activity during PSpg the tapes
were arranged 18A> 10A >19A(1l). Motor (Sagg = PSpr) 20 cfsec
activity showed near significance (p=.052) with the tapes ar-
ranged 1CA>18A >19A(1). In the visual cortex, there were sig-g
nificant differcnces in the 40 c¢/sec tand betwezsn the three
tapes in all three conditions, i.e., SDR' PSprs and SDR - PSNR’
Figure 25 indicates that the tapes arranged-in oxder of the
relative amounts of prcportional power in the 40 c¢/sec band
during Sp, were: 10A >18A>19A(1). The analyses for the motcr
cortex showed no significant difference for either PSyp or

Sp_i but when SDR was adjusted for PSyg as a baseline, the tapes
arranged in order'of the sum of the ranks were: 10A> 18A>1%2A(1).
However, Figure 27 indicates that tape 10A's superiority in

the statistical analysis was due to a small sustained increase

above baseline PSyz over the major portion of the analysis epoch,
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TABLE 5
BETYWEEN TAPES--VISUAL I, MOTOR CORTEX, AND AUDITORY I (3-1/2

SEC): Friedman two-way analysis of variance for 40 ¢/sec fre=-

quency band

N=7, K=3, df=2

PSyR SDR SDR ~ PSyr

Corticeal 2 - 2 : 2
Arcea )( p )( p 7( p
Visual I 10.79‘ ,003 14,00 .000021 6,50 ., 037
Motor cortex 3.07 » 24 3.07 24 8.86 . 009

A&d‘.t:}r}' 1 0.64 277 10;57 .0G3 8.00 0016
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rather than to a large increase restricted to 345 Period. 1In
auditory I, although the tapes did not differ significantly
during PSpR, they did differ significantly (o = .05) during
Spg and Spg = PSyr. In auditory I the sum of ranks was much
larger for l0A than for either 18A or 19A(1l) during SDR and
SDR - PSyry» ise., proportional power for 40 c/sec frequency
was higher throughout the 3-1/2 sec époch in tape 10A than in
either 18A or 19A(1l), The latter result with respect to SDR
is quite clearly seen in Figure 26. ..
The auditory 1 20;40 c/sec 5 sec epoch data was similarly
handled for DSyr, SDR, and Sp, = PSyr+ The results of these
analyses are presented in Table 6, There was no significant
differsnce at the .05 level between the three tapes for Spg
in the 20 co/sec frequency band, However, a significant dif-
ferance between tapes was noted in PSyr and when Spp vas ad-
justed for PSyp baseline Spg - FSyp approached significance
(p=.052). Examination of the sum cf ranks indicatedryhay this
difference lay primarily with tape 18A: 18A >19A(1) = léA.
Note in Fizure 23 the considerable increase in 20 ¢/sec pro;
portional power during SDR over that durinz PSyp iﬁ tape 18A
as compared to 19A(1l) and especially as compared to 10A. 1In
the 40 c/sec fregquency band, there was no significant difference
between tapes during PSyp, however significant differances were
found for SDR and for adjusted SDR’ il.e,, SDR ~ PSyg- Eere

the tapes arranged in order of the sum of tteir ranks were:
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TAELE 6

BETWEEN TAPES--AUDITORY I (5 SEC): Friedman two-way analysis

of variance for 20 and 40 c/sec frequency bands

N=7, K=3, df=2

20 c/zec band 40 c/sec band
2 2
Condition X P X P
PSyn 7.4 027 1.14 520
SQQ ~ PSyr 6.00 .052 10,29 004
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10A> 184> 19A(1).

Between Periods Analyses across Tapes

A test described by Wilcoxon (1949) was used to test
whether there was a significant difference between time pericds
126 and 345 across tapes., The test involves the ranking from
1 to 6 of the six scores for time intervals "1" through “6"
for each tape and a summing of the ranks across tapes, first
for the 129 scores and then for the 245 scores, A specially
prepared table is available for determining significance at
.01, .02, and .05 levels only. The results of this analysis
are presented in Table 7, The arrows indicate the direction
of diflerence. Upward afrow indicate that mean proporticnal
newer wes greater in 345 Period than in 126 Period for the
specificd condition and frequency, i.e., at the time of the
response mean proportional power for the band analyzed was
greater than it was somewhat prior and subsequen; to the re-
sponse. Downward arrows, of course, indicate the reverse,

The mean proporticnal power in the 20 ¢/sec frequency band

for SDR » visual I, barely missed significancz at the .05 level,
Reccmpufaticn with a baseline adjustmentl(SDR - PSyr) resulted
in a significant difference between periods at the ,02 level,
Figure 28 is a compocsite plot for wvisual I, motor certex, and

auditory 1 of spectrograms based on the mean proportional powers



TABLE 7

BETVWZEN PZRIODS ANALYSES ACROSS TAPES--VISUAL 1, MOTOR CCRTEX, -
AND AUDITORY I (3-1/2 SEC): Wilcoxon's test for groups cof un-
paired replicates for mean proportional power for 125 Period
vs, 345 Period in 20, 25, 31.5, 40, and 50 c¢/sec and BB bands

during SDP' Sp rr and PSg

P
Visual I Motor Cortex Auditory o

it Q 3 S
Tred  Spp o Sar FSp o pp Sz PSSy ag
20 b - - (.05‘ had <001L - -

25 - - - - - - - ~
3]..5 - - oCSf -OZf - - - Lod

2 <&, 051 - - <,01¢ - - - -
D‘] - L] - - - - - -

BB <.01f - - - - - - -

Kecte,-=There were 3 replicates in each of 3 groups, axcept
for PSq, where there were 3 replicates in-each of 2 groups.
Significance levels are shown for all significant differ=-
ences, A dash indicates that the dlffe&ence was not sig-
nificant at at least the .05 level, Upward arrows in-
dicate that mean proportional power was greater in 345
Period than in 125 Period for the specified condition
and frequency; downward arrows, the reverse,

aPSR of auditory I was not computer analyzed.

bBarely misses significance at ,05¢. Significant at .,02¢
level if Sy 1is adjusted for variations from baseline,
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shown in Appendix E for Sp, 126 Period, Spp 345 Period, and
PSxr. Comparing the results shown in Table 7 with the graphic
data in Figure 16, in the visual cortex the increase in 40 c/sec
proportional power during SDR 345 Period over that during SDR
126 Period is very clear in tapes 18A and 1CA, 1In fact, as
shown %n Figures 3 and 4 taken frcm Tape 18A, the 40 c/sec ac-
tivity centered around the response is clearly visible even
prior to computer analysis in the unfiltered EEG record, Fig-
ure 29 shows the pez2king in the brecad band power normalized by
totael power (BE/TP) during SER 345 Period in visual I in tapes
104 and 134, Tape 19A(1) BB/TP power function shows only a
slight peaking with the response. Figure 20 shows that the
peakiny in the 40 c/sec power functions in the motor cortex
during Sny 345 Periced, a2lthough not large, is very clear and
consistent &cross tapes. The generalized decrease in the 20
¢/sec proportional power during Spp 345 Period is very evident,
however in tapes 19A(12 and 10A there is a slight rise in the
middle of the rather large drop., Tigure 30 shows the déérease
in 26 c¢/sec proportional power in the motor cortex during PSR
345 Pericd in tapes 18A and 19A(l). There were nomresponses
during PS in tape 10A, hence no such ahalysis was possible for
tape 10A, ’

Analyses similar to those used for the 3-1/2 sec epoch
data were performed on the auditory I 5 sec epoch data for

Spgr and Sp s the results of which are presented in Table 8,
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TAELE 8

RETWEEN PERIODS ANALYSSS ACROSS TAPES--AUDITCRY I (5 SEC):
Wilcoxon's test for groups of unpaired replicates for pro=-
portional power for periods cde vs, abf in 20, 25, 31.5, 40,

and 50 ¢/sec and BB bands during SDQ and Sap

P
Frequency Sp S

c/sec R AR

20 001? -

25 - -

31.5 - -

""0 . 01$ - )
50 .01} -

EB - -

Note,=-There were 3 replicates in each of 3. groups.
Significance levels are shown for all significant
differences, A dash indicates that the difference
was not significant at at least the ,05 level,
Upward arrows indicate that mean proportional pow-
er was greater in 345 Period than in 126 Period
for the specified condition and frequency; down-
ward arrows, the reverse,
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The results indicated a significant incre;se in the 20 c¢/sec
frequency band and significant decreases in the 40 and 50 c/sec
bands during Spy cde Period as compared to SDR abf Period. The
center of cde Period is approximately 2-1/2 sec after the re-
sponse, No significant differences between SA R ¢de and SAR
abf periods were found, Figure 31 shows the peaking in the

20 c/sec proportional power and the small but consistent de-
‘creases in 40 and 50 c/sec proportional power in auditory 1

during Sp, cde Period. It is clear both from Figure 23 and

R
from Figure 31 that the 20--40 and 50 ¢/sec auditory I phenom-
enon was much stronger in tapes 18A and 19A(1) than in tape
10A. |

Two sets of spectrograms were prepared in order to fa-
cilitate comparisons between conditions across frequency bands,
Cnas set, presented in Apperdix G, depicts the changes with
condition in mean proportional powers (Appendix E) across the
five frequency bands in terms of algebraic differences from
baseline, PSygpe A second set, shown in Appendix H, was‘pre-
pared in an attempt to better compensate for the different
baseline values of the five frequencies by plotting the ratio
of the mean proportional power in a given frequency for a given
condition to the PSyR mean proportional power for the given
frequency, In the first set "O" represents no change; in the

second set "1" of course represents no change. These plots

have been made for all conditions for all three areas for both
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periods 345 and 126, and in the case of auditory I - 5 sec,

for cde and abf periods.



CHAPTER V

DISCUSSION

Two principal findings emerged from the data., One of
these indicates that significant changes coincident with the
response occur in the proportional power functions within each
of two frequency tands within the LVF "arousal" spectrum ==
20 and 40 ¢/sec =- in visual I and motor cortex, but not in
auditory 1, of one cat tested during the performance of a sucs
cessive visual discrimination task. There appears to be an
inverse relationship between the two frequency btands, with an
incraase in 40 and a decrease in 20 c/sec proportional power
appearing to be associated with a situation in which facilita-
tlcn or behavioral arousal is required and the reverse (a de-
crease in 40 aad an increase in 20) when the behavioral situae
tion dexrands inhibition of the resronse. The secoud finding
is an increase in 20 c!sec activity in auditory I approxim§tely
Zito 2-1/2 sec after a reinforced response during “lapp%ng" ba=
havior in the same visual discrimination task.

The first question here is: Could not the computation of
proportional power of itself produce a result in which, if one
frequency increasés, another must decrease? The model, of
course, does demand that if one frequency rises, one or more

others must fall, However, if the change in the second fre-

quency band is simply an artifact Bf tha change in the first
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frequency band, then the three remaining frequency bands
should be similarly affected, Bcth the statistical data and
the graphic data bearing upon this question indicate that in
both visual I and motor cortex the significant changes occur-
ring at the time of a reinforced response (SDR. 345 Period as
compared to 126 Period) occurred in the 20 and 40 bands and
only in these two bands, with one exception=-~the 31,5 band in
the motor cortex. This rise in the 31.5 band may be a part
of the blockage of the so~called "Rolandic wicket rhythm" which
Chatrian, Petersen, and lazarte (1959) have demonstrated in
the mctor cortex with any movement, active or passive,

The second problem is the possibility that the increased
40 ¢/se¢c power in the motor cortex with a reinforced response
was simply an artifact of movement. The analyses of the 345
Yoriod cempared to the 126 Period indicated that neither an
increase nor a decrease in elther the 20 or the 40 c¢fsec fre-
éuency band, or, forAtQat matter, any other fregquency bapd. was
associated with a response to the 3/sec light (st)’in either
the visual or the motor cortex, Furthermore, during the very
few responses in the prestimulus period in tapes léA and 19A(1),
no significant changes occurred in the proportional power in
vigsual I in eithef the 20 or 40 bands, although a significant
rise occurred in the 31.5 band, A similar rise in the 31.5
activity in the continuous normalized power functions which

were part of the data for another experiment in the University
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of Houston Laboratory (Millé}, 1968) was observed in the visual
cortex of another cat during the response in the prestimulus
period. VWith a nonreinforced response during the prestimulus
period, the motor cortex did not show the 40 high-20 low pate
tern characteristic of a reinforced response, although there
was a significant decrease in the 20 c¢/sec activity. From the
motcy area spectrograms for the 345 Period in Appendix G it is
clear that the decrease in the 20 band in the motor cortex dur=
ing a response in the prestimulus period was accompanied by es=
seantlally equal increases in the other four frequency tands.
In other words, there apparently is a significant decrease in
the power in the 20 band with the unreinforced bar press in the
prestimulus period, but such a respcnse 1is not accompanied by
th: 40 ¢/sec iuncrease characteristic of a reinforced response.
Although numerous studies have found blocking of the rolandic
rhythm (wicket rhythm, or "rhythme en arceau"--gAR) with movee
ment, the general trend of the results reported in tha litera-
ture is toward greater changes with meaningful, alerting movee
ments, involving adjustment of the animal to its enviroument,
Studying the activity of single pyramidal fibers in cats and
monkeys, Hardin (1967) found that a general increase of backe
ground activity accompanied all movements, but particularly
quick movements and patterns of alertness, Calvet, Calvet,
and Langlois (1965) found that movements which enabled the

animal to adjust to its environment were accompanied ty so-
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called cortical activation waves (CAW); whereas movements of
the head or even the whole body to adjust posture only wera

not accompanied by CAW., Automatic movements, e.g., scratching,
licking, ear Jerks, yawning and passive movements of a leg or

of the head did not produce CAW, Chatrian et al (1959), study-
ing the blocking of the wicket rhythm in man, noted the occur-
rence of contralateral blocking of the wicket rhythm preceding
spontaneous movement., He suggested that the blocking of the
rolandic rhythm has the effect of preparing the precentral area
for acticn, probably by increasing its susceptibility to cone
plex integrations of the plan of the movement in the form of
spatially and temporally varied patterns of movement. Korn-
huter end Deecke (1967) recorded a large negative potential

cf the contralateral motor area with voluntary movements in
humans, It was not present when the movements were purely pas-
sive. The potential was reduced when the subject was "mentally
indifferent." Laursen,(1967) suggested that this larée nega-

tive potential is related to attention,

Evidenco for 40-20 Inverse Ralationship '

in Visval and Motor Cortices

Two of the most compelling pieces of evidence for the 20-
40 inverse relationship in visual I and motor cortex are the

graphic data presented in Figures 16 and 20, respectively, and

-
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the statistical analyses between 126 and 345 periods presented
in Table 7. PFigures 16 and 20, in which plots of SDR and S ApNR
are superimposed for both 40 and 20 c/sec proportional power,
indicate that during the critical 345 Period, in both wvisual 1
and motor cortex, the 40 c¢/sec proportional power was higher
during SDR than during Sa gg @nd the 20 ¢/sec proportional powe
er was higher during Sa g then during SDR' The diagrams also
show a peaking in the 40 c¢/sec band and a simultaneous drop in
the 20 c/sec band during the 345 Pericd with a reinforced re-
sponee. A similar peaking in the 40 band and drop in the 20
band was not anticipated and was not seen in Sa o in the ab-
sence of a behavioral response.

The statistical analysis between periods across tapes,
the rosults of which are shown in Table 7, confirmed the relae
tive increase in 40 and decrease in 20 c¢/sec activity in wvisual
I and motor cortex with a reinforced response, The same anal-
yses indicate that similer changes did not occur in the. 20
and 40 activity in the visual or motor areas with a nonreine
forced response in Sp period and that they did not occur in
auditory I. Interpretation of the Frequency x Resﬁonse and
Frequency x Stimulus interactions in terms of arousal with a
reinforced respon;é is possible with the elimination of tape
10A from the arnalysis. The results of the Spp analysis for
tape 10A were unlike those for tepes 18A and 19A(l) and repre=

sented averages based on only two trials, The only signiflcant
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interaction that remained with the removai of tape 10A from
the analysis was the Frequency x Response interaction in the
motor cortex. Therefore it would appear that neither the oc-
currence of a response nor the presentation of the Sp alone is
sufficient to produce the 40 high~20 low electrical pattern
and that the pattern occurs only with a response to Sp. Fig-
ure 28 graphically illustrates the tendency during SDR toward
higher proportional power iﬁ the 40 bard and lower proportional
power in the 20 band at the time of the response (345 Perlod)
as comparcd to 2 time somewhat pricr to and subsequent to the
respinse (126 Period), '

The wvisual and métor area spectrograms for the 345 Feriod,
based beth upon algebraic wvariations from prestimulus level
(Appendix G) and upen the ratio of a given stimulus value to
the prestimulus value (Appendix H), indicate that in every case
the relative 40 c¢/sec activity was highest during SDR and low=
est during Spyps OF %P one instance SDNR' when pompare? to
all other stimulus conditions. The 20 c¢/sec activity, in many
cases was lower during SDR and higher during SA’NR and SDNR’
Assuming that the 20 c/sec activity represents an inhibitory
process, the absence of a large rise in 20 c¢/sec activity
during SA ¥R and'SDNR, when compared to PSyp, is not surpris-
ing in view of the considerable penalty imposed upon bar
presses during the intertrial interval, i.e., extension bx

10 sec of the time until stimulus_bresentation. Baseline
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;recordings prior to the intr;duction to the bar pressing task.
' would have afforded a more adequate control for the 20 ¢/sec
activity.,

As stated above, it seems reasonable to the experimenter
to interpret these data in terms of "facllitation" or arousal
for the 40 c/sec activity and perhaps "inhibition" for the
20 ¢/sec activity, The spectfograms.for Spp and SA ygr in Fig~
ure 24 support this interpretation, especially for the 40 c¢/sec
activity. The 20 c/sec frequency was dominant even with a
reiaforced response in tape 19A(1l) in the visual area; however,
even in this tape recorded when performance was poorest (SD/SA
=1.32, criterion=3), 20 c¢/sec activity was lower during SDR
than during Sapype With an 1ntermediate level of performance
(tape 18A: Sp/Sa =1.97) the 40 c/sec activity was again higher‘
during SDR than during S ANR aend 20 was highex" during SA NR
than during SDR, but here 40 was much higher'during SDR than
in tape 19A(l), although the 20 c/sec frequency band zemained
domicant during Sppe With the almost perfect performance dux=
ing the recording of tape 10A (Sp/Sp =7.75), the electrical
picture changed considerably. During SDR the 40 c)sec fre=
quency band became dominant and the power in the 20 ¢/sezc band
dropped to a very low level,

Figure 24 shows that in the motor cortex a rise in 40 c¢/sec
activity above base level PSyp dur;ng a reinforced response (SDR)

occurred in each tape, i.e., at all three levels of performance,
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although the increase was gréater in tapes 18A and 10A. A
statistical analysis of the difference between tapes indicatedﬁ
that the tapes were arranged l0A> 18A>19A(l:). However, Fig=
ure 20 indicates that tape 10A's superiority in this ranki:ng
was a result of a sustained rise in the 40 c/sec activity o=
ver a longer period of time than in either of the other two
tapes rather than a larger increase restricted to the 1-1/2
sec 345 Period.

The results in Fligures 24 and 20 appear to support the
hypathesls of an association between 20 c¢/sec electrical ac-
tivity and behavioral inhibition., Ccmparing the 20 c/sec ac-
tivity ian the motor cortex in Figures 24 and 20, it appears
that the gpread between the 20 c¢/sec activity during SDR and
that duving S,p NR Was much greater in tape 10A than in tapes
13A and 19A(1). Apperently, the major part of this increase
in spread between 20 in SDR and in Sp yp Was attributable to
the greater rise of 20 above PSy, during S, NR in tepe 10A,
where the &nimal’s inhibition of the bar press during S, was
almost perfect, than in either 18A or 19A(1), where inhibition
of incorrect responses was poor. SDR' of course, represents
a situatioa in which inhibition should be minimal and Sa g
a condition in which inhibition should be maximal. This re-
sult is conéruent with Roth et al's (1967) finding of 12-20
¢/sec synchronous activity in the cpronal gyrus and sens;:ri-

motor cortex during the development of inhibitory behavior.
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They found that the amplitud; of this synchronization which
they called sensori-motor rhythm (SMR) increased only slightly
as training proceeded, but its occurrence was strictly related
to the development of inhibitory behavior in a task involving
both delay of response and delay of reinforcement. Even in
the highly overtrained cat, if behavioral inhibition did not
occur, SMR did not occur, ‘

The increase in 40 c/sec activity during Spg in visual
cortex in the better performance tepes 18A and l0A was so
strong that it is easily identified in Figures 3 and 4 in the
mfiltered EEG prior to computer analysis., The 40 c/sec ace
tivity was barely discernible in thas EEG records of the poor
performance tape, 19A(1), prior to computer analysis, Note
that in Figures 7 end 8, showing S p EEG records, the 40
c/sec activity cannot be detested. Computer analysis was re-
quired to identify the 40 c/sec activity coincident with the
response in the motor cortex in all tapes, l.e., at all three
performance levels. Figures 3 and 4 show only & general de=-
synchronization in the motor cortex coincident with a rein~
forced response, ’

Comparabhle cpanges in the 20 and 40 bands during SDR and
SA NR Were not present in auditory I. Figure 24 indicates that
there was little or no difference between the spectrograms for
SDR and S oygp @ud the change, if agy, was in the opposite di-

rection, i.e., 40 lower in Spy than in Sppge However, a
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striking electrical phenomeﬁbn, which was maximal approxi-
mately 2 sec after a reinforced response, was observed in
auditory 1. A significant and large increase in the relative
pover in the 20 ¢/sec band and significant, although very small,
decreases in the relative power in the 40 and 50 c/sec bands
characterized the electrical activity of auditory 1 during

a several second period of time foliowing reinforcement, The
investigator is hesitant, however, to attach much significance
to the small decreases in the 40 and 50 c¢/sec bands since such
small changes in the two high frequencies may be merely arti-
facts of the very large rice in 20 c¢/sec actlivity.,

Figuces 3 and 4 show that the large increase in 20 ¢/sec
activity was coincident with the occurrénce of large voltage
synchrosous slow waves (3-6 ¢/sec) in auditory I and motor cor=
tex and sometimes in visual I, although generally the electri-
cal activity in visuval 1 tended toward clearly identifiable
7 cfsec activity at this time. A simllar slow activity during
*lapping” behavior has been observed both by Roth et al (1967)
and Boudreau and Freeman (1963).

Although this study was not designed to answér the quese
tion either of the origin or of the functional significance
of the strong 20‘c/sec activity in auditory 1 following & re=
" inforced response during "lapping" behavior, the occurrence
of this electrical phenomenon poses interesting questions,

The investigator has attempted earlier to lirk the occurreace
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of 20 c/sec activity in the Qisual and mofér cortices with in-
hibitory processes, and here again in auditory 1 20 c¢/sec ac=
tivity has been observed at a time when inhibition of bar
p?essing is the most adaptive behavior for the animal pending
the consumption of the milk from the previous bar press. The
large increase in 20 c¢/sec activity observed may represent some
event specific to the temporal lobe, or on the other hand it
may represent some scrt of inhibitory process acting on all
genss mnodalities other than the visual. Recordings from the
somatocensory area, had they been available, would have shownm
vhether another nonrelevant sense modality was similarly af-
fected, The 5 sec epoch analysis was not performed on the
visuial and motor systems and therefore the writer can make no
definite statements with respect to the presance or absence
of this activity in those arcas as late as 2 to 2~1/2 sec after
the respouse, but comparing the 20 c/sac activity showa in
Figures 16 and 20 with.that in Figure 22, the large rise. char-
acteristic of the final 1/2 sec of the analysis period in the
auditory 3-1/2 sec epoch data was absent from the visual and
motor cortices. Although there were some rises in the 20 band
during the final 1/2 sec of the analysis epoch, they rarely
exceedad the baseline prestimulus level,

Since this investigation was limited to one cat, generali=
zation to other animals is hardly justified,® However with the

replication of such results in other animals with respect to
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20 and 40 c/sec activity, the increases in 40 c/sec activity
during'SDR might reasonably be related to the orienting re=-
sponse (Sheer at al, 1966a) and the increases in 20 c/sec ace
tivity, both in visual I and motor cortex during SA nyr and in
auditory 1 following reinforcement to inhibitory processes--
perhaps to the inhibition of the orienting response.,
It is tempting to relate the results with respect to the

40 cfsec activity in this experiment to Calvet et alis (1965)
cortical activation waves (CAW) which he found conccmitant with
the so-czlled desynchronized EEG pattern. He has descrlbed
CAW as clow=surface positive waves with the fellowing specifie
opertiest (1) they are associated with an increase in the
muder of meuronal discharges, (2) they are diffuse, and (3)
they cccour during the course of lowe-voltage EEG activity.
Calvet et al (1965) have suzgested that they may be considered
a manifestation of an extensive activation of the cortex. They
have found that a cortical phenomenon very similar to the
spontaneous CAW occurs.with stimulation of the mesencepﬁalie
reticular formation with stimulazioﬁ parameters alqut identi-
cal to those usvally employed to provoke an EEG arousal, Cale
vet et al's (1965) investigation of the relationship cf CAW
to movement revealed thet only those movements which involve

a relatively ccmplex and nonautomatic activity of the higher

nervous centers were accompanied by CAW. Neither passive movee

ment3 of a limb nor flexion of a2 limh rrovoked by reflexogenic
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stimulation produced activation waves, Automatic movements,
such as scracching, also failed to give rise to CAW, It ap-
peared to Calvet et al (1965) that any movements that led to
a modification of the relationships of the animal with his
environment produced CAW.

A 40 c/sec activity has been shown to be present thrcughe
out the performance of an instrumental learning task of con-
siderable difficulty (Sheer et al, 1966a)., They found that
the 40 ¢/sec in the visual cortex was always present with the
tehavioral response and suggested that perhaps the explaration
lay in the complex nature of the successive discrimination task
winich penalized errors in the intertrial intervai with a 10«
scc extension of the time until stimulus presentation and
pen2lized errors in S, with blackeut. The nature of the task ,
1rade 1t necessary for the animal to be constauntly alert and ate-
tentive; coasequently some orisnting behavior occurred on every
trials This is a very different result from that obtained in
those studies employing a classical conditioning paradigm
which have shown a narrowing of the zone of desynchronization
with localization finally in the motcr cortex, once the oritie-
cal stage of learning has been completed. Sheer et a2l (1l966a)
reported that in 5 simple auditory classical conditioning situa-
tion, the crosscorrelation of the 40 c/sec activity betwaen
auditory cortex and amygdala occurred only at the initial stage

of learning and was no longer present with the establishment of
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a well-conditicned response. In the experiment reported here-
in, using the same successive visual discrimination task as
that of Sheer et al (1966a), the 40 ¢/sec activity with a re-
inforced response was strongest in the visual cortex in tape
10A, where the behavioral response was unquestionably well~
established,

The observation of hyperactive orientation reflexes dur=
ing conditioning of an alimentary reflex following ablation of
the hippocampus suggested to Karmos and Grastyéh (1962) that
’the hiprpcecampus plays an essential role iﬁ the formation of
temporazy connectioqs by inhibiting or controlling the orienta-
ticn reflex. Perhaps the 20 c¢/sec phenomenon described in this
thesis is an electrical correlate of this sort ¢of inhibitory
Frocess.,.

Several investigators have reported Z0 c¢/sec activity in
hippocampal and other rhinencephalic structures. Roudreau end
Freeman (1963) found increases in amplitude in the 24 ¢c/sec
and 6 c¢fsec bands in the prepyrifcrm cortex of the cat during
"lapping" behavior in a simple learned food response. Green
and Shimamoto (1953) in a study of the propsgation of hippo=-
campal discharges of from 18 to 22 a second suggested that the
projection of theiafter-dlscharges rroduced by hippocampal
stimulation must be into the pyriform cortex or temporal lobe
after ablatlions in various cats of all other possible routes,

Based on the observation of a considerable difference in the
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activity of monopolar and biéhlar leads, Green and Shimamoto
(1953) proposed that volume conduction plays a part in the
conduction ¢f these hippocampal discharges, although compari-
sons of the activities in-the éerebellum and hippocampus led
them to believe that some degree of localization is also pos=-
sible. Fangel and Kaada (1960) have suggested that an orbito-
irsulo-temporal polar and a temporal zone shcoculd be iacluded
in the cortical fields for inhibition of movements and have
suggestod that "the functional significance of the inhibition
o5 spoutaneous movencnts as induced from éortical fields, in-
cluding the much discussed 'suppresscr' areas, is probably
related to the attention response.*

Perhaps the presence or absence of orienting behavior is
tha ey factor in the 20-40 relationship described herein.
Pending meplication of these results in other animals, a tene
tative hypothesis for the inverse relationship between the
20 and 40 c/sec activity observed in this investigation ;s
suggested: The occurrence of 40 c/sec activity is associated -
with orienting behavior and 20 c/sec activity is associated

with inhibition of the orienting response.,



CHAPTER VI

SUMMARY AND CONCLUSIONS

The electrical activity in 5 frequency btands in the a-
rousal spectrum was studied in the primary visual cortex,
motor cortex, and primary auditory cortex of one cat during
prestimulus (PS) and stimulus periods at 3 levels of perfor=~
mance in a successive visual discrimination task, The task
involved pressing a bar to obtain milk cnly in the presence
of a 10 ¢/sec flashing light as the Sp ané inhibjitiag ducing
ar 8, period cf a 3 ¢fsec light,

EEG records representing tlie poorest, an intermediate,
and the best behavioral performance, based on SD/ %Q ratios,
in the visual discrimination task were computer analyzed to
give average continuocus power functions at 1/3 octave freow
quency bands with center frequencies of 20, 25, 31.5, 40, and
50 c/sec, The trials in the tack on each tape were divided
into as many as six behavioral categories, depending on the
availability of trials within each category, as follows:

Ps, Sps and S, concomitent with a response (PSR,.SDR, SCaR,
respectively) and PS, Sp, and S, in which no response occurred
(PSR SDNR' and S, yp» respectively). Initiation of computae
tion was contiagent upon a response, either behavioral or are
tificial and either with or without a delay, so that the

averaged band powers in a period of time prior and subsequent
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to the response could be accdrately ascertained. The analysis
epocn was divided into two perlods of time, one in which the.
electrical activity was assumed to be response related, the
other assumed to be sufficiently removed ir time from the re-
éponse that the elec¢trical activity was little affected by the
response. The results were:

1, At all three levels of performance the 40 c/sec &ac~
tivity in visual I and motor cortex, but not in auditory I,
was consistently higher during SDR than during the other be-
havioral conditions studied,

2, The 40 c/sec electrical activity in visual 1 coinci-
dent with a reilnforced response increased as performance inme
preved, although the 40 c¢/sec activity with intermediate per-~
formance appearad to be more similar to that occurring wiéh
superior performance than to that concomitant with poor per-
formance, The 40 c/sec electrical activity in the motor cor-
tex with a relnforced response varled little with performance
level,

3. A marked peaking of the 40 c¢/sec activity and a marked
decrease in 720 c¢/sec activity occurred coincident with a re=
inforced response 1ln both visual I and motor corte:z, but not
in auditory 1. These phenomena were particularly evideat
with intermediate and superior performance in visuval I,

4., Graphic data indicated an inverse relationship be-
tween the 20 ¢/sec and 40 c¢/sec acfivity in the wvisual and
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motor cortices during Spp and SA nr*  The 20 c/sec activity
was higher during Sa yg than during Spg and the 40 c¢/sec was
higher during Spp than during Sa yge. Statistical analysis
was not possible because of the small N (N=3), . ]

5. A marked peazking of the 20 ¢/sec activity in auditory
I occurred approximately 2 to 2-1/2 sec following a reinforced
response during "lapping" behavior. .At the same time, signif-
icant but very small decreases in the 40 and 50 c¢/sec bands
cecurred. The 20 ¢/sec activity was consistently higher dur-
ing lapoing than it was following a response that was not ree
inforced or during a prestimulus period,.

6. Since 40 c/sec activity was observed in association
with facilitatory or arousal behavior and the 20 ¢/sec with
behavioral inhibition, a tentative hypothesis was advanced
that the 40 cfsec activity is an electrical correlate of the
crienting response and that the 20 c/sec activity 1s an elec-

trical correlate of the inhibition of the orienting respouse.
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Both response and nonresponse conditions are plotted on a ree
spouse~based time scale in order to facillitate comparisons.
The 40 ¢/sec contour is shown 2s & dashed line when visible
in the projection, as a dotted lire when obscured by the 20
¢/sec contour, The 345 FPericd is lightly shaded,
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Both response and nonresponse conditions sre plotted on
a response-tvased time scale in order to facilitate come
parisens. The 40 c¢/sec contour is shown as a dashed

lire when visible in the projection, as a dorted line when
obscured by the 20 c¢/sec contour, The 345 Period is
lightly shaded. .
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Both response and nonresponse conditions are plotted on
a response-based time scale in order to facilitate come
narisons. The 40 ¢/sec conzouir is shown as a dashed
line when visible in the prejecticn, as a dotted line

wnen obscured by the 20 ¢/sec contour, The 345 Period
is iightly shaded.
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VISUAL I
TAPE 19A(1)

3= PERCENT FONER

1.9 ~L.C ~05 R +05 .0 L5 +2.o/
—= TIME IN SECONDS

Both response and nonresponse conditions are plotted on
a response~based time scale in order to facilitate come-
parisons, The 40 c/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 c/sec contour., The 345 Feriod
is lightly shaded,
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Both response and ncnresponse conditions are plotted on
& respouse-~based time scale in order to facilitate come
parisons. The 40 efsec contour is shown as a dashed

ire when visible in the projection, as a dotted line
when obscured by the 20 ¢/sec contour, The 345 Period
is lightly shaded.
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VISUAL I
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Both response and noaresponse ccnditions are plotted on
& response~based time scale in order to facilitate come
parisons. The 40 c¢/sec centour is shown as a dashed
line when visible in the projection, as a dotted line

when obscured by the 20 c¢/sec coatcur. The 345 Period
is lightly shaded,
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VISUAL 1
TAPE 18A
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Both response and nonresponse conditions are plotted on
a respons2~-based tiie scale in order to facilitate come
parisons. The 40 c/sec contour is shown as a dashad
line when visible in the projzcticn, as a dotted line

when obscured bty the 20 c¢/see contour. The 345 Period
is lightly shaded,
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VISUAL I
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Roth response and nonresponse conditions are plotted on
a response-based time scale in ordexr tc facilitete com-
pariscns. The 40 c/sec contovr is shown as a dashed
line when visible in the projection, as a dotted line
when obscured Ly the 20 ¢/sec contour, The 345 Period
Ls lightly shaded.
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Both response and nonresponse coaditions ars plotted on
a response-based tiin2 scale in order to facilitate come
parisons. Tine 40 ¢fsec coatoar is shown as a dashed
line when visible in the projection, as a dotted line
when obscured ty the 29 c/sec contour. The 345 Period
is lightly shaded, ©
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VISUAL I
TAPE 10A
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Both response and nonresponse conditions are plotted on
a response~based time scale in order to facilitate com=
parisons. Tha 40 ¢/sec contour is shown as a dacshed
line when visible in the projection, as a dotted line
when obscured by the 20 c/sec contour, The 345 Period
is lightly shaded, ‘ .
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VISUAL 1
TAPE 10A
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Both response and nonresponse conditions are plotted on
a response~based time scale in order tc facilitate con-
parisons., The 40 c¢/sec contour is shown as a dashed
line wvhen visible in the projectiocn, as a dotted line

when obscured by the 20 c¢/sec conteur, The 345 Period
is lightly shaded, ; :
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MOTCR CORTEX
TAPE 19A(1)
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3oth response and nonresponse cendltions are plotted on
a response=based time scale in order to fecilitate cone
parisons., The 40 c¢/sec contour is shown as a dished
line when visible in the projection, as a dotted line
when obccured by the 20 c/sec contour. The 345 Period
is lightly shaded, T
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Eoth response and nonresponse ccnditions are pletted on
a response-based time scale in order to facilitate come
parisons, The 40 ¢/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 c¢/sec coatour, The 345 Feriod
is lightly shaded, . v
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MOTOR CORTEX
TAPE 19A(1)
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Both responsc and nonresponse conditions ere plotted oa
a response«basecd time scale in order to facilitate com-
parisons, The 40 c¢/sec contour is shown as a dashed
line when visible in tbhe projection, as a dotted line
when obscured by the 20 c¢/sec contour. The 345 Period
is lightly shaded. .
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MOTOR CORTEX
TAPE 19A(1)
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Both response and ncnresponse conditions are plotted on
a response~based time scale in order to facilitate <cm-
parisons. The 40 c¢/sec contour is shown as a dashed
line when visible in the rrojectlion, as & dotted lino
when obscured by the 20 ¢/sec contour. The 345 Period
is lightly siwaded,
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Both response and nonresponse conditions are plotted on
& responsae-based time scale in order to facilitate come
parisons., The 40 c/sec contour is shown ac a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 ¢/sec contour, The 343 Period
is 1lightly shaded,
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Both response and norresponse conditione are plotted on
a resporse-based time scale in order to facilitate com=-
parisons, The 40 c/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 ¢/sec contour, The 345 Pericd
is lightiy shaded. L
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MOTOR CORTEX
TAPE 18A
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Both response and nonresponse conditions are plotted on
a response~based time scale in order to facilitate come
parisons. The 40 c/sec contour is shown as a dashed
line when visible in the projecticn, as a dotted line
when obscured by the 20 ¢/secc contour, The 345 Period
is lightly shaded,
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Both response and nonresponse conditions are plotted on
a response=-based time scale in order to facilitate com=
parisons. The 40 c/sec contour is shown as a dashed -
line when visible in the projection, as a dotted line

vihen obscured by the 20 c¢/sec contour., The 345 Period
is lightly shacded,
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Bcth rasponse and nonrespoase conditions are plotted on
a response-based time scale in order to facilitate come
parisons, The 40 c¢/se¢c contouwr is shown as a dasihed
line when visible in the projection, as a dotted lire
when obscured by the 20 c/sec contour, The 345 Period
is lightly shaded, :
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Botlhh respense and nonresponse conditions are plotted on
a response-basecd time scale in order to facilitate come
parisons. The 40 c¢/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 ¢/sec contour. The 345 Peroid
is lightly shaded. :
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MOTOR CCRTEX
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Both response and ronresponse coanditions are plotted on
] response~-kased time scale in order to facilitate com=-
parisong. The 40 ¢/sec contour is shown &s a dashed
line when visible in the projection, as a dotted line

when obscured by the 20 ¢/sec contour., The 345 Periocd
is lightly shaded,
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AUDITORY CORTEX (3~1/2 séc)
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Beth responsce and nonresponse canditions are plotted on
a response~based time scale in order to facilitate come
pavisons, The 40 c¢/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by the 20 ¢/sec contcur, The 345 Period
is lightly shaded, )
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AUDITORY CORTEX (3-1/2 SEC)
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Both response and nonresponse conditions are plotted on
a regponse-based time scale in order to facilitate com=-
pariscons, The 40 c/sec contowis is shown as a dashed
line when wvisible in tha projection, as a dotted line
when obscured by the 20 c¢/sec contour. The 345 Fericd
1s lightly shaded, '
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AUDITORY CORTEX (3~1/2 SEC)
TAPE 19A(1)
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Both recsponse and nonresponse conditions are plotted ‘on
a response=-hbased time scale in order to facilitate come
parisons, The 40 c/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obecured by the 20 cfsec contour, The 345 Period
is lightly shaded, .
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Both response and nonresponse conditions are plotted on
& respingse~based tine scale in order to facilitate come
parisons, The 30 c¢/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured by ths 20 ¢/sec contcur, The 345 Period
is lightly shaded, o
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AUDITORY CORTEX (3-1/2 SEC)
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Both response and nonreasponse conditions are plotted on
a response~based time scale in order to facilitate com=-
parisons, Tho 40 c/sec contovr is shown as a dashed
line when visible in the rrojection, as a dotted line
when obscured by the 20 ¢/sec contour. The 345 Period
is lightly shaded, .
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AUDITCRY CORTEX (3-1/2 SEC)
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Both response and nonresponse conditions are plotted on
a response=based time scale in order to facilitate com=-
parisons. The 40 c/sec contour is shown as a dashed
line when wvisible in the projecticn, &s 4 dotted line
when obscured by the 20 ¢/sec contour, The 345 Period
is lightly shaded.
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Both response and nonresponse conditions are plotted on
a response=based time scale in order to facilitate come
parisons. The 40 ¢/sec contour is shown as a dashed
line when visible in the projection, as a dotted line
when obscured ty the 20 ¢/sec contour. The 345 Period
is lightly shaded, ,
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AUDITORY CORTEX (3-1/2 SEC)
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Both response and nonresponse conditicns are plotted on

a response~pased time scale in order to facilitate com=

parisons. The 40 c/sec contour is shown as a dashad

line when visible in the projection, as a dotted line

when obscured by the 20 ¢/sec contour, The 345 Period
- is lighrtly shaded, . :
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AUDITORY CORTEX (3-1/2 SEC)
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Both response and nonresponse conditions are plotted on
a response-based time scale in crder to facilitate come
rariscas. The 40 c/sec contour is shown as a dashed
line when visible in the prcjection, as a dotted line
when obscured by the 20 c¢/sec contour. The 345 Period
is lightly shaded,
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APPENDIX E

MEAN PROPORTIONAL POWERS

YISUAL I, MOTOR CORTEX, AUDITORY I (3% SEC)
' AND
AUDITORY I (5 SEC)



MEAN PROPORTIONAL FCWERS: VISUAL 1
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Tape Condition
and
Period PSnr PbRa SANR SAR SDNR SDR
20/BB
Tape 19A(1)
125 35.4 32.8 29,6 26.4 39,3 28.0
345 38.5 25,3 29.7 28.7 30.8 25.5
Tape 18A
126 29.7 32.7 12,8 31.5 32.2 27.5
343 32,2 25.3 38,7 32,9 30,3 26.5
Tape 10A
126 - 35.8 - 30.6 21,4 33,9 24.0
3"*5 33.6 - 2700 14‘.3 27.6 11.6
25/BB
Tape 19A(1) ,
122 21,2 13,1 20.7 16.4 16.2 14.3
348 22,1 13.4 17.3 17.7 12.1 15.2
Tape 18A R
126 19,1 ‘14,4 16.2 20,1 15.6 17.4
345 18,4 10,2 12.1 17,7 14,8 14,0
Tapa 10A
126 16.5 - 20.4 7.0 i9,9 16.8
345 20.4 - 17.6 6.7 18.8 13.6
31.5/BB
Tape 19A(1)
126 15,1 13,1 14,2 13,9 18.0 16,2
345 14,8 14,4 15.3 12,1 18.56 16,1
Tape 18A
126 21,9 9.5 14,1 14,4 18.4 13,5
345 21.2 13.7 9.9 17.1 15,9 20,8
Tape 10A
126 18.0 - 16!0 1201 14;8 ].3'5
345 20.1 - 15.5 14,9 14.3 19.6
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MEAN PROFORTIONAL POWERS: VISUAL I

(Continued)
Tape Conditlion
and K
Period PSyp PSR Saxr Sar SDNR SDR
40/BB
Tape 19A(1)
125 7.7 6.2 7.3 13,4 10,0 12.6
34 6.5 5.0 8.3 9.8 9.7 13.3
Tape 18A
126 3.6 5.1 17.5 10.1 11,1 16.7
345 8.2 6.0 12.1 11,7 12,3 22,9
Tape 10A
h‘& 7 12-4 - 1702 18.1 16;6 1903
-J“ls 11.9 - 1702 26.5 1838 30.0
50/BB
Tane 19A(1L)
.-2(4 1306 9.8 ].9’]- 14.5 1&.0 ]7.3
345 13.4 8.3 23.2 13.2 17.3 17.1
Tapae 18A
126 16.3 g,1 18.4 11.9 23.0 22.7
-345 l7n6 10:1 16.7 9.9 26.0 14.2
Tape 10A
126 1705 - ]-7-7 9.8 1638 14.1
345 19.5 - 18,6 10.0 19,9 18.4
BB/TP
Tape 19A(1)
126 36,2 51,0 37.3 56,7 34,4 45.2
345 38,5 55,0 33,7 48.5 33,8 47.5
Tape 18A
126 42,0 58.8 46,5 41.6 32.0 33.9
345 40.7 70.8 35.4 46.0 Z28.3 58.6
Tape 10A
—_ 1256 52.8 - &6,0 43.4 35.6 48.6
345 50.6 - - 46:0 64-0 35.3 58.9

Note,==~All entries in tkis taeble are percentage figures;
€.2,, read 35.4 as 35.4%.

2No responses during PS in tape 104,



MEAN PROPORTIONAL POWERS: MOTOR CORTEX
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Condition
Tape
and a
20/BB
Tape 19A(1)
126 30,1 29,2 34,2 25,0 36,5 26,0
345 31,5 21,3 31.9 25.9 36.6 24,0
Tape 18A
126 30,0 25.2 31.8 27.0 36,7 34,8
345 32.9 19.8 35.0 23,1 29.5 24,8
Tape 10A
125 33'4 - 40.0 N 23.4 38.7 2308
3!‘5 29.8 o~ 3401 27-9 3304 2002
25/BB
Tare 192A(1)
126 20,7 22.3 23,8 19.7 21,7 21.8
345 23.4 24,3 22.3 23.2 23.9 19,1
Tap:a 18A
125 20,8 22.5 21,6 22,3 26,3 20,3
345 19.8 22'9 22.2 25.6 24,5 22-2
Tape 10A
125 18,1 - 15,6 26,3 19.6 19,7
345 1902 - 18.0 2108 1608 1606
31.5/EB
Tape 19A(1) :
126 17.3 16.3 14,1 16.2 1506 17.7
345 16.0 14,8 14,5 15.5 16,9 19.0
Tape 18A
126 15.3 15,5 10.7 15.1 13.2 14,1
345 17.5 20.4 11,9 18.4 15.3 17,2
Tape 10A
126 1416 - 12.2 18.6. 12.5 1601
3&5 1500 - lll"[" 1603 12.8 1803
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MEAN PROPORTIONAL POWERS: MOTOR CORTEX

(Continued)
‘I‘ape Condition
and -
Period PSyr PSy SAxR Sar Stem Dy
40/32B
Tape 19A(1)
126 10.1 10.1 8.0 11.8 9,6 10.6
345 2.4 9.0 7.6 10.5 9.7 14.5
Tape 18A
126 8.3°| 11.3 8.5 11,0 6.3 2.1
345 8.7 11.2 7,6 12,2 6,7 16.6
Taps ILCA .
126 803 - 8'0 12.6 7-1 11.9
345 8.4 - 9.1 14,5 10.8 15.5
50/B3
Tape 1CA(L)
126 14,3 9.0 12.9 11.5 12.0 10.6
345 13.6 11,8 13,6 10.9 10,8 11.7
Tape 18A
12"7 1A|3 1105 1206 1108 l]..O 11.0
345 14,2 13.7 12,0 10.9 15.5 13,1
Tape 10A
1.26 1535 - ].3.2 120? 1200 18c6
BE/TP
Tape 12A(1L)
126 31.5 53,1 30.0 50,3 32,2 49,0
345 23.8 45,90 32.86 48,1 33.2 50.5
Tape 18A
125 27 .4 50,0 3.8 42,0 29.4 3%.5
345 27.9 53.4 29.6 45.6 21.7 42,1
Tape 1CA
126 28.0 - 35.9 44,6 28,8 39.7
345 29.0 - 28.5 42,7 27.8 43.9

Note.,--All entries in this table are percentage figures;
€.2., read 30.1 as 30,1%., -

3No responses during PS in tape 10A.

-
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MEAN PROPORTIONAL POWEﬁé: AUDITORY I (3-1/2 SEC)

Tape Condition
and
Period PSyr SArR SAR SDNR SDP.
20/BB
Tape 19A(1)
126 21.9 24,7 18,0 27.2 24,1
345 21,7 21.8 19.8 24,2 20,7
Tape 18A
125 24,8 22.5 22.4 24,5 26,2
343 24,3 24,6 24 .4 25,7 24,5
Tape 1CA
4-26 23.1 22-8 23.6 24.9 19:7
345 22.6 21.0 20.7 21.5 20.5
25/83
Tape 19A(1) .
126 21.7 20.5 18.4 18.5 21.7
345 21,3 19,2 18.2 21,8 17.3
Tarne 134
125 20.0 19.8 21,3 23.4 23.5
345 22.7 19.4 2C.9 19.4 18,9
Tape 10A
125 22.0 21.4 14,5 22,0 18.4
345 21.3 22.3 18.8 21.7 20.0
31.5/E8B
Tape 19A(1)
126 17.]. 1706 16.4 18.1' 15-9
345 17.6 17.5 13.8 18.0 18.5
Tape 1l8A
126 27.7 15,5 12,0 17.0 13,2
345 24,4 17.2 14,2 18.8 15.5
Tape 10A .
126 20,1 16.3 15.9 15.6 18.9
345 19.7 17.2 15,2 18.2 17.3
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MEAN PROFCRTIONAL POWERS: AURITORY I (3-1/2 SEC)

{Continued)
Tape Condition
and
Period PSNR SANR SAR SDNR SDR
¢0/BB
Tape lgA( 1) ] ,
126 11,0 10,9 1C.1 12.2 10.3
345 12.0 11.¢9 16.9 9.9 10.8
Tape 18A
126 10.4 11.1 9.9 13,2 9.1
345 10,9 9.8 11.0 14,7 2.9
Tape 104 ’ .
126 11,9 11.2 12.1 9,0 14,8
348 10.7 12.7 18.0 14,2 14.3
50/BB
Tape 19aA(1)
126 15,6 .16.6 14,1 15.5 13,5
345 16,6 18.7 15,0 15.3 14,2
Teva 18A
1235 i5.4 15.2 14,1 16,2 13,2
..'!1-5 ]SQ]- 1-504 1305 18.9 1503
Taps LOA
126 15,3 19.1 19.6 15,5 17.2
345 16,5 16,6 17.0 17,1 18,6
BB/TP
Tape 19A(1)
126 50.4 46,8 55,1 46,5 56,6
345 49,0 43.7 53.8 40,2 52,5
Tapa 18A
126 54,2 50.6 43,0 41,¢ 40,6
345 53.9 41,1 46,4 46,6 48,3
Tape 10A '
126 59,7 49.0 66,0 39,1 54,3
345 5537 48.0 55.3 39.9 52,4

Note.=-~All entries in this table are percentage figures;
€.y read 21.9 as 21,9%.



MEAN PROFCRTICNAL POYERS: 4UD1TORY I (5 SEC)
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Tape Condition
and
Period PSyr AR Spp
20/BB
Tape 19A(1)
abf 21,9 18,6 19.8
cde 21.8 19,7 33.9
Tape 18A
abf 25.0 25.8 32.2
cde 24,6 27.5 40,2
Tapa 1CA
abf 23.2 24,3 23.0
¢ 22.6 19,1 29,1
25/BB
TCPG 194(1)
abt 22.0 16.8 12,0
cda 21.9 15.8 19.9
Tape 18A
abf 19.8 23.4 23.7
cde 23.6 2108 2508
Tape. 10A
abf 21.3 17.6 21,7
cde 22.5 23.0 23,0
31,5/RB
Tape 19A(1)
abf 12:1 12-1 16.1
cde 13.0 12.4 13.4
Tape 18A s
abf 26.5 17.5 15,7
cde .25.9 17.6 14,7
Tape 10A
abf 19,3 13,9 16,9
cde 20.4 16.9 16,4




MEAN FRCPORTICNAL PCUS®S: AUDITORY I (5 sEC)
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(Continued)
Tape Condition
and
Period PSyr
40/BB
Tape 19A(1)
avf 11,3 1
cde 11.7
Tape 18A
abg 11.0 1
cde 11.1
Tape 10A
acf 11.3 1
cde 10,9
50/BB
Tape 104(1)
ab’r 17.0 14.7
ole 16 » 8 13 . 2
Tane 134
abf 15,7 15.3
Cd':? 16. 2 13. 1
Tape 10A
&bf 15.8 15.6
cde 15.7 17.6
BE/TP
Tape 19A(L)
abf 49,5 52,2 50.1
cde 50,2 51.6 47.0
Tape 18A .
abf 54,0 45,8 43.0
cde .54,0 39,1 44,1
Tape 1C0A
abs 53,7 57.3 49,7
cde 5606 5409 47.3

Vote.~=All entries in this table are percentage figures;
2.2., read 21,5 as 21.9%.



APPENDIX F
MEAN ABSOLUTE POWERS
VISUAL I, MOTOR CORTEX, AUDITORY I (3% SEC)

AND
AUDITORY I (5 SEC)
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MEAN AEBSOLUTE POWERS: VISUAL I

Frequency Condition

aqd :

Tape 19A(1)P

20 c/sec

126 17.4 22,0 1€,3 30.4 30,8 32.0

345 19,0 16,9 13.2 31.4 23.2 34,2
25 c/sec

126 10,4 3.8 11.4 18.9 12.7 16.4

345 10,9 8.6 7.7 19.4 14.4 20.4
31.5 ¢/sec

126 7.4 8.9 7.8 16.0 14,1 18.5

"3’%5 - 7'3 906 6'8 13.2 14‘.0 21.6
40 ¢fsec

126 3.8 4,3 4,0 15.4% 7.8 14,4

345 3,2 3.3 3.7 10.7 7.3 17.8
50 c/sec .

126 6.7 6.7 10,5 16.7 11,0 19.8

24 6.6 5.5 10.3 14,5 13.0 22.9
troad Pand

1?.5 "!—9.1 67.3 5501 115.1 78c3 114’:3

345 49,3 65,5 44,4 iC2,5 75.3 134,2
.Totchl

124 135.6 132,8 147,56 202.8 227.4 252.8

348 1238.,1 119,2 121,6 225,7 222.9 282.5

Tape 18A .

20 c/sec

126 13,8 25,1 14,3 34,0 24,6 23.7

345 13,7 18,6 23,4 38.4 21.7 57.3
25 c/sec .

126 8.9 11,1 11,7 21.7 11.9 15,0

345 7.8 7.5 7.3 20,7 10.6 30.4
31.5 ¢/sec

126 '1092 7|1 10-2 1506 14.1 11:6

3453 9,0 10,1 6,0 20,0 11.4 45.1
40 c¢/sec

126 4,0 3,8 12,6 10,9 8.5 14,4

345 3.5 4,4 7.3 13,6 8.8 49.5
50 c/sec

126 7.6 6.8 13.3 12,9 17.6 12.6

345 7.5 7.5 10,1 11,6 18.¢ 30.8
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MEAN ABSCLUTE POWERS: VISUAL I

(Continued)

Frequency Condition

and 2
Eroad Band

345 42.5 73.8 60,4 | L15.7 71.5 216.5
Total

126 110.7 128.5 155.1 259.4 232.0 254.1

345 104,5 104.3 170.5 253.,6 252.5 | 359.6

Tape 10A

20 ¢fsee .

125 12,1 - 23.1 17,2 34,9 27.5

345 10,7 - 22,6 16.6 25.3 15.1
25 c/sec

126 506 ind 1504 5.7 2005 1903

345 6.5 - 1407 7.8 1702 17'7
31.5 «/sec

126 6.1 - 12.1 9.8 15Q2 2000

345 6.4 - 12,0 17.3 13.1 25.4
40 e/sec

1.26 4-2 - 13|0 1407' 1701 2201

3'-'45 3.8 - 14.4 30.8 17.2 3900
50 c¢/sec

126 5.9 - 1304 709 17.3 1602

3‘0{'5 6!2 - 1506 1106 18.2 23.9
Broad Band

125 33.8 - 75.5 81.0 102.8 114.7

345 31.8 - e3.7 116,3 91.5 129.,9
Total

126 54.0 - 164.0 186,8 288.,4 236,2

345 62.9 - 181.8 181.5 259.1 |220.7

Mo responses during PS in tape 10A.

bComputa: analysis of PSy; was run several months after the
other conditions and input gains weres adjusted to a maxi-
mum value in order to achieve the most accurate analysis
possible with the small values occasioned both by the
small number of trials averaged and by the low values
characteristic of PS. . . -
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MEAN ABSOLUTZ POWERS: MOTOR CORTEX

Frequency Condition
and "
Period PSNR PSR SANR SAR SDNR SDR
Tape 19A(1)
20 c/sec
126 21.4 39.0 25.0 33.6 33,3 36,9
345 24.1 21.3 22.2 37.0 39,8 39,2
25 c/sec
126 14.7 25.8 18,1 26,4 19,8 31.0
345 i7.9 24,3 15.5 33.1 26.0 31.2
31,5 ¢/sec
125 12.3 21.8 10.7 21,7 14,2 25,2
345 12,2 14.8 10.1 22.2 18.4%4 31.0
40 c/sec
126 7.2 13,5 6,1 15,9 8,8 15,1
345 7.2 %.0 5.3 15.0 10.6 23,8
50 c/sec
126 10.2 12.0 9.8 15.4 11.0 15.1
345 1C.4 1i.8 9.5 15.6 11.8 19.1
Broad Band
345 76.4 100,0 09.6 142.9 108.8 | 163.6
Total
126 225.8 251.5 253.3 267.0 283,9 | 289.9
345 225.8 222.0 213.4 | 297.0 | 327.5 | 323.7
Tape 18A
20 c¢/sec ]
125 20,6 24.8 25.2 29.2 33.4 38.4
345 22,0 18.9 31.9 28.6 17.1 27.0
25 c/sec
125 14,3 22,1 17.8 24,1 23.9 22.4
345 13.2 21.9 20‘3 ) 31.7 1402 24"1
31.5 ¢/sec ’ )
126 10.5 15.2 8.8 16.4 12.0 15.6
345 11.7 19,5 10.8 22.8 5.9 18.7
40 ¢/sec
126 5.7 11,1 7.0 11.9 5,7 10,0
345 5.8 10.7 6.9 15,1 3.9 18.1
50 c/sec .
126 2.8 11,3 10.4 12.8 10.0 12.2
345 9.5 13.1 10,9 13.5 9.0 14.3




MEAN ABSOLUTE POWERS: MOTOR CORTEX
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(Continued)
Trequency Condition
and A
Period P.:NR PSR SANR SAR SDNR SDR
Broad Band
126 68.6 98.3 82.5 108,3 91,0 110.4
345 66,8 95.6 g91.1 123,9 58,9 108.8
Total
126 250,5 26,5 259, 258,0 309,0 279.5
345 239.3 78.9 307. 272.0 257.C 258.3
Tape 10A
20 ¢/sec
125 22,0 - 35.4 23.7 34,9 38,9
345 19,9 - 27.5 21.8 29,0 35.2
25 ¢/sec
126 11.9 - 13.8 26,6 17.7 32,3
345 12,8 - 14.5 17.0 14,6 28,9
21.5 e/sec
126 9.6 - 1008 1808 11..3 26.4
345 10.0 - 11,6 12,7 ii.1 31.9
40 e/sec
126 505 - 701 12.8 6.4 1905
345 5.5 - 7.3 11.3 9.4 26,9
50 c¢/sec
126 10.2 - 11-7 12.4 1008 30.3
345 10.7 - 12.3 12,9 13.2 36.8
Broad Rand
126 £5.9 - 88.6 10,3 90.1 163.7
345 66.7 - 80.6 78,1 86.7 174,0
Total
126 235.0 - 246,8 227.3 313.2 { 412.3
345 229,9 - 282,5 183.0 312,1 | 3%6.1

2No responses during PS in tape 10A,
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{EAN ABSOLUTE POWERS:; AUDITORY I (3-1/2 SEC)

Frequency Condition

and

Tape 19A(1)

20 c/sec

126 19,1 22.7 20,2 24.3 28.6

345 18.5 16.9 22.1 21.3 24.8
25 c/sec

125 18.9 18.9 20,7 16,6 25.8

345 18.1 14.9 2G,.3 19,2 20.7
31,5 ¢fsze

345 15.0 13.6 15.4 15,8 22.2
40 ¢/sec

126 9,6 10,0 11.4 "10,9 12.3

345 10.2 9.2 12,2 8.7 12,9
50 c/sec .

L2726 13.6 15.2 15.9 13,9 16,1

345 14,1 14,5 1.7 13,5 17.0
Eroad Eend

124 27.1 91.8 112.4 £9,.5 118,9

345 85.1 77.5 111.7 38,0 120.0
Total

126 172.8 196.0 203.,9 192,0 210.0

345 173.6 177.4 207.7 21S.8 228.6

Tape 18A

20 c/sec

126 18.2 17.5 18.3 18,6 29,7

345 19,3 18,0 21.7 16,6 23.5
25 ¢/sec

126 14,7 15.4 17.4 17.7 26.7

345 17.7 14,2 18.6 12.5 18,1
31,5 ¢/sec

12 20.3 12.8 9.8 12.8 15.0

345 19.0 12,56 12.6 12,1 14.9
40 c/sec

126 7.6 8.6 8,1 10.0 16.3

345 8.5 7.2 ‘9.8 . 9.5 9.5
50 c/sec

1258 11.3 11,8 11.5 12.2 15.0

345 11.8 11,3 12.0 12,2 14,7
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MEAN ABSOLUTE POWERS: AUDITORY I (3-1/2 SEC)

(Continued)
Frequency Condition
and
Pericd PSNR SANR SAR SDNR SDR
Broad Rand
126 73.4 77.8 81.6 75,5 113.5
345 77.9 73.3 88.9 64.5 96,0
Total
126 135.4 153.7 189,8 180,0 279.4
345 144 ,4 178,3 191,7 138,5 19¢8,6
Tape 10A
20 o/szc
125 19,0 16,5 18.4 19,6 18.5
345 1705 15-7 16.9 16.6 18.7’
25 c/sec
126 13.1 15.5 11,3 17,3 17.3
34% 16,5 167 15.4 16,8 18,2
31,5 ¢/sec
126 16,5 11,8 12.4 12,3 17.8
3“53 15|3 1313 121[{- ].aol 15.8
40 cfszc
126 9.8 8,1 2.4 7.1 14,0
345 8.3 9.5 14.7 11.0 13.0
50 cfsec
345 12,8 T 12.4 13,9 13.2 17.0
Proad Baad
. 126. 82.1 72.3 78.0 78.8 94,1
345 77.5 74.9 €1.8 77.3 91.2
Total
126 137.5 147.5 166,6 201.5 173,.4
345 139.1 155,1 147.8 193.9 174,2
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MEAN AZSOLUTE POUERS:

AUDITORY I (5 SEC)
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i

Condition

Frequency

iy PS S 5
Period NR AR SDp
Tape 19A(1)

20 c/sec :
abf 26.1 28.5 40.0
cde 26.8 33.6 100,7

25 c/sec
abf 2602 25.8 33.&
cde 25.9 27.0 59.2

31,5 c¢/sec
abf 4.4 18.5 32,5
cée - 16.0 21.2 39.9

40 ¢/sec
abf 13.4 15,9 16,7
cde 14.4 15.0 20.4

50 c/sec
abf 20.2 22.5 24,3
cde 20.6 22,5 23.7

Eroad Band
abf 119.1 153.4 202.4
coa 122.8 170.9 296.8

Total
abs 240.6 2%4,0 404,2
cde 244,5 331.5 631.1

Tape 18A ;

20 c/sec
abf 26,2 30.5 57.3
cda 25.5 36.4 109.1

25 c/sec :
abf 20.8 27.6 42,0
cde 24,5 28,9 70.1

31.5 ¢/sec
abf 27.8 20,5 7.9
cde 25,9 23.4 39,9

40 c¢/sec
abf 11.5 12.2 16.5
cde 11.5 13.1 19.5

50 ¢fsec
abf 16,5 18.0 20,6
cde 16.8 1704 1907
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236

(Continued)
Fraquency Condition
and
Period PSyg SAR SDR
Broad Band
abf 104,8 . 118,0 177.2
cde 103.8 132.6 271.6
Total . - .
2bf 194,1 257.7 412.4
cde 192.1 338.7 616.3
Tape 10A
20 ¢/sex '
abf 25,3 31.5 35.8
cde 25.8 22.5 53.1
25 ¢/sec
abf 24,1 22,9 33.8
cde 25-7 2701 ‘?109
31.5 ¢fsec
abs 21.8 18,0 26,3
cle 23.3 19,9 29.9
49 o/sec
abf 12.8 17.3 18,5
cde 12.4 1100 18.0
50 ¢/sec
abt 17.9 20.3 “22.1
cde 17'9 2007 20.2
Broad Band
abf 113.2 129,98 155,6
cde 114,0 117.9 182.5
Total g
abf 193.0 226,5 312.8
cde 201.4 214,.6 385.7




APPENDIX G

SPECTRCGRAMS BASED UPON ALGEBRAILC VARIATICNS
FROM PRESTIMULUS LEVEL

VISUAL 1, MOTOR CCRTEX, AUDITORY 1 (3% S=C)
AND
AUDITORY I (5 SEC)
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APPENDIX H

SPECTROGRAMS BASED UPON RATIO OF STIMULUS
TO PRESTIMULUS LEVEL

VISUAL I, MOTOR CORTEX, AUDITORY I (3% SEC)
AND
AUDITORY I (5 SEC)
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