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-~ ABSTRACT
W

~ Three principal experiments were carried out inorder to
examine fhe lateral distribution of the contingent negatiﬁe variation
$ Monopolar scalp recordinés were collected from homologous
lateral sites from normal right-handed female and male subjects.
Measures of average CNV activity included amplitude, density, ratio,
and waveform (cross-corre]ation)Rindices. Experimental conditions
' were‘contrasted to a standard or control condition (SC) by variance

analyses.
1. Tone analysis (TA), directed at right hemisphere func-

tioning, requifed,subjects to analyze tone sequences during the

§1-Sp interval. Results indicated that homq]ogous sites (Fg vs F3s

T4 vs T3) were not asymmetrically distributed in TA. Along with a
prominent scalloping éffect that‘parai1e1ed tone Qnsets, CNV. amplitudes
in TA WQre'greatly increased compared to SC. In contrast to the

vertex (éz), resolution of the CNV at lateral sites corresponded with

(CNV) during tasks designed to evoke differential hemispheric acfivity.

;x',.‘-l-r-» :

ekl Gemabin . hepie 1w

““the'subects*“judgmentS"fsamegorwd#ffe%ent%ﬂabeut¥theptene—sequencesf

PR T AR A

"

Newsexrgffeet5~wereﬂobserved,for either_amplitude or waveform

~.

[AaS

‘measures. S
2. CNV activity over the area of Wernicke on the left
= iii

» -
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hemisphere was-invesﬁigatedgby using conditionsqthat\required subjects
to voca]izé stimulus words after an S» signal. The stimuli were
presented visually in eithe;\31 or S, positions. ‘Although there was

a significant conditions effect, homologous sites (W; vs W2;"F3 3 F4)

were not asymmetrically distributed. Records indicated that pretrial

_shifting occurred when stimuli were presented in the S; position. No

sex effects were observed for either amplitude o%‘wavefofp indices.

| 3. Slow potentijals over Broca's area on the left hemisphere"
were investigated in situations similar to>(2) ana\which'inc1udbd a -
condition that requiréd voca]izétion of a one-word association to
étimu1us words. Additionally, subjects wére classified on 1atera1~eyb

- ©o .
movement predisposition (LEMP) and ocular dominance .(0OD). The results

indicated that homologous sites (B vs Bp; F37vs F4l\ﬁgre;no;
asymmetrically distributed, No effects for sex, LEMP, or 0D were
observed for either amp]itdde or waveform indices.

Although overall lateralization effects were no&.found for the
CNV, many in@ividua] records displayed sizeable slow wave asxmmetries.'

Thelexperiméntal'tasks elicited hemiépheric differences but not

consistently enough to constitute an effect. The overall results for

3

"the three experiments are discussed in terms of the concepts of

lateralization and the relationships of slow potential genesis to

_cerebral processing.

v
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Chapter 1

T U INTRODUCTIONT 0

The primary purpose of this paper is to explore the 1atgf5]

distribution of the Contingent Negative Variation (CNV) over specific

scalp sites during tasks designed to evoke hemispheric asymmetries.

The duality of structure reflected in the cerebral hemispheres
of the human brain has stimu]ated,workers to inv;stigate the functional
consequencés of this split organization._ The data that have emerged
suggest that each hemisphere may have a dominénce or predisposition to
process particular types of stimulus information. As new information
and techniques become available to study the brain, the further -
enlightenment between cerebra} localization and cerebral asymmetries
rests with the exp]oratidn and accumulation of relevant experimental
data. '

A great numbe? of studiés have beeh?cqﬁaqcted that show dif-

ferences in the way the two sides of the brain prdcess information.

Further, some of these investigations have been able to demonstrate

behavioral differentiation with various gross’%grtitaf signs, e.g.,

alpha waves, evoked potentials, slow waves, e%é., recorded from surface
electrodes on the scalp. An attempt has been made here to correlate

1



-2

and extend the resulté from hemisﬁhefférfunctioning to the recording of
sTow scalp potentialsi ATthough these slower potentials havelbeen
intimately linked to the workings of the cortex, their origin and
function are only beginning to be explored in relation to overall
behavior. For the present, the discussion'héreijs 1imited to selected

cognitivé‘tasks which weré incorporated into a general slow wave

—r

‘ﬁar&digm. Comparisons of the slow poteht1a1s betwéen’the hemispheres
under these sbecial situations were then examined. Based on oJr
understanding of 1oca1izatf0n and cerebral functioning, these experi-
ments should increase our know]eqbe of the natu;e and relevance of slow
waves. A

Chapter 2 presents a broad survey of the literature coyering
three major subject areas. The topics include the findings of hemi-
spheric sgadies, scaip botentia]s (e.g.z_pvoked potentials, ongoing
T EEG activ{ty, a]pha’waves), and slow scalp potentials. In each of the
subject areas, particulzr attention is directed to describing the
 methods that were used in the study in.order to mark the 1imitations
and the generality of the findings. Chapter 3 brings to focus some of
the most recent studies in which 1atera1izati;n effects have been
observed in slow potentials, pérficular1y the CNV. From pilot
gxperiments, the effects of distraction on the distribution of the CNV

are presented along with a discussion of the problems qf assessing and

;V?«HJJ o d

" quantifying Tateralized slow wave activity. Chapter 4 presents a tone

experiment that was designed to evoke right-hemisphere-asymmetriesin——— — —

the generation of the CNV potentials. Chapters 5 and 6 focus upon
o

the language abilities of the left hemisphere with conditions that

NG FHNRT WU RN R



“investigation. -
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involve simple verbal processing and vocalization. A discussion of

the results ?rom each experiment is provided at the end of each
chapter. Fina11y,_Chapter 7 presents an overview of the three
principal experiments and draws conclusions:about lateralization

effects and slow wave genesis from the common elements in each

w .




Chapter 2

- -~ - -DIFFERENTIAL CEREBRAL-PROCESSING, LATERALIZED EEG
ACTIVITY, AND EVENT-RELATED SLOW
' ’ , POTENTIALS: THE CNV -

b

The first two-thirds of this chapter is devoted to defining

1

functional differences between'the hemispheres as emjdenced by
representative expérimentation conducted on cerebral specia]izatioh.
As will quickly become apparent, examples of left-right differences
come from varied and ‘diverse sources. Experimenta]'déta derived from
normal subjects a§ well as assorted clinical patients form a Eiprocal
re]atiqnship,rsometimes complementary, somgtimes incongruent/,” but
always intergﬁ%ing. The focus of literature reportévis sucﬁfthat
re]ationship§ between variables take on a distinctiveness which may be
more artificial than real. For this reason, no exagggrated attempt
was made to shape the various findinég into a mold thét was not ready
for casting. _ | B "

The last third of this chapter presents details of a cortica1

siow wave phenomenon, the Coﬁtingent Negative Variation (CNV).

Although related slow wave activity is briefly considered, the main

intention of this section is to characterize the critical parameters

importantly assogiated in the generation of the CNV. The combined
4
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readings from this chapter'should provide the foundation and rationale

necessary for the experimentation presented in later chapters.

Visually Related Asymmetries between
the Cerebral Hemispheres

Experimenters have been able to take advantage of the discretd
\ _

S

»

1 Y .
selectively cerebral functioning. A clear hemispheric specialization

has been demonstrated for particular stimulus materials presented very

,’briefly’or at short tachistoscopic'exposures. Thus-a visual right
field or left hemisphere lateralization has been found for tPe
recognition of words, 1;fters, and digits. For example, Overton and
Wiener (1966) tachistoscopfcé]]y presented five-letter English words

* in several positions lateral to a central fixation point. The scoring
technique used ‘consisted bf the number of correct recognitions'out of
éo for each of the positions presented to each eye. The results.
indicated that Qord recognition was significantly better to the right
of visual fixation than to the left. Further, posttest analyses
indicated that the effect of visuaf field differences was due to the
left eye; the right eye showed no advantage for left or right field
presentatioﬁsQ Considering the lateral distances from fixation, right
field recognitions were greatest for words presented at the extreme

" right field position, 2° in this case. No distinct effects werefound

-for-handedness -or-ocular-dominance: -
Kimura (1966) attributed field differences to an unequal

processing of stimulus information between the cerebral hemispheres.
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From her” own experimentation, the right visual field displayea*a
definite recognition advantage over the left field for successively
presented tetter tasks. When EOnsidering certain methodologica1

problems, Kimura commented that right field recognitions may be favored

| because of 1eft-to-right reading habits,'especiéle for stimu1i

presented simultaneously to the left and r1ght of f1xat1on The

effects of right field super1or1ty ang the fami]1ar Eng]1sh pract1ce ‘
of reading 1eft-to-r1ght were exam1ned by Orbach g1967). .Th1s inves-
tigatof tachistoscopically presented English and Hebrew wordsftornatiye
Hebrew readers (:jgﬁt-thleft) in left and right visual fields. The
results indicated that English words were recalled mofe aceuratE1y from
the right than left visual field; interestingly, Hebrew words showed no
differences between the visual,fields. |

] For both visual half-fields, Bryden (1965) found that single
letters of the a1pﬁabet were recalled better‘in,rigpt-handed subjects
than in left-handed subjects. The B{fferences between subjects were

greatest at shorter tachistoscopic exposure times (20 mi]]isecohds);

. when exposure durations were increased to 25 milliseconds, no consis-

tent field differences were found for either left- or right-handers.
Hines and Satz (1971) examined digit recall in right-handed subjects
using various presentation rates. In addition to finding a right field

superiority for dig{t recognition, visual half-field asymmetry was most

B T U R L R S PR S

rdtstiﬁet”at shorter presentation rates and.for subjects without a

history of sinistrality. Paralleling the field results for recognition
tasks, significantly faster reaction times (RTs) were observed for

Tetter displays presented to the right hemifield than to the left
’ -

5,



hemifield (Umilta, Frost, & Hyman,,4972). Hines, Satz, Schell, and
Schmidline (1969) theorizedithatﬁ%he capacity for processing verbal
materia1'was directly related to the conhections of the right visual

Jfield to language centers in the Teft hemisphere. ) )

M;Keever and Huling (1971a) postulated that verbal”mé&eria1

presented to the right hemisphere had to be transferred (vfa the corpus

ca1losum) to language centers in the left hemisphere in order to be

~processed. The additional time and the additional neural elements

involved in stgnal transmission may account for the right heﬁisphgre'sw

boor 1inguistic ability. In order to test the effects of cerebral
pathways and transfer times, McKeever andrHuling,conducted a monocular
recognition task. Common English words were bilaterally brgsented for
20 milliseconds duration; also, in order to assﬁ?€:¥§xation, subjects
were required to report the appearance of a small numeral in the place
of the fixation point at the time of stimulus presentation. The sub-
jects were divided into separate left and right eye groups.. The
results indicated higher performance scores for the right visual fielg

xxihan for the Teft visual field for both Eubject groups. The inves-
tigators concluded that the right field results were due to the
transmission fidelity of the primary pathways.and shorter transfer
fimés to the left hemisphere 1angu5§e centers.

In a logically more direct attack on the effects of

'4\

7 fﬁgé;gemispheric transfer time, McKeever and Huling (1971b) presénted

stimuli that were either temporally ahead or temporally behind one or

the other visual half-field. The tachi$

gscopic control of stimulus

input allowed the fo11owing‘expekjment-'" imes to be examined:
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(&) -simultaneous, (b) 6 milliseconds (a time consideréd reas@nab]e‘for
transcallosal transmission), and (c) 50 milliseconds (a time considered
Tong enough to e]iminatg transmissioﬁ effects). The results indicated
that a right fié]d superioriiy was maintained in every condition and
for néaray every subject tested. Clearly leading left field words did

~not ihcreasé left field recognitions; clearly leading right field words

did not increase recognitions beyond the level obtained for simulta-

»

neous onsets.
‘ Using binocutar stimulation, McKeever and Gill (1972) inves-
‘tigated masking effects in the visual fields of left- and right-handed
~subjects. A stimufus Tetter was tachistoscopically presented for.30
milliseconds followed .1 Ti]]isegonds (or 100 mi]]jseconds) later by
another but different letfer for 86.milliséc9nds. The masking results
~disclosed thdt right-handed subjects ;ééalled morelstarting fetters in
the right than left visual field. 1n contrast, left-handed subjects
recalled more letters presented to the left than the right visual
field. Speech centers for both 1é¥t;vand right-handers are generally
found in the left hemisphere (Milner, Branch,'& Rasmussen, 1964); as
pointed ou?’by Zangwill (1960) aqd Heeaen and Ajuriaguerra (1964),
however, not~a1f 1eft-handers'aré;%niquely lateralized to oﬁe
hemisphere for ]anguage funcéions.‘_ﬂn interesting clue regarding an

' individual's probable linguistic lateralization was provided by Kimura

~

-~

-(1973). She found that hand gesturing during speech was opposite to

the dominant or talking hemisphere‘for right-handers.
Presenting tachistoscopically paired digits, Sampson (1969)

examined visual field effects in subjects that were right-handed and

ey
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right eye dominant. Iemponai and nasal occluders were placed on the

>

subject that were rotated in position “to allow stimu]ation of“the

appropriate visual fields.” The subject's task was‘to call out the

i

- stimulus digits as soon as possiblé after-the signal to respond. The

results indicated the recall of digits projected to the nasal retinae

was significantly better than when digits were projected to the

_experimental situations, temporal hemiretinae showed superior perfor-

temporal retinae. Also, digit infonnation projected to the right eye

was recalled better than 1nformat1on pro;ected to the 1eft\e¥b

Sampson (1969) suggested that the f1e1d differences were due to faster = -

process1ng times, especially for st1mu1ation presented over primary
pathways from the nasal hemiretinae. o . -
Dimond and Beaumont (1971a) investigated hemisphere function

for detection tasks of short and long duratign. The stimuli presented

k!

to subjects consisted of four red 1ights and a centrah fixation po1nt
the red stimulation 1ights were placed on the hor1zonta1 plane and
were d1rected to specific retinal 1ocat13ps The scoring techn;que
used was baSed upon the mean. percentage of detect1ons aﬁd\tne mean
frequency for false positives (defined as a response that occurred
more thanalo seconds after the last signal). Over time, the results
indicated a significant decrease in both detections and false positives

over the four signal locations. During the later stages of the

mance over the nasal hemiretinae.

-Investigating the re]ationship between intermodal processes
and functional differentiation, Dimond and Beaumont (1971b) found that

the left hemisphere was able to process more visual 1nformation}during
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a simultaneous hand sorting’ task than the right hemisphere; however,
visual stimd]i presented to both hemispheres maximized performance over
theﬁstimu1ation of only one hemisphere. In another study, Dimond and

Beaumont *(1972a) found that hand performance was notvd{stﬁrbed by the

'simultaneous presentation of visual information. Also, experimentally

induced fatigue was not transferred from one hemisphere to the other

(b%h&ﬁdiiwéééhmbﬁf, ié)éb)f Using paired-associate duograms to examine

another facét af hemispheric specialization, Beaumont and Dimond-(1973)
discovered that visual stimuli presented to the left hemisphere

resulted in a bilateral 1egfhing between the hemispheres, whereas

stimulus duograms projected to the right hemisphere did not result in

T

biTate%d]:]earning. Dimond (1971, 1972) suégested that due to the
presence of the pyramidal tracts, transfer of movement was contro]ledr
by the specialization of each hemisbheré according to situation
demands. N

McKinney (1967) isolated visual right field effects without the
use of language dependent stimulus materials. This investigator

observed that Tuminous figures viewed in a dark surround fragmented and

faded much as stabilized retinal images. Since the dimly 1it objects

‘frébmented in an organized- fashion, the break-up phenomenon was

presumed to be“the result of cortical activity. McKinney devised an

apparatus which presented two faintly illuminated lines around a

7rééﬁ£}a1 fixation point. When the apparatus was placed at the correct

distance, the parallel Tines fell upon the left and right visual
fields. The subjects were instructed to report which line faded first

or whether” both lines disappeared simultaneously; subjects received
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- —milliseconds and increased, if necessary, until identifications were

11

~ both biﬁb¢u1éﬁ and'h6h6CJT§fmfkTéT§lfmFor'the binocular condition, the
resuits indicatéd tﬁat thé rightfvisua] field was{éiénificantly more
stable than the left visual fie]d.A Handedness made Ho significant
contribution’ to righf fie]d‘re$u1ts, but the right field effect was
more pronounced in subjects wﬁg were right eye dominant. ‘In the

monocular viewing condition, djfferences between left and right fields
S

wepeffodndnfop;thewleftgeyeAbutunetmfopgthegrightfeye1~AGEeaterAimage
stability was found for the temporal hemiretinae in both eyes; slightly
more fragmentation was observed for the'tempora1 hemiretina of the
right than the left eye. McKinney {1967) asserted that the efficiency
observed for the right visual field was not inconsistent with the
general dominance of the left occipital Tobe.

Schmit and Davis (1974) found a left hemisphere interference
for tachistoscopica]]y presented color stimuli and incompatible color
names. The investigators hypqthesizea that E%e dominant hemisphere
‘had to resolve the color and color name, whereas the nondominant hemi-
sphere processed the stimulus only on thé basfs of the visual nature
of the information. | .

Wyke and Ettlinger (1961) preSented outline drawings of
fami]iarvobjects, e.g., fork, cap, table, etc., for recognition. The
succe;sive binocular tachistoscopicxﬁ?esen;ations were flashed to

the left and right visual fields. Exposure durations started at 10

made. The results indicated greater recognition of objects presented
to the right than left visual field. Similarly, when stimuli were

- bilaterally presented, recognition was better for the righf than for
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the Teft visual fields. Drawing from’the cortical work of Hubel and
Wiesel, Wyke and Ettlinger (1961) suggested that right field superi-
ority was the result of greater neural excitation fo nasal projectidns,
coupled with a possiL]e right eye dominance over the left.

The left hemisphere's genera]rcapac%ty for processing verbal

IR0 P T

material is in distinct contrast to the right hemisphere's ability

for processinb nonverbal material. Kimura (1963) observed that
patients with. right temporé] lobe damage were deficient on nonverbal
*recognition tasks.‘ The patients exhibited inferior performance in
(a) recognizihg nonsense figures, {b) counting dots, and (c) a
recurring figures task; thgy were not deficient however when more
familiar stimwj were used. bsihg normal subjects, Kimura (1966)
presented nongense figures, nonoverlapping abstract forms, and dots
for counting. With successive binocular presentation to either the
'1eft or right visual fields, dot recognition éhowed a 1eft4fie1d'
superiority, whereas the }ecognitjgp of nonsense figures showed no
differences between the visual figads. In an experimentrminimiggng
verbalization, Kimura (1969) demonstrated that a point was mopé
accurately located when it was projected to the left than tqffhe
corresponding right field position. Umilta, Rizzolatti, Marzi,

Zamboni, Franzini, Camarda, and Berlucchi (1974) found that certain

L

~line orientations favored right field detections while other line

orijentations fayorgq 1gft field detections.

u..u...cfmwmm:h“uw [P S

Postulating visual-spatial functions for the right hemisphere,
Dunford‘and Kimura (3471) binocularly presented a three-dimenéiona]

arrangement of rods to visual left and right fields. The subject.'s

Ry

.

R g
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task was to decide whether a central rod was closer or farther from the

fixed'group of rods. The results indicated a greater number of correct
responses from the left than righf visual field. However, monocular
presentation of the stimulus afrangement revealed no field effects.
Minimizing visual cues further, Dunford and Kimura stereoscopically

presented (20 m1]1iseconds) random dot stereograms (see Julesz, 1956)

'"ié either,iéft or right visua]rf{éidél When the subjects named the
objects they observed (e.g., raised triangle, square, etc.), left field
scores were sfgnificant]y higher than right field scores.. Eér]ier,
Carmon and Bechtoldt (1969) speculated on the right hemi;pherg's
spatial integratfng capacity during‘visua1 perception. Théy presented
Julesz' stereograms to two patient groups with unilateral lesions of
the left or right hemisphere. They found that‘patients with right
hemisphere 1esigps made more errors in reborting the position of a
sma11}raised sq%are than patients with left hemisphere lesions. Using
normal subjects, Rizzolatti, Umilta, and Berlucchi (1971) found a left
field (right hemisphere) superiority for a task that ;;vo1ved the
simple recognition of faces. #ethodologically, the exposure of the
stimulus faces before testimy was not, in itself, interpreted as the

basis for the observed visual field asymmetries (Berlucchi, Brizzolara,

Marzi, Rizzolatti, & Umilta, 1974).

*

e

e — Auditory Asymmetries between
the Cerebral Hemispheres

o et fla T

Evidence for auditory specialization between the hemispheres

has come largely from dichotic 1istening experiments. A number of

g ~
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studies have indicated a right ear ()eft hemisphere) advantage for the
recall of dichotically presented words and digits (Curry, 19673 Curry &
Rutherford, 1967). In contrast, a left ear (right hemisphere);advén-
tage has been observed for dichotically presented nonverbaTﬁemdtional
stimuli, melodic patterns, and environmental sounds,(Carﬁon & Nachshon,

1973; Kimura, 1964, 1967). The right ear Superiority for verbal

” méfé;};i was extended to nonsense words and dichotically presented

synthetic vowel sounds and fricative consonants (Darwin, 1971).
Reaction times for dichotic 1istening were also observed to be faster
for fight than for left ear stimulation (Levy & Bowers, 1974).
Regardihg the capécity fgr verbal processing, recent studies have found
that the right hemisphe%é was not totally 1ack§ng in the ability to
utilize speech or verbal material during percebtion (B]umsteip &
Cooper, 1974; Nebes, 1974). With simple clicks near fusion, Murphy and
Yenables (1970) found a significant detection advantage of the left ear
over the right ear. Interjecting a burst of white noise contralateral
to click presentation only accentuated the asymmetrical effect. Knox
and Kimura (1970) dichotically presented verbal and nonverbal tasks to
boys and girls (5 - 8 years of age). . In addition to affirming right
ear superiority for verba]amater%als, both ‘males a;d females demon-
strated a left ear §nperiority for nonverba] stimuli (e.g., identifying

animal sounds). Considering t@g ages of the subjects, the inves-

-

A

Wiﬁgafofs suggested that the lateralization of auditory functions may be

present before five years of age. Using childrén for subjects, Bakker
(1970) was able to elicit a lateralized right éar superiority for

monaura]]y‘presegted digits; a left ear advantage, with some -

RN ‘.,«‘iummwwwwi\M&id;u Fin b
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restrictions, was also found for monaurally presented sound sequences.
Bakker (1970) demonstrated that the degree of asymmetry produced by
monaural stimulation was related to the capacity of the subject'for

ordered recall.

Clinical Evidence of Cerebral Specialization

-

The behavioral baées for differentiating hemispheric functions
were largely derived from clinical observations of hemispheric
dysfunction. For example, patients with unilateral left temporal
lesions show impaired performance for the learning and retention of
verbal material (Milner, 1968). regardless of the technique uséd to
elicit responses (B]ackmoreA& Falconer, 1967; ﬁf}ner & Teubef, 1968).
Patients with uniTateral right temporal lesions have diffidu]ty in the
recall of visual and auditory stimuli, but they generally do not suffer
verbal impairment (Milner, 1971). Using the Sééshore Measures of
Musical Talents, Hi]ner (1962) found that left temporal patients
‘exhibited no'change 16 test scores before or after lobectomy proce-
dures; righf temporal patients following righf.temporal lobectomy,
however, recorded an increased number of errors on timbre and tonal
memory subtests. Sfmi]ar]y, dichotically presented melodies were
impaired in a right temporal patient groﬁp, whereas dichotically

%resented digits were selectively impaired in a damaged left temporal

patient group (Shankweiler, 1966); Using another type of perceptual

" “task, MiTner {1965) and Corkin (1965) both found that maze Tearning'in k
patients following right temporal lobectomy was much more impaired than

in patients following left temporé] lobectomy. .
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, " In a dichotic listening'task which used digits and synthetic |
syllables, Zurif and Ramier (1972) found tﬂat patients with right-Side;
“lesjons had a disrupted perception of speech sounds, whereas patients
with left-sided lesions had trouble with the phonological procegsing of
speech information. Bisiach and Faglioni (1974) found that PatithS

with unilateral damage to the left hemisphere had difficulty in the

”dé1ayed'¥écognitjon of complicated shapes. Damage to the#right hemi -
;phere has also inc1uded impairment in the capacity for Tine
orientation tasks (Harrington & Rabin, 1970), fac1a1;recoghition

(De Renzi, Fag1iopi, & Spinnler, 1968), and stereopsis-(Carmoh &
Bechtoldt, 1969). Lesions of the parietal® lobe of the dominant hemi-
sphere have been accompanied by impairment in symbolic thought, general
reading disturbances, and a diminished ability to perform arithmetfé
calculations (Alford, 1948; Critchley, 1969). Deficits in tactual
abilities are often accompanied by right hemisphere damage (Carmon &
Benton, 1969; De Renzi & Scitti, 1969). Boll (1974) found that
patients suffering right hemisphere damagg were more impaired on
contralateral and ipsilateral tacti1é perception tasks%than comparably

damaged left hemispherg patients. When letters of the alphabet were

presented tactually, Witleson (1974) found that the left hemisphere had

no special advantage over the right hemisphere. Interestingly, blind

children reading Braille were found to be more efficient when they used

N

their left hand (i.e., right hemisphere) than when they used their

or ey [

- right hand (Hermelin & G'Connor, 1971).»- Except for certain aspects of
t?? speech, deficits in frontal ékea§ are usually more subtle to detect «

‘than for other brain areas. Milner (1971) however has found that

ST
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patients wfthriéft or E%QBE”%%&H£A1W1;§%655 are génera]]y gnab]e to
modify ongoing behavioral activity in rapidly changing situations.
Using tests with medium and long dé]ay periods (e.g., facial
recognition tasks), Milner (1968) found thaflrightrtemporal patients
were impaired in the perception of complex patteéhs than when compared
to left temporal patients. These left and right differences vanished
*ﬂ“however?forgthe*tests~offshorterwduratﬁonf"“Shai;4GoodgTass:*and*BartonA‘;“‘*‘*“A‘f*
(1972) tachistoscopica11y;presented verbal and nonverbal stimu1i‘fﬁf
-:;f1ents w1th/yn11atera1 brain damage. The damaged groups were

mparable in extent of injury (arteria] accidents, tumors) and were *

tested approximately 20 weeks after surgery. Left brain damaged
patients were aphasic and occasionally suffered right hemiplegia; right
brain damaged patients had either left hemiplegia or some sensory W
disruﬁtion on the left side of the body. Stimuli were monocularly
presented at a threshold exposure plus a constant time period; the ' K
subject selected his answer from a stimulus array before him. A non- i

damaged patient group was iné1uded for comparison. The recognition

g

ol

scores for the left patient group showed that Fhéy performed better
with both types of material presented in the left visual field. Scores

for the right patient group demonstrated that both verbal and nonver?}}
materials were identified more correct]y from the right than from the

Teft visual field. The norma] patient group showed the usual visu%l;
”"“fright”fﬁe?d*super%nrﬁty‘for‘verba%ﬂmateria%T“Ther34w33431504evide&éé****
that the field of a particular eye accounted for the major differences.

et P e e S G -

For the normal group, it was the right field of the left eye that made

the most significant contribution to correct responses. For the left



18

brafh damaged group, the left field of the right eye contributed most
to correct scores; for the right patient group, the right visual fields
- of both eyes were the main contributors (for both verbal and nonverbal
stimuli). The nondamaged patﬁent group showed no field differences. for
the nonverbal stimuli. .

In an extensive discussion of the findings concerning

sensorimotor deficits in patients with left, right, and-bilateral
lesions, Semmes (1568) suggestgd that the left hemisphere appeared to
have a f0ca1 characterization in functioning, whereas the right hemi- é'
sphere appeared to have a diffuse almost over]abping functional

organizatidn. Shé argued that the "concept of cerebral dominance is ’ ’
not heipful for if proposes nothing &bout hechanism“’(p. 11) énd

sometimes offered 1ittle more than a label or statement of the results

of hemispheric injury. As a consequence of the postulated compact

ordering of functions in the Teft‘hemisphere, dysfunction for certain

tasks might be related to very specific lesion sites. Further, the

specific decfehents in performance might be interpreted as dominance of .

that hemisphere for that particular task. In addition, the right hemi-

- sphere, %}%hkpﬁg proposed diffuse organization, may undergo discrete

injury but without .the overall traumatic performance decrement that ’

might be observed for the left hemisphere; the diffuse functional

patterning of the right hemisphere may serve spatial relationships

< b b o B g

i

- better than either a focalized or centralized cerebral functioning.

From some standpoints, Semmes' theory about cerebral functioning

coincides with Bogen's (1964) earlier characterization of hemispheric

activity. Based upon a large number of clinical observations, Bogen

]
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was able to generalize that each hemisphere was distinguished by a
separate mode of thought proces$ing; the left hemisphere exhibited.an '
ability for symbolic or verbal analysis, whereas the right hemﬁsphere
appeared more suited for the integration of visua1/or’ihage rgla- )
tionships. In an extreme consideration of one-sided functioning,

Obrador (1964)~geported cases of hemisphérectomy in which some

Tanguage and e;g;Ahighg;rmotor activitieé"werek;giainéaﬁﬁb matter
which hemisphere was removéd.

From studies with commissurotomized patients, Gazzaniga and
Sperry (1967) found that the dominé;ce of the“left hemisphere was not
always absolute; in fact, certain functTE:Z?e;orma11y attributed only
to the left hemiSphere; were also carried out in the right Eemisphere
(Sperry, 1973). Using commissurotomized patients, Nebes (1973)
tachisfoscopica]]y presented special 11ne—dptrarrays to the 1eft and
right visual fields. When the subjects indicated their responses by
finger movement, more accurate determinations of orientation were made
with left than right field presentations. Mi]nér, Taylor, and Sperry
(1968) tésted'cmnnissurotomized patients in a dichotic listening
sftuation. Simultaneous input to both ears showed that the patfents
‘failed to report digits from the left ear. ‘In contrast, a monaural
control session showed 87% and 90% recall for digits presented to the

left and right ears, respectively. Similarly, Sparks and Geschwind

et Jq:in‘»i&fw L “-

c,:\-\im\‘ o

(1968) observed 100% extinction for left ear performance on dichotic

listening tasks for a patient who underwent bisection. Milner and
Taylor (1972) examined the ability of the minor hemisphere to match

tactile nonsense forms to visually presented versions of the nonsense
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forms. Split brain subjects showed the left hemisphere was greatly
impaired in tactual form perception than when compared to the right
hemisphere. Similarly, Nebes.(1972) reported a definite advantage for
commfssurptomizéd:pat{ents when they used their left hand (right hemi-

sphere) to match tactually visual shapes/presented in fragmented form.

With commissurctomized patients, Gazzaniga (1970) reported that verb

— —commands; e.g-; taugh; tap, etc.; flashed to the right hemisphere
 produced no response, whereas the;1eft hemisphere showed no difficulty
in executing the command response. When patients were to retrieve
objects, thié time indicated by noun forms, the right hemisphere had
no difficulty in executing the task. |
So far the specificity of function observed between the hemi -
sphéres does not find a paraT]e] in the gross morphology of the bréfﬁ,
.farmon and Gombos (1970) noted at least oné exception, however. The
Qach]ér blood supply to each hemisphere is served direét]y %fém the
aortié arch, whereas the right hemisphere is supplied by a vascular
trunk shared with the upper extremities. These investigators co11écted
indirect blood pressufe measurements in Teft-handed, right-handed, and
ambidextrous patients. Arterial pressures were found to be higher on
the right §ide for most right-handed patients; pressures'were higher‘{
on the left side for most of the left-handed patients; ambidextrous
patjents had pressures that were approximately equal. Higher
~—eorre%at%eﬁs;betweenmpressuFegandmhandednessAwerégattained;fergsystqlicggggggggg;gf
than for diastolic pressures. - ®

Recéntly developed techniques for observing regional cerebral

blood flow (rCBF) have shown different blood flow distributions
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according fo task demands (Ingvar & Schwartz, 1974). Increased rCéF
was observed in mid-rq]andié'aréas with hand worii The production of
Spoken language showed rCBF increases in the dominant hemisphere which‘
included anterior and posterior speech areas and rolandic areas. This
pattern of blood flow distribution was changed when subjects engaged

in abstract th1nk1ng and prob]em so1v1ng For these latter situations,

rCBF increases were observed in fronta] and postcentral assoc1at1on

areas.

Human Scalp Recorded Evoked Potentials and
Hemispheric Processing

Based on the evidence of differentié] cerebral processing,
R. Cohen (1971) biaurally presented selected 5t1mu11 in an effort to
provoke lateralized electrical brain activity. The nonverbal right
hemisphere stimulus was a simp]e'lo-m111isecond click (called "noise"
by Cohen) delivered through headphones. For the left hemisphere,
subjects listened to single syllabl® words (“cat," "bar," and "rat")
of 150 milliseconds duration Average aud1tory evoked responses
(AERs) were recorded from the scalp by a Teft temporo-central ?ﬁd right
temporo-central e]ectrode configuration. The stimg]i were presented at
a rate of'one per second for two different sweep rates énd a varying

number of summations. The AERs to click stimuli indicated that the

ﬁm~fr4ght hem#sphePe—ieéf%he44eft4hem1sphere—w}th—ﬁn—%n%t%a%—pﬁ%%t%V&
wave. Both hemispheres then showed corresponding multiphasic_ waves

for the rest of the sweep period. Compared to the right hemisphere

averages, the left hemisphere records for click stimuli were generally

EE]
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of lower amplitude and were delayed. Average evoked responses to

Verbal stimuli produced initial synchronous negative activity over both
hemispheres. The onset of negativi;y varied with the particular
stimulus word but -ranged_ from 30 to 50 milliseconds. - Succeeding

o

secondary waves were similar over both cerebral hemispheres. 0f the

37 subjects tested, 20 showed AERs of approximately equal amplitude to
the verbai stimuli; for the remainfng subjects, however, larger
amplitudes were found over the left hemisphe?57‘ The records from four
teft-handed subjects were comparable to the%ﬁéﬁﬂominate]y right-handed
group for both click and verbal stimuli. -Cohen (1971) conclided that
the c]jcks were initially processed in the right brain, whereas verbal
materiq} elicited greater coftical activity over the left brain,
Earlier, Schafer (1967) recorded specific cortical responses to the
spoken letters "t," "o," and "d" over left temporal areas and right
sensorimotor scalp sites. |

In a normative study of human visual evoked responses (VERs),
Harmony, Rfcardo, Otero, Fernandez, L1ofente, and Valdes (1973)
recorded electrical aftivity from Homo]ogous central, temporal, and
occipital sca]p 1ocations. The measures used to evaluate the evoked
urespon;;s included tatency differences, amplitudes, waveform

’ : o
similarities, and derijved left-right energy ratios. Aside from small

~differences, the comparisons between homologous placements indicated

that the VER waveforms were very similar. However, an example of

Tateralized activity for simple stimuli has recently been published
by Davis and Wada .(1974), These investigators found that a frequency

analysis of evoked responses revealed more coherence for click

L 4
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st1mu1at1on from the left than right hem1sphere whereas flash
responses were more coherent from the right than from the left
hemisphere. ’ : ' ) -

Wood, Goff, and Day 61971) examined .in. more detail the'neura1
concomitants (in the_form of AERs) related to the Tinguistic processing

Y

of auditory stimuli. The experimeanxs hypothesized that if the left

”hem1sphere was spec1a11zed for the extraction of verbal features. some
corresponding electrical actjvity should be visible in the averaged
’recordsg especially wpen compared to nonverbal hemispheric processing..
- Their study involved the activity ‘evoked by the_samevcpnsonant-VOWE1
sy11ap1e duriné two auditory distrimination'taskSa The first task,
ca]]ed Stop Consonant, presented the subJect with_certain signal '
parameters in order to provide 1ingu1st1c information. The sy]]db]es
used.were "ba"/low and "da"/low. The second task, called Fundame;tal
Freguency, provided no linguistic information at the.phoneme 1eve1 but4
differéd phTy ia_fundamentai frequency; the stimuli for this condition
were "ba"/low (104 Hz)‘and "ba"/high (140 Hz). The subjects were given
eaeh task separately;'they were jnstructed to press a button as quickly
as possible far the "bafig;f"da" in the Stop Consonant condition, or
press a;buttop‘fdr "ba'/Tow or "ba"/high in the Fundamental Fregquency
task. The stimu1i'were’cpmputer generated with a duration of 300

milliseconds; each of the stimuli was clearly identifiable in pretrial

testingf 'Honopoiar sca1p recordings were taken from temporal and

central (T3, 63) 1ocat1ons “over the left hemisphere and temporal and
central (T4, C4) 1ocat1ons over the right hemisphere. The sampling

epoch for ageragwng ‘'was 490 milliseconds; data collection started at
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a the onset of the stimulus.

. Average evoked potentials to the same stimulus QE;e combined
across subjects to obtain nscérds based Jpon 1920 trials for each task
and electrode location. Addifiona]]y, the final waveforms were divided
into p}eresponse (épproximate]y 200 milliseconds) aﬁd motor response

intervals. Netiral eveﬁts, mirrored as AERs, should be the same if the

bréihwmékeé'ﬁamaistinéfioh between ;éfﬁafréﬁd”ﬁ&ﬁQErba1 parameters.

The results indicated that the right hemisphere AERs were 1dehtiea1 for
both tasks, as measured‘during'the préresponse interval. In the left
hemisphere, however, sfatisticaﬁ]y significant differences were found
for the tasks that required linguistic and nonlinguistic anaiysis. The
resu]ts of thé motor respbﬁse intervals indicated that diff;rences for
each hemisphere_occurred durigz both experimental tasks. The inves-
tigators were able to rule out the effects of motor interval reactién
times to preresponse differences in the AERs, but they were not able to
say that reaction times had no effect on the motor interval. In
‘suhmary, Wood et al. (1971} concluded that (a) time point differences
*otc&rred béfween the hemispheres during a task that required verbal and
nonverbal analysis; (b) the differences occurred only over the left
hemisphere; and (c) the differences were not due to subtlety of s%gﬁal
structuré or‘motor respanse.

Morrel and Salamy (I1971) collected cortical responses made to

S

Ruman speech sounds. Monopolar scalp.derivations from homologous

anterior (Broca's area) and bbéféffafr(ﬁé?H?EEé's érea) sites tended
o o
to have a negative component that was larger over the left hemisphere

than over the right hemisphere for the spoken nonsense words; a later
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positive component (150 mi]]iseconds) was uniformly distributed over
scalp sites.. 0 A

In both'verbal and nonverbal conditions, Matsumiya, Tagliasco,
Lombroso;-and Goodglass (1972) reported a study where the meaning of
‘the stimulus was manipulated. In Conditionyl {called undiscriminated

words), four monosyllabic words ("back," "t1ck " "back " and "cook")

were randomly interspersed between nonspeech sounds. In Condition 2
(ca]]ed undiscriminated sounds), four types of mechanically generated
noises were interspersed among the words of Condition-1. In Con- |
dition 1, the subject's task was simply to total the. nunber of words;
in Condition 2, the subJect totaled the numbenJof noises. Condition 3
(called discriminated sounds) contained on1y the sounds of Condition 2
without words; the subjects were instructed to determine how many types
of sounds they‘cou1d distinguish. Lastly, Condition 4 (called mean-
ingful speech) consisted of ten sentences delivered in a spaced pattern
of speech. ATl stimuli were edited to a duration of 485‘mj111seconds.
Scalp recordings were collected from each hemisphere and were summated
for a 250-millisecond epoch{from the onset of the stimulus.
The AERs for eight of the nine subjects (all right-handed);were
larger over the-1eft hemisphere in Condition 4 (sooken sentences) than
\,ov?r the right hemisphere. Although not as striking, larger left hemi-

sphere amp11tu€%s were found for Condition 3 (discriminated sounds)

“than for Condition 2 (und1scr1m1nated sounds) For three subjects,

+-

average evoked potentials for Condition 1 (und1scr1minated words) over

the 1eft hemisphere were generally Warger than for Condition 23 three

subjects, however, showed larger amplitudes over the right hemisphere
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for the same experimental conditions.? The peaks that were measured
had latencies in the range of 100 milliseconds; within that t{me: as
the investigators noted, only aboJi gne-fourth of the stimulus word
was heard. Thé sca1pkr§cords probably do not reflect differences in
the stimuli in that time. Instead, they were probably related to the

perceptual set of the subject. Thus when the subject had to use the

meaning of each word, as in Condition 4, larger amplitude asymmetries
were producéd than when the meaning of each word was minimal, as in
Condition 1. In Cogditions 2 and 3, where the sounds were physically
“the same,'amplitude asymmetries were elicited by simply imposing
different tasks or instructioh sets on the subject. Matsumiya et al.
(1972) concluded that the occurrence of asymmetries in the AER might
include more than jusf the use of verbé] and nonverbal stimuli; indeed,
factors such as subject set or subject attention may play an important:
role in the observation of hemispheric asymmetries.

Factors Influencing Evoked
Response Activity

Before proceeding further with studies investigating cognitfve
‘differences from scalp evoked potentia]sg certain factors influencing
the cortical responses themse]gés should be discussed. For this
purpose, several experiments dealing with visual, auditory, and

somatosensory responses are briefly considered.

e ey g

Visual evoked responses from the scalp were monitored by -

(SIS RUE L T PR

Garcia-Austt;7Bogaci;réhdﬂvgﬁiuf11'(iééﬁjrdgfing sessions of forced
attention or during sessions with injected intérference. Interference

stimuli consisted either of tones or clicks at 70 dB. The VER waveform

P
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during focused atpentionzﬁndicated a generai increase in the numbé;xof
VER components, i.e., PyNj, PoN2, E3N3, etc. When the subject simpfy
counted the flashes during stimulation, there was éncinérease in the
size of the VER, especially for the later components. Intérferénce

produced an overall decrease in the VER amp]ftude.

~ Satterfield (1965) conducted a study to determine the effects

of attention on evoked cortical responses. Subjects were instructed
to attend either to c1ick or shock stimuli during the alternate
presentation of clicks and shocks. The overall results indicated
that averaged cortical activity was 1ncreased.for the stiﬁu]us
attended, whereas unattended stimuli were suppressed. In three
different vigilance tasks, Spong, Haider, and Lfnds]ey (1965) recorded
visual and auditory evoked responses from occipital ahd temporal
reg5ons of the scalp. The experimental conditions included

(a) attending to a brightness change, (b) a key-pressing task; and
(c) a counting task. The stimuli were simple fTE?EZs and clicks
a]ternate1y presented. For the brightness and key-pressing'tasks,
VERs in the occipital area were larger for flashes than for clicks.
In the temporal area, subjects who attended clicks showed larger
amplitude AERs than subjects who attended flashes. For the counting
task, no similar trends in the evoked responses were observed. The

~investigators suggested that counting by itself may serve as a

distraction damaging to the attentive state. Generally, perceptual

discriminations that demanded close subject attention were paralleled
by a corresponding change in cortical activity.

Considering the informatjon delivered by simple stimuli,
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Sutton, Tueting, and Zubin (1967) reported on the significance of a
large positive process in evoked potentials that occurred approximafe]y
300 mi]]iseconds after stimq}us presentation. If a subjectAwas
required to make a response to a stimulus that reso1vedlsome

uncertainty, this late component, or P300 wave, was generally of larger

amplitude than when the response did not resolve any uncertainty, e.g.,

when the subject had prior knowledge of the fOEEHESQEHg stimulus. In
the latter situation of subject certainty, the stimulus only marked
the time of its occurrence; in the former situation, however, the
uncertain stimulus provided information in addition to the time of its
occurrence. Further, if the information carrying stimulus was
delivered externally, a larger positive component was observed than
when the absence of an external event, in effect, delivered
information.

John, Herrington, and Sutton (1967) demonstrated that VER
Qaveforms were not only determined by simp1e—receptor stimulation but
were also affected by the perceptual context of the stimulus. Their
data were collected from monopolar scalp recordings located on the
midl1ine 3 cm above the inion. Four pairs of stimuli were comparedf
(a) a btank fie1d versus a field containing some geometEic'shape,

(b) one geometrica1‘shape versus a diffeeegt shape of equal area,

25
{c) two figures of the same shape but different areas, and -(d) the

b

AL

,5“\;9”,‘5,;‘,;;;.— i

words "circle" and "square" (equated for letter areas). The VER

st 4T W 3 A

ry

averages werexexpressedhgﬁ termé of emdeEEFﬁbtbr, » (Lambda), a ratio
formed from the root mean square (rms) difference between waveforms.

The VERs to blank fields and a geometrical form were different; also,

AR B s N S o
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the VERs were diffefeﬁt for dissi@i]ar figures of edﬁa] area.ﬂxgigures
of identic§1 shape put unequal areas, howevér, produced YERs thatl® were
similar to each other. Thé VER results for different words indicated
Vdissimilar waveforms. The evoked response records prdvided evidence
of a physiological correlation to perceptual pfocessing.

In a continuous vigilance task, the subject normally attends to

all the stimuli that are presented (Ritter & Vaughan, 1969). Evoked
responses that are recorded during a continuous vigilance situation,
therefore, may not always register changes in subject attention.
Citing from an earlier study, Ritter and Vaughan demonstrafed thai
small stimulus changes, randomly embedded in a séries of repetitive
stimuli, evokeé a prominent positive cbmponent (P300) in the aver9ged
response.. The appearance of this 1ate9component was considered the
resuit of attentional shifts or orienting responses. In their 1969
investigation of attention and evoked response activity, both visual
and auditory stimuli were used. In the visual condition, repetitive
flashes, one every 3 seconds, were presented. Interspersed among the
regular flashes at random times was a signal f]ash of slightly dimmer
intensity. The subject pressed a key whenever he detected the signal.
In the auditory condition, tone bursts of a standard level, 40 dB, were

presented; embedded among the regular tones was a signal tone at 35 dB.

Again the subject pressed a kéy to indicate his detection. The results

from scalp averaged responses disclosed that the vertex and occipital

sites exh}bfted a Téfé pbsitive component (latencies ranged from 300
to 500 milliseconds) to the detected signals. Averages for nonsignals

(standard stimuli) or undetected signals did not display this late
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component.  As soon as the iscrimination task was made more difficult,

a late component was foun
stimuli. If, on the other hand, the discrimination was made easy, the
late components £ov both the standard and the signal stimuli were at

first present but then disappeared as the trials proceeded. The late

' : 30

for both the signal and the standard —~—

_component that was elicited under the different vigilance tasks was:
most 1ikely dependent on cent(al processing for the cognitive signif—
icance of the stimulus. ,

Hillyard, Squires, Bauer, and,Lindsay (1971) performed a study
to, investigate the amplitude of the P300 during antahditory signal
detection task. On each trial the subject decided whether auditory
noise, presented at threshold levels, was detected (or not detected)
against a background of continuously presented noise. A monopolar
vertex electrode was used to obtain AERs to hits, misses, false alarms,
and cqf;ect rejéctions. The AERs indicated that the P300 appéared only
on thé hit trials; the P300 was not evident or was greatly reduced in
amplitude in the other trials. The size of the P300 during the hit
trials was shown to increase over a range of signal intensities.

In another signal detection experiment, Paul and Sutton (1972)
held the signal parameters or stimulation constant. Changes in the

observer's qriterion were manipulated by varying the a priori prob-

ability of the signal and by changing the payoff matrix. The

~ observer's task was to indicate his detection (yes/no) during an

2 m.‘,i:'sﬂn oL MR 1 T L e
N

observation interval. The interval consisted of a period of white

noise where the signal, a click, was injected (or not injected).

Auditory evoked responses were recorded for hits, misses, false alarms; .

R oy
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" and cdrrect rejections. Three levels of a priori probabilities were

—_ used: (a) .25 (cautious), (b) .50 (unbiased), and (c) .75 (liberal).

—_—

The late positive compoﬁEﬁEE(P300)’for hit trials was largest for the
unbiased condition and smallest in the 1ibera1 condition.

Velasco and Velasco (1972) investigated the psychological

— ... -significance of stimuli and the amplitude of the average somatic
evoked response (SER). The stimuli consisted of threshold levels of
shock delivered to the left median nerve. Scalp recordings were
collected from right somatosensory areas and the vertex. The signif-
icénce of the stimili were manipulated by instructing subj cts (a) to
ignore the stimulus, (b) to press a key after each stimulus, or (c) to
attend another extraneous stimulus and ignore the shock stimulus.
Results for the SER amplitudes indicated thét the early components of
the SER remained the same during the'three experimenta]kconditions.
The late components of the SER, however, were at’'a maximum during
attention and were at a minimum, during dist;action.

Cernacek and Podivinsky (1971) studied the development of
handedness in infants with the deve]opment’of an early negative
component of the SER. The experimenters cited an earlier report where
a correlation wa$ found between handedneés and the appearance of an

ipsilateral SER. Cernacek and Podivinsky pointed out that handedness

,WW1ﬁmhmL@ﬂMJﬁMWJM4%4M$M%MJMW&M%MM—ﬂmﬂmP
*study of the development of the SER component, 29 infant subjects from

35 to 48 months of age were tested. Infant handedness was determined
by observing the grasping patterns that were made toward a desired

~object. The young subjects were stimulated on the left or right ulnar
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nerve at motor threshold levels. Average evoked potentials were
collected from bipolar pariété] locations over both hemfbpheres w;th a
common vertex electrode. (The lateral parietal placements were
intended to be positioned ove; hand projection areas.) The SER results

were reported in age categories along with characterizations of the

o

~ typical grasping pattern. Infants of 5 - 6 months displayed a negative ,

peak (N7) in the SER (20 - 30 milliseconds latency) over the hemisphere

contralateral to stimulation; this age group did not show a preferred

hand. The 6 - 8 month group, characterized by a significant number of ‘

bimanual graspings, showed a distinct N wave on the contralateral
hemisphere and a distinct negativé wave on the ipsilateral hemisphere.
‘The final group analyzed, 8 - 9 months, waﬁ ciassified into definite
hand preferences--dextrals, sinistrals, and%gmbiggxters. This oldest

group'of infants exhibited a prominent N; peak on the contralateral

hemisphere; however, the ipsilateral Nj peak was now greatly attenuated

and delayed. Amplitude data‘indicated the right-handers had larger
left hemisphere responses fo Teft wrist stimulation than the right
hemisphere. Records for ambidextrous infants indicated no differences
between the hemispheres. Left-handed infants showed larger right than
left hemisphere responses, but the differences were not to the same’

degree as that found for right-handers.

. ”*Wm;EagﬁﬁgiﬁaAWﬁTf§4T1967) reported a study that.used visual

stimulation over different parts of the human retina to investigate —

evoked response activity. Fourteen sites of stimulation on the
horizontal plane of the right eye of one subject were chosen. The red

stimulus flashes (presented at,1 cps) subtended a visual angle of 1°.

T
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Visual evoked responses were recorded from one active monopolar

- electrode on the right hemisphere'(approximate]y 02) for 100

'f1ashes. When symmetrical sites on the two retinal halves were

compared, the results indicated that smaller VERs were found for

stimulation of the nasal hemiretina.

The effects of retinal stimulation ahd)evoked potentials were
expanded in a follow-up study by Eason, Groves, White, and Oden (1967).
The primary objective of this study was to investigate the relation
between visual half-field stimulation and the corresponding cortical
Eesponses from the two hemispheres. A sécondary objective.of this
study was to exaéine the influence of handedness upon the hemispheric
responses. Monopolar recordings from left and right occipital 1d%es
(2.5 cm above the inion and 2.5 cm to the left and right of midline)
were co]]ected.b Evoked responses were summated for 100 or 200 binoc-
ular flash stimulations. The red or blue stimulus 1ight subtended 1°
of visual angle and had a duration of 10 microseconds. Ten retinal
sites located 10° apart on the horijzontal merid1a; were stimu]afed.
Ih describing the visual field results, the Tobe which first received
impulses over direct classical pathwayé was considered primary,

whereas the 1obe that was not directly connected to primary pathways

was consfdefed secondary. For every retinal site and for the two Teft-

handed subjects tested, larger evoked résponse§ wgre'recorded from the

right nem1spneke when it was considered primary than when it was
considered secondary. For the single right-handed subject tested, no
consistent differences between the hemispheres were observed. The

response of the secondary lobe at a given site of stimulation
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paralleled that of the primary lobe. Additional left- and right-handed
subjects were tested in order to examine further the effects of

handedness on hemispheric responses. The VERs collected for left-

" handed subjects indicated that larger amplitude responses were evoked

from the right hemisphere than the left hemisphere. No consistent

~ differences in VER»qmplftudes were observed for the right-handed

subjects. |

Eason, Oden, -and White (1967) considered three variables of .~
retinal stimulation and the corresponding VERs. The variab]es inves-
tigated included (a) the site of retinal stimulation, (b) flash
intensity, and (c) wavelength (red versus blue). Retinal stimulation
was restricted to eight sites of the temporal retina of the right eye.
Both red and blue VERs from the right occipital hemisphere showed
deflections of larger amplitude when the retina was stimulated near‘the
fovea. Decreasing amp]itudes were observed as the flashes were
directed at»progressive1y more peripheral sites. For both co]ors,‘;
increased 1atenc1es'1n the major components of the evoked response were
observed with greater distances from the fovea. For both high and Tow |
levels of stimulation, VER waveforms/were essentially the éame.

Lehmann and Fender (1967) studied the effects of target struc-
ture on the VER. They presented a flashing blank field stimulus to the

right eye while the 1eft eye observed fields of differing complexity.

(Stimuli for the left eye included a blank field, a dot, a cross, and

a grid.) Bilateral parieto-occipital scalp recordings were collected
to form the VER averages. The results indicated a decrease in rms uV

amplitude as the field structure for the Teft eye increased. Lehmann



and Fender concluded that the VER in’this_cése was "an index of the
loading_imposed on the/visua] areas by Fhe structure of the‘stéadi]y
it}1uminated target seen by the contralg%éra] eye"-(téhmann & Fender,
1967, p. 205). - -

Lehmann, Kavanagh, and Fender (1969) recorddg, visual evoked

- responses from a SubJect with a split optic chiasma (wifhf?éSUTfihg
bitemporal hemianopsia). Monocular flashes were presented at 3.7 cps.
-The VERs from symmetrical parieto-occipital sba]p Tocations showed
similar wave;hapes but inverted polarities. Compared to normal ﬁ
subjects, the split brain subject demonstrated that the VERs from tﬁeii” 
ipsilateral hemisphere were éf normal po]arity,.wherea§;M§Rs from the
contralateral hemisphere were inverted in polarity. o

Lehmann and Fender (1969) attempted to test the amount of
centra]iinteraction, in terms of VERs, to dichoptic stimulation from
a squect with a traumatic split of the optic chiasma. Monocular
egt;pboscopic flashes were presented to one eye while the other eye
Viewed steadily il1luminated targets of varying comp1exity. Symmetrica]
parieto-occipital recordings from the scalp were co]]etted; The VERs
showed no evidence of interaction bétweeb the dichoptic stimuli. This W

is in distingt contrast to normal subjects where dichoptica]]y

presented stimuli altered the. VER waveform; presumably due to the

infTuénce of central mechanisms.

Additional Experimentation Relating
Evoked Response Activity and
Hemispheric Processing

Buchsbaum and Fedio (1969) undertook a study to examine the
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hemispherib VER'pétterns to verbal and mpnverbal stimuli recorded from‘ ‘
the left and right hemispheres. Three types of compyter generagéd
stimﬁ]i were used. Verbal stimuli consisted of threeﬁlettér words
(nouns, verbs, and értic1es); nonverbai_stimu]i consisted of a set of

r_patter'ns'constr'ucted Ffom an artificial alphabet made toﬂresemb1e {

_three-letter words; lastly, another set of -nonverbal-stimuli—was
generated into random dot designg} The stimuli were displayed to the
subjects on a screen (8 x 10 cm) as blue dots on a black surround.
Scalp recordings were collected froﬁ locations 01 and 0,, referenced
to ipsilateral ears. Visual evoked responses were recorded gbr
words-random dots and words-designs. Stimuli were presented at
1-second intervals for either 40 milliseconds or 500 milliseconds.

The VERs' recorded from the right}hemisphere showed that the
latency of thé'posﬁtive peak (P300) was shorter (24 milliseconds) for.
wprds than for either dots or designs; left hemisphere 1atenéies were .
in the same direction but were not as great. The experimenters
described a correlational index, z (Zeta), which discriminated VERs to
words, random-dot patterns; and designs. Greater discriminabi]ity
between stimuli was produced for the 40-millisecond than for the
500-millisecond stiﬁu1us presentation fimes. Further, the index

differentiated word VERs from design VERs‘in the left hemisphere. The

~ right hemisphere showed higher correlations—for VERs—to words, dots,
Contrasted-with the left hemisphere, the right hémisphere processing
was more uniform and much less differentiated.

Buchsbaum and Fedio (1970) extended their 1969 report to
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include verbal and nonverbal material presented to the'left or right,

‘visual fie]dé, The stimuli and experimental design were similar to the

1969"study. Visual evoked responses to verbal and nbnverba] patterns

r'd

produced different waveforms fromVEhe separate occipital hemisphekes.

Prima}y pathways discriminated words andfforﬁs better than secondary

37

“pathways. The largest differences between word and form stimuli were

observed from the left hemiretina (right visual field) as recorded from

the left hemisphere. Visual responses from the right hemisphere were -

more stable and appeared more uniform than those collected from the

-left hemisphere. Regardless of the field of retinal projection, both

hemispheres recorded more stable VEﬁs to‘nonverbal stimuli than to word

stimuli.

Using a modulated Tight source as a stimulus, Pfefferbaum and.

Buchsbaum (1971) investigated the effects of sex, handedness, ‘and

hemispheric activity upon the average evoked response. Scalp

- recordings were gathered from vertex-ear and vertex-occipital der-

ivations on the right hemisphere and vertex-ear and vertg;-occipftal
derivations on the left hemfsphe?e. Four ﬁeptﬁs b% modu]atgz light
around a mean of 100 ftL were usgg: 1%, 247, 34%,‘and 42%. The .
averaged Vgﬁ‘yaveforms'were,ana]yzed by Fourier analysis forrtﬁe first.

(10 Hz) and second {20 Hz) harmonics.” The vertex-éccipital electrode

13

‘configurations produced larger VERs than vertex-ear placements for both

the first and second harmonics. - From vertex-occipital records, left-

handed subjects produced VERs thatyincr%ased in amplitude for the first’ .

and second harmonics with increased depths of modulation. For right-.

handed subjects, hbwever, symmetrical VER activity was obtained at all

-—
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e]ectrodé configurations witp 1ncréa§ed déﬁ£5;7;¥”;;&;jated light.
NousignifiCant differences in VER amplitudes Were found between males
or %;ma1es. However, left-handed subjegfs showed more asymmetric VERs
fa; occipital locations than 1eft-handed fema?é; or fight—haﬁded males
(or females). Pfefferbaum and Buchsbaum cbhc]uded tﬁeir discussion of

the results by saying, "stimulus intensity as well as handedneSs;must

be cons#dered"when’Tovk#ng’for“hemfﬁphé?ic asyﬁﬁéf?y'Tﬁ?fﬁé‘AERATVER]"
(Pfefferbaum and Buchsbaum, 1971, p. 239).
Generally, patients with left temporal dzmage have difficulty
1Q tasks reQUiring,tpé use of verbal memory{ in diéfingtion, patients
with right temporal injuries display deficits for a vqgﬁety of percep-
tual functions, e.g.i’impairments in tachistoscopic recognitién of
figures or in the discrimination of complex stimuli. In a recognition .
~ task of verbal and nonierba] material, Fedio and‘Buchsbaum (1971)
tested.a group of temporal Batients with stimuli prgsented“in the left

N and right visual fields. Eleven patéents.ﬂith either left or right

'fempora1 lesions and determined to be Teft hemisphereaspeech dominant
Served as subjetts; the patient group was coﬁpared to 16 normal
individuals from an earlier study. Visua] field defects due to
temporal lesions for all subjects were outside a 10° central field.

0f the experiménta1 group, all were right-handed and showed a right eye

preference: Visual evoked responses were summated t9/ver9a1 and non-

verbal dot stimuli from the Teft«(0;) and right (0,) hemfspheres. The
overall results indicated that word and dot stimuli produced more - L
dissimilar VER waveforms when the material was presented along the

~

primary pathways than secondary pathways. The largest differences for
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VER waveforms were shown for stimuli flashed in the right visual field
and recorded from the Teft hemisphere. Visual evoked resoonse activity
from left temporal patients to verbal stimuli was not different for
either right or left field stimd]ations For both cerebral hemispheres,
VERs from patients with right temporal 1esionsAprodoced}greater |

differences to words than to dot figures; these patients also showed

1ess VER stab111ty to dot st1moii than the other pat1ent groups.
Generally, VER recordings were more stable from the lesioned hemisphere
than fromrthe normally functioning hemisphere;

. She?burne (1972) atfemp;ed to finq a physiological basis for
reading disabilities by recording responses evoked to words and non-
sense trigram syllables. For each normal word preseneed, a
corresponding nonsenseatrignam was generated. The trigram was formed
from a stimulus word by changing the last letter. For example, the
stimulus wordA"cat" was transformed into "caf." The trigram stimuli
were presented one letter at a time with 1-second intervals between
letters; the third Tetter in the'frignam marked;the end of a trial and
signa]ed the subject to indicate his decision as to whether the CVC
was a word or nonsense sy]]ab]e Auditory feedback was provided to the
subject to 1nd1cate his corrextness or 1ncorrectness ?ﬁe computer
started data collection at the onset of each letter and sorted VERs to

each 1etter’bos1t1on in a trial. Monopolar sca1p recordings were taken

PN,

from the vertex (C ), ,Jeft parietal (P3), and right parietal (Pg)

locations. The ana1ys1s of first and second position letters showed no
d1fferences between words and nonsense sy11ab1es However, third

position letters showed a late positive component that was different
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for Qofds and nonsense syllables; no asymmetries were detected for the
parietal placements for third position letters. A simiiar stddy
~ conducted with children found the results in substantial agreement‘with
adult findings (Shelburne, 1973)

Molfese (Note‘i) reco¥ded evoked potentia]s*from idfants,

childre

d adults in order to exapine the development of
1ateea1ﬁzation effects. The types of stimulation included speech
sounds, musical ehords, single tones, and white noise. Scalp activity
was recorded from left tempopal (T3) and right temporal (T4) sites.
For each of the age-groups, hemispheric differeeces were observed but
not consistently. There was some evidence fhat larger asymmetr{es,

when they occurred, were recorded for the earlier age groups.

Roemer and ThompSon (1973) examined the relation between

o N
[

cortical act1v1ty and word mean1ng In theie study, the meaning of a
word depended upon whether it was considered as a noun or as a verb
e.qg., rock, duck, fly, etc. Following the auditory presentation of the
stimulus, the subject was to rehearse theemeading of the word - )
(according to the instructed context) until a‘c1ick sounded, signaling

the ‘vocalization of the word. Scalp recordings from central (C3, Cg)

sites were averaged to the click presentation. A pre]iminary analysis

of the results indicated significant differences for noun and verb

contexts. ,IherewwasealsoesomemindjcationﬂthatAeyokedgpqtentials to
nouns at the C3 site were larger than those at Cy. Igréngggegggge[jm;r
inary report dealing with word meaning, Brown, Marsh, and Smith (1973)
presented subjects with short sentences; the last word in each sentence

had either a noun or verb context.‘\Evoked poﬁentia]s to the Tast word

&

5
\.q
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were<recorded’from the areas of Broca and werqicke on the left
hemisphere and compared to respective homologous sites on the right
hemisphere. Cbrre]ations for left side placements showed Tower values
between noun and verb contexts than for right side electrode sites; the
éorre]ations'between noun and verb responses were usually lower at

Broca's area than at Wernicke's area.

 GottYRossiter, Galbraith, and Saul (1974) studied evoked
responses fﬁicommissurotomized subjects ddring the presentation of
verbal and norverbal sfimu]iﬁ Monopolar recording areas included ;the
vertex (C;), parietal (P3, Pg), and occipital (0;, O,) sites. For the
verbal ;ésk, subjects were flashed a word to either the left or right
visual fields; the subject'g task was to dete;ﬁﬁne whether or not the
flashed word rhymed with a cqntinuods]y"ﬁ;esented word. Similarly, a
matching task was used in the ;patial or nonverbal condition. For this
latter situation, the'SUbject was presented nonsense figures to the
different visual field positions; the subject's. task was fo determine
whether or not the flashed shape matched a continuously presented
random shape. For the verbal condition, sUbjécts indicated a/"yes"_or
“no” response with right hand button presses; in the nonverbal
condition, subjects responded with left hand button presses. The data
from five subjects 1;d1céted: (a) that evoked responses to verbal

stimuli were larger than to nonverbal presentations, (b) that larger

evoked responses weére recorded from the hemisphere contralateral to the

stimulus presentation, and (c) that responses to verbal stimuli were

larger over the left than right hemisphere. The investigators observed

that their results conformed to the known asymmetries between the
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cerebral hemispheres; further, by using commissurotomized SUbjects,

the differencés between the hemisbheres were made more distinct.

Asymmetrical Cortical Rhythms

Extracted against a background of continuous EEG activity, the

evoked response represents-a-relatively short and complicated
processing period. With emphasis upon lateralized electrical events,
the following section considers a few examples from experdmentation
that has exémined features of ongoing EEG activity.

Lehtonen and Lehtinen (1972) studied alpha (8 - 13 cps)
produq;ionrunder the following conditions: (a) provoked by a uniform ~
vistal field, (b) at different levels of subject vigilance, (c) with
the effects of visual fixation, and (d) after repetitive photic
stimulation. Monopolar scalp records were cb11ected from 01, 02, Ts,
and Tg Tocations. Alpha activity was recorded during eyes-open and
during eyes-closed conditions. Out of the 18 normal male subjects
tested,*nine displayed regular alpha production to the diffuse
unpatterned visual field, seven subjects showed moderate alpha
production, and the remaining subjects showed poorly develo alpha
écfivity. Removing the diffuse visual field induced alpha desynchro-
nization. Alpha productiqn was greatest for the eyes-closed state;
however, nearly the same amount of alpha was elicited from the uniform
visual field. For most of the subjects tested, there was a slight
tendency for more and larger alpha to be generated over the right than
left hemisphere; no lateralized changes were observed in shifting from
the closed to the open field condition. When a fixation point was

r ’
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intrbduced into the visual field, there was a transient desynchro-
nization of alpha activity. When photic stimulation was counted by

the subjects, the amount of alpha produced was not significantly
changed. After photic stimulation, rhythmic after-activity (a periodic
discharge in the alpha frequency range) was always greater in the

,eves-c]osed;thanfin the eyes-open condition. With affixatioh point,

rhythmic after-activity was greatly attenuated or nonexistent. The
visual evoked potentials recorded during eyes-closed and eyes-open
conditions were very similar in appearance; dﬁring counting, however,
VER amplitudes were larger than those obsefved in other conditig;s.

In a recent study devdted to rhythmic after-activity (RAA),
Lansing and Barlow (1972) found no consistent relationship between RAA
offset and alpha return; RAA was of greater amplitude during the
parallel periods of larger alpha background. The investigators
contended that RAA was a true physiological réspbnse and was not a
simple time-Tocked alpha return.

Looking'at ongoing EEG activity, Morgan, McDonald, and
Macdonald (1971) conducted an experiment to engage either the left or
right hemispheres in particular cognitive tasks. The investigators

hypothesized that different amounts of alpha would be produced i

depending on which hemisphere was processing information. Left

hemisphere tasks involved verbalization (e.g., "recite a few words from

a poem"); right hemisphere tasks were designed to invoke imagery

without thinking (e.g., "picture a child swinging in a swing"
[p. 463F). Bipolar activity from both hemispheres referenced to the

vertex was recorded. Analysis of the data included an index that
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reflected the relative proportion of ongoing a]pha produced from each
hemisphere Regard]ess of the exper1me#fa1 conditions, the results
1nd1cated that mbre alpha was emitted from the r1ght than from the 1eft

heniisphere. However more alpha activity was noted for the right -

hemisphere when the left was engaged in its verbal task. Congruent]y,"

s
-

theﬁspatielmtasksmpnoducedf:elative]gLJessma]phafinetheerightethangleftee——ge—eeee

hemisphere. Following a similar experimental design, Morgan,

Macdonald, and Hilgard (1974) fou _a greater percentage of alpha was

emitted from the right than from the left hemisphere, particularly when

the left hemisphere was actively engaged in an analytic task. Galin

and Ornstein (1972) investigated EEG groduction from the left and right

hemispheres with specialized cogntfive tasks. The ratio of right #ver
left_was found to be greater for verbal tasks (writing or composing a
Tetter) than in %patia] (block design) tasks. Similarly, Butler and
Glass (1974) reported an overall decrease in EEG amplitude over the
ieft hemisphere during mental arithmetic calculations thah over the
right hemisphere for right-handed subjects. |
Critical of recording methodology, MacNei]age'(1966) reminded
readers that motor responses have strong effects on the stability of

the EEG;-delicate cognitive features, if they occurred in the EEG

record, could easily be masked by high rates'of‘response. MacNeilage

reportedhanAexperimentewheregsubjectsghadfsepaeateAtasksgto;perfonmebut

response. By holding motor activity constant, it was theorized that
the stability of the EEG might better reflect the influences of

cognitive activity. The EEG signals from bipolar parietal locations

/
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were filtered and rectified to provide amplitude write-outs of the

« (alpha) and B (beta) frequency bands. The tape recorded tasks
1nc1uded'(a) the continuous additionroffhumbers in groups of four

and (b) writing down every "7" and’"éﬁf;Tayed. The results indicated
that there were no significant-d;fferences 1h overall amp1ftdde levels

for either o or 8 frequencies. The ohgoing EEG amp}jtude.reCOrds

wé;érnot related to speéific cognifgveréé£}Q;£ies. MacNeilage (1966)
concluded that the EEG measures collected were not sensitive enough to
detect differences between the experimental tasks; however, palmar
skin conductance and,heart rate successfully distinguished between thé
teét conditions. MacNeilage further observed that the widespread EEG
change§ reported for other«stUdies might be more the product of
mechanisms of response than the subtlety of information processing..
Liske, Hughes, and Stowe (1967) reported normative data for
human alpha production. Electroencephalographic scalp recordings were
collected from homologous P3-0; and P4-0, locations. A totaf of 47 =
maie subjects participated; all were s~ght-handed except for two é
subjects (hand preference was deﬁé?%fZZj by history and motor demon-
stration). The subjeét; were placed in a sound attenuated room,
supine, with eyes closed; they were instruc;ed to remain alert but

relaxed. High resolution EEG correlograms were generated that analyzed

AS
block epochs of 150 seconds. For 24 subjects, the results indicated

that there ﬁé;”QW&;¥§n§¥éigﬁégémiead in alpha production from the right

hem'iSpHere; the remaining 18 subjects demonst'r'afeidméwdeﬁnite jeft
hemisphere Tead in alpha production. The average phase shift was .83

milliseconds to the right; individual shifts ranged from¥3 milliseconds
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ffom the left hemisphere and 7 mi]]iseconqs from the right hemi;phere.
For no subject did the left hemisphere ever lead by as much as the. =«
r%ght hemisphere. ] ' . -
Hoovey, Heinemann, and Creutzfeldt (1972) performed auto- and

cross-correlational analyses upon ongoing alpha.activity. Two’

‘WmhnmologousfscalpglpchtipnsgfrgmﬁQi_anduﬂzgwgze digitized in bin widths

of 1-millisecond for periods of 8 to 10 seconds. Data were reported
from subjects with eyes closed. Results showed that the mean inter-
hemispheric latency differences for peaks of alpha waves varied between

I 2.5 milliseconds. Individual differences ranged from +20 to -20

milliseconds. Correlations, between the hemispheres ranged from +.14

to +.80. - \

| Bakén‘and Svorad (1969) demonstrated a re]atipn between.the
amount of hemispheric alpha p:pduced and lateral eye movements. When -
a person was ﬁsked a question, a conjugate 1étera1 movement of:the eyes
eithef to the Teft or to the fight usually occurred. The consistency
of eye movements in reflecting upon an answer appeared to show a shift
of attention that was opposite to the activated hemisphere; the move-
ment was cdﬁsistent and cﬁaracteristic for that individual. Persons’

[\

that moved to the left, termed left-movers, were described as having

L

tendencies to internalize subjective experiences, whereas persons that

moved to the right, termed right-movers, were characterized as seeking

o . !
an external focus of attention. 1In thejh studyih1§§gra1 eye movements

(LEMs) to 15 reflective questions were given to 15 subjects. Thirteen
of the 15 subjects tested showed consistent LEMs to the left or right

72% of the time. Based on their eye movement responses, subjects were



categorized as left-movers (7) and right-movers (4). Bipolar scalp .

recordings were collected from the frontal and occipital locations From

resting subjects. Ongoing alpha activity of a minimum amplitude was

used to drive a cbunter-timer for a period of 100 secands. The first

session simply registered the total seconds of alpha; a second session

47

. registeredrgipha production in eigh£ séparate periodgi(each of 100

seconds duration). Results for the first session showed that left-

~movers (right hemisphere dominant) produced 68.9% alpha in contrast to

right-movers (left hemisphere dominant)} who produced 28.1%. For the
second session, left-movers averaged 51.9% and the right—hovers
averaged 20.4%.

- Martinius and Hoovey (1972) investigated bilateral occipital

alpha synchrony in children between the ages of 8 - 11 years. Compaﬁ-

isons of hemisphe;%c actiVity were made for resting and attentive
states. The children showed a synchronous distribution of phase
differences th;t ranged in latency from 1 to 10 milliseconds. No
consistent trends between age and phase synchrony were found. When
compared to qdult activity, children demonétratedia wider raﬁge of X
phase d#fferences; £he experimenters attributed thfs to the re1§tive
instability of alpha frequenciés in this age;group.

Westmoreland and Klass (1971) recorded alpha activity from 15

B TS NPT :
patients with temaera} lesions. With eyes closed, an asymmetrical

attenuation of a15ha was observed during arithmetic calcuTations; with
eyes open, 12 of the 15 patients showed bilateral decreases in alpha
amplitude. The alpha attenuation effects were obéerved on the side

involving the lesion.



the side exhibiting the greater amplitude.

| found for left temporal areas in tjghtwpneferentgsubjgcts,andfgreater

- right temporal activity for left preferents.

With alpha ratios of 2:1 or more, Jaffe and Lusins (1971)
exam1ned the c]1n1ca1 corre]ates of patients exh1b1t1ng large hemi-
spheric asymmetries.’ For the 38 ca;es studied, the amplitude
asymmetries were found predominant]& over the right hemisphere. There'

was also some evidence for a history of brain injury or dysfunction on

B. D. Cohen, Noblin, and Silverman (1968) demonstrated

" hemispheric differentgs for verbal and nonverbal tésks after electro-

convulsive shock treatment (EST). Neurologically normal right-handed

female patients received either left, rigﬁt; or bilateral EST. When
performance scores were analyzed, patients that received left EST did
less well on a verbal task (paired associate) than on a honverbal

(drawing geometrical forms from memory) task. In contrast, patients

w1th right EST performed more poorTy on the nonverbal than on the .

verbal task. Subjects that received b11atera1 EST showed the greatest

performance decrement in both the verbal and nonverbal tasks.
Giannitrapani (1972) studigd Hye EEG topographic distribution '

in left and right preferent subjects. A frequency analysis

(1 - 34 cps) for subjectsAresting, 1istening, and performing arithmetic

calculations showed that the temporal areas displayed the largest EEG

differences. For all the frequencies tested, greater activity was

C ‘..1}}&1»4?\.«“,“ .

An interesting note on the generation of a1phé asymmetries was
given by Leissnef, Lindholm, and Petersen (1970). With ultrasonic

techniques, these investigators examined skull thicknesses over the

SRy ‘«w;hm‘ R sh ot £ el e

N MR



left and right hemispheres of 80 se1ected cases. The indirect mea- ‘
surements\showed that the left side was thicker for 52 of the 80 cases
than the right side; however, the remaining measurements indicated that
skull thiéknesses were larger on the right than left side. _Leissner

et al. (1970) suggested that the greater electrical resistance of the

differences between the hem1spheres

<

- Lansing and Thomas in 1964 1nvest1gated the laterality of
photic driving during binocu1ar,.monocu1ar, and visual half-field
stimulation. Drivihg frequencies were above (16 - 20 cps), within

(8 - 12 cps), and below {4 - 6 cps) the alpha frequency range. Scalp

“ recordings were collected from left, right, and midline occipital

locations from 24 male and female- subjects. Effective driving‘was,
defined as a‘diffefence of‘lo% between the hemispheres. The results
indicated that for most subjects photic driving was greater over the
left than right hemisphere regardless of the mode of stimulatidn
(binocufar, monocular) or the frequency of stimulation. Further, the

effects of photic driving and visual field stimulation were examined

| for eight subjects. From the data reported, no consistent trends

between driving and fie1d stimulation were observed. The‘investigators

aScribed the earlier lateralized driving to intrinsic cerebral factors

that were not connected’w1th direct, visual pathways.

Finally, Volavka, Feldstein, Abrams, Dornbush,-and Fink- (1912) -

investigated brain wave records of patients undergo1ng,b1fronto-
temporal electroconvulsive shock treatment’ (B/ECT) and unilateral

electroconvulsive treatment (U/ECT). In addition to slowing background

By R 2 L PR A o T KA St 6 b calb g d



EEG act1v1ty, shock treatment is usually accompanied by a general
deterioration in memory'?unct1on. The transitory effects of B/ECT can-
be reduced by placing e1ectngSi‘un11atera11y over the nondominant
hemisphere. = Standard bifrontal e]ectrodes were used for B/ECT and
right temporo-par1eta1 1ocat1qps were used for U/ECT. Electro-
eﬂeepha}egéaphiem#ecgrdingsuwénemco11ectedﬁfrom,]éfthLﬂ;;jUELIjng, L
Fg-C, scalp locations. The results indicated that B/ECT treatment

caused a slowing in the EEG_(de1ta range) which was mahifested

predom1nate1y over the left hem1sphere Right-sided U/ECT resulted o

T LA

1n a s1ow1ng of  EEG activity on]y on the right side. -In agreement
~{ with earlier studies utilizing electroconvulsive shock therapy, the
EEG slowing was found related to the nﬁmber of ECT treatments
administered;

Slow Scalp Potentials: The Contingent
Negative Variatign

Walter, Cooper, Aldridge, McCallum, and Winter (1964) provided
the initial impetus for the experimental study of slow scalp potentials
~in man. In their original report, the expectancy'wave (E-wave) or
contingéht negatjve variation (CNV) was recorded using DC or long fiﬁé
constant recordings in the interval (or empty period)_of what appeared
as’‘a foreperiod reacfion time (RT) task The procedure used for

e11c1t1ng s1ow potent1a1s'was's1mp1y a warn1ng stimulus (S1) followed

by an imperative stimulus (Sz). As long as the subject was attemtive — — >
and responding, the characterisii; slow shifting_pattern of the CNV

was maintained} The genesis of CNV potentials appeared more dependent ' §
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othhe infoxmation delivered to the subjecf by the sllsz situatjoh than ’ -
particular stﬁmu]us parameters, sensory moda]ity, or critica1’51—52 |
‘time 1nter9a1. When 82 was omi?ted after a series of $1-S, pairings, \ )
a graéﬁa] diminution of the‘CNV.resu1ted, but res}oring S returned

slow potential activity to earlder levels. Equivocal pveséhtations of

—Szwshewedmthe~9NanmﬂitudESAneducedAin théfoyeraIJArecordsi,~ -

Walter (1967) found the CNV to be one of the most "consistent \
and pred1ctab1e of human brain e]ectogenes1s” (p. 123). Amplitudes of . : ¥
the slow scalp recorded potent1a1s averaged -20 uV (vertex referred to
mastoid) with a standard qu1at1on of 4 uV. " Comparisons of these scalp. ®
recorded potentials with chronically 1mp1énted intracerebral and sub-
dural electrodes‘showedvon1y-a twofold amplitude attenuatian of the
former over the latter. The distribufion dflthe CNY was bi]étera]]y
synmg;rica] with maximum amp]itudesrrecorded'from the frontal and
'centraﬁ regiohé. The negative shifting developed about .Srseconds"
after thg onset of Sl and was sustained for. over 20 seconds in
motivated subjects. Walter, Cooper, Crow, McCallum, Warren, ,A]dridge,
Van Leewen, and Kamp (1967) were ab]e to record slow potent/p] act1v1ty
from telemetered subjects outside the normal 1aboratory setting.

Additional CNV data fro

bjects with 1mp1§nted intracerebral
electrodes were reported by WalXer (1969).

The—everallféhaﬁegofgt .can sometimes be distinguished for

dlffir&ﬂt*lﬂd]VIduals by the rising portion of the slow otent1a1 that

Tnnea1ate1y follows the S stimulus. A qu1ck rise %n\the negative
wave, called afType A CNV, has been contrasted to a slow or ramp-1ike

growth of negativity, called a Type B CNV (Tecce, 1972). The slow -



’potent1a1 is sustazned between the- 51- 52 interval until a- “response is
made to 52.‘ The return or resolution of the CNV to prest1mu1at1on
7eve1s was reported to be b11atera11y §ymmetrica1 even though a motor
or menta1’response Qas sometiﬁes required of—the subject'(Lombroso,"

. . A ‘ ]
1963). -Cooper, McCallum, and Papakostopoulos (Note 2) considered that

—_—

the CNY situation represe@ted‘e subject state of active ihyp]tement and
was compareg to passiQe or semiautomgtic teéponse states; they ptdposed
‘the use of “scopeutic” andﬂ”categoric” to desciib%; respectively, these
ﬁTfferept and separate subject states. |
" "Since the .generation of a TNV norha]]y‘invo1ved avmotor‘/

. tesponse by the subject many experimenters thought that premotor and
'motor responses were essent1a1 components or actua1 elements. of the CNV
waveform. Siow potenttal act1vzty has  been recorded, however, in- an
‘Sl-Sé interval even though no overt response was required from the

A
subject at tﬁe 1mperat1ve st1mu1us (Donchin, Gerbrandt Leifer, &

* Tucker, 1923). Hhen a correlat1ona1 recogn1t1on techn1que was applied °

to CNY aneforms,_norma] sTow potential act1v]ty was observed to, occur

even in ‘the abeence of;SZV(Heﬁnbetg, Walter, Cooper, & A1dridge, 1974).

That an explicit task was'not,mandatory ihegeneratfng a' CNV was demorni-

strated‘by Jarvilheto and Frﬁhstor?%t.(1973). One ipefimenta]

condition  simply presented subjects with 80 dB tone pursts (1-second

duration) at regu]ar;jnteryels;fa,teYersewggndftion presented a contin-
uocus tone regu?arlyAiqtetrupted by 1-second ﬁauses.r In”bethrinfteptes:
end witheut further instructions to the subjects, CNV-like\act%vfty

developed for both tone bursts and. tone Rauses. ‘Amp]itude.measureﬁents

could not distinguish between the two . experimental conditions.
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Response varigpfés have been demonstrated to have an active
Tnf]ueg;6*53 the CNV., For example, if S, was modified so that the.
subject's response terminated a series of repetitive f]aéhes or clicks,
the CNVs generated were generally of larger magnitude. The hctive‘
termination of S, by the subject also produced faster reaction times.

Peters, Knott, Miller, Van Veen, and Cohen (1970),thggrjz§g_;hat the

increased performance levels (e.g., RTs) may-be, in part, the result of

- feedback information to the subject. In support of Peters et al.,

Karrer, Kohn, and Ivins (1973) found that if respending was ineffective
in terminating an Sé tone, CNV ampljtudes were reduced. When con-
ditions promoted subject uncertainty by shifting to a situation where
So occurred on1y half the time, CNV Amplitudgs were increased.
Wilkinson and Spence (1973)‘exam1ned the resolution gf the CNV after

So> to determine if the retufn to baseline (or be]dﬁ) was the result

of some overt movement response or some decision process. Neither the
response nor decision process was foung to be necessary in resb]ving
the CNV to baseline levels.

So far our consideration of the CNV ‘has been in terms of adult

- age ranges. J. Cohen (ngo) studied the development of the CNV for

" different maturational stages. Recordings from feontal, central, and

posterior regions were collected from 65 children and adolescents

£

ranging in age from 5 to 18 years. Compared to adult forms, slow

potentia]g from an early age group were of lower amplitude and were not
F , ORI IRREE A TR

well developed. The amplitude.of the CNV increased with agé“ﬁﬁﬁf
wreached a maximum by 16 - 18 years. In addition, the spatial distri-

-
bution of the slow wave was more prominent in frontal and central
i
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regions with inc;gased age levels. Low and Stoilen (1973) found well

developed CNVs, véftex dominant, in children over 10 years of age;

-below 8 years, however, CNV activity was minimal or nonexistent. In

the records that disb]ayed EEG asymmetrieé, lTower CNV activity was

. found over theSgbnormal side but not consistently. Papini and Zappoli

(1973) found §6mé"6hTTdﬁeﬁ'ethbiting a "tent-1ike" CNV at ages
5.5 - 7 years that changed &t 8 years to include a brief plateau
midway in the slow potential. Gu]}ickson (1973) succeeded in recording
CNV activity from thrée-ygar-olds with the use of novel and more
interesting Sy and Sp stimuli. The warning stimulus (51) consisted of
a glide tone (that moved from 500 - 1000 Hz in 1 second) followed by
either a 2-second presentation ef a two-color nonmoving visual pattern
(Sp) or a 2-second presentation of a multicolor kaleidoscopic pattern
(Sp). The young subjects showed more attent}bh to the moving paftern
and exhibited CNVs that resembled both adult form and amplftude.

J. Cohen (1973a) reported that CNV activity for children with
learning disabilities was either‘greatly reduced or absent. Aphasic
and dyslexic children were shown by Otto, Houck, Finger, and Hart
(ﬂote 3) to have greater positi&ity in an $1-55-S3 slow wave paradigm
than normals in the same situation. The greater positivity was related

to the generally deficient attention span usually attributed to aphasic

children. When hyperactive qhildrgn were given a stimulant, they

produced CNVs sfmf?ar'tU*ageamatcheﬁ*normais;ioff“med$€atﬁ0n:*however;”ﬁ”m
hyperactive subjects displayed greatly reduced CNY activity {(Andreasen,
Peters, & Knott, Note 4). For a discu;;ion of the various experimental

e

findings investiggf?ng developmental stages and aspects of the CNV, a

0



55

review was presented by J. Cohen (1973b).
The earlier reported bilateral distribution of the CNV was
further examined in split brain subjects by Hillyard (1973) in collab-
oration hith M. S..Gazzaniga. These investigators attempted to alter
the normal symmetry of the CNV by flashing a warning stimulus (51) to
only one hemisphere followed by another signal (S2) to respond (or not
respond). Iheupesultsﬂindica§5§;that,—no matter which hemisphere was — —
warned, the CNV. amplitudes ovékf?oth hemispheres were the same
regardless of wifich hand responded. Hillyard speculated that.the
bilateral naturesof the CNV might be due to the cormections of some
diffuse brainstem mechanism, e.g., Epe thalamus, equally serving both
hemispheres. 3
Interesteﬁfqﬁ/’he real and extraneous generators of the CNV,
Hillyard and Ga]ambos (1970) deliberately introduced upward and down-
ward eye movements between the S1-$, interval to assess quantitat1ve1y
the contr1but1on ofaeye contamination to slow potential records. The
experiment was designed so that the subJect moved his eyes to either
upward or downward positions in the $1-Sp interval.. The investigators
found that upward and downward movements produced unequal potential

’ -

shifts at the vertex recording site. In effect, downward eye movements
were superimposed on the CNV shift, whereas upward eye movements
reduced CNV shifting. Additionally, in an eyes-cldSed condition, there

was an involuntary rotation of the eyes downward during lever pressing

that contributed about 23% or -6.4 uV to the,BﬁV,, McCallum and Walter = =
Iy _
(1968) have electrically referred the vertex to linked frontal-mastoids

in order to compensate for ocular potentials during slow potential
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recording. Papakostopoulos, Winter, and Newton (1973) have u;ed a
mechanical transducer attached to the eyelid to determine the
occurrence of eye movements. Most experimgnters have adopted some
plan or rationale to r;Eect those CNV trials which are onioqs]y

’ contaminated by eye movement and/or ocular botentia]s.

As mentioned earlier, a necessary element in eliciting a
LA . . e o R b

VCNV-type shift was the subject's response to Sy or some equiva]enx,

The readiness potential (RP), reported initially by Kornhuber and
Deeke (1965), was recorded as a slow negative shift that preceded a
motor response. Becker, Iwase, Jﬁrgens, and Kornhuber (Note 5) have
distinguisﬁed two types of RP based upon the“kind of motor résponse
required of the subject. For short ballistic movements or jerks, RPs -
were observed to start approximately .8 seconds prior tovthe actual
movement; for slow movements, however, RPs preceded movement by approx-
imately 1.3 seconds. When readiness potentials w;re recorded from the
vertex, gegera11y larger ﬁoten§1a1s were generated by the faster
movements than by the slower movements. In addition to simple motor
‘parameters; the amplitude of the RP has been varied by different
motivational stafes (McAdam & Seales, 1969) #nd with experimental
situations that required perceptual accuracy (McAdam & Rubin, 1971).
Rubin and McAdam (1972) studied RPs from central, frontal, and temporal

scalp sites in an experiment that involved recall. In a_ pretesting

e e

3 R
session, subjects weréﬁgi n a list of common English words to study. .

In the testing period, ds from the 1ist a]ohg with other words were
tachistoscopically presented.  The subjects simply decided jf the words

flashed during testing were on the word list or not; they classified
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.7 their responses as "sure" (categories 7 - 9) or "not sure" (categories
4 - 6). When the subject decided on a cateabry rating, a'bUtton was
pressed to indicate the response; a few seconds 1atér, the subject
responded verbally. Baseline Tevels of scalp activity were determined
over the period preceding stimulus onset. The RP was measured as the

difference betweeq baseline and the averaged amplitude of the signal

bé?brgriﬂeiﬁdiiggﬂs;;;ép ”Rééufﬁéwfér the vertex recofding site showed
no significant RPs for either the sure or not sure ratings. When
queform deflections during the earlier middle third of the averaging
~interval were scored, howe&er, there was a significant RP and positive
RP difference between recognized and not sure categories. The frontal
sites showed no differences between categories for either RPs, positive
RPs, or between categories when RPs and positive RPS were pooled. The
temporal electrode sites, however, demonstrated significant RPs for
7 - 9 responses (sure) but no significant positive RPs; significént RP
and positive RP differences were found for 4 - 6 responses (not sure);
1astiy, significant RPs were found for 7 - 9 (sure) and 4 - 6 (not -
sure)vresponses. The 1nvestigators concluded that temporal scalp sites
successfully distinguished between subjectively certain and uncertain
events. Further, they ruled out the fnf]uences of motivation,
activation, and attention on their results due to the following: (a)

reaction times between categories did not differ, (b).pressure exerted

in button pressing did not affect the RP amplitudes between categories,
and (c) no significant response,differénces (RPs)ﬂWeré observed at the
. vertex. From an earlier study in which subjectslinitiated Sy in

a CNV discrimination task, it was found by the investigators that.
e
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the RP preceding the Sq button press was a reliable index of subsequent

correctnesé or incorrectness. The CNVs, howevef, were of the same -
amplitude whether the subject was certain of his answer or correct but
doubtful; CNV amplitudes were slightly reduced in subjects with no idea

as to their performance. ’ Co.

Picton and Low (1971) were able to alter experimentally the

$hape 6%;£h§76ﬁvAWTtH";'geries'bf'diSCfimiﬁafﬁdﬁﬂ€ESE§:fhat ranged in
difficulty from easy to‘very hard. They discovered that CHV resolution
at S» was witheld when feedback information concerning the correctness
of the response?was'provided. The moment stimulus information was
given, however, the s1oﬁh-1‘fting returned to grevious baseline Tevels.
When S; indicated to subjects that a difficult-to-detect Sy was about
to occur, a larger CNV was generated than when Sy signaled an easier-
to-detect S» (Rebert, McAdam, Knott, & Irwin, 1967). A pitch dis-
crimination task fhat used the:CNV paradigm was given to subjects by
Delse, Marsh, and Thoﬁpson (1972).« The experimental éituation
presented a tone burst at S; which was compared to another tone burst
of higher i|>10hér frequency at S». Recordings from the vertex |
indicated that females had larger CNV areas for the easy than for the
close or difficult discrimination task;vhowever, task difficuTty had no
effecf oh CNVs generated by the males. |
McCallum and Papakostbpou]os (1972)'postu1ated that anomalies

Ao Ui § T b ME B

in the shape of tgé”éﬁvmﬁféﬁiwbévéfi;ibutab]e to the type of motor
response required of the subject. To test the effects of motor — -
activity on CNV genesis, subjects were tested on three methods of

responding., In Condition 1, the subject pressed a button at S2 to
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terminate t]ashes; in Condition 2, the subject pressed the button at

S1 throughout the interval until the occurrence of S,; in Condition 3,
the subject kept the button oown all the time and re]eased‘it only to
"terminate flashes at Sp. The amplitudes for the vertex (Cz) CNVs in
Condition 2 fell substantially (about.so%) below Condition 1. The mean

CNV amplitudes for Condition 3 were the same as for Condition 1 except

—y

that Cond1t1on 3 showed greater waveform var1ab111ty The inves- .
tigators concluded that a sustained motor act1v1ty~had no detrimental
effect on the CNV, but a motor response in the S1-Sp interval (as ﬁ?
Condition 2) had the marked effect of inhibiting oevelopment of the
CNV. | .

_F[om the studies so far discussed, each particular investigator
has had his own characterization of the critical ingredients involved
in slow potential genesis. Many have thought that the CNV reflected a
complex physiological state which included components of activation,
mobilization-to-act, and preparation set. This latter construct,
preparation set, was investigated by Low, Frost, Maulsby, and McSherry
(1968). In their experiment, subjects were required to respond at Sp
with a specific force (hano plunger); the amount by which toe subject
was to respond was indicated at Sl' It was found that the slow
shifting between 51 and S, increased in magnitude (area measure) with

the force required to make the response the CNVs generated were

N ‘e .4."“5‘.0‘3‘
‘,,m@xw 4l

7 add1t1ve w1th force but not }1near1y

The similarity be}ween the orienting response and the occur-
f
rence of the Sl'stimuluslwas brought to our attention by Kohn, Holy,

\

Gullickson, and Griffith (1971). Thresholds, psychophysically

) "w%iﬁﬁiﬁ%‘»&:&»;d BES L
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determined, have been shown to decrease after a warning signal. Kohn
et al. made monocular visual threshold determinations in and out of a
CNV-type situation. Scalp recordings from Fz, Cz; 01, and 02 sites
were taken during threshold tests. The overall results indicated that

sTow potential shifts were of small amplitude or were absent.

Averaged waveforms showed no correlation of the CNV with threshold

levels. It should be hoted, however; thafrﬂaiéigni%géant thresho]d

changes occufked during the Egsting periods. A pure tone of adjust-
able intensity was used for audiometric testing by Prevec, Lokar, and .
Cernelc-Dularjeva (1973). For the patients that were tested, CNVs
&eve]oped only at those times when the tones were clearly perceived.

‘ Based experimentally on varying 31732 intervals (.5, 1, 3, 6,
& 15 seconds), Loveless and Sanford (1973) suggested that the CNV was
composed of two separate phases: (a) a constant, orienting-type
response which occurred after Sl‘and (b) a second response unrelated By
time to S; but which occurred in anticipation of S,. Aft;} fqrther
experimentatidn, the distribution of the earlier response appeared to
be frontally dominant (Loveless, Note 6)1 Blowers, Ongley, and Shaw
(1973) compared the expectancies produced by 51-52 intervals (1, 3, 5,
7, & 10 seconds) presented separately in massed blocks of trials
against the rahdom presentation of each of the time intervals.

Although there was a significant intervals effect, averages from DC

recordings Showed'hbrémp}itudé differences between the two presentation

methods.

Somatic variables have been implicated in CNV generation.

Gullickson and Darrow (1973) examined the influence of respiratory

lae ~:e‘amwia»m1§1kmmm PR T I
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cycles on slow potehtia] changes in a CNV paradigm. Slow potential
triaTs were presénted'randomly during respfration cyc]es. From a
vertex recording site, larger CNV-like shifts'were obserVéd when Slv
coincided with the starting phases of’inspifatioh. In contrast, a
posifi?e shifting was observed Qith expiration at S; that Towered slow

wave’ aet1vity At variance with ‘the f1nd1ngs of Gullickson and Darrow

were the results of Papakostopoulos and McCallum (1973). Multichannel
'recordfngs from varjous autonomic measure;jfailed to show any rela-
tionship with CNV actfvity~(except heart-réte) including respiration.
Lacey and Lacey {1973) found a phasic bfadycardia or cardiac decel-
eration of 2 - 3 beats per minute with the intention to respond and
indexed simultaneously by the CNV; Some accehtuation of the dicrotic

wave (as recorded by photoplethysmogram) has been noted paralleling a

CNV situation (Zappoli, Papini, Cabras, Benvenuti, & Binazzi; 1973).

Pupillary Responses and the CNV'

_ For the most part, early attent10n to autonomic act1v1ty was
restr1cted to separating the CNV from other readily recorded and
possibly contam1ngt1ng events, e.qg., GSR, skin potentials, etc. (sge
Low, Borda, Froéf, & Kellaway, 1966). Frém the results of RT studies,
Papakostopoulos (1973) was able to infer that there may be some

relationship: between pupil activity and the geﬁesis of slow potentia]s.

Indeed, some informal visual observations by this writer 1nd1cated
mydriasis during CNV situations. Therefore, a brief experiment was
carried out to verify the observed changes in pupil dfameter during a

typical slow potential recording session.
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Pup111ary'abparatus. Pupil activity was récorded'with‘a

portab]e Sonyrvideotape unit. A special camera attaéhment,wés con-
structed to capture the image of the pupil. A front-surfaced mirrér
and fiXed'magnifyfng‘1ens were struétural]y supportedt8 inches (20.3 -
cm) beydﬁd the lens mount from an adaptor ring. The mfrrof arrangement

was oriénted diagonally to the optical axis of the camera so that an

- - N ,_4‘ - . - R e e em
image of the eye could be "picked off" and not obscure the field of the
left eye. A wide-angle Macro-Switar (26 mm) lens and extension tube

enabled the focused image of the eye to fill the screen of the reflex
monitor. | ‘

Shbjects and recording methods. Four paid male volunteers

served as subjects. Silver/silver-chlorided e]e;trqdes recorded sca1i///

activity from the vertex (CZ) referred to 1inkK&dy Inter-

electrode impedances were reduced to 3.0K ohms by tapped skin abrasion.

-

The EEG activity was amplified by an 8-channel E]ema-Schanahder

Mingograf recorder with 5.0-second time constants and upper cutoff

. frequencies set at 30 Hz. Amp]ffier outputs were digitized on-line

(1024 points/chanhe1) by an HP 2116B computer. A data averaging
program collected and displayed singTe’trfals before entering a

permanent disc average. (The reader is refefbed to later chapters for

a more complete description of the laboratory environment and data

collection network.)

"An';;é;agéwd%ugéMCNVWE;f;i;WQ;;Wé611ected'for each subject;
pupil activity was recorded continuously throughout each of the
experimental sessions. For the purpose of getermining a baseline for

the CNV trials, the manually issued start command began signal
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digitization ZOO milliseconds before the onsét of Sys the total sweep
time for each trial was 3.5 seconds.

' After electrode preparation, the subject was escorted into a
cubicle and placed on a bed adjustéd to view a fixétibn point direcgjy'
ahead. A pillow was used to’make the final head adjustments while the

camera apparatus was moved into place to record- pupillary-activity———

Overh;ad fluorescent 1ight1ng‘provided sufficient illumination and

picture contrast to record the iris of the eye but without the 1ight )

of thé rogm directly entering the subject's eyes. Eye movementé by
the squect}were observed outside the chamber on a monitor linked to
the recordind camera, ’

Sinte all the'subjects‘had'participated in CNV experimentation
and had displayed normal slow poténfialAaétivity, on1y one conditjon’
was administgréd to each subject. A standard S1-Sp configuration

"conéﬁsted of a brief tone pip'(Sl) fo11bwed'2ﬁ0fseconds later by clicks
(Sp). The subject's task was to terminate fhe"c1icks by butten preSs
as soon as they sounded} The stimuli wére delivered through loud-
speakers at41evéls of apprbximate]yeﬁs - 70 dB re 20 ﬁN/mz. The audio
track of the video recorder pickéavup the S-S, étimu]i.- /f

Pupil measurements, results, and discussion. After eiémining~ -

“thé tape results, it was decided to sample pupil diameters every 200 . -

milliseconds starting at S; and continuing-to-a period-2-0 seconds— :
after 5p for each of the 16 accepréed TNV trials. ,,Iné,grigiﬁalfpupﬂ,,,, B V
activity was retaped witﬁ a brief flash (LED) mafkingvthe sampling :
periods and triggered from the original Sy stimulus. Pupil ;iameters ' | 4

were then directly measured from a large screen monitor by manually

%
£
“

i
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adYancing the tape to positions marked by the flash onsets. Addition-
ally, five measurements estimafing a 1-second per%od before the onset.’

~of S7 were collected. Each of the separate data points was then

“averaged over the 16 trials. Ffom the first five points an ovéré]]
mean was calculated which served as the baseiipe for computing ‘
percentage”changeS“fn“pupr*diameter§:before, durfng;*andgaftervthef ffffffff
$1-S, interval. Pupil activity as well as the corresponding CNV are |
shown for subject J. L. in Figure 1. Clearly,. the initial increases
in pupil diameter after S1 pgra]ieiéd'the upswing in negativity at the
vertex.. The,re]ative dilation was maintained stéédi]y until Sy, where
fufther dilation can be observed' following the button ﬁéqunse: From
the video recordings, pupil dilation gave wayAto the constriction of
baseline Tevels but only after severa¥® seconds elapsed; the sustained

~dilation after S, is in marked contrasﬁ to the prompt return to
baseline for the CNV. The other three subjects showed a similar

~dilation pattern. The pupil records sUggeft that the balance of
sympathetic (dilation) and parasympathetic (constriction) activity was;
at least in part, tempofari]y altered during and after the CNV
interval. Any further interpretation of pupil activity in the CNV
paradigm Qoqu have to include factors knownltb inffuence_pupi] o

diameters, e.g., fixation, 1i§htihg, motor responding, etc. (Hess, -
~. g

1972). - - T T T e
. ‘ N - / V
Cortigg] States and the CNV

The slow negative shifting exemplified in the CNV paradigm may

be Tinked to a massive dendritic hyperpolarization covering large areas
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o% the cortex. indeed, McAdam (1969) interpreted slow potentia] shifts
as increased excitabi]ity in the central nernous system. McAdam tested
this hypothes1s by using. the late .components of the somatosensory
evoked response to indéx exoifébi]ity Evoked response latencies. to
shock stimuli injected. in the CNV Lnterva] were shorter than evoked

. _/
responses ‘recorded outside the parad1gm The faster resq]ut1on of the.

evoked response components was attributed to the increased cortical
excitabifﬁty during the deriod of increased scalp negativity. _

“In order to investigate further tne cortical excitability
theory, Bevan (1971) repérted that the-ampTitude‘of the spontaneous EEG
was great]y reduced in tests with deep sea d1vers . Congruently,:
initial negat1ve and pos1t1ve def]ect1ons of the aud1tory evoked
response were greatly attenuated at deep diving depths. As a possib}e
exp]anetion for the differenees in both. tne EEG and AER Bevan
theor1zed that signals from the. retacu]ar act1vat1ng system (RAS) were
either reduced or blocked under the abnorma] pressure conditions. If
the CNV was dependent upon the RAS, slow potentials under div1ng con-
ditions may show ettenuation effects similar to those found for the EEG
and AER. The results from 13 divers indicated that no significant

\changes in the CNV occurred at deep sea pressures. Based on this _
'evidenee, Bevan suggested that generators of the CNY may not: be.

directly dependent on the RAS. Haitonﬁand Johnson (1972) stldied the

effects of an altered cortical state on the CNV by depriving subjects

of normal sTeep patterns. A high or Tow tone {S;) was folTowed 4
seconds later by a low tone (Sz). The subject's task was to terminate

Sy as quickly as possible if 51 was a low tone. Subjects were tested
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after three consecutive nights of é]eep dehhgeatiehf(no7REM or slow
wave sleep), resting, and then tested after one night of total sleep
deprivation. A1l subjects had stable an@//:scr1m1nab1e CNVs during
‘ control periods. After three nights of sleep depriyation there was a
marked decrease in the amplitude of the CNV; after one night of total
sleep geprivation there was an even further decrease in CNV emplitude.
The~€H¥.appea55dftofsuccessfﬁ}Ty'distinguiéh dﬁfferent’TeveTs'Uf'””"*”* -
wakefu]ness.- However, it should be poted that s?ow negative shifts
have been recor@ed from patients in coma (Dolce E Sannita, 1973) and
during epileptic discharge (Bostem & De1aunoy, @ote 7). The etfecte of
amphetamine - were found to increase CNV activity;‘however 'for subjects
that did not show the usua] arod2a1 from the drug, CNV activity was
reduced (Tecce & Cole, Note 8). The intake of a]coho] (.6 mg/]) had . -
the marked effect of reducing CNV potentialsy 1ntake at higher 1eve1s
(1.1 mg/1) abolished slow wave act1V1ty (Beaumanoir,’ Ba1]1s, Nahory,
& Genies, 1974)

Rebert ,. - Berry,. and Merlo (Note 9) obserwed that musc1e tension
has been used to alter expersiimentally the arousaT 1eve1 in subjects,.
They hypothesized that if induced muscle ten51on.ﬂas 1ntroduced_between
CNY triais,-the transient increase in erogse] 1éVe1 might also enhance
CNV activity. In their experimeht; induced muscle tension consisted of
1ifting a hand carrier with either 0, 15, 30 or 45 pound weights; the
1ifting preceded a standard- S1-StharadTgm*by"S*secondS“‘AmpT1tude
measures of the CNV from,the,vertex,(cf) indieated—nerehen@eiat—theﬂ - 4}[‘;‘“ﬁ7

0 and 15‘pdund levels, but a marked increase in CRY activity was

observed at-the 30 and 45 pound levels.
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The Reaction Time Paradigm

“Hillyard (1969) investigated the relationship between RTs and

CNVs over a long series of trjals. Subjects terminated a tone (Sz)

preceded by a solitary warning click (51)- In computing CNV ampli- \\\

tudes, eye movement potentials were partialled out and a "true" or

"tCNV" was obtained. The EEG activity from tape recordéd sessions was

avefaged for the fastest kfé,"next fastest, and so on. For half the
subjects, tCNVs (vertex-mas;ﬁ}d) were inversely related with RTs; for
the remaining subjects, however, the largest tCNVs were correlated with
the fastest RTs. Obviously, no singYe brobess such as cortical priming
or excitability by itself could account for the disparate results. The
trial-to-trial variability from a host of situational variables (e.g.,
fluctuating effort or prolonged respénding), however, might indis-
criminately have had deleterious or unknown effects on the averaged
recbrds. \

" " Waszak and Obrist (1969) utilized a disjunctive RT task to
examine the relationship between motivational states and the generation
of slow potentials. An éna]ysis of vertex averages indicated that the
fastest RTs were accompanied by the largest CNVs. Evoked potentials to
él under instructed'high motivétion were significaht1y greater thén
under instructed low motivation; however, CNVs between motivational

conditions did not show amplitude differences. McAdam, Knott, and

P T

, o v
Rebert (1969) performed two studies in order to examine the effqgts of
RT foreperiods on CNV amplitudes. The paradigm 1nvo1Ved”5“§?hgTéﬁ§jftk
as S1 and a single click as Sp. . Three different S-Sy intervals were

used and simple RTs to the onset of Sy were measured. The CNV



’amp]itudeé for the 800- and 1600-millisecond intervals were signif-
icantly larger than for the 4800-m13115ec0nd interval; there was no
stétistica] difference between the 800- and 1600-millisecond
amplitudes. Behaviorally, subjects had faster RTs with the shorter
intervals. Further, when subjects had to make a pretria]vgueSS as'to

whether the interval between Sj and Sp would be either short or long,

CNVs were complexly related to a function of the subject's own
prediction, the actual outéﬁme; and his level of certainty. For
example, when subjects received an interval other than the one they
predicted, RTs were significantly slower. When short but equally
probable foreperijods (500 -jéas’mi1liseconds) were used, Loveless
(1973) found that CNV activity increased monotonically with foreperiod
duration; RTs decreased with foreperiqd duration. Gaillard and .
task paralleled fhézpreparedness to react to Sp; in their study,
hoﬁéver, émp]itude measures made just prior to S, only approximated
the RTs to So. . 7 |

Tueting and Sutton (Note 10) man}pu]ated subject certainty and
uncertainty in a RT task The experimental conditions were created by
stimulus configuration and instructions to the'subject. With uncer-
tainty, the P300 (at choice stimulus) and the CNY (prior to choice

stimu]us) amp11tudes were 1arger than w11h certainty of the situatjon.

In recording EEG and pup111ary responses, Friedman, Hakerem, Sutton,
and F]e1ss (1973) found larger pupillary d11at1ons for ;;;é;;ﬁénta11y |
produced uncertaintyrthan for experimentally produced certainty.
Karrer and Ivins (MNote 11) varied the Sy stimulus in a CNV paradigm to

&
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be either éuditory, tactual, ¢r both auditory and tactual. 4ﬁ;nin—
istered to two groups of chi]dren; RTs were greatest for the compound.
S; warning signal. 1In contra;t, the auditory signal at S; gave larger
CNVs than either the tactual or the compound (auditofy and tactual)

presentation. McCallum and Papakostopoulos -(1973) found that neither

a single trial-apalysis nor -an averaged analysis of -ENV-amplitudes
indicated any consistent relationship with RTs. Citations in the
literature of both positive and negative correlations between the CNV
and RTs were provided by Rebert and Tecce (1973). |

Donchin and Smith (1970a) observed that the conditions
necessary for eliciting a CNV were similar to those eliciting the P300
wave in the averaged evoked potential. Further, information and
subject expectation of results suggested that CNV resolution and the
late positive responses of evoked potentials may”Be fe]ated (Donchin &
Smith, 1970b). In the Tatter report, resolution of the CNV after S,
was found to be”approximate1y 300 milliseconds. By manipulating the
P300‘w1th different subject tasks, Donchin and Smith found that
relevant sfimu]i and late positivity were indeed related to the
temporal resolution of the CNV. A corresponding temporal relationship
was suggested for Sy, since the slow thent{a1 does not begin to

develop until approximately 400 milliseconds after the onset of the

chronically indwelling subdural electrodes, Papakostopoulos and Crow
(Note 12) verified the cerebral origin of the P300 and the CNV; in -
ddition, the two phenomena were found tg originate from separate

neuronal systems. They also concluded that P300 phenomena represented
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a brain indicator of inhibitory activity. Independent of any brepar-
atory set, the P300 appeared to reflect only the processing invoked by
stimulus presentation (dbnchin, Ritter, Tueting, Kutas, & Heffley,
Note 13). |

Animal Studies of Slow . e <
Potential Shifting = . : - —

The first evidence of CNV-Tike slow potentials in anima]slcame
’from monkeys (Low, Borda, & Kellaway, 1966). Rebert (1971) subjected
macaque monkeys to a foreperiod reaction time task with recordingé
taken from -various subcorticaT structures. Areas demonstrating siow
potential changes that paralleled the behavioral p;}adigm were
generated in the caudate nuc]eﬁs, midline thalamus, premotor and motor
cortex. hebert (1972) recordgd s]ow’potentia1 shifts in six macaque
monkeys in a preparatory task with juice reinforcement. STow poténtia]
changes-were recorded from several nonspecific nuclei (negative
shifting) and subcogtical nuclei (positive shifting). The changes that
occurred during training appeared‘more rapid in nonspecific than in
specific projection nuclei. From more ré&ent reports by Rebert (1973,
Note 14), recordings from stumptailed monkeys showed negative, CNV-like
potentials from the premotor cortex, midline thalamus, midline retic-
ular formation, and hypothalamus; simultaneously, positive potentials
and inferior thalamus. ; - B "Af;,# B

Under conditions that altered éfphysio1ogica1 drive state,
Borda (1970) manipulated appetitive motivation in a group of rhesus

monkeys. The animals pressed a Tever to receive a food pellet after a
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warning eigna1, At Jeast two s1ow-negative shifts were observed over
frontal and central sites during the interval between the signal and
the lever press. With overtraining, central shifts maintained their
amplitude, provided the Subject sustained a high level of performaace,
Borda, Hab1itz;/and McSherry (Note 15) suggested that slow potentials

reflected both excitatory (depolarization of apical dendrites) and

inhibitory (hyperpolarization of cell somas) activity. Non-neural
elements, e.qg., vascular and glial, might also be involved. When
monkeye were used as subjects, Hablitz (1973) showed that a significant
relation existed between the slow wave distribution of cortical .
potentials and the tybe of reinforcement used. With cats, Skinner
(1971) recorded slow negative shifts from frontal and central sites in
the early phases of a sensory-sensory conditioning paradigm. In the
later phases of the paradigm, cryogenic blockade in the inferior
tha]am1c pedunc]e either comp]ete?y abolished or great1y attenuated
the slow shifting potentials. For a literature review and theoretical
discussion of the work relating slow potential activity to the varioqs
animal studies, the reader is referred to Borda (1973).

Cognitive Aspects of Human
Slow Potentijal Shifting

With the.exception of a few notable cases, human sex dif- -

ferences do not appear to affect s]ow wave act1v1ty With suitable

e;perimental manipulation, however, sex differences in the CNV can be

produced (Knott & Peters, 1973). Knott and Peters (Note 16) reported |

that females, in an experimentally induced stress situation, deve]oped

a significant decrease in CNV activity on response trials and increased
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CNV activity on nonresponse trials; for males none of these CNV changes

under stressful conditions were observed. In a preliminary report,
Peters and Knott (Note 17) found post-S, negativity was greater in
females than males on those trials where feedback was given and
anticipated. |

__ The effects of cognitive styles and slow DOtentigls were

investigated by Knott, Cohen, Van Veen, Miller, and Peters (1972) -
Field dependent (FD) and field independent (FI) subjects were subjected :
to a low and high stress reaction time paradigm recording vertex (Cé)
. CNVs, heart rates, and GSRs. It was hypothesized that anxiety levels
would be correlated with aspects of CNV é;neration. Under the con-
ditions tested, FD subjects did not show CNY increases fqrAlow or high
stress levels, whereas FI subjects did show an}increase. The other
measures’(heért rate, GSR) were not able to differentiate between FD
Hénd FI classifications. |
Subject ‘stress and anxiety may well affect arousal level.
Tecce and Hamilton (1973) attempted to demonstrate that slow wave
activity, in terms of CNVs, was inversely related to arousal. Support
for this 1ine of reasoning comes from the fact that distraction in the l
51-59 interval has been shown to reduce CNY amplitude. It was assumed

that the additional attentional load imposed by the processing of these

extra s,ti,mu,},i,:,a],,sg,.,a,cc,qu,n,ted,,ior,,,t,lle,,in,c,r,eased RTs to S,. ‘Along

another line, other studies have demonstrated that lowered CNV activity

was associated with heightened autonomic arousal. For their study,

»

Tecce and Hamilton required subjects to add 7's aloud during 3,-S,

trials. In additionkto reaffirming the earlier mentioned effects of
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distraction, the arithmetic task decreased CNV amplitudes and increased
“RTs.

When normal subjects were used, McAdam and Whitake; (1971a)
‘demonstrated that readiness potentials recorded from the scalp were
Tocalized during language production.  Electrodes were placed over
qucgls‘grea,Qnuthe_left,hemisphere,and,contrastedfte~aihemolegeus~f~~ﬂ~~~~”ﬁf*‘4‘***
Tocation on the right hemisphere. For oné condition, right-handed
subjects vocalized a set of three-letter words that,started/Lith the
Jetter "k" or "p"; in a control condition, subjects initiated muscular
gestures that only imitated vocalization. The FM recordings of EEG
activity allowed analysis 6f electrical events that occurred 1.5 N 7
seconds before the response and .5 seconds through the response. The
averaged responses to spoken words indicated that larger activity was
recordéd over Broca's ér;ﬁ than over -the comparison site on the rights
hemisphere; the control gestures,“on the other hahd; produced bilater-
iTaﬂ_y symmetrical records. ,Some of the slow potentials in the speech
task were bbserved to occur as much as one second before the actual

response. Morrel and Huntington (1971) have cfiticized*fhe McAdam and €

Whitaker report on the bases of the imprecisness of voice’triggering f

and the possible contamination of EEG potentials by EM% activity. A . .-
reply was given by McAdam and Whitaker (1971b) standing by their - 7
earlier results, lLeford, Laffont, Sauvage, and Jusseaume (1973) foundf | %

vo]untafy movements made after a stimulus were follguadﬁbyma,long,W_WWﬁi,,ﬂ - —

latency negative wave that resembled the CNY. A bi1atefa1,disiribution

-~

of the slow wave was found for movements that included fist clenching,

ry
*

tongue-cheek movements, and word evocation.



’ . >76
J: Cohen (1971) reported thét singly presented.semantic or
pictorial stimuli were followed by a slow wave shifting. In a CNV
parad%gm, 6ohen visually presented a word or object that was -named By
the subject. Therg was no difference in CNV shape or magnitude when

the subject anticipated words or objects at thresho1a exposures.

Cohen also noted that the amplitudes of the CNMs_wétemsjgnifiganjly

greater for correctly identified words oF picfures.
\

CNV and Clinically Related . *
Patient Groups

x

A few clinical reports hgve demonstrated the‘potentia1'u$efu1-
ness of theigﬁxmjgidifferentiating Tevels of verbal comprehensjon.j for
example, Burian, Gestring, Gloning, and Haider (1971) reported a single
case where recovery %rom aphasia correspondedywith a simultaneous
reappearance of the CNV. In’another exdmp1e, Fenelon (1968) reported 7
th;'case of a six-year-old dyslexic child and the generation 6f slow
potentiais. Using CNV trigrams to elicit associations to real word¢,
no CNV wés degécted in the S1-5% interval for the dyslexic subject. B
For mental retardates, Karrer and Ivins (Note 18) reported differencgs
in;the timing of the slow potential and jn slow potential topographyff

Hhen patients with known brain Tesions wefe‘used as subjects,

McCallum, wa1ter,rwinter, Scotton, and Cummins (1970) recorded clear

asymmetries in_ the form and amplitude of the CNV. The most general

observation made from the patients was that thgrgryq;:qﬁmarked decrease

in the amplitude of the CNV over the area of the lesion. The inves-

tigators noted that for some of the cases showing'a clear CNV

-

asymmetry, no obvious focus or asymmetry was,visible in the normal EEG
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-~_ electrode recorded a normal CNV in an S1-Sp paradigm after 16 trials,

In patients with fronté] lesjons, Zappoli, Papini, Briani, Benvenuti,

77

record. Subcortical Tesions have also been implicated in the pro-

‘duction of asymmetricaJ CNVs {:an11umaZ'Cummins, 1973). Negative

shifts recorded at the scalp s
3 - . o
at lower brain levels. When patients with implanted electrodes were

not necessarily imply positive shifting

used as subjects, McCa]]Fm, Papakostopoulos, and Griffith (Note 19)
reported-that both- egand~ﬁegativershifting—oeeurred%inlmddlineﬁvnA\LA@;;Aggff

and brainstem structures in a CNV situation. Low (Note 20)'observed"

" that patients with intracerebral lesions could produce CNV activity

provided the areas of dysfunction did not include the diencephalon
or paracentral cortex.s Informally, this wriigr attempted to record
slow potential activity from an area between the hard and soft palate

of a few practiced,.norma1 subjects. While a monopolar vertex (C,) -

the palate electrode showed no sign of slow ane~ac;ivity. Evoked *
responses in the CNV to S and'Sé stimuli (tone-clcks) were not

observed from the palate site with the small number of trials taken.

and Pasqu}ne11i (Note 21) found that -negative shifts, if they occurred,

N
were usually at the vertex; from patients with uni]atera1§{ronta]

lesions, klectrode derivations F3-T3 and F4~T4 showed no consistent

[ 4

asymmetried\in a conventdonal RT-type task.

- A number Bt stu

~have included clinical examination of slow
potential iitivi;y in iatr{;ally hospita]izedwpa;igntgLﬁmIim§i;?
Berthier, Koninckx, Da?gént, ;bntaine, and Dongier (1970) surveyed CNV
ﬁmplitude‘and waveform in 160 patients. The patients were classified

as normal (45), neurotic (70);L?nd«p§§EEotic (45). The CNY amplitude

i



, 78
alone could not statistically distinguish between the three categories; -
however, there was a re]ationship between categories and the per- - f\J
sistence of the hegative potentiaf after Sp.  Only 9% of the patients
classified s normal had displayed Fhe persistent or sustained :

negafivfty after So, whereas 34% of the neurotics apd 91% of the =

psychotics demonstrated that the prolonged CNV was associated with the
severity of fﬁé psychotic disturbance. In another study of neurotic
and psychotic patients,'ij;it-Berthfér, Delaunoy, Koninckx, and
Roussedu (1973) considered three parameters (amplitude, morphology, and
- ddfation) of CNV activity. Neuroticsvénd psychotics pnoduced&sma1]

.amplitude CNV activity; morphology, i terms of Type A or Typgté‘
c]as;;fication, was équa]]y néﬁresented7in tbe normal and patfent f\_\\$‘\::_
gfaips; howéver, dufation,:or pOStrSZ negativity, again appeared more

- often in fhe psychotic jroqping.-<qugs of post-S, resolution and the

prob]éms of ihterpretatjon of this resolution were discussed by Timsit-

Berthier,- Delaunoy, and Rousseau (Noge 22). Timsit-Berthier, Deléﬁﬁoy,
and Rous;eau (1973) also observed a different-froﬁ-norma]’mdtor
potentiij’émpng'psychiatric patients. _

 Us1ng'a discriminatfgn-type CNV task, Weinberg (1973) w;s able
to induce exgér?méntally }ebouﬁd’phehomenavor post-S, neéatiVityifrom

normaj subjects. The prolonged negativity was observed to.depend upon

the otq@??éﬁééjé?”?ééﬁﬁitk to.the subject about the correctness or
;;iﬁcgrreéfnesg'cf”hfs response. - fnsfééa’of being arsiéhfd?"pEyEﬁfdfFié'f 7777777
i?lnééé, post-Sy negativity may only reflect the subjgct}s continued
gﬁ£pern about his response. | ’

- Abraham and McCallum (1973) investigated the relationship
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. between the duratxon of the Sp1ra1 After Effect (SAE) and- the amp]itude :

' d1rect1y re]atedmto ]ower CNV amp11tudes and sever1ty of d1agnosed o v

'cond1t1on The resu]ts qo1ncfde w1th the character1zat1on of

- +tf— RSN

. The f1rst two measures. appeared cons1stent and- not re]ated to any
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;of the CNV. The;exper1menters tested sch1zophren1c pat1ents on the SAE :

after CNV record1ng seSS1ons They found that longer SAE t1mes were .

E4

e

'sch1zophren1cs be1ng hyperaet1ve and hav1ng, therefore ]1m1ted

cap§c1ty for extra st1mu1at1on ' Abraham McCa]]um and Gour]ay (Note
23) stud1ed foﬁr CNV features (amp11tuge, d1§tract1on amp11tude,

pro]ongat1on;—and par1eta1 spread) -in d1agnosed schTzophren1c pat1ents

part1cu1ar type «of patient c]ass1f1ca¢1on. Ln contrast re11ab1e

" [

prolongations, i.e., post-S; negat1v1ty, were found for pat1ents w1th

| man1c depress1ve syndromes The measure referred t0*as par1eta] spread

l(def1ned as the uV défference between the CZ and P, sites) was ]1nked

with one group of the pat1ents For the future _the successfg] use of -

the CNY in the clinical sett1ng requ1res the JUd1C1OUS use of record1ng, .,
\

techniques coupled, of course, with the 1mposed 11m1tat1ons of the

hosp1ta]1zed patient. A recent paper on the 1nterpretat1on of post-

imperative negat1ve var1at1on was presented by Dubrovsky and Don91er : .

“(Note 24). R ) , L Sy
. i . . e ,7"7&1’ / -

N
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Chapter 3.

o 7%,,,JEMISRHERLCJLDUA\LEACIMLFDJSTBACIIDN

a

PROCESSES, AND THE EVALUATION OF LATERAL
- SLOW POTENTIAL TOPOGRAPHY ) a

' Investigators are now examinjng‘therre]ationship between
hemisphéric prbcessing and the distribut{bn of slow potentials over the
cerebral hehispheres. The problem of cpmﬁining the two areas is an
interesting one. ~If the brain is truly respoﬁsib]é for the functional
differences.outlined in Chapter 2, a cortical phenomenon such as the
CNV should reflect hemisphgri¢ activity. The CNV paradigm lends 1t$e]f
toian examination of cognitive set by presenting a';timulus'sequence
that may require processing at either Sy, Sp, or both S; and Sy
stimuli. By payfng>specia1 attention to the stimuli used and the

response required, investigators are able to evaluate thé effects of

!

- hemispheric processing on slow wave distribution.

This chapter is divided into three parts. The first section’ °

records recent experimentation dealing with hemispheric proceséing and

sTow potential asymmetries. From bi]ot work, the second section

explores the effects of selective §timu1us'distract%on and_the gen-

_eration of left side and right side slow potentials. The third section

n

considers the logical problems involved in dempnsirating lateralized

80
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slow potential activity. .

Investigations of Lateralized Slow Potentials

Otto and Leﬁfer (1973) examined the\topqgraphica1 dist}ibution
of the CNV during a sustained motor task and a delayed motor task. In

a so-called dbub]é résponse condition (DR), subjects pressed a button

at 51 until the océurrence of So. The sindle response condition (SR)
fbi]oﬁed the same.stimulus'sequénce but required only a S1ng1e button
press at Sy. The subjects-were separggg]y testedugp¢grrbqth eXperi« '7;"
mental conditions using their preferredAhand aﬁd nénprefer%ed hand;
additiona]]y, subjects were given feedback_in both DR andVSR |
conditions. Monopolar scalp activity was collected from 1eft‘and right
motor thumb areas and midline (F,, C;, P;) sites. Slow wave abtivfty"

the CNV interval and a l-second pretrial baseline level. Infaddition

was evaluated from area measurements computed bétwéen the w;;?form in
to the effects of feedback and pretrial shifts that occurred in the DR
condition, the 1nves§;ggtors reported'hemispheric differences between
the’dominant hand ané £%é nondominanf hand. Maximum negativity was _
recorded from thejemisphere contralateral to the hand that responded.
Importantly, fight-handed §Ebjects exhibited larger negative activity_

over the contralateral (left) heﬁispﬁeré regardiess of the hand that

responded. For left-handed subjects, maximum negativity was recorded

.ovér the contralateral (right) hemisphererno matter which hand

responded. It should be noted, however, that the Taterality effects
reached significance only when the data were pooied over DR, SR, and

across feedback conditions. The investigators entertained the idea



82

-

that individual. dominance may overr1de ‘the 1mpulse act1v1ty of contra-

A

© lateral connect1ons : e
'The evaluation of cerebra1 activity is not limited to measures
f of’magnitude only. For example, wefhberg and Papakostopodips (Note 25)
used a correlational recognition index (RI) to examine the relationship
between s]ow potentials recorded from the vertex (CZ) and other scalp
~eleeat4ease%ﬁprferZeeeg,e€4e—P3-&eP4944~ArstandardfSI-Szeparadigm—was
used to elicit slow wave potentials. The subjects simply terminated an
$» tdne wifh either their left of right hand. The results indicated
that the vertex (Czj cbrfeleted'hfghly,Wfth 511 other electrode sites
except for Fp1 and Fpp. Regardless of which hand responded, the
correlations between the vertex (CZ) and the lateral placements were
.not-affected. An amplitude analysis of the recorded potentials
disclosed tﬁat there were no differences between experimental’ .
*k condikions and no hemispheric differences. The vertex (Cz) amp1itudes
were larger than either frontal, central, or parietal sites; in
addition, the two-frontaj sites were smaller than either the centra],
‘or parietal locations. The 1nvest1gators speculated that frontal
p]acements may be more involved 1n d1scrim1nat1on and time estimation,
K . whereas centraT and par1eta1 placements may be more 1nvo]ved in '
| response control and output. \ ) G R ‘ﬁg‘

7

In d1scussing the topography of the human motor potent1a1 (RP),

-~~~ Vaughan; Costa; and Ritter (1968} found that the distribution was

4larger40¥er4the4hemlsphereecontralatepaletoellmbemoyemhnteeeAlthougheeeeeeeeeeee—

four d1st1nct components of the motor response have been identified,

the initial negative wave preceded movement°byas much as .5 to

e
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'”Z‘U“ééﬁﬁds and ranged from 5 uV to 25 uV in amplitude. From the
max imum response at the rolandic 1ine, motor potentials have exhibited
a gfadient of decreasing magnitude bothvanterior1y and posteriorly. N
Recording CNV potentials from hand sensorimotor areas of both hemi-
spheres,'Syndulko’and Lindsley (Note 26) found that larger slow scalp
activity was generated by the side contralateral to the responding
__hand, Becqnd1ngseerm_blpnlanefnnntaleiEa*AE4),epanletale423,4E4),eandeeeeeeeeeeeu
occ1p1ta1 (01, 0») sites did not display- this asymmetry Similar motor s
activity was observed for both left- and right—handers.

Donchin ‘and Kutas (Note 27) reported preliminary findings on
the effects of response~parameters and the deneration of readiness
potentia]s. Subjects operated a hand dynamometer at 25%, 50%, and
75% levels of a maximum force ;hat was determined prior to testing.

The subjects viewed a continuously illuminated square with a
superimposed circle; they were ab}e to make the circle disappear by
exerting one of the above force levels. Visual inspection of the
averaeed data (at a]] force levels) for right—handed subjects eppeared
to indicate larger left-motor than right-motor activity during right-
handed operat1on When r1ght;handed supqects used their left hand, the
modot asyﬂmetr1es between the hemisphereé were no longer observed. S
' interesting1y, the force levels did not appear to alter the RP ' |

amplitudes. In a later and more egtensive analysYs, Donchin and Kuta$
3

~ of the RP that depended upon which hand responded. For left-handers,

however, a contralateral asymmetry was found for right;handed

responding, whereas no differences were observed between the
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~hemispheres for Teft-handed responding. - ¢

Wilke and Lansing (1973) investigated the relationship betWeen
different levels of fbrearm exertion (1§& 3 pounds) and the coire-
spondihg generation of mofor potentials. Bipolar scalp recordings were

<c077ected from rolandic s1tes referred to parietal 1ocat1ons For a

per1od 100 m1llxseconds pr1or to arm movements, no cort1ca1 act1v1ty

- conditions affectedthe-distributionof the P300-and-CNV potentials.

~mwasﬁde%eetedAAAHewe¥epT*dupingAmovementAagsurface;negatlvegio4p051t1xe4\A_4A4g*4_
‘act1v1ty was observed that was 1arger for the 3 pound exertion than

for the 1 pound exertion. The movement potent1a1 was larger over thev

hemisphere contralateral to the 1imb that responded. The amplitude

differences ranged from 1.5 uV to 2.0 uV for both the force levels and

for the Taterality effects; the»averages were based on a minimum of

350 vo1untéry arm movements. |

In a preliminary CNV report, Donchin, Johnson, Hernong, and

Kutas (Note 29) présented'subjects with a series of rules for deter-

mining the outcomes of particular stimulus sequences. These rules were

presented on séparate days for the fo11ow1n§ situations: (a) guess

(subject,atﬁempted to predtct the outcome of a trial prior to Sy), .

(b) reaction tihg,(subject responded with either the left or rightAhand

following tﬁéichoice’stimu1us), and (c)'reaction'tinmf(same as b except.

with catch trials). Area measureménté were computed'for'both the P300

(at Sp) and the CNVs. The results indicated that the experimental

~*  The vertex (C,) was Yarger than most laterally placed electrodes. The

lateral placements in the-two RT conditions produced larger P300 and

CNV areas on the right than on the left hemisphere; for the guess

J
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condition {no respense required), activity recorded from the left

hemisphere was larger than for the right;hemiepheﬁe. (Averages were
based upon 64 trials.)

Butler and Glass (1971) reported the production of asymmetrice]
CNVs with a cognitive task. The investigators hypothesized that
solving ar1thmet1c problems is heavily dependent upon the funct1on1ng

of the,dom1nant hemisphere. B11atera] record1ngs (fronto parietal)

were cd]]eeted whiie subjects performed arithmetic Bperations mentally.
The subjeets were presensgd a warning stimulus (51) fo]]oﬁed,by a
tachistoscopically flashed ar?thmetie«prbblem (S2). ~The results for :
right-handed subjects indicated that the amplitude of the CNV was
significantly greater over the left than right hemisphere; a single
left-handed subject demonstrated the lateralized effect but over the
right hemisphere. The investigators interpreted the data-as evidence
that the hemisphere principally responsible for processing also
produced the most activity. It is important to note that sdbjetts
were not performing the arithmetic operation fn the S;-Sp interval.
This writer attempted a similar study w1th subjects performing mixed
arithmetic operations tach1stoscop1ca11y presented at 51 or 52} If
the prob]em was presented at -5y, thersubJect verbally reported the
answer-at the 52 signal; if the problem was presented atgS, after the
Sy warning signal, the subject solved the pnoplem andrresponded |

venbiin as quickly as he could. Visual inspection of monopolar

record1ngs 1nd1cated large CNV amp]1tude differences between exper1-

el
* mental conditions; frontal sites (F3, Fa) were not d1f?’?ent1ated

either when the subject performed the operation in the $;-S, interval

¥
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~or when the subject.only expected the arithmetic operation.

In a continuous vigilance situation, McCallum (N?te 30)

- presented subjects with a digit display that changed ﬁumbers‘et a rate

of one per second. The subject's task was to respond wHEHever a
sequence of three odd numbers had been observed. Amplitude measures

showed increasing negativity.to number sequences as a series approached

ﬁ}he criterion for response. Scalp recordings from lateral placements -

F3, F4, C3, Cq, P3, and Py were symmetrically distributed during
stimulus presentations. - , i

- Marshwandm¥hompson~{1973)'investigated'the'effects of verba1"i o
and nonverLa1 psycho]égica] set on the hemispherie distribution of CNV
potentials. An 51-52-53 stimulus sequence was used to e]icit's]ow .
potentials; S; signaled the start of a trial, Sy was a 5 - 8 letter °
word presented to either the Teft or right visual fields, and S3 .
signaled the subject to verbally report- the word observed at Sp. For
the nonverbal condition, subjects viewed diffefent line orientations
(at Sp) that were ranaomly presented to either the left or right viéua]r
fields. The subject made his reSponse~from an array of possib]er

orientations shown at the end of a trial. Monopolar scalp electrodes

were p]aced at T3 and T4 locations along with bi]ateraify placed

' e1ectrodes over left and right anguTar gyri. The results for the -

behav1ora1 data 1nd1cated a r1ght field super1or1ty for word

\ N
detegt1ons, for the line or1entat1on task however, subJects made an

’ equa] amount of errors for both the 1eft and. r1ght visual fields. - The

CNV amplitudes showed that no d1fferences occurred between the hemir

spheres for either the tempora] or par1eta1 placements. The v LT
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'fh#estfgatorsﬂﬂ§§ﬂﬂﬂxkfmrietaliﬂmﬂitﬁdéspangedfrgm 4wV to 5 Vs
éempora1f10catioﬂs recorded no slow potential activity. Further, no
significant left or right differences were found when trials were
.separateﬁg tested by condition for correct or incorrect responseé. In
+an additional™ e)rtperiment,:Marsh and Thgmpson (1973)¥ modified the
experimental design so that S; signaled not oniy the start of a trial

. but a]solinaicéted whether the trial was verbal or nonverbal. Vocal-

izatﬁon was eliminated'in the nonverbal condition. The results from
14 subgects sho:;d that hemispheric asymmetries were produced for both |
"temporatxand‘parietai sites oncorrect trials. The*CNV amp11tudes~werev
smajler for the hemisphereipresumed to be primarily engaged jn'the |
task:, O;éra11 amp]i;udes were still small. Erom'a recent repo;t;
_Marsh, Poon, and Thompson (Note 31) obser&ed'that 1eft-right_differ-
ences for frontal electrode;loccurred only when correct trials were
averaged. g | . .
Low, Wada, and Foxf(Nafe 32} {nVestﬁgat%d the possibility that
the localization for 1angﬁage producé&on was reflected in slow
potén;fal scd]gvéctiVity} pafticu?arly in the CNV. tIn.epilept;c
.patients, the investiéatdrs observed that 1qrgér negative shifts
occurred over the d;minant thén nondpminant-hemisphere (1anguage
dominahcg was verified by carotid amytal tests). In normal left- and

right-handed subjects, area measurements from the t;mporal locations of

‘bothfhgmisnheres generally showed greater negativity opposite to the

~ subject's handedness. Pre]iminary‘data‘from’norma] children (6 - 12

years) 1nd1cated that temparal act1v1ty preceding speech product1on

was asymmetr1ca1.‘ In a later report, Low, Wada, and Fox (Note 33)
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found some 1n§1v1dDaT3 that sﬁbwed a negat1ve shift over the dominant R

frontal hemr/pﬁere and a positive shift over the nondom1nant hem1sph%§§L
. W b
dur1ng a 1anguage task. . o : S
Zimmermann and Knott (Note 34) reported preliminary slow i
potential.data from stutterers and normal speakers. The subJects-weree_v
presented a stimulus word at S1 followed by a signal (Sp) to verba11ze
44_4*4_&tege;ethegunrdeg,lngaddltinuetaetheexentexeiﬁz)agmonopolanurecordlngsewere

collected from left- 1nferior-fronta1 and r1ght 1nfer1or frontal scalp

Tocat1ons ‘Normal subaérts exhibited essent1a11y a norma] CNV distri-
bUtioﬁ'during the CNV task. Stutterers not stuttering displayed some

4 vertex (C,) activity but almost no frontal actjvity. - When stuttering,
: however, stutterers produced almdét ne‘vertex {C;) potentials; the left
frontal site displayed a marked increase in negativity while the right

fronta1 s1te was s11ght]y pos1t1ve - ‘ , ‘

In a recent conference report by Groz1nger Kr1ebe], and B |
Kornhuber (Note 35), the production of asymmetric activity from time- 3
reversed averages was linked to the particular speech-related task e bj i
performed. When read1ness potentials were/co11ected over speecﬁ areash 4
(Broca), one subject showed that the left hemisphere was more active
| than the right hemisphere pr1or to=artlngatory movements; pr1or to |
humming, however, the r1ght hemisphere wae\¥ound to be more active.

When the Tatera?;;at1on of slow wave actfv1ty (RPs) over speech areas

- ——occurred, the asymmetries were not always negative or positive. —

The Effects of Dié?raction on Slow Wave Generation:

-

The apparent transient f]uce;9;ions in the amplitude of the

\

~
N
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distraction on slo ve .production. " Small decreases in CNV amplitude‘
were observed when{the subjects listened to simple tones, 1isteneﬂ"fo -
music, or listened?o the experimenter taik When -a subJect was/d/;ed* ©
to inorease voluntarily his concentration during a task, the C,V was . . "

P
’

increased by a small amount. When distracting stimulation in the same

ﬁmsensory modality as S, was introduced, CNV activity increased; however,
intermodal distraction has been demonstrated to reouce CNV activity
(Miller, Van Veen, Sandman, & Knoét, 1973).

] Tecce and HamiTton (1973) studied the effects of distraction on
CNY amplitudes. In one experinentai condition, subjects were presented
‘with a standard Sflash-Stone sequenoeo For the distraction condition,
subjects added 7's aloud in the S;-S, interval. An analysis of the -
results disclosed that a significant reduction in'CNV‘ampiitudes was ”
caused by the adding‘of numbers. Heart rate during distraction was
e]evated. In order for the distraction to be effective in reduc1ng
‘the CNV, the investigators soggested that the interference must be
demonstrably processed (e.g., 1onger,Ris) and interrupt the pgimary | . 'x
task of responding to Ss. |

The Effects of Simple Distraction
1n_the S5;-S, CNV Interval

The experimentation on distraction suggested to this writer

that particular stimulus mate 44,15 known to effect differential hemi-

,SPQQEjF;EIOFESSi”Q might also differentially influence CNV genesis. A

number of practiced subjects with known CNVs participated in various

conditions in which interfering stimulation was injected into the $71-S; -

-



<

clicks by button press as qu1ck1y as poss1b1e . For the dlstract1on >

* attenuating chamber, A v1sua1 1nspect1on of the data was carr1ed

"" % . . ‘. ¥ '90

interval. ' A cempar%son~eend1t10nﬂusua%Ty'conSTsted’of‘a’siﬁﬁTe*ETTEE7L'4444’4444’44

(1) fo]]owed by c11cks (52) The subJect 's task was to term{nate the ‘ EERE

cond1t1ons, -subjects were 1nformed of the genera1 nature of the

1nJected stimu]at1on but were to respond to 52 as before The overa11

-—

des1gn of the exper1ments was attract1ve because the period-of dis-

“traction was relatively Tong (1. e., CM@Q ,a,ndfthe;;_.;_;

. instructions to the subject ‘were m1n1ma1 . Scalp. act1v1ty was co]]ected f'

on-1ine using long time constant 5.0-secondl recordings. ¥ The number Af "g
of trials that comprtsed an average*ranged from 10 to 16." Monopolar
recordings (referred to 1inked mastoids) Were(gathered trom the vertex ‘
(C 5 and homologous e]ectrode placements Upward and downward eye.
movements were mon1tored from b1po]ar e]ectrodes placed around the

r1ght eye. SubJects were p]aced on a bed that was 1ocated in a sound

out; base11ne ]eve]s for data p]ots were- based ‘around the mean vo]tage _

level prior to Sl st1mu1at1on A more comp]ete descr1ption of the

‘laboratory environment and data collection network is presented in o ;

{

later chapters. ,
In a distraction series using simple stimuli, electrodés were 4 3
p]aced at the vertex (C,), C3, C4, T3, and T4 sites. Four right-handed R

male subjects were tested. The data plots that are shown for subject

. . 7(7// . :
" represer ;
3

represent the data co]]ected from the other SUbJeC§§‘44!b1£§,591§§4E§§44.4444,4/44e%

k|
1nJected into the CNV interval; the distraction was biaurally presented ‘?
é

at levels that approx1mated the $;-Sp stimuli (65 - 70 dB re 20 uN/m2).

LA

4
R
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" When compared to tfie control conditfon, overall CNV activity was
, decreased,ddrTng thewhite noise presentationl(Figure 2). - This was E3¢
- especially evident at the onset of the noise injection. Homologous
€3 and C@ sites were;not,differentia11y affected by fhe noise preeeni,
'tat1on The temporal sites showed a minimum of slow wave acfivity

- Visual d1stractﬂoﬂ was introduced into the CNY 1nterva1 by present1ng

b]an{»f1ashes to the subject. The f]ashes _were generated by a Grass

"Photo-Stimulator {intensity 2) and were b1nocu1ar1y observed from a-

[T

. d1stancerof»1 méter. Compared toktbe control _condition, f]ash
ﬂlst1mu1at1on reduced CNY act1v1ty by a s11ght amount (Figure 3).
Homo1ogoa§"§ and C4 p]acements PEma1ned symmetrical dur1ng f]ash
u~presentat1ons temdora1 sites rema1ned “at base]qne Tevels.
' ‘ S]1ght1y more comp11cated st1mu1us injections 1nc]uded a
eondif1on where subgects s1}ent1y shadowed nuqbers on a TV monitor. -
Presentedlbinocuﬂarlf} ungynebronized single digits (1 - 9) anpeared
at a raté of two pen second in the 51?52 intenvaT The records frbm
the digit 1nJect1on showed the effects of attenuat1on for all electrode :
-sites; no d1fferent1a1 activity was observed at the homologous ‘sites . )
(Figure 4). ' ' , - " B L
’ 'Spdken digits;TI‘é>9), randomly ordered.and presented'niaura11y‘ ..
at a rate of two per second, were injected into the S1-S2 interval from '

‘a prerecorded tape (at a level of 65 - 70 dB re 20 uN/m2). "The numbers .

were $i1ent1y shadowed by the subject for each of the CNV trials. The

results indicated a slight s1dw wave reduction at all sites with no
differential activity evident (Figure 5).  There was. evidence presented

by McKee, Humphrey, and McAdam (1973) that right hemisphere alpha



;I &
7
» 7
- . LY
& ¥
- . ) v N .
' Figure 2
Average (n-= 10) CNV Records for SubJect N. A dur1ng
. the ControT and Interjected White Noise
- D1stract1on Cond1t10ns
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Figure 3

Average (n = 10) CNV Records for Subject N. A. during
the Control and Interjected Blank Flashes
Distraction Conditions ) ~\\
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_Figure 4

Average (n = 10) CNV Records for Subject N. A. during
the Control and Visually Interjected Numbers
Distraction Conditions -

96




$g= 15wk




LA

) Figure .5

Average (n = 10) CNV Records for Subject N. A. during
the Control and Injected Auditory Numbers
Distraction Conditions
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7 . activity was altered dur{ng a musical task. Although not shown in the
~ records of subqect N. A., orchestral music interjected in the CNV
interval reduted overall slow po;;ntia1 activity} however, homologous
sites were not qifferentiaﬁly influenced.
The effects of tactile distraction on CNV genesis were | ‘

investigated by separate]y'sfimu]ating‘each‘hand with a Vfbrometgr

vibrator. Slow potentials were eiicited with a standard Signe-Sclicks
paradigm. In the tactiJe‘conditions the vibrator was turned on during

-

the 2.0-second 51-S2 1nterva1 The subJect s task for both the control
and tact11e cond1t10ns was to term1nate the S» clicks by buttogkg;ess
In the control condition=the button was p]aced in the subject's- right
hand;<in'the:v1brator conditions, the button was operated by the hand
opbosit@ to ihe tactile stimulation. Four right-handed females served
Ldus subjects:z*MonopoTar electrodes (referred to linked mastoids) were
placed at the vértex (Cz), C3, aq@ Cq #calp sites. The anraged
records for subject D. B. are shown ih Figure 6 and were~representative
of a]]Jthe subjects tested. Compired to thilcontrol condition, visué]
inspection of the records indicated~a slight increase in CNV aciivity
during the injécted vibrator'perio&s (baseiine levels were determined
around a mean voltage SQO milliseconds prior to Sy). Placement of the
vibrator in either the 1eft or right hand d1d not appear to change the

overall balance of the C3 and C4 p]acements

Discussion of the Results

of Simple Distraction

In cgnsidering the overall results for a11\the distraction a,ff

experiments, several points should be observed. For some of the
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Figure 6

Average (n = 16) CNV Records for Subject D. B. for the
Control Condition and Conditions of Left and
Right Hand Tactile Stimulation
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conditions, the centra} electrode sites.were iot appropriate: In the

control conditions, the right hand bufton press didlnoi apbeq} to alter

the symmetry of the C3 or Cy sites,xnor‘did the distraction conditions

apbear to fnfluence the press ip_this balance. EXcept fbr the fact

‘that injected material was at the same’}ntgnsity 1evé1 as the S;-and Sp

stimuli (in the auditory conditions), there was no assurance that thé

ffffffffff . distracting stimulation was actively processed by the subject.—For — F

example, reaction ‘times between control and experimental conditions

£

*
were comparable.

- ) - ) ) TN

. v Quantitative Aspects of Assessing Lateral

(ﬂ ' Slow Wave Activity . ,\\‘t

Before proceeding to the experiments conducted in Chapters 4,

5, and 6, it is necessagyito consider the assumptions made about
hemispheric processing and the methods used in evaluating lateralized
sTow wave activity. Since the'experimentation relied so heavily on
verbal instruction to the subject, selection of an experimental con-
dition free from lateralized effects was difficult to find. Instead,
the notion of a control or.Standard condition was adopted. Subjects
were given'a typical S;-Sp CNV situation in order to verify the
presence of slow wave activity and estab]ish a slow wave distribution
 between the hemispheres. It was accepted that lateralized differences

in the standard condition (as well as the experimental conditions)

might be due to factors other than those'designed for the situation.

These included such things as the type of motor response required of

the subject, the uneven p]acement of homologous e]ectrodés, and the
H

S i
R
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fact that the S; and Sp, stimuli themselves may not be altogether

- neutral in terms of hemispheric procéssing. Given the distribution

status of the lateral placements in the standard condition, other
conditions were administered in order to alter this balance in the.
direction of the left or righf hemisphere. The shift in the lateral

distributioh of the CNV from the standard éondition was considered

o

necessary to any claim of hemispheric slow wave processing.

It was anticipated that amplitude measures of s]oy wave

a&fivitywouidformtheinitia]baSisfor the analysis of CNV. .

di?tributions.z It a]so seemed reasonable to assume that the hemisphere

mogt active in the processing of information would yield the largest
slow wave activity, although other possibilities were not excluded from
considération. Results from pilot experimehtation indicated that the
magnitude measures were nof the oh]y relevant dimension that might be

used to evaluate slow wave distribution. Cross-correlations -have

N -
provided a convenient index to the similarity between waveforms

-(COOpér, Osselton, & Shaw, 1969). Itvwas decided to use cross-

cbrre]ations to evaiuate the .waveforms generated by the cerebral

hemispheres. The cross-cofrelations used here were calculated by the

Pearson Product-Moment technique using the averaged data points of each
' /

waveform. In order to igves??gate slow wave activity apart from the

aspects of amplitude, four correlational comparisons of lateral CNV

Iy

potentials were considered. These included correlations across

'ba;fiéuiéfwéiectfode sites (I), between the vertex (C,) and each of the

lateral placements (II), between homologous pairs of electrodes (III),

and between intrahemispheric electrode positions (IV). Considergdq%%r

S

~

Ry
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* with the amp]itude‘measUres, the cross-correlations formed a’comp]eiv

%

; .‘, k - mentary ana]ysis network directed at detecting distribution changes
' B between the hemispheres for the different conditions.

The basis for evaluating the various 1nd1ces of electrical
wbrain act1v1ty rested in a genera] application of -the factorial ot

analysis of varfance des1gn (f1xed effects) with repeated measures

(y1ner, 196&). In addition to providing information about subjects,
Velectrodes, and experimental conditions, critical interactions of
electrodes by conditionsvprgyided the cell means necessary to.assess
1ateraiiied slew wave aetivity; Mest interactioniheahs were evaluated
by lTevel for the principal purpose of investigating the reletive -
e]ectriéa} activity ef a 1etera1 electrode site and its homo]ogoes
counterpart. Additionall;; specific nonsigqificant 1nteraetions were
: examined in order to suppTement”the %nformation of the various sites
between the dlfferent experimental conditions.
In summary then, éte exper;mentation of the following chapters -
; attempts to alter the distribution-of the CNV between the hemispheres
in normal sdbjects with tasks derived and desighed from the theories e
of differential cerebral processing. . Specifically, the tpsl situation Ko
" in Chapter 4 seeks to evoke nonverbal right hemisphere activity, :

whereas the tasks in Chapters 5 and 6 Took Broa%ly at verbal processing
- y -

and language production in the.left hemisphere. It is assumed that

the CNV represents a complex network of electrical phenomena which may
OT"mHyant”SEFVE”HSME*SUTtEbTE*{nﬂEX‘tU‘CéFEbY&T*pPOCESSTHQT“ETTCTtTﬁg“‘*T“‘;
asymmetries in.the CNY however would establish a psychological and

A electrophysiological basis to speéialized;cognitive activity.



-~~~ Chapter 4

RIGHT HEMISPHERE PROCESSING AND THE
TER

H
‘[-A

ERAL DEVELOPMENT OF THE CNV:
: EXPERIMENT 1 :

This chapfgr endeavors to incorporate some of the special

o

of the CNV. .One of the more intriguing findings for differential
cerebral functioning came originally from Milner (1962) whoJ
associated the right hemisphereIWith tonal memory and timbre. The '7
work of Shankweiler (1966) with right temporal lobe Eatients ang

Kimura's (1964, 1967) work with normal subjects have furtherrsupported

knowledge of right hemisphere functioning with the lateral deveLobment P

the right hemisphere's apparent musical or melodic predigpositifn. Thes

ratio of ongoing alpha activity over the right hemisphere hes been

K }
altered during a musical task (McKee, Humphrey, & McAdam, 1973) a12ﬁg ‘
als

with more transient forms 6?xcor£ica1‘activity, i.e., evoked potenti
(R. Cohen, 1971;,Mo1fese, Note 1). Earlier, Penfield ana Rasmussen
(1950) found that the temporal cortex was invo]ved~w1th memory

funct1ons and the ability to make compar1sons between past and present

“‘sensory percept16ﬁ§“‘ETéctr1caT‘stinm1atTUn‘of‘temp!gi%4re910 s=in

“humans produced“ahvarfetyAOf ha%%ue%nat%ensgsnelud4nggsomegthatgwere

+ ae

3

musical in nature. The frontal areas have al%h been implicated in

106



situations that require a contipuous assessment of ongoing behavior
(Milner, 1971).
Alsimplg tone analysis situation was designed to fit the slow

potential or CNV format. The tone presentations were continuous

throughdbt the slow wave interval. The activity from lateral electrode ~

placements over-both cerebral hemispheres was used to assess CNV

~~~~f*aﬂd—r%ghtftempera%4%¥g&4%ocat%on3744Thegactivpge%ectrodegs%teSAWEre

genesis during a control condition and a series of tone sequences.

, = Methods A
T s

Subjects

The subjects were five riﬁh;-handed males and five right-handed
females. The subjects were recruited from fhe university commnity as
paid volunteers. Handedness was checked by requiring each ;ubject to
copy a short ﬁgfagraph. The subjects' ages ranged from 18 to .26 years;
except for two individuals,;all subjects were experimentally naive

regarding<e1ectroeneepha1ographic methods and procedures. The subjects

g
i

had no abnormal hearing deficits. : . .

Recording Technigues

b Y
In accordance with the International 10-20. System of placement

(Jasper, 1958), monopolar scalp electrodes (Ag-AgCl) were placed at the
vertex (C,), left frontal (F3), right frontal (F,), left temporal. (T3),

referenced to linked gastoids. A ground electrode was placed on the
- subject's forehead. 1In order to monitor ocutar potentials, Beckman

Biopotential electrodes were placed periorbitally above and below the



108

right eye to record upward and downward movements, and electrodes were -
placed near the external canthus of each eye to record 1d§era1 eye
movements. Skin sites were 11ght1y cleaned w1th acetone before
ée]ectrode application. After injection of the Jelly e}ectrolyte

(Beckman), electrode impedances were measured and equated at 3.0K ohms

by tapped skin abrasion.

The£EG wpedvity was amplified and recorded on an 8-channel

Elema-Schonander Mingograf recorder. Amplifier sensitivity was

adjusted to 50 uV/cm for active electrode sites; time constants were

set at 5.0 secondsrﬁith upper cutoffﬂfrequencfeéwget‘eéfiwai}' A

single recorder channel was normally reserved for use as an event

marker. Outputs from the recorder were directed to a Hewlett-Packard

2116B computer for signal digitization and storage. Analog records of

output signals were taped by a Precision Instrument 6200 FM recorder.
On-Tine data acquisition was eccomp]ishedizﬁﬁh a data averagjng

program designed for slow potential reeording. After a start command,

normally issued manually, eight channels of 1024 points each were

digitized and stored on dfsc Individual trials (or‘sweeps) were

d1sp1ayed on an osc111oscope§pr1or to being accepted (or reJected) for

the data average. After a predeterm1ned number of tr1a1sf’)he d1sc

average was computed and displayed. If accepted, the average weﬁtr1nto

permanent storage under a designated file name. In addition, digital

. *"datzrfrmraccepted—tma?s#ereﬂstoredﬂ)mmagnetW%aﬁeiHﬂE%ypHas—

Hsed—te—en%er~pregramgparametersfandgloggacqutedgtraals+445tored4datageg,Agggggf

averages were later retrieved for filtering, plotting, and further

analyses. The reader is referred to Appendix A for a schematic layout



“of the 1aboratory environment. =~ . T

Stinfilus Construction

A tone tape was prepared for present1ng tone sequences to the
subject A dual Marconi AF oscillator generated the four tones p] ted
on an Uher tabe recorder. The duration of each tone was 750 milli-

seconds for a total tone period of 3.0 seconds. The first tone pair

differed in frequency by at least 200 Hz; in random order, the second

tone pair was either the same or different from the first pair; if

different, only one tone of the pair-was allowed to be-divergent. The ——

tone frequencies were selected from a range of 600 to 6000 Hz;
intensities for the various frequggcies were equalized to effect an
even playback level.

Before each tone set, a pulse from an Uher.Dia-Pilot IT was
added to automatically trigger the start of a trial. Tone sets were -
separated for periods that ranged from 18 to'30'seconds.4LGréson-

Stadler 1200 Series programming modules assured the precise sequencing

of the trigger pulse, tone sw{tching, and tone durations.

Procedure

Before the start of each experimental session, a calibration
signal (25 uV) was placed in parallel across amp11f1e$ inputs to verify
the equality of the final amplifier outputs throughout the data

col]ec}ion network,

************** *4Aftersfnft7aT‘eTectrode*preparatfon‘*thE‘subject*was*p?aced in
/
an e]ectr1ca1]y shielded, sound attenuating cubicle. The subject ]ay ,

in a bed adjusted for viewing a closed-circuit TV monitor. The monitor -
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projected a fixation point durihgrexpefﬁmenta1 conditions; overall
screen brightness was adjusted to 0.5 ftL (1.713 cd/m2) and was
essentially the only source of lighting in'the cubicle.

A preliminary 15 - 20 minute period at the start of a session
allowed the subject to relax momentarily, permitted the electrodes to

sfébi]jze,‘and provided the opportunity for a quick equipment

1nspect?bn.

Each subject was presented with two experimental conditions.

The standard condition (SC) consisted of a 150-millisecond (1000 Hz)

"~ tone pip (Sq) followed 3.0 seconds later by clicks (Sp). The subject's
ta‘L was to terminate the clicks as quickly as possib]e'with a right |
hand button press. If the button was pressed before the clicks
sounded, the clicks’yere automatically inhibited and the subject was
reinstructed on the brocedure? Severa]g;ractice trials were given to
the subject to acquaint him with the mode of stimulus presentation. 1In
addition to proper eye fixatjon, subjects were instructed to adopt a
pattern of motor responding that was compatible with Qgcording small
electrical signals. .

In'the tone analysis condition (TA), the ;ubjéct was instructed
to 1{sten to the prere&brded tone sets and to decide whether the second

tone pair was the same or different from the first tone pair. . When the

clicks sounded at the end of a tone set, the subject pressed a button

to indicate his decision and to terminate the el{gks. The same or

different responses were represented on a two-bufton box that was

operated with each hand; the positions of same or different were

randomized between subjects. Several practice trials were given to

%
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assure that the subject understood the tone task and responded
correctTy. (Correct or incorrect responses to the tone sets were o
obsefved but not recorded.)

fFor both SC and TA conditions, sdbjects lTistened to stimuli
from Toudspeakers located under the bed. Sound levels measured at the

subject's head ranged from 65 - 70 dB clicks were generated from a

— erassgs-4~s%1mulater*atgagrateeﬂ¥A%5fsecond—and~were*de%Tvered*atea*e*********ee*~*e~

Tevel that ranged from 65 - 70 dB re 20 uN/m2. The standard condition
was always administered first.' ;

An average ofgigwfr1als for each condition was co11ected for 7
each subject. Trials obviously cOntaminated byfeye movement or EMG
activity were rejected. For baseline purpbses, data collection was »
started 100 mill{secdnds before stimulus presentation; the total sweep

duration was 3.5 seconds. For both SC ana TA conditions, the time

between trials ranged from 18 to 30 seconds. \

Data Treatment-

The data averages collected for each subject were plotted
o
(Houston Instrument Omnigraphic X-Y plotter) for each experimental

condition and for each of the electrode sites. Individual data

A T AL ROt I Y JENTTI T R SR IR

averages were digitally filtered prior to E}otting (see Appendix B for

filter tharacteristics) and were centered around a mean baseline

s

, s
voltage determined from the 100-millisecond prestimulation period.

Amplitude measures. Each CNV average was divided into four ‘e 3

segments corresponding to the four tone periods. In the tone ana1ysi§

condition, direct (calipered) vertical measurements were made from a

*
s ¢ bt
Rih"‘“ :
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baseline level to a point oﬁ the slow wave 50 milliseconds prior to. the J
offset of each tone in the four tone sequence. The same temporal
bounds were also used in meq;uring CNV amplitudes in the standard
condition. |

A four-factor (2 x 2 x 5 x 4) ané]ysis_of variance design with

repeated measures on the Tast three factors was used to evaluate the

amplitude measures. Factors and factor labels were as follows:

sex (A) by conditions (B) by electrodes (C) by times (D). The analysis
of variancei;ombqtatjon;wwere carried out using BMDO8V of the Health
Sciences Computing Facility, UCLA. & '

Ratio indices of asymmetry. In order to assess the relative

proportion of right (R) hemisphere activity to left (L) hemisphere
éctivity, ratios of the form R/(R + L) were formed. Ratios were —r,%
separately derived -for homologous frontal, F4/(F4k+ F3), and homo]ogous
temporal, T4/(T4 + T3), electrode averages for both SC and TA
conditions. The CNV activity at an e]ectrodefsite was estimated by a
mean der from the four vertical measures of amplitude. Ratios that
exceeded .50 indicated larger right .than left hqusphere activity;
ratios below .50 indicated larger left than rightthemisphere activity.

A three-factor (2 x72 x 2) analysis of variance design with
repeated measures on the 1a§€ two factors was performed on the

calculated ratios. Fag%ors and factor labels were as follows: sex (A)

by conditions {(B) by electrodes (C)..

- Cross-Correlations I. Cross-correlations for all subjects were

performed between the right frontal (F4) site in the standard condition

and the right frontal (F4) site in-the tone analysis condition;

) | :
i

J ; ) 7 3
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similarly, cfosé—corre]ations between SC and fA were carried out for
left frontal (F3), pight temporal (T4), and left temporal (T3)
lTocations. (Each cross-correlation value was based on the total
averaged waveform, n = 1024.) ;
A t-test for .related measures was used to evaluate differences

between right and left frontal correlations; similarly, a t-test was

L%

used to evaluate differences between right and left temporal corre- -

lations.

Cross-Correlations II. Separate cross-correlations were
per?ormed for each subject comparing the vertex (C,) of the standard
condition to each of the lateral electrode placements in SC; likewise,

cross-correlations were performed between the vertex (Cz) of the tone

analysis condition and each of the lateral placements in TA.

The resulting -correlation values were entered into a three-
factor (2 x 2 x 4) analysis of variance design with repeated measures
on the last two factors. Factors and factor labels were as follows:

sex (A) by conditions (B) by electrodes (C). ‘s

Cross-Correlations III. Separate cross-correlations were '
performed for each subject between homologous frontal (F3 vs F4) and
homologous temporal (T3 vs Tg) e]ectfoqe sites for both SC and TA

i

conditions. ¥

The correlations that were obtéined we(f entered into a three-

N AJmJ.:. Cadert

- " - kS
factor {2 x 2 x 2) analysis of variance design with repeated measures

on the last two factors. Factors and factor labels were as f61lows:

¥

sex (A) by conditiohsrgg) by electrodes (C).

Cross-Corre]atiois IV. Separate cross-correlations for each
X b

kY

L A o s o,

b
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» subject were performed between right side intrahemispheric placements
(Fq vs’T4) and left side intrahemispheric placements (F3 vs T3) for
both SC and TA conditions. |

, The corfelation values were entered into a,three-féctor
(2 x 2 x 2) analysis of variance design with feﬁeated measﬁres oh fhe

last two factors. Factors and factor labels were as fd{1ows: sex (A)

by conditions (B) by electrodes (C). -

Results

- — - . - -

; The analysis of overall trgatment'efféct£ relied on the -
ana]ysissof variance. Individual tests of maih effects were carried
out using Duncan's Multiple-Range Test for significant F ratios »
(Edwards, 1968). Significant interactions were also analyzed using
Duncan's MQ]tip]e—Range Test among the means at selected levels. 1In
the calculation of the critical rahges, it was the a-level of the

significant F ratio that normally determined the particular tables

4 entered.

Amplitude Measures

The overall effects between females and males were not signif-
icantly different (F < 1, df = 1/8, p > .20). The standard and tone

anaiysis conditions were different at the p < .01 level (F = 11.38,

R

,ﬂWW_ﬁm\;_giijﬂﬁ¥4ﬁgﬂfhﬂimﬂnjﬁﬁﬂijﬂﬁimmiimLﬁEﬂﬂm%

(F = 19.70, df = 4/32, p < .001) and for times (F*= 9.91, df = 3/24,
p < .001). Interactions reaching significant levels included

conditions by times (F = 5.29, df = 3/24, p < .01), electrodes by
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times (F = 7.93, df

12/96, p < .001), and conditions by electrodes by

n

times (F =7.89, df = 12/96, p < .001). A summary of the analysis of
variance for amp]itudesﬁis provided in Appendix C; TaHle C1.

- In order to provide some initial information on the magnitude
of the slow potent1als that entered the amplitude analysis, overa]]

ce]] means (converted into uV) for Factors A, B C, and D were

assembled in Table 1.

A pictorial representation of the overall amplitude (Factor B)
differences between the standard and tone analysis conditions is shown
in Figure 7. The overall CNV activity at each electrode (Factor C)
site is shown in'Figure 8. The vertex (CZ) was larger th;p any of the
other recorded sites (p < .001); and although Fy and T4 locations were
slightly larger thén their homologous counterparts, the differences
between fronta] (F3 and F4) and between temporal (T3 and Tg) sites were
not significa;;l(g_> .05). The Duncan range tests among the means of
Factor C are shown in Appendix D, Table DI.

The overall mean amplitudes for each of the separate time
periods (Factor D) are i11us§rated in Figure 9. Time periods 1 and 2
were both larger than Time 4 (p < .001); hpwever, Times 1 and 2 were
not different from each other (p > .05). The Duncan range tests among

the means of Factor D are shown in Appendix D, Table D2.

In order to asseés the lateral distribution of slow wave

activity during the standard and tone analysis conditions, the non-

’significant conditions by electrodes (B x C) interaction was analyzed.

The means (uV) involved in the interaction are shown in Table 2. In

the standard condition, no differences were found between frontal
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Table 1
Overall Cell Means from the Aﬁa]ysis of Variance
B —for—ENV-Amplitude Measures
Factors v Amp1itude
(uV)
A (Sex) -
. . . £ - S

Al 5Fema1e) ..... fe o o oL 14.46
A2 (Male) . . . . . .. .. .... 14.49

B (Conditions) ///////
Bl (Standard) . . . . . . .. ... 8.26
B2 (Tone Analysis) . . . . . . . .. 20.68

C (Electrodes)
C1 gcz) .......... e e e 23.74
4 F3g .............. 12.30
C3 (Fg) . . . v v v v v CL. 14.24
c4 $T3) e e i e e e e g e e e e 10.49
€5 (Tg) . . v v v v v v o 11.59:

, D (Times)

D1 gT'ime lg ............ 18.24 -
D2 (Time 2) . . .. .. .. .. . 15.93
D3 (Time 3) . . . . ...... T 15.42

DA (Time 4) . . . . « . . v v ... © 8.30




¥

117

Figure 7

" overall Mean CNV Awp!itudes for the Standard
and Tone Analysis Conditions
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Figure 8
Overall Mean CNV Amplitudes at Each
of the Active Electrode Sites
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Figure 9

Overall Mean CNY Ampl 1fudcs for Each
of the Separate Time Periods -
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) Table 2 .
Mean CNV Amplitudes for the Nohsignifican{/
Conditions by Electrodes Interaction
=~ - T
ﬂ Eiec;rode Site'
Experimental (Ampljtude in V) .
i " Condition : N
| | G F3 Fa T3 Ty
Standard 16.58  5.59  6.39 555  7.16
Tone Ana]y§i§ ) 30.87 19.00 22.08 15.42 15.99

‘a
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(F3 and Fy) or temporal (T3 and T4) electrode sites (p > ;05); in tone

.analysis, no amplitude differences were found between frontal (F3 and

.
F4) or temporal ;fg and T4) sites (p > .05). The vertex (C,) site

< \4&\6 .
for both SC and TA conditions was larger than any of the Tlateral sites
(p < .05). In TA, the right frontal (F4) site was larger than either

the left temporal (T3) or right temporal (T4) electrode locations

' (E_< .05). The Duncan range tests among the means for the standard

conditioh'(B =~1) and the tone analysis condition (B = 2) across

electrodes are shown in Appendix D, Tables D3 and D4, respectively.

The mean amplitudes involved in the conditions by times (B x D)

interaction are illustrated in Figure 10. - In the standard condition,

’ _ thé separate time period amplitudes decreased during the CNV interva]{

however, none of the time periods were different from each other

{p > .01). In the tone analysis condition, the first three time period

amplitudes were of approximately the same magnitude; however, each were

separately different from the Tasf (D = 4) time period amplitude

(p < .01). The Duncan range tests among the means for the standard

condition (B = 1) across times and the tone analysis condition (B = 2)

across times‘are shown in Appendix D, Tables D5 and D6, respective1y.
The mean amplitudes involved in the e]ectrodes by times (C x D)

interaction are illustrated in Figure 11. For éﬁe vertex (CZ)

location, D = 1, 2, and 3 were separately larger than D = 4 (p < .001);

For the left frontal site (F3), D = 1 was separately larger than D = 2,

3; or74wfﬁg< .001); D = 2 and D = 3 were separately larger than D = 4
k !

(p < .001). For the right frontal site (F4), D=1, 2, and 3 were

separately larger than D = 4 (p < .001); D = 1 was also larger than
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Mean CNV

Figure 10
litudes for Each of the Time Periods in Both

the Standard and T Analysis Conditions

N
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Figure 11

Mean CNV Amplitudes for Each of the Time Periods
at Each of-the Active Electrode Sites
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D=3 (p < .001). In the left temporal "(T3) récords, D = 1 was larger

than D = 4 (p < .001). In the right temporal (T4) records, D=2.and - _

D = 3 were separately larger than D = 4 (p < .001). The Duncan range

tests among the means for the vertex (CZ), left frontal (F3), right

frontal (Fy), left tempora]-(T3): and right temporal (T) sites across ’
times are shown in Appendix D, Tables D7, D8, D9, D10, and D11,

——respectively:

The significant B x C x D interaction further separated con-
ditions, electrodes, and times. The mean amplitudes involved in the

“interaction are i1ldstrated in Figure 12.' Fdr the vertex (CZ) site
in the standard condition, D = 1 was separately larger than D = 2, 3,
or 4 (p < .001); also, D = 2 was larger than either‘D =3o0orD=4
(Qu<'.001)% For the left_frontal (F3) site in SC, D = } was 1af§er
-?han'either D=2, 3, or 4§(Q_< .001). For the right frontal (F,)
site f;uSC, D - 1 was larger than D°;'3 or D=4 (p < .001); also,

. D=2 was larger than D = 4 (p < .001). For the left temporal (T3)
site in Sb, only D = 1 was larger than D = 3 (p < .001). For the right
temporal (T4) site in SC, no signigicant differences were found among
éhe time periods (p > .001). ThelDunc;; range tests among the means in
the standafd condition for the vertex (C,), Teft fronta; (F3), right
frontal (Fg), left tempora} (T3), aﬁd right temporal (Ta) sites across ,

times are shown in Appendix D, Tables D12, D13, D14, D15, and D16,

respectively. For thé‘VéFtéXftCij‘ﬁhfthe*tUnE;anaTySTS"tbndftiON?“‘f““““*““‘é
D = 3-was larger than either D=1, 2, or 4 {p < .001). For the left ”
frontal (F3) site in TA, D = 1 was. Targer than’eithecs—= 2, 3, or 4 :

(p < .001); also, D = 2 and D = 3 were both“larger than D = 4

At i g e B RS Ee e

TS TN
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~(p < .001). For the right frontal (Fy)-site-in TA; D=1, 2, and 3

were separately larger than D = 4 (p < -.001). . For the left temporal

(Té)‘site in TA, D=1, 2, and 3 were separatefy larger than D = 4

(p < .001). For the right temporal (T,) site in TA, D =1, 2, and 3

were separately larger than D = 4 (p < .001); also, D = 3 was larger

than D = 1 (p % .001). The Duncan range tests among the means in the

tone analysis condition for the vertex (CZ), left frontal (E3), right

frontal (Fy), left temporal (T3), and right temporal (Tz) sites across
times are shown in Appendix D, Tables D17, D18; D19, D20, and D21,
respectively. ' T

The superimposed plots of aQéraged slow wave activity for each
active electrode Site for all the subjects in the standard condition
are illustrated in Fig?re 13. Similarly, the superimposed plots of
averaged slow wave activity for each éttiveAelectrode site for all
subjects in the tone analysis condition are illustrated in Figure 14.
In order to provide an overall pattern of sTowrwéve activify,’éveréges
were pooled across each electrode site for all subjects in the standard
cbndition; the pooled averages for each acfivé site in SC were plotted
and are illustrated in Figure 15. Likewise, averages were pooled -
across each electrode site for all subjects in the tone analysis
condition; the pooled averages for each active site iniTA were plotted
and are illustrated in Figure’16. (Pooled averages were not filtered

prior to averaging or plotting.)

b

e L T

. The prominent undulating péttern of the slow wave averages

z f“L&m.ﬁinm i

dur1ﬁ§ tone analysis was also quite prominent in the raw EEG record.

As an example, two trials that separately extended over an 8.0-second




Figure 13

Overlayed CNV Averages for Each Subject at Each Active
Electrode Site in the Standard Condition '
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Figure 14

Overlayed CNV Averages for Each Subject at Each Active
. Electrode Site in the Tone Analysis Condition
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Figure 15

Pooled CNV Averages for Each Active Electrode

Site in the Standard Condition
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Figure 16

Pooled CNV.Averages for Each Active Electrode
Site in the Tone Analysis. Condition
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perwod in the ‘tone ana¥y51s condition are shown for subject J. M. in

‘F1gure i7.

) o~ . ) /y

Ratio Indices of Asymmetry

The ratio 1nches of asymmetry indicated that females d1sp1ayed o

larger overall right hem1sphere act1v1ty (.58) than males (.47),
respectively (F =5.72, df = 1/8, p < .05). The F ratios for

. i 5 (1 .
JRPFOTIR £ 0-H R PN - St A SO I S

i

conditions (F < 1, df = 1/8, p > .20) and electrodes (F < 1, df = 1/8,
p > .20) did not reach signifjcant levels. A summary of the analysis
of variance for gatios is provided in Appendix C, Table C2. .

The mean frontal ratios and the mean temporal rafios for both
females and males in both SC and TA conditions are presented in
Table 3. -For the females, there was a tendency for the ratiog to
decrease in the TA condition; for the males, there was a tendency for
the frontal ratio to increase slightly in TA, whereas the temporal
ratio decreased slightly in TA. The conditions by electrodes (B x C)
interaction approached a significant level (F = 4.01, df = 1/8,
p > .05). ' .

Cross-Correlations I

The cross-correlations of an electrode site in SC and the same
- site in TA yielded no significant differences between left and right

frontal sites (t = .96, d¢f = 9, p > .10) or between left and right "

“" “-"Jix-@w e

“temporal sites (£ = .59, df = 9, p > .50). The mean cross-conrelat1on »

respectively; the mean cross-correlation values between left and right

temporal sites were .45 and .43, respectively.




Figure 17

Raw Record Traces of CNV Activity for Subject J. M.
in the Tone Analysis Condition
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o i Table 3 %
Mean Frontal Ratios and Mean Temporal Ratios for é
Females and Males in Both the Stangard‘and : g
) Tone Analysis Conditions ~ = . .
- Frontal Ratio - Temporal Ratio
Experimental (F4/1Fq + F3l) - (Ta/ Ty + T3])‘
Condition - R
T - Female Male _ Female ~/ Male
Standard .62 .42 .62 .48
 Tone Analysis .60 49 .50 48 =
E
:
i
E
A
-7
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Cross-Correlations II

each

p>.

- Cross-correlations were computed between the vertex (CZ) of

experimental condition and each of the corresponding.lateral

" electrode placements. The F ratios for sex (F <1, df = 1/8,

G

20) and conditions (£_= 1.15, df = 1/8, p > .20) did not reach

significant levels. There was a significant effect for é]ectrodes

- (F =7.93, df = 3/24, p < .001). The suhmary of the analysis of

‘variance for Cross-Correlations iI is provided in Appendix C, Table C3.

For.both females and males, Cross-Correlation II means for frontal and

“temporal sites in both SC and TA conditions are shown in Table 4.

In further aha]yzing the electrodes effect, the right temporal

(Ta) correlations were larger than left frontal (F3) correlations
4 3 eld

(p <

.001). Homologous frontal and -homologous temporal sites did not

differ from each other {p > .001). The Duncan range tests among the

means of Factor C are shown in Appendix D, Table D22.

" Cross-Correlations IIT

Cross-corie]ations were separate[y'calcu]atéd for the hemolo-

gous frontal and homo]Sgous temporal electrode sites for each of the

experimental conditions. The F ratio for sex was not significant

(F <
(F

1

daf

1, df = 1/8, p > .20). There was a significant conditions effect
10.44, df = 1/8, p < .025) and electrodes effect (F = 11.12,

1/8, p < .025). A summary of the analysis of variance for Cross-

GCorrelations III is provided in Appendix C, Table (4,

R N S T L

~ There was a tendency for higher cross-correlations in TA

than

in SC. For both SC and TA conditions, there was a tendency for

S T T o et
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Table 4

Standard and Tone Analysis Conditions

Mean Cross-Correlation II Values for Frontal and Temporal
Electrode Sites for Females and Males in Both the

E]ectfode Siter 7
Experimental ,
Condition F3 Fa T3 T4
F- M| F M| E M ]|F M
Standard .66 .82 74 77 .84 .85 .85 .83
Tone Analysis 70 .73 .79 .71 | .80 .79 | .87 .79

Note. F = female, M = male.
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higher correlations in the frpnta] than temporal locations. For both
females ana,ma1es, Cross-Correlation III means for frontal and temporal
sites in both SC and TA conditions are shown in Table 5. ‘%he lack of
a significant conditigns by electrodes (B x C) interaction (F <1,

df = 1/8,'E_> .20) provided evidence that no overall change in waveform

—~Wfmbetweenkhemelogeus@sitesgoecurredgfnom_scgih TA conditions

Cross-Correlations IV

Separate cross-corre]ations_were’performed between left ﬁide
intrahemispheric placements and right side intrahemispheric p]aégments
for both SC and TA conditions. No significant F ratios were found for
sex (F = 2.01, df = 1/8, p > .10), conditions (F = 1.12, df = 1/8,

p > .20), or electrodes (F < 1, df = 1/8, p > .20). A summary of the
analysis of variance for erss-Corre]atioﬁs‘IV is provided in

Appendix C, Table 65. For both females and males, Cross-Corre]étion IV

means for left side and right side locations in both SC and TA con-

ditions are shown in Table 6.
Discussion

One of the outstanding features between the two experimental

conditions was the overall increase in amplitudes produced by the tone

analysis (TA) condition. This increase occurred at the vertex (C,) as

well as at frontal (F3, F4) and temporal (T3, T4) electrode locations.

The amp]itﬁdes at the lateral placements were larger than those
normally recorded for a standard (or SC) CNV paradigm (see J. Cohen,

1969; Low, 1969). From the results of distraction experiments, one



142

Mean Cross-Correlation III Values for Frontal and Temporal
~ Electrode Sites for Females and Males in Both the
Standard and Tone Analysis.Conditions *

Frontal Electrodes

- Temporal Electrodes

Experimental (F3 vs Fq) (T3 vs Tg)
Condition - -
Female Male .Female - Male
Standard .86 .84 .83 .75
Tone Analysis .88 .92

f‘(BS .84
N B

7
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able 6 —

Mean Cross-Correlation IV Values for Intrahemispheric
Electrode Sites for Females and Males in Both the

Standard and Tone Analysis Conditions

Left Side Electrodes Right Side Efectkodes

Experimental (F3 vs T3) (Fg vs T4)
Condition > - .
: ’ Female Male | Female . Male
‘ A
~ Standard .75 . .8 | .15 .86
Tone Analysis .75 .89 .80 .89

\‘tg\%



~might have suspected that the tone conditioﬁ»wéu]d have reduced sTow

potential activity. Another distinct feature of the tone condition was Y
' the sca]]opfng‘effect of fhe s]ovaotential during the 4-tone presen-

tatfon (see Figures 14, 16, & 17). The evoked potentials at the onset

~and offset of each tone partitioned the slow wave into separate

sections. Low and'M&Sherry (1968) ob$erved a s%milar scalloping (as |

wel] as magnitude increase) in the CNY during a task that induced . =~

multiple anticipation by requiring an additional response fﬁom subjects
already w1thih an expectancy situation. McCallum (Note 30) has also
reported an undulating effect in the CNV during a vigilance task.

Given the very strong conditions effect, differentia] CNV
activity between homoTogous sites did not emerge. The small overall
amplitude differences of lateral and opposite]jtp]aced electrodes did
not reach significant levels. Separately-analyzed by condition,

" amplitudes for homologous sites were not different from each other in
qither the standard or tone analysis conditions. The mandatory right
-hand buttdn press in the standard condition did not appear to alter |
the sTow wave balance between the hemispheres.. This is in agfeement

with the findings of He1n5erg and Papakostopoulos (Note 25).

No significant right or left intrahemispheric amp1itude

differences were found for _the standard condition; in the tone

‘analysis condition, the right frontal (Fs) site was larger than- the
Wrightmtemporaif(14}40rfléftﬁté§poralg(laégsitesfggLeitAhemisphere

electrodes in TA were not different from each other at the signif-

icance Tevels tested. %

The four separate amplitude measures made across the $1-Sp
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interval roughly reflected the general shape of the averaged slow
potential. There was a decline in slow wave activity for succeeding
time periods, especiai]y Time 4. The reasons for the various inter-
act{onslof the period measureJ?Facth D) with conditions (Factor B),
electrodes (Factor C), ana conditions by electrodes (B x C) can be

seen summarized in Figure 12; similarly, the interaction effects can

be—v%sﬁa}%zed»%ngthe;over%ayed“recvrdS"(FTQUVES‘IB*and 14) and the
pooled averages (Figures 15 and 16) of both experimental conditions.
For the most part, electfode sites in thé standard condition displayed
a decline in s]o; wave activity through.the CNV interval; in fhe fonér |
analysis condition, however, slow wave'activity at some sites increased
during the CNV interval.

The subjeét‘s task in the<tone analysis condition was not
difficult since most subjects were at least 90% correct in their
judgments. From the design of the experiment? they probab]y made

their decision about the tone pairs soon after ‘the omset of the last

)

~tone. This corresponded with the decreased amplitudes recorded during

the four?ﬁ period (Time ﬂ), - For each of the- lateral electrode piace-
ments in TA, the first three periods were all at higher levels than the
fourth period. From the various range tests that were coﬁputed, ‘
homologously placed sites in TA did not differentfa]]y resolve slow

wave activity at Time 4. In the standard condition, differences in
{

—-Factor D at the various electrode sites were either not there or .

L A

were inconsistent. —— L
The ratio indices of asymmetry. indicated that larger overall

activity occurred for females than for males. For females, the

A~
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tempora] ratios tended to show less right hemisphere asymmetry in TA
than in SC. o ‘
Aithough the waveforms for an electrode location between .
experimentaiaconditions wereidissimilar, tomparisons of homologous
piadements did not indicate differentiai activity from.SC to TA.

B 'Cross-cor?eiations that separately oompared lateral placements. to the

"'vertex (C,) tended to show higher correiations for the temporai than
for the frontal locations in both SC and TA. Cross correlations’ for
intrahemisphericVeiectrode Tocations did not indicaterany differential
activity between the experimental conditions Torthe extent that_the
tone condition represented a musical experience the .functional
asynnmtries ascribed to the right hemisphere by Miiner (1962),

" Shankweiler (1966), and Kimura (1964, 1967) were rot supported

Even though no distinct lateraiization effects were found 1n ‘

“the statisticai treatment of the data, the tone analysis condition did

produce individual cases of marked hemispheric asymmetries For

example, the plotted averages for subject A. K. (male) are “{1lustrated .

in Figure 18 for both SC and TA conditions. Compared to the distri-
bution that existed in SC, visual inspection of_thEerecords‘during TA
indicated that larger slow potentials were generated over the right
than left hemisphere. On the other hand, the averages obtained for

subject D. M. (male) are shown in Figure 19 for both SC and TA

conditions. Compared to the standard condition, the frontal site on

the left hemisphere produced 1ar§er’CNV activity in TA ®han the frontal
site on the right hemisphere. No doubt, due to the inconsistency of

1atera1fration effects between individual subjects (ma]es as well as

/
/
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?Rgure 18

Symmetrical and Asymmetrical CNV Averages for
' Subject A. K. in the Standard and Tone
Analysis Conditions
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Figure 19

Sxmﬁetritél and Asyﬂnktrica} CNV Averages for
SubJect D. M. in the Standard and Tone

a Analysis Cond1t1onsA
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females), those instances of clear hemispheric differentiation were

lost when subjected to variance analysis.

In summarizing the yarious analyses, the tone analysis
condition was effective in increasing slow potential activity from the
standard condition over all scalp sites. Certain amplitude aspects of

slow wave activify wére related to a simple decision process. = Sex

1"differencesmamung"the*varfous“an31ygés”Wé?émanima| or nonexistent.
Lateralization effects for slow wave activity were not present; but as
the examples of individual records indicated, amplitude asymmetries

were observed in TA for several subjects.
| \

Flash Analysis

Based on the resu];i of the tone analysis experiment, an
additional brief study was pefformed. A situation analogous to TA was
&ésigned for presentation in the visual modality. The answers to two
questions were sought: (a) Would an analysis of flash brightnesses
produce a scalloped effect on the slow potential similar to that
found for TA? and (b) Would the process of ané]yzing flash presen-

tations increase overall CNV activity?

Apparatus and Recording Techniques

A special projector was designed and constructed in order to

light-dimmer circuit was modified to operate an incandescent lamp at

selected levels by a simple resistance change. The 1ight from the -

Tamp wés projected onto a circular ground-glass screen. In order to

-~
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minimize color change with intensity, the lamp was operatéd at the high
end of its brightness range. Neutral density filters were added to
reduce‘brightness to a baseline ]eye]. Switch selectable poten-
tiometers were adjusted to produce three brightness 1evéTs above a
continuous level of 25 ftL (85.656 cd/m2): (1) 50 ftL (171.313 cd/mz),
(2) 75 ftL (256.969 cd/m2), and (3) 100 ftL (342.626 cd/m2). Fixation

of the 2° screen was aided by a centrally p]a&g » marked dot.
Flash sequences were ﬁigset before the start of each trial.
The first flash-pair differed by at least one brightness step; N

randomly, the second pair of flashes was the same or different from the

first flash-pair; if different, only one flash qfizhe second;f1ash-pai}
was divergent. For example, a Same-sequence might consist of steps
l-é-l-é; a different sequence mfght consist of steps 1-2-1-3. The

' :%Lal flash-period of

>

duration of each flash was 750 ﬁij}iseconds for a.

~

3.0 seconds. The timing and step $witching were controlled by Grason-
Stadler programming modules.

Scalp recordings were collected from three practiced, right-
handed male subjects. Referenced to linked mastoids, active sites
included the ve;tex (C,), left frontal (F3), right frontal (Fg), left
6&c1pita1 (01), and right occipital (02) locations. Vertical eye
movements were monitored;with electrodes placed above and below thg-

right eye; an additional electrode was attached to the forehead in

order to gound the subject. Amplifier sensitivity was adjusted to

50 uV/cm for active eTedﬁrode sites; time constants were set at 5.0
seconds with upper cutoff frequencies set at 30 Hz. Data collection

and recording followed the procedures described in the Methods section
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of this chapter.

Procedures and Results \ v

~ Three experimental condiEiggs were administered to each of the
subjects: (a) a standard condition>(SC), (b) a flash anaTysis'cone
dition (FA), and (c) a long flash condition (LF). In the standard

condition, a brief flash (150 milliseconds at intensity 2) was

followed 3.0 seconds later by clicks. The subject terminated the
clicks as quickly as possible with a right hand button press. The
flash ané]ysis condition presented the subject with flash sets; the
subject detefmined whether the second flash-pair was the ézmg.or
different from the first flash-pair. The subject m;de his responsé by
pressing with the right hand for a same judgment or with the left hand
for a different judgment. The response a]so,terminated clicks that
sounded at the offset of the last flash. (Correct or incorrect
responses were observed but were not recorded.) Finally, the long
flash condition presented a continuous flash at one of the three
intensity 1evé1s (randomly séﬁgcted). At the end of the 3.0-second
long flash, clicks sounded and were terminated by a right hiyd button
press. The SC conditjpn was administgred first with the order of each
of the other conditions randomly determined for each subject.

Individual trials for all conditions were separated by periods

that ranged from 18 to 30 seconds in Quration. The total sweep time

was 3.5 secon&éf for baseline purposes, data collection started 100

milliseconds prior to stimulus onset. Averages for each~of the con-

ditions consisted of 16 trials.
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subject. A visual inspection of the results indicated that dUring FA
the sTow wave was scalloped. This effect was present over thé_varioﬁs
active sites and is shown for subject H. M. in Figure 20. The

overall averages that were gathered for subject H. M. are illustrated

in Figure 21 for SC, FA, and LF conditions. The data from the other

Furthér, single trials in LF ﬁere retrievéd.for each of the
brightness steps and were separately averaged across electrode site
for each subject. The slow wave averages that resulted were plbtted
across the three brightness steps. The/resu]ts for subject H. M. are
shown in Figure 22. The CNY magnitudes in LF were estimated by an
area measurement. For each of the’averages, a horizontal line was
constructed from the positive most component of the evoked potential
at flash onset to a point 50 mi]]iséconds prior to the offset of the'

long flash; from there the 1ine was moved perpendicularly to intersect

~ the slow wave. The areas bounded by the slow wave and the constructed

Tine segments were measured with a compensating planimeter. The-
resulting areas for each electrode site were scaled into uV-séconds
and then normalized into puV¥. The amplitude densit%es for the three
brightness steps are shown for subject H. M. in Figure 23. The

amplitudes for the vertey (C;) site tended to decline with increased

~~brightness; in contpast, Tateral frontal placements tended to be

lower at midr ~than at either lower or higher levels; lateral

,/M\‘
occipital sites did not appear to shift across brightness steps.

A note about lateralization effects should be mentioned. In

A ais



Figure 20

CNV Averages for Subject H. M. at Each Active Electrode
Site during the Flash Analysis Condition
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Figure 21 .
CNV Averages for Subject H. M. at Each Active Electrode
Site for the Standard, Flash Analysis, and
Long Flash Conditions’
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. 'Figure 22

CNV. Averages (n = 5) for Subject H. M. at Each Active
‘Electrode Site for the Three Brightness Levels
in the Long Flash Condition

-
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referring to Figure 21, the right sidé frontal site for both FA and LF
conditions was considerably 1argerlthan in the SC condition. As —
pointed out earlier, individual ‘instances of.slow wave asymmetry were
Pprominent emong many subjects’ records .;j/ | o

Although the sca110p1ng effects appeared in the CNV the second

question regarding slow wave driving during FA;coulg not adequate]y be

~ answered by the-experimental-task employed. Imthe tone analysts

ey
presentations, intensities were ma1nta1ned at a constant 1eve1, in FA

it was the intensities themselves that were manipu]ated and ana]yzed by )

the subJect The single trial analysis of brightness levels suggested

that an 1iverse or at TedSt inconsistent relation existed befaeen lTevel

b N . ‘ ;“'— ?
and slow wave amplitude. Intensity steps were probably confqbpged in

some comm.iﬁ?ted way with slow potential actirvity.{ ‘ el

vl x
PR b
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Chapter 5
"7 7 U THE AREA OF WERNICKE AND THE LATERAL
DEVELOPMENT OF THE CNV:
EXPERIMENT 2
As indicated in Chapters 2 and 3, the most striking and con- -
vincing evidence for left hemisphere specialization comes from the —

presentation and evocation of verbal stimulus materials. Geschwind
(1970) has outlined the principa]Lcortica1'areas involved in language
comprehension and language j;pduction. Destruction of an area of the
left hemisphere known as the area of Wernicke was accompanied by the
fajlure to understand written and spbgen language. Another important
verbal site was located in the inferior frontal region of the left
hemisphere. This latter area, known as Broca's area, appeared
primarily involved with the articulation of speech sounds.

In attemptiﬁg to accounﬁ for the well documented perceptual

asymmetries between verbal and nonverbal stimulus materials, Kinsbourne

{19703 has p?oposed an attentional model for éxp]anatibn and experi- .

mentation. In his ,y,igﬂfl:embgalmasymetﬁ&%aﬁeﬂetﬁenem%eebgﬂless

an overall expectancy or set for a given type of stimulus canbe

established.

This chaptek’examinés the lateral distribution of the CRY

163
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during conditions of instructed set. The posterior parietal area of

‘Hern1cke on the left hemisphere was compared to a homologous area on

the right hemisphere. Addltlona]]y, CNY aéf;;;ty was recorded from

centra] andrfrontal 1ocat1ons The ae%TVity from 1atera1 electrode

p]acements over both cerebral hemispheres was used to ‘assess CNV

gene31s,dur1ng‘a standard condition and cond1t1ons wh1ch manipulated

subject expectation for the reception and production\of simple verbal

stimuli.
Methods LT

¥

Subjects.
The subjects were five right- handed males and five r1ght -handed

fema]es. The SUbJECtS were recrujted from the un1vers1ty commupity as

pald volunteers. Handedness was checked by requ1r1ng each subject to
copy a short paragraph. The subjects reported no abnorma] speech

impediments. The subjects’ ages ranged from 18 to 30 years and all had.

‘normal or corrected vision. None of the subjects had previously

participated in electroencephalographic experimentation.

Recording Techniques

Monopolar scalp electrodes (Ag-AgCl) Qere cemented to the &

vertex- (Cz) left frontal (F3), and right frontal (F4) locations

accord1ng to the 10-20 System {Jasper, 1958) The area of Wernicke

was estimated by locating the central pointiin the triangle formed by -

left side 10-20 positions T3, Ts, and P3; the central point was

-designated as Wj. A right side 1ocation'was similarly determined by

T
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locating a central point in the trﬁangle bounded by T4, Tg, and P4;
this site was designated as Ws. (The method for locating the area of

Wernicke was adopted from the article by Matsumiya, Tagliasco,

Lombroso, & Goodglass, 1972,)7 A1l active electrode sites (Cz, F3, Fg,

W1, & Wy) were referenced to linked mastoids. A ground électrode was

e

placed on the subject's forehgggiﬁ”1n¥gfggrvto monitor ocular

potentials, Beckman Biopotential electrodes were placed perjorbitally
above and below the right eye to record upward and downward movements,

and electrodes were placed near the external canthus of each eye to

.record Tateral eye movements. Skin sites were 1ightly cleaned with

i
alcohol before electrode application. After the electrodes were

injected with electrolyte (Beckman), electrode impedances were
measured and were equated in the range from 3.0 to 3.5K ohms by tapped
skin abrasion. h . )
Scalp potentials were amp]ifiéd and recorded on aﬁ 8-channel
Elema-Schonander Mingograf recorder. Ampﬁifier sensitivity was set to

50 u¥/cm for active electrode sites; time constants were adjusted to

5.0 seconds with upper cutoff frequencies set at 70 Hz. Amplifier

. outputs were digitized on-line with a Hewlett-Packard 2116B computer.

Data averages were stored on disc, whereas single trials were stored

on magnetic tape. Continuous analog (FM) records were also collected.

tations. (See Chapter 4 for details on data collection and data

retrieval.) Before each day of testing, a calibration signal (50 uV)
was placed in parallel across amplifier -inputs to verify the equality

of the final amplifier outputs throughout the data collection network.

E3
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task was to terminate the clicks as quickly as possible with a right

Stimulus Construction ,//

Common monosyllabic and po]ysy]]abié/Eng1ish words, e.g., HOOK,
WRIST, ELEPHANT, LIMESTONE, etc., were sing]lfp1aced on cards for ’%
tachistoscopic presentation. See Appendix E for a complete 1ist of
timulus words. Black press-on transfer letters (Letraset, style

Futura Bold) were used in forming the words. A template was used to N

- align and center individual words in the ﬁsthistoscope card hanger. A

Sony portable video unit projected the scope {3-channel Scientific
Prototype) presentations to the subject on a TV monitor inside the
sound attenuating cubicle. Viewed on the screen monitor, stimuli were

.3° high; longer words were approximately 4° across the screen.

Procedure

After electrode preparation, subjects reclined comfortably on
a bed adjusted for viewing the screen of the TV monitor. Ov;:a11
screen br1ghtn4&s was approximately .5 ftL (1.713 cd/m?) andiwas
essentially the only source of illumination in the cubicle.

A 15 - 20 minute period followed in which the electrodes were
allowed to stabilize and a final equipment inspection was made.

Three experimental conditions were administered to each

subject. In Condition A, the standard, a 30-millisecond tone (1000 Hz)

pip (S1) was followed 1.5 seconds later by clicks (Sp). The subject's

hand button press. If the button was pressed before the clicks T
sounded, the clicks were automatically inhibited. The subjects were

given several practice trials and were instructed to adopt a pattern of .

A

-
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motor responding that was compatible with recording small electrical

signals. During trial presentations, the subject continuously fixated

a black dot projected on the TV monitor. Particular attention was
given to instructing subjects on the methods of proper eye fixation.
, The second cond1t1on, Cond1t1on B, consisted of a 30:milli-

second tone pip (51) followed 1.5 seconds 1ater by a st1mu1us word

7presented for 30 m1111seconds. The subject was instrueted to audibly -
vocalize the binocularly observed stimd]us word as soon as it appearéﬁ.
Several practice trials were given to acquaint the subject with the
situation and also to se]ecf an individual ;esponse level that
minimized the production of movement artifacts. The subject‘s word
responses were verified via open intercom. During the experimental
condition, the subject fixated a dot that momentéri]y disappeared
during stimulus (S,) presentation.

The third condition, Condition C, reversed the sequence of the

$1-So presentation from Condition B. The 30-millisecond stimulus word

was presented at S; followed 1.5 seconds later by a 30-millisecond tone

pip (Sp). The tone signaled the subject to audibly vocalize the
binocularly observed stimulus word seen at S1. During practice trials,
subjects were instructed to resppnd quickly at the S, signal but not

in such a way that the EEG records were unduly disturbed. The

subject's word responses were monitored via open intercom. Subjects

el

fixated a dot that disappeared during word presentations.

The words that were ds;d ihhébndftibﬁé éiéﬁd C were presentedii

in random order without repetition for each subject.
Y

For all three experimental gonditions, subjects listened to
Fa E

TR, LIV U T PR
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auditory stimuli from Touspeakers under*the bed. Sound Tevels
measured at the subject's head ranged from 65 - 70 dB; in the standard
condition, clicks were generated from a Grass S-4 stimulator at a rate
of 15/second and were delivered at a fevel that ranged from 65 to

e

70 dB re 20 uN/m2.

Condition A was administered firstifor all subjects; the order

of Conditions B and 'C was randomly determined for each subject. Time

peridds between trials ranged from 18 to 30 seconds; periods between
condftions ranged from 5 to 10 Hinutes.

An average of ‘16 trials was collected for each of the experi-
mental conditions for éach suﬁject. Accepted trials were free from
obvious eye movements or muscular activity during the critical $;1-Sp -
interval. The start of data collection was issued manually after
monitored records appeared satisfactorily stable. The total sweep
period was 3.5 seconds; for baseline purposes, signal digitization
started 500 milliseconds before the onset of Si; Timing seguences,
tachistoscopic presentations, andlsl and S, stimuli were controlled by

Grason-Stadler 1200 programming modu]es.

’ \

Data Treatment

The data averages collected for each subject were plotted for
each experimental condition and for each of the electrode sites.

Indivigua1 data averages were digitally filtered prior to plotting

,,r_-ﬁ [ — J— -
{see»Appendzimi? and were centered around a mean baseline voltage:
from the 500% i1]isecond prestimulation period.

Area measurements of CNY magnitude. The plo;ted records were

!
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Aused to derive area measurements of CNV magnitude. A horizontal line
was constructed from the positive most component of the evoked
potential at S, to a point 50 milliseconds before the onset of So;
from there the 1line was perpendicularly directed until it intersected

the slow wave. The areas bounded by the slow wave and the constructed

line segments were measured with a compensatinq;planimetek (K &LE_
Hode] 4236). The area measures were scaled into uV-seconds and then
were normalized into uV.

A three-factor (2 x 3 x 5) analysis of variance design with
repeated measures on the last two factors was used to evaluate the
magnitude measures. Factors and facior labels were as follows:
sex (A) by conditions (B) by e]ectrodés (C). The analysis of variance
computations were carried out using BMDO8V of the Health Sciences

Computing Facility, UCLA. R

Vertical measurements of CNV amp]itude; A single estiﬁate

" of slow wave activity was made for all subjects from the averaged
records of each active electrod® site for each of the corresponding
experimental conditions. Direct (calipered) readings‘yere collected
from a baseline point 50 milliseconds prior to the onset of S,

vertically to a point on the slow wave.

A three-factor (2 x 3 x 5) analysis of variance design with

_.repeated measures on the last two factors was used to evaluate the

vertical amplitude measures. Factors and factor labels were as

N

follows: sex (A) by conditions (B) by electrodes €9)'

Ratio indices of asymmetry. In order to assess the relative

proportion of left (L) hemisphere activity to right (R) hemisphere
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activity, ratios of the form L/(L + R) were formed. Ratios were
separately derived for homo1ogods frontal sites; Fa/(F3 + F4), and
homologous posterior sites, Wi/(W; + Wp), from the electrode averages
(magnitude measures) for each of the experimental conditions. Ratios

that exceeded .50 indicated larger left than right hemisphere activity;

repeated measures on the last two factors was performed on the
calculated proportions. Factors and factor labels were as follows: -
sex (A) by conditions {B) by electrodes (C).

Evoked potential amplitudes at S1- An estimate of evoked

potential activity to S; was collected for each subject at each
e]ectrodé site for each of the experimental conditions. Direct
(calipered) measurements were taken from averaged records from the
most positive component that occurred after S1 (latencies ranged ftom
250 to 350 milliseconds) to the baseline.

. A three-factor (2 x 3 x 5) analysis of variance design with
repeated measures on the last two factors was used to evaluate the
ampTitude measures of evoked potential activity at 51‘ Factors and
factor labels were as follows: sex (A) by conditions (B) by
electrodes (C).

Additionally, the relationships of the area measurements,

vertical measures, and evoked response (or EP) me&éures to each other

were evaluated by Péarson Product-Moment correlations. The signif-
L

icance of each correlation was tested by t = r[(n - 2)/(1 - r2)]*

with df = n - 2,
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Cross-Correlations I. Cross-correlations for each subject were

separateTy performed between each active e]ecfrode site in the
stan%grd condition and itself in Condition B; similarly, cross-
corré]ations were performed between an e]ectrode site in the standard
condition and itself in Condition C. Tﬁe cross-correlations thét were

/”“fi used here and in later analyses were modified to emphasize the slow

wave build up and omit slow wave resolution. Consequently, the
program that performed the cross-correlations used only the first 600
data points (of 1024) to calculate the correlation values. This
corresponded to a period'into the CNV interval of’2050 milliseconds
froﬁ the start of data collection.

The Cross-Correlation I values that we;e obtained-were entered
into a three-factor {2 x 2 x 5) analysis of varfance design with
g\\ﬁ;Ebeatgg measures on the last two factors. Factors and fac%or 1abé]§

were as follows: sex,(A)'by conditions (B) by electrodes (C).

Cross-Correlations II. Separate cross-correlations were -

performed for each subject comparing the vertex (C,) of the standard
condition to each of the lateral placements of Condition A; in

Condition B, cross-correlations were performed between the vertex (Cz)

and the lateral placements of Condition B; likewise, corre]atioﬁs were

similarly performed for Condition C.

The resulting correlation values were entered into a three-

factor'(Zix 3 xm4) analysis of variance design with repéated measures

on the last two factors. Factors and factor labels were as follows:

sex (A) by conditions (B) by electrodes (().

Cross-Correlations III. Separate cross-correlations were
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”performed fof eaéh subject between homologous fronta1 (F3 vs F4) and
between homologous posterior (W; vs Wp) electrode sites for each of the
experimental cond{tions.

- The correlations that were obtained wére entered into a threé—

N .
factotfig'x 3 x 2) analysis of variance design with repeated measures

on the last two factors. Factors and factor labels were as follows:

sex (A) by conditions (B) by electrodes (C). -

Cross-Correlations IV. Separate cross-corre]afions for each

subject were performed between left side intrahemispheric p]acementé J/
(F3 vs W1) and between right side intrahemispheric p]aceménts (Fg vs
W2) for each of the experimental conditions. ' '

The correlation values were entered into a three-factor

(2 x 3 x 2) analysis of variange désign with repeated measures on the

last two factors. Facters and factor labels were as follows: sex (A)

N

by conditions (B) by electrodes (C).

- Results . &\\Tm
The analysis of overall treatment effects relied’on the genera
application of the analysis of variance. Individual teéfs of main
effects were carried out using Duncan's Multiple-Range Test among the
means for significant F ratios. Significant interactions were'also

‘analyzed using Duncan's Multiple-Range Test. In the calculation of the

ritical ranges, it was the level of the significant F ratio that

Area Measurements of CNV Magnitude S
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The overall effects for femalesfandﬁmalesgweregnotgsignif-Iggggfgfguggggf
icantly different (F < 1, df = 1/8, p > .20). The conditiofs effect

was also not significant (F = 2.38, gj;;'2/16, p > .10). There was,
-however, a significant electrodes effect (F = 29.62, df = 4/32,
P < .001). Interactions that reached significant Tevels included sex

by electrodes (F = 3.13, df = 4/32, p < .05) and conditions by

electrodes (F = 2.38, df = 8/64, p < .05). A summary of the analysis
of variance for the area measurements of ‘CNV.magnitude “is provided in

Appendix C, Table C6. .

r

Further tests on electrodes*(Factor C) indicated that the
vertex (CZ) was larger than either F3, F4,.w1, or W2 sites (p < .Ogl).
The overall means for the normalized areas at each acti;e electrode w
site are illustrated in Fiéhre*?ﬁ. None of the differences between
laterally placed electrodes reached a significaﬁt level. The Duncan

range tests among the means of Factor C are shown in Appendix D,

Table D23.
The mean densities (normalized areas) involved in the sex by 7
g]ectrodesa(A x C)-interaction are illustrated in Figdre 25. For the ,_jfx,;;f

females, the vertex (Cz) was larger than either F3, Fgq, Wi, or‘wz
scalp sites (p < .05); frontal locations F3 and F4 were separately
larger than eifher W1 or Wy (p < .05). For the ma]és, the verte» (C;)
- was larger than either F3, F4; Wi, o; Wy ﬁcalp sites (Q_é .05); also,
1atera17sjte§”f3ihf43uand lewere separately larger than W, (p < .05).

For the females and the males, no significant differences were found

between homologous frontal or between homologous posterior sites. The

‘Duncan range tests among the means for females across electrode sites
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Overall Means for the Normalized Area Measursments of
CMY Activity at Each Active Eleactrode Site
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Means for the Mormalized Arsa Measurements of CKY Activity
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: exper1menta1 cond1t1ons, the vertex (CZ was separate]y 1arger than

' 4/32, p < .001). There was also a significant conditions by electrodes

different from Condition C (p < .005); Conditions B and C,did not

5, " 1?5» S o ot

and for males across. electrode s1tes are shown 1n‘Append1x D Tab]es

The mean dehs1t1es 1nv01ved in the conditions by e1ectrodes

&

(B'x C) 1nteract1on are 111ustrated in F1gure 26.  In each of the

“any of the correspondTng 1atgg§1 p1acements CQ_< .05). 'In Cond1t1on A

Fy-and Fy- s1tes*were separateTy Targer, thaﬁ'e1ther w1 ‘or Wp locations

' (p < .05). " In Cond1twon B, F3 and Fa s%tes ‘were separately larger than

gp]atements"reached stgnificaht levels. Separaté]y»considered by

tohditioh, hdvdifferenees wehe found between homologous frohta] or
between homo}ogous posterior sites. The Duncdn rénge tests among the
means of ConditionS'A, B, and C across electrodes are shown in

Appendix D, Tables D26, D27, and D28, respectively. R B

Vertical Measurements of CNV Amplitude

The F ratio for sex was not significant (F = 1.63, df = 1/8,

"
-

p > .20). Theré was a significant conditions effect (F = 8.49, df

2/16, p.<.005) and a significant electrodes effect (F = 23.48, df

(B » C) interaction (F = 3.52, df = 8/64, p < .005). The summary of ,

the analysis of variance for the vertital measures of CNY amp]ftude is

provided in Appendix C, Table (7.

- i
T T ~ . »
i

The overall means for the separate experimental conditions are

illustrated in Figure 27. Further tests revealed that Condition A was
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differ from eachﬂetherfriThe Duncan range tests amgng the means for
conditions (Factor B) are shown 1n'Appendix D, Table D29.

The ofera?? mean amplitudes for each of the electrode sites
are illustrated in Figure 28. The vertex (Cz) was separately larger ~
than either F3, Fy, Wy, or Wy sites (p < .001). No significant
differences were found between'homolegous frontal or between homoTogous

‘posﬁErforesTtese*AThe—Bencanerangeetestsfamengethegmeansefereelectpedesu

el - sy

(Factor C) are shown in Appendix D, Table. D30.

e

The meén amplitudes involved in the conditions by electrodes

(B.» () interaction are illustrated in Figure 29. In Condition A, the

E

vertex (Cz) was separately larger than either F3, Fg, Hy» 6rvw2 sites
{p < .005); also, Fgq was 1ar§er than:W;. In Condition B, none of the
.contrests between active electrode sites reached a significantv1eve1 S
(p > .005). In Condition C, the vertex (Cz) was larger than W - 5
Qg < .005); none of the other contrasts between lateral sites reached
significant levels (p > .005). Separatelx cons1de&ed by cond1t1on, E
no differences were found between homb1ogous frontal or eetween .
homologous posterior sites. The Duncan range eests among the'mean;
for Conditions A, B, and C across electrodes are shown in Appendii D,
Tables D31, D32, ahd D33, respectixeﬂy. )
‘ »Rantie Indices ©f Asymmetry » 7 . ,
) The E ratios for sex™(F =r:2».08, df =-1/88p > .10), conditions

[ : L

(F < 1 df = 2/16, p > .20), and electrodes (F = 1.36, df = 1/8,

p > 20) d1d not reach s1gn1f1caﬁ¥ 1eve1$  The interaction6f sex by

electrodes did reach a sign1f1cang level (F = 7.43, df = 1/8, p.< .05).

X ¢
A [
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AMPLITUDE ()
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Figure 28 .

Overall Mean CNY Amplitudes at Each- -
-of ‘the Active Electrode Sites: .:

-\
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‘The summary of the analysis of variance for ratios is provided in

Appendix C, Table C8.

The meén rafios involved in the sex by electrodes (A x C)
interaction are illustrated in Figureiéo. For the fema%es, the ratios
between frontal (.48) and’poéterior’(.46) locations were not signif-

1cant1yi§i€igrent (Duncan?s Multiple<Range Test: k = 2, df = 8,

m =15, p > .05). For the males, the ratios between frontal (.49) and

. posterior (.55) sites were significantly Hifferent (Duncan's Multiple-

Range Test: k = 2, df = 8, n =15, p < .05).

The mean frontal rétios and the mean posterior rétios for both
females and ma]eé in each of‘fbe experimental conditions are'shown in
Table 7. * These means corresponaéd to the nonsignificant sex by
conditions by electrodes (A x BxxiC) interaction. The females tended
to have larger frontal ratios than posterior ratios across all the
experimental conditions, whereas males tended to have larger posterior

than frontal ratios across the experimental conditions. Although not

statistically justifiable, Duncan range tests among the mean frontal
L]

ratios for females across conditions and mean posterior ratios for

‘females- across conditions are shown .in Appendix D, Tables D34 and 035,.

i

respectively; likewise, the Duncan range tests among the mean frontal
ratios for males across conditfons and mean posterior ratios for males

across conditions are shown irf Appendix D, Tables D36 and D37,

respectively.

Evoked Potential Amplitudes at Sj

The F ratios for sex (F < 1, df = 1/8, p > .20) and conditions
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MEAN RATIO |

4

LI 57 -] FRONTAL RATIO

- POSTERIOR RAT10

-

1
I

FEMALES - MALES

Figure 30

Mean Ratio Indices of Asymmatry for Frontal and
Posterior Locations for Females and Males
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Table 7

*

~ Mean Frontal Ratios and Mean Posterior Ratios

for Females and Males for Each of the

Experimental Conditions

14

/

Frontal Ratio
(F3/[F3 + Fal)

Posterior Ratio
(Wl/ [wl + w2])
. i

Experimental
- Condition - - _
‘ Female Male Female Male
A (Tone » Clicks) .48 .50 .84 .57
B {Tone > Word) .47 .51 .45 .55
.50 .47 -8 54 -

C (Word > Tone)

i,
o
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(F = 1.66, df = 2/16,.p > .20) did not_ reachgslgnlflcantgleyelsfgglhene4444444444
was a 519n1f1cant electrodes effect (F = 14.53, df = 4/32, p < .001). '
The interaction of conditions by electrodes (B x C) also reached a
significant level (F = 2.38, df = 8/64, p < .05). A summary of the
- analysis of variance forzevoged poten€531 amp]itudés at Sp is provided
in Appendix C, Table C9.

The ovg{a11 means for evoked potential amplitudes at Sy gcross
e1ecfrodes4;;;7111ustrated in Figure 31; Tests indicated that the o
vePtex (C,) site was separately larger than either Fg, Wy, or W,
placements (p < .001). None of the contrasts between lateral electrode

Tocations reached significant levels (p > .001). The Duncan range

-

i

tests among the means for electrodes (Factor C) are shown in
Appendix D, Table D38.

The mean amplitudes involved in the copditions by electrodes
(B x C) interaction are illustrated in Figure 32. In Condition A, tbg
vertex (C,) weS separately larger than either F3, Wi, or Wz sites
(@ < .05). In Condition B, ;he vertex (Cz) was larger than F3, Fa, Wy,
or Wy locations (p < .05); F3 and F4 sites were separately larger than
Wy (p < .05); also, Fy was larger than W, (p < .05). In Condition C,
the vertex (Cz) was separately larger than eﬁtherAF3,wF4, Wi, or Wp -
locations (p < .05); F3 and Fy sites were separately larger than W
{(p < .05); also, F3 was larger than W, (E.<)-05)- Separately

Xonsidered by condition, no differences were found between homologous

frontal or between homologous posterior sites. _The Duncan range tests

émong the means for Conditions A, B, and C across electrodes are shown

in Appendix/D, Tables D39, D40, and D41, respectively.

e L 4 e e PO S NPT e abe e oo
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Overall Means for Evoked Potential Amplitudes at S)

for Each of the Active Electrode Sites’
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Mean Evoked Potential Amplitudes at S for each

of the Active Electrode Sites in each
of the Experimental Conditfons

e




¥

ey

Y

s

c - ' R : , i :
R ——————=—In-order-to examine the relationships between the two estimates

.of CNV activity gn& their separate relationships to the erked

responses.(é; EPs) that were collected, product-moment éorrelations
were performed between tHe various ﬁggsures. Using the normalized
area'measyrements of CNV activity and the vertical measures‘6f CNV

activity, correlations were peeformed between each active electrode

., site and itself for each offthe experimental conditions. The corre

“F

lation values that resulted aré shown in Table 8. Low cog;e1ations

~_~ were found between the normalized area measurements and the vertical

measures of CNV ampTitqu; -Using the normalized‘area measurements of
CNV activity and the evoked response,amplitudes at S, correlations

~ were performed betwéen each active e1ectr6de site an; itself for eacﬁ
of the experimental conditions. The correlation values that_fesu]te&

R . t - . “
are shown in Table 9. The correlations between the normalized area .

measurements and evoked response measurements were generally higher

~~— 1in Conditions A ahd B than in Condition C. Lastly, correlations. were .
ST

performed between each active electrode site and itself for the -

-vertical measures of CNV»amp]jtude and the evoked)réﬁponse mea§yhes of

amplitude in each of the experimental conditions. The cqrre13£10n5‘~

values that resulted are’éhoﬁn in Table 10. There was a’tendency.for“

higher correlations in Conditions A and C than in Condition B.
S ‘

-

Cross-Correlations I

/ . C .

ftself were performed-which separately compared tﬁégifEEEEFﬁgEaﬁa?Eﬁﬁﬁgg’ggk

to each of the other exper1ménta1 conditions. The E_ri;ibs revealed

=

&-
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‘ Table 8 ‘
Correlations between Normalized Area Measurements of.CNV Aétfv1fy and
. Vertical Measurements of CNV Act1v1ty at Each Active E1ectrode g
y _ Site for»Each of tHe - Exper1menta1 Conditions ..
o ’;J’k\T Correlation ' ;f,)%l, ﬂ14§1?SET°de site

S and Test” — = ————
' ‘ ol % F s R W Wy

=0« 77 0 -+ Ccondition A (Tome - Clicks) . | X

. ':M S 3 B i i o . : 4 .

> T L.l -.28 -.28 .01 . -.20 - -.12
:;‘ T . - . - s i ’

S t= ... ... -83 -8 .06 -.59  -.35

o ——————

I Condition B (Tone - Word)

.
|-
#

RPN I TS T -’64 -46 ¢ 54

t= .s..... . -160 -1.08  -2.387 -1.40  -1.85

Condition C (Word - Tone)
LT [T ROt B 1 -26 1, .02 T-.12
= ... -L85 . -7 .78 .06 -.36
Note. For each t-test, n ='10, df = 8. Polarities of the-  ’
vertical measurement above Thegat1v'7'or below (positive) baseline
_weréd cbserved. , L : : ,
s -
" . ,,,‘L _ _ _ NN A -
; -
ke ® - |

,;'/, .



Table 9. o

Correlations between Normalized Area Measurements of CNV Activity and
Evoked Potential Amplitudes at S; at Each Active Electrode
~ Site for Each of the Experigental Conditions

- i ~ N\ Electrode Sites
Correlation
and Test A '
) o &F/z . Fa W W2
T 14 - -~ = }
Condition A (Tone -+ Clicks)
. # —
PR | .70 .73 .63 . .80 .60
pE L { 2.83% 3.092 2.312  3.80°  2.14
Lt | )
) Condition B {Tone - Word)
P e . .60 .86 .74 .86 74
t= . 2.16 488 3,142 486D 3142
Condition C (Word > Tone)
T
BE e e | .35 .61 .70 .48 .63
i .
t= } 1.06 2.20 2.79%  1.57 2.30%

Note. For each t-test, n = 10, df = 8. Polarities of the evoked
_potential measurements above (negative) and below (positive) base-

1ine were observed. : , . N
"?QWE o5,
b

p < .0l.
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Table 10

Correlations between the Vert1ca1 Measurgments of CNV Activity and
"~ Evoked Potential Amplitudes at 51 at Each Active Electrode-
Site for Each of the Experimental Conditions 'y

- ;Wv,,' | . . ‘ Electrode Site
Corretation - -
and Test ot
-C, F3 Fy W Wy
Condition A (Tone + Clicks)
- / B B ] , N
Coor= Lo .35 .26 72 .10 .28
t= 1.08 78 .2.932 230 .83
Condition B (Toné - Word) N
rEo L .. a1 01, -2l -.08  -.04
E= o 31, .03 ,-.63  -.23 -.11
) | _
Condition C (Word - Tone)
rE e 46 .40 .26 .20 .14
t= ... ... 1.8 125 76 .58 .40

Note For each t-test, n = 10, df 8. PoTar1t1es of vert1ca1
measurements and the evoked potent1_T'm£asurements above (negat1ve)

‘"T |

//«Xu“,f,ADTAbEJQH,(DOS1t1V&) baseline were observed

o
N

‘E<','

\ - ) T T T T TS

\/ x . L

d

L
fre



that no s1gn1f1cant effects were %Bhnd for sex (F <1, df = 1/8,

192

p > .20), conditions (F = 2.95, df = 1/8, p > .10), or electrodes
{F < 1, df = 4/32, p > .20). Arsummary of the ana]yeis of variance for
Cross-Correlations I is provided in Appendix c, Tab1e C10.

The mean Cross-Correlation I values for the nonsignificant

conditions by electrodes (B x C) interaction are shown in Table 11:

- It can Be“§é§ﬁ‘fﬁ§t‘tﬁé‘m€ans*wereegenera%%y~hibher—ﬁﬁeeenditﬁeftji—e—eeeeeeeeeeeeege

than in Condition C. Aithough not,éiatistically justif{able,-the ' ‘ c 4
4 o A
Duncan range tests among the Cross-Corre]ation I means for Conditions \\\\

B and C across electrodes are shown in Appendix D, Tables D42 and D43,

respectively. : - v

Cross-Correlations II - ¢

Cross-correlations were computed between the vertex (C,) of
each experimental condition and each of the corresponding lateral
electrode placements. The!E ratios for sex (F = 1.11, df = 1/8,
p,> -20) and conditions (F < 1, df = 2/16, p > .20) did not reach
sf;nificant levels. There was a significant effect for electrodes
(F = 19.59, df = 3/24, p < .001). A summary of the analysis of
variance for Cross-Correlations II is provided in Appendix C,

Table C11. o ’
The overa]] correlation’means involved in the electrodes effect

(Factor C) are illustrated in Figure 33. The frontal sites, F, and Fy, %

separate]y d1sp1ayed 1arger correlations than either Wi or W, locations

(p < .001). There were no d1fferences between homologous frontal or

between homologous posterior sités. The Duncan range tests among the

»

v



Mean Cross-Correlation I Values for the Nonsigni%icant )
Conditions by ETectrodes Interaction

Table 11

-

E]ectrode Site

Experimental
Condition . .
C, Fy Fa W Wo
B {Tone - Word) .59 .57 .58 .51 .47
C {Word - Tone) .22 .19 21 .15 21
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> Overall Mean Cross-Correlation Il Values 4
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<

~ means for electrodes (Factor C) are shown in Appendix D, Table D44.
The mean CrdsstorreTafion Ii values for the nohsignificant .
conditions by electrodes (B x C) interaction aré shown in Table 12.
Even'though the frontal and postekior'differences are clearly gvideht,
, tbere was no consistent fendency for either homologous frontal or

.hbmo1ogous posteriorvlocations to change with experimental conditions.

—— - —Although not statistically justifiable, the Duncan range‘tests among

the Cross-Correlation II’means for Conditions A, B, and C across
e]ectrodesiare shown in Appendix D, Tablés D45, D46, and D47,

respectivély. ~

Cross-Correlations III

leoss-corre1ations were separately calculated betyeen the

homologous frontal and between the “homologous posteriér‘electrode sites ’
for each of the experimental conditions. The F ratios fﬁn‘sex (F < 1,’
4t = 1/8, p > .20), conditions (F <1, df = 2/16, p > .20), and
electrodes (F = 2.69, df = 1/8,‘E_> .10) did not reach significant
Tevels. The summary of the analysis of variance for Cross-Correlations
III is provided in Appendix C, Table CI2. '

| The mean Cross-Correlation III va]ugs for the‘nonsignificanﬁ
;onditions by electrodes éB x C) interaction are shown in Table 13.
Across Experimenta] conditions, homologous frontal sites tended to have

larger correlations than homq1ogous posterior sites.

' ,Cross-Cnrrp1afinn5 1y

Separate cross-correlations were performed between left side

intrahemisphéric placements and right side intrahemispheric placements
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Table 12

P
Mean Cross-Correlation II Values for the Nonsignificant '
7 Conditions by Electrodes Interaction
Experimental Electrode Site
Condition ¢
A (Tone + Clicks) .91 .92 77 72
B (Tone » Word) .88 .87 .69 .67
C (Word - Tone) .89 .84 .70 .66

L

-
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Table 13

| %
Mean Cross-Correlation III Values for the Nonsignificant oy )‘%
: Conditions by Electrodes Interaction :

eeeeeee FREETT T

’ . - \—’\;f
Experimental . Frontal Electrodes Posterior Electrodes
Condition (F3 vs Fa) (W1 vs Wp)
A (Tone » Clicks) .92 .85
* B (Tone -+ Word) o1 . .54
C (Word - Tone) .89 .88 -
l .
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[TV

for each of the experimental conditions. The F ratios for sex (£_<‘1,
df » p > .20), conditions (F < 1, df = 2/16, p > .20), and-
electroded~(F < 1, df = 1/8, p > .20) did nét reach significant Jevels.
A summary of .the analysis of variance for Cross- Corre1§t1ons IV is

provided in Append1x C, Table C13.

The mean Cross-Correlation IV values 1nvo1ved in the non-

*T*A‘"*"*"**"SﬁganTtant‘cunthiGﬂS“B‘*éTéﬁirodes (B xC) interaction are shown in

Table 14. Across conditions, left side intrahemispheric corre]ations

i
. ‘c.g-«(fmﬂ.‘kvu .

were slightly higher than righg side correlations.
Discussion : -7

The normé]ized area measurements of CNV activity revealed that
y .
the verfex (C,) was consistently larger than any of the lateral _,;\\ )

eleckfode placements. Considered by conditidn, frontal sites were

generally larger than posterior sites. The ahticipation of seeing and , L
vocalizing a ﬁord (Condition B) had no effect on the differences

between homologous frontal or between homologous posterior (area of

Wernicke over the left hemisphere) sites. The|anticipation of %
vocalizing a pérticu]ar stimulus word (Conditign C) also had no effect ﬁ
on the differences between homologous frontal between homologous
posterior sites. To the extent that the CNV sifuations created

expectancy, Kinsbourne's (1970) hypothesis conceérning the production

stow potentials, was

in Condition A

~of hemispheric asymmetries, at least in terms o
not supported.— -The mandatory right han
had no effect between the hemispheres for the separately considered

homologous frontal and- homologous posterior sited.
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Table 14

Mean Cross-Correlation IV Values for the Nonsignificant
"~ Conditions by Electrodes Interaction

%
Experimental Left Siae Electrode Right Side E]ectrodes
THENEES Condition (F3 vs W1) ‘ (F4 vs W)
A (Tone -+ Clicks) ‘ .93 .88 '
B (Tone -+ Word) . .90 ° .87
€ (Word - Tone) .90 .88
i’ .
} ,
61.
B g .
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The vertical analysis of'CNVZéctivity distfnguished be{:weenw

Con;T!ioﬁ A and Condition B but did not distinguﬁsH‘Condition B from

-
-Condition C. Most of the active electrodes in Condition C were at

baseline levels or below. Separately considered by condition,
differences between hoﬁb]ogous frontal and differences betWeen

homo]oggﬁs pogterior sites were not observed. ,Thefahp]itude results

presented here are iﬁ disagreement with those of Marsh énd Thompson

(1973) and Marsh, Poon, and Thompson (Note 31).  Sex had little effect

ubon either the normalized area measurements or vertical measurements - -

of CNV activjtyf ' f ' .

| In order;to provide an overall picture of slow potential
acti?ity, tﬁe overlayed averages for each subject at each active
electrode site for each of the experimental conditions are illugkrated
in Figure 34. The sma{l’amount bf negative activity in Cbndition C
was probably due to the order of stimulus presentation. Since the
stimulus woréfgﬁpeared at S1, the subject's expectancy or anticipation
was probéb1y heightened between trials instead of during the S1-S2
interval. Given an increased negativity beforé 51; a‘iind of cdrtical
asymptote may have been reached that did not permit any fq{ther
increases in negative activity. This notion coincides with results

from experiments in which the position of the discriminative\stimulus

(either Sl or 82) had effects on the subsequent CNV waveform (Weinberg,

Michalewski, & Koopman, Note 36). Low (1969) has pointed out cases

- where CNV amplitudes decreased with increased negativity at prestimu-

lation levels. Similarly, other authors have noted the effects of

N -
pretrial shifts on subsequent CNV generation (Delse, Marsh, & Thompson,
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Figure 34

. Overlayed CNV Averages for Each Subject at Each
Active Electrode Site for Each of the
Experimental Conditions
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1972; Otto & Le1fer, 1973 B111inger, Peters, &. Knott Note 37)

. A cons1derab1e d1sturbance occurred in the EEG records at the L

t1me the subJect voca11zed ‘the stimulus word. Some subJects were ~
unab]e to avo1d b%1nk1ng when part1cu1ar words were art1cu1ated

qU1ck1y, e.g., BUCKET The measures of CNV act1v1ty avo1ded\the per1od

JUSt before and after 52

s
.

e

-

As indicated by the ratlo 1nd1ces of asymmetry, changes 1n the .

proportion of left. hemispherej;ct1v1ty did not eccur in Cond1t1ons B
or C. A]though frontal and poster1or raiﬁ?s were not dtfferent for ’
females, the.differences between frontaJ and poster1or rat1os were
sign1f1cant fOr ma]es Cons1dered separate]y by cond1t1on ne1ther

LY
females nor males exhibited any. d1fferent1aJ s]ow ‘wave changes 1n9”

: either fronta] or posterior 1ocat;pns

As1de from the vertex (Cz), evoked responses at fronta}

1ocat1ons were genera11y Iarger'than at poster1or ?ocat1ons It is

1nterest1ng tovnote that the tone (Sl) 7n Cond1tfon B tended to evoke
““'—v—-}" - \.-—H.

larger responses than the same‘tone’(sl in” Cond1t1on A Cons1dered

by cgnd1t1on, there were no d1fferences between homoTogous fronta] or

« bethen homo]ogous poSterior s1tes S1nce the. word st1mu11 were’ not -

d1rectéa‘to a particular v1sua1Ajie1d, it might be. argued that the-

optimal ¢onditions for‘fhe production of. 1ateraT1zed effects were not i

met. However, Buchsbaum and Fed1o (1969) prov1ded ev1dence that

i

1atera1 field. st1mu1ation was not necessary Jn order to produce £

—"
¥ . "

asywnetr1ca1 cort1ca1 act1v1ty . o “ -
The COrre1at1ons betwpen the norma]1zed area measurements of

CNV act1v1ty and the vert1ca1 measures of CNV act1v1ty were e1ther low

-

) A
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or slightly inverse. This is probably due to the unconventional

method used in the calculation of the CNV areas. Normally, substanfia]
(e.g., +.80) correlations exisf between these types of measurements
(McCallum & Papakostopoulos, 1973). Since lateralization effects might
have driginated at the evoked response, it apgeared appropriate to

have a measure that incTude& CNV aétivity from the very onset of the

s]p; wave. The low correlations between no?mé??z!d,areas and vertical
estimates of CNV activity suggested that there was little overlap
among the measures. Based upon the method used in calculating the
area measurementé, the hiéh‘corre]ations between normalized areas and
evoked botentia1 activity at S; were not unexpected. Congruently,
there was little re]at1;% between vertical émplitude measurements of
CNV activity and EP amplitudes.

Compared to the standard or Condition A, cross-correlations
indicated that the overall waveforms in Conditions B and C were not
d1‘ss1‘m1’1arT Although correlations were generally lower in Condition C
than in Condition B, differences between homologous frontal or Eetwéen
homologous posterior sites did not reach a significant 1eve1 for either
of the experimental conditions. Correlations between the vertex (Cz) -
and each of the lateral placements indicated higher overall corre-

lations for frontal locations than for posterior locations.

Separately considered by condition, differences between homologous

frontal or between homoTogous posterior sites did not reach signif-

ﬁcant TéVéigtrME}oss-correlations between homologoué frontal and
between homologous pos;erior sites were not differentiated between

experimental conditions. Intrahemispheric cross-correlations indicated

5
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that no left or right side differences occurred for the separate

experimental conditions. In all the cross-correlational analyses,
sex effects were minimal or none:fstent.

There were severa]yinstances in which sizeable lateralization
effe;ts were observed. For example, the avergge récords for subject
B.‘G. (male) at each actiQe electrode site for each of the experimental

e ~mﬁma%ﬂmwuﬁ%gwwsﬂm%wﬁeMeM
that both lateral placements on the left hemisphere produced larger CNV
activity in Condition C than in either Condition A or B. As a
contrast, the average records %bPVSUbjéCf B. B. (male) are illustrated
in Figurev36. Compared to the bi]atera11y symmetrical distribution of
CNV activity that existed in Condf%ions A and B, right side placements
in Cohdition C were considerably larger than left side pTacemenf@.
Many times the asymmetrical effects only involved the posterior sites
or only the frontal sites. This. same sort of inconsistency between
subjects was noted in Experiment 1. In the following chapter,

additional indices of hemispheric differentiation are considered in

relation to lateral slow wave development.

-
Yo
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Figure 35

Symmetrical and Asymmetrical CNV Averages
for Subject B. G. in Each of the
Experimental Conditions

4
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. Figure 36

Symmetrical and Asymmetrical CNV Averages$
for Subject B. B. in Each of the
Experimental Conditions,

?
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- - Chapter 6

} ;

~ _BROCA'S AREA AND THE LATERAL
- - DEVELOPMENT OF THE CNV: 4

EXPERIMENT 3

For a long time now, Broca's area of the left hemisphere has
been associated with various language functions. The integrity of the
area appears especially critical, however, for articulated language
production (Geschwind, 1970). Although located in the inferior region
of the frontal lobe in the left hemisphere, Broca's area is accessible
in the normal topography of the CNV.

An interesting eye movement phenomenon related to attention

7wés reported by Day (1964). This.investigator was able fo demonétrate
that directional eye-gaze shifts were glicited from individuals when
they were asked so-cédlled refiective que;tions. Given the proper
situatién, consistent eye movements were made to either the left or
right while the individual contemplated the answer or response to the
question. Day (1967) implicated fhe frontal eye field of the cortex

in the mediation of-the movements. Duke (1968) confirmed the occur-

" rence of the eye movements and, in addition, found that males ‘were

more consistent in their eye movements than were females; ocular dom-

inance did not apﬁggr related to the directional movements. Bakan

210 ' g
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'(196971565'd?gEﬁéééﬁmfifErifféye movements in terms of a functional
asymmetry of the brain. This investigator has found that left-movers
(eye movements made consisfent]y to the left) were more hypnotically
susceptible, m&?e image-oriented, and were less mathematxcally 1nc11ned
than r1ght-mé§ers (eye movements made consistently to the right).

Bakan and Svorad (1969) found that ongoing alpha production was more

prominent among left-movers—thanright-movers.—Kinsbourne (1974) found

+

that during verba]!pgocéssing subjects looked more often to the right,
whereas during spotia] processing subjects 1ookedéhp and to the left.

" Althoygh Kinsbourne (1970) thought that subject set was necessaryrinr
order to e]fcit hemispheric differences, Dee and Hannay (1973) found
that asymmetries were observed in experiments‘where expectaéty was
preVented from oevelopiﬁg. In exploring lateral eye movement
phenomena, Ehrlickman, Weiner, and Baker (1974) questioned the effects
of verbal material provoking right eyé movements and spatial material
provoking left eye movements. They were not able to replicate the gaze
shifts reported by other workers. R

‘ "This chapter investigates the‘frontal distribution of the
lateral CNV in sitaﬁtions designed to promote expectancy for the pro=
duction of simp]é word stimuli. In addition to the standard condition,
subjects were required to vocalize a specified stimulus word at Sp -

which appeared separately in Sy or S positions; further, an éxperi-
Vi

Woﬁﬁ,,men!algconditlon—waS—ine4aded that’reqUTred/voca%TzatTon‘of/a word at

central sites, recordings were collected from a site estimating the

area of Broca on the left hemisphere and a homologous comparison site

-
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on tbeArightﬁhemisphereffﬂIhmpacti#ity~£#emA}atera%—p%acements*was*used
to ana]yzé the lateral distribution of the CNV during the various
experimental conditionsj/ Also, subjects were classified according to
eye movement predisposition and ocular domfnance. In Chabters 4 and 5,
many instances of 1a£era1ized slow potentials were observed. The

dominance indices were used to sort subjects into different categories

in order to examine the effectiveness of predicting lateralized slow

wave effects.

Metheds

"~

Subjecgkk‘
? The subjelts were nine right-handed males and nine right-handed
females. The subjects were recruited from the university community as
“paid volunteérs. Handedness was checked by requiring each subject to
copy a short paragraph. The subjects reported no abnormal speech or
reading problems. The subjects' ages ranged #£rom-17 to 33 years and
all had normal or corrected to normal vision. -Three of theﬂsubjects
'had previously participated in e[ectroéncepha?ographic experiments but

did not Egke~pa:t.in thé studies presenté&uﬁn Chapters 4 or 5.

Pretesting .
Visual determinatijons of lateral eye movements were made for

each subject. Individuals were seated oppositely the questioner.

r~f~/After¢§%saa%gattentinn*was*gaﬁned:*fﬁ?§f‘éye movement responses were

recorded to several reflective questions.The actual questions that

were used are listed in Appendix F and were adopted from the published

\
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artigles.of séveraT authors*(Bakan, 1969; Duke, 1968; Morgan, McDonald,
& Macdonald, 1971). For example, th; following types of qyestions were
asked: (a) How many letters are there in the"word MONTREAL? (bb) Whata
is 123 times 67 and (c) Tell me an English wogd that starts with L and

ends with C. Eye movement direction was recorded after each response.

Successive questions were not-asked of the subject-until the questioner
was satisfieduthat the subject's atten:?an was regained. -Ten movement
responses were elicited from each subject; when eye movements with
QerticaT cdmpohent$ were encountered, the response was scokéd only on
the direct%on of the lateral.displacement. -

Next, the ocular dominance of each subject was determined. The

first task only required the subject to sight with one eye down the

edge of a ruler to an object directly in front o% him. The eye that
was used- to sighf’thefébject was recorded. The second task consisted
of a modified version of the Do]man‘ﬁeepho]e,test (seerDav;on, 1?72).
In this other dominance test, subjects were handed a 7 x 12 cm card
with a centered 2 cm hole. The subject was then asked to grasp the -

card with both hands at arms' length and to sight a target object 6 m

away through the hole. The eye that was used by the subject to sight

the target was recorded.

Before testing, subjects were assured that all their questions

__about the pretesting and the purpose of the EEGtesting would be

answered after the recording session.

Recording Techniques

Monopolar scalp electrodes (Ag-AgCl) were cemented to the



~ Jocated-on-the right-hemisphere by moving-downward 11-emfrom-the

. o4

according to the 10-20 System (Jasper, 1958). Additionally, two

inferior fronta] sites were homologously situated. Bnnca's area 6nxfhe
left hemisphere was approximated by moving downward from the vertex
(Cz) 11 cﬁ and then moving anteriorly 4 cm from the interaural 1ine;"/ )

this site was designated as By. Similar1y, an area opposite to B; was

vertex (C,) and then moving anteriorly 4 cm; thjs site was designated
as Bo. (The method for locating the area of Broca was adopted from
the article by McAdam & Whitaker, 1971a.) Active electrode sites were
referenced to 1inked;mastoids. A ground electrode was placed-on the
subject'g forehead. In order to monitor ocular potentiq]s, Beckman
Biopotential electrodes were periorbitally p]aced above and below the
right eye to record upward and downward movements, and electrodes were
placed near the external canthus of each eye to recqrdA1atera11§ye
movements. Skin sites were cleaned with alcohol; acti?e electrode

locations were marked with tincture of merthioTate. After the

electrodes were attached and injected with electrolyte (Beckman),

. electrode impedances were measured and were equated in the range from

3.0 to 3.5K ohms by tapped skin abrasion.
Scalp activity was amplified and recorded on an 8-channel

Elema-Schonander Mingograf recorder. Amplifier sensitivity was set to

- 50 u¥/cm for active electrode sites; time-constants were adjusted to

5.0 seconds with:upper cutoff frequencies set at 70 Hz.  Final

~amplifier outputs were digitized on-line with a Hewlett-Packard 21168

compufer. Displayed trials that were accepted for entering an average



-

Y PR .
,ﬂx*ngm_xqﬂﬂh ik

. , 215"

were stored édﬁhﬁa§{9é1yion disc and consecutively on magnetic tape.

| Continyous analog (FM) records were also collected. Channel 8 marked
the various event sequences defining an experimental trial. (See
Chapter 4 for details on data collection and retrieval.) Before each
day of testing, a SO uV calibration signal was placed in parallel

across amplifier inputs to verify the equaTity of the final amplifiert

——————putputs—throughout the data cottection network:

Stimulus Construction &
<Ry

For tachistoscopic presentation, common monosyilabié and poly- - - S

syllabic English words, e.g:, PAPERS, FAUCET, GORILLA, SNOW,.etc., were
| singly placed on cards.constructed from press-on transfer letters.

The words thét were used here were the same stimuli that were used in

Chapter 5; see Appendix E for a complete 1ist of the stimulus-words.

A closed-circuit TV system (Sony) projected the scope (3-channel

Scientific Prototype) presenfatioﬂs into the shielded cubicle for

subject viewing. Viewed on the screen monitor, stimuli were .3 high;

Tonger words were approximately 4° across, the screen.

Procedure
Aftee pretesting and electrode preparation, subjects reclined
— ~ comfortably on a bed adjusted for viewing the screen of the TV monitor.

The face o{ the monitor was aligned to the straight ahead gaze of the —

-subject<--Overall screen brightness was approximately .5 ftL (1,713

cd/m?) andmwaséessenxial4y—the—enkyéﬂnnxx§e£4444uminatkﬂr4ﬁ—tMe—

I

cubfcle.

After connecting the subject to the amplifierssa 15 - 20
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“ minute period followed in which the electrodes were allowed to

stabijlize and a final equipment inspeétion Was made.
When satisfactory resting recbrds weregachieved, four experi-
*mental conditions were administered to each subject. In Condition 1,
the standarei a 30-millisecond tone (1000 ﬁg) pip (S1) was followed
1.5 seconds 1ater by clicks (52) With a button switch placed in his
right hand, the. tasLoij:thubJeci:Jl_s to terminate the r-l icks by

i

button press as soon as.théy were sounded. The c11cklpresentat1onAwas
automatically inhibited if the subject pfessed the but;en Sefore their
occurrence. The subject fixated a }oint projected onﬁthe TV ﬁonj;or
during the standard condition. Several practice trials were;given to
each subject in order to assure proper eye fixation, a proper response
pattern, and to attain an acceptably stable signal record. ‘

In Condition 2, a 30-mﬁ11isecone tone‘pip (S1) was followed
1.5 seconds later by a stimulus word (52) preeented for 30 mi]]il ~
seconds. Thersubject's task was to,audibTy«ﬁoéalize the binocularly
observed S, word as soon as it'appeared. ‘In practice trials, Sy
individual levels of response were established that allowed word
verification over open intercom ane did not unreasonabty disturb the
EEG tracings. The subject fixated a dot that momentarily diSappeeredf

‘during word presentation

- L
r

In Cond1t1on 3, the sequence of the 31 and S, presentat1ons

.

,/,,e;_,
__Was reversed fromgtha;,gfgﬁendlt1Qn42+,4A4word,LSiJAwasgpresentedeixwa

30 mi111seconds followed 1.5 secondsﬁlaf%r by a tone pip (S,) of 30 -

milliseconds duratmen. The Sy tone signaled the subaect,to,aud1b1y )

vocalize the binocularly observed stimulus word seen at S;. When

R, S T U T Y RN TV [ R VSN T R S
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~ subjects were given practice trials, word pronunciation was observed;

the subject was cautioned not to say the word until'the So signa1 and

then to do so wwth a m1n1mum of art1cu1atbry movement Thensubject's

verbat responses were vérified over opeft intercomt SubJects fixated-a

“dot that d1sappeared during word presentat1ons.

Lastly, in Cond1t1on 4, a st1mu1us word (Sl) appeared for 39%

ﬂﬂmj1115ennndseduratlonsfollowedelTseseeends—1ater byea ~tone-pip—{Sy)

la]so of 3O,m1111seconds durat1on The sound1ng of S 1n this case

signa]ed ‘the sgibject.to audibly voca11ze a one word assoc1at1on made

 to the bfhocu]arﬁ& observed word seen atLSI. During}practiéehtriais;

: - ’ - . 3 - > :
subjects were reinstructed -on word articulation. . The word responses

were monitored over open intercom. The subject'ccntinuous1y fixated a

£'2

dot that momentar11y disappeared during the word’ presentat1ons
. b :

The words thatwere used in Cond:t1ons 2 3, and 4 were pre-

¥

_sented in random order w1thout repet1t1on for each subJect The e

standard cond1t1on was adm1n1stered first for all subleets the order_
for Cond1t1ons 2, 3, and & was.randomly determ1ned for each subJect
T1me per1ods between tr1als ranged from 18 to 30 seconds, per1ods
between cond1t1ons ranged from 5 to 10 m1nutes

¥

For all four experimental cond1t1onsu subJects 11stened to

S Cat

auditory st1mu11 from 1oudspeakers under the bed Sound levels

measured at the subject's head ranged from 65 to 70 dB, in the .

standard,condJtlonifc14cks«uereAgenerated—frem~a46rassfs;4—st%mu%ato:

at a rate of 15/secqnd and were delivered at a level that ranged from _
65 to 70 dB re 20 uN/mZ. |

: An average of 16 trials was collected for each of the

PR S
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experimental conditions for each éubjectf The trials that were used v \

for an average were reasonably free from eye movements and were free
from obvious muscular attivity in the critical 51-52 interval. The
start of data\co]}ection was issued manually after ongoing EEG traces
were determined té Bé satisfactorily stable. A total sweep period of
_ 3.5 seconds was used; signal digitization for baseline purposes
- ﬂﬁﬁﬁ%@ﬁ*5G&TWH%%SECOﬂdS‘prfor*hiﬁﬁﬁFUnSEt”Uf"gff”ﬂﬁmfﬁg*SEmﬂﬂEEST““‘A*gg*A*
tachistoscopic presentationé, and Sq and S stimuli were controlled by

. Grason-Stadler 1200 programming modules.

» Data Treatment

The data averages collected for each subject were plotted for
each experimental condition and for each of the electrode sites.
“Individual daté ayerag;s were;higita11y f%1tered prior to plotting
fﬁee Appendix B) and were centered around a mean baseline voltage from
the 500-mi11isecond prestjmu1a£ion period.

= \\ ~ Area measurements of CNV magnitude. The individually recorded‘

averages wefg used to defi{e area measurements of CNV magnitude.

From the most positive point in the evoked potential to S, ahhori-
zonfa] line was directed to a point 50 milliseconds prior to the onset
lof 32; from there the 1iﬁe was directed perpendicu]ar]yrto intersect
the slow wave. The enclosed area bounded by the slow wave and théf

constructed 1ine segments was measured with a compensating planimeter

(X & E Model 4236). The area measures were scaled into uV-seconds

and then were normalized in uV.

A three-factor (2 » 4 x 5) analysis of variance design with
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repeated measures on the last two factors was used to evaluate the
magnitude measures. Factors and factor labels were as follows: sex
(A) by conditions (B) by electrodes (C). The analysis of variance
computations were carried out using program BMDO8V of the Health '
Sciences Computing Facility, UCLA.

Vertical measurements of CNV amplitude. A single estimate of

slow wave activity was made for all subjects from the averaged records
of each active electrode site for eaéh of the eorresponding éxperi-
mental conditions. Direct (calipered) readings were co11ectéd from a
base]ine_]e&e] 50 milliseconds prior to the onset of S2 vertically to
a point on the slow wave.

‘A three-factor (2 x 4 x 5) analysis of variance design with
repeated measures on the last two factors was used'to evaluate the
vertical amplitude measures. Factor; and factor labels were as
follows: sex {A) by conditions {B) by electrodes (C).

Ratio indices of asymmetry. In order to assess the relative

proportion of left (L) hemisphere activify to right (R)Ahehisphere
éctiyity, ratios of the form L/(L + R) were form;d. Ratios were
separately derived for homologous fronté1 sites, F3/(F3 + F4), and
homologous inferior frontal sites, By/(B; + Bp), from the electrode
averages for each of the experimental conditions. The CNV ébtivity-

at an electrode site was estimated by the magnitude (area) measure

previously made for that location. The proportions, that exceeded .50

indicated Targer Teft than right hemisphere activity; proportions
below .50 indicated larger right than left hemisphere activity.

A three-factor (2 x 4 x 2) analysis of variance design with

SW
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repeated measures on the last two factors was used to evaluate the .
.ratios. Factors and factor labels were as follows: sex (A) by |
conditions (B) by electrodes (C).

Evoked potential amplitudes at Sj. A general estimate of

evoked potential activity was taken in response to Sj for each o( the

subjects at each of the active electrode sites for each of the
)

********** ~ - -corresponding experimental conditions. Direct (calipered) measure-
ments were taken from averaged records from the most promihent
component that occurred after Sy (latencies ranged from 250 - 350

‘m11115econds) to the baseline Tevel determined around the 500-milli-

second prestimulation period. |

A three-factor (2 x 4 x 5) analysis of.varfance design with
repeated measures on the last two factors was used to evaluate the
evoked potential amplitudes. Factors and factor 1abels,were.as‘
follows: sek (A) by conditions (B) by electrodes (C).

.Additiona11y, the re]at1onships of the area measurements,
vertical measures, and evoked response (or EP) measures to each other
were eva]uated by Pearson Product Moment correlations. Thedsignifj
icance of each correlation was tested by t = rjﬂn_- 2)/(1 - :?)]%
with df = n - 2.

Cross-Correlations I. Cross-correlations for each subject were

separately performed between each active electrode site in the standard

———condition and itself in Conth1on 2; Tikewise, cross-corre]at1ons were
\

separate?y~performed4between‘an‘eiectrodE’sﬁte/Tn‘tﬁe standard
condition and itself in Cond1t1on 3, and between an e]ectrode s1te in

the standard and itself in Condition 4. The4compyter program that:

¥
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7 caiculated the cross-correlations was designed to emphasize slow wave

<bui1d up and omit slow wave resolution. Only 600 data points of the
1024 points available were used in the computations. With a total
‘sweep period of 3.5 seconds, the 600 déta»points corresponded to a
period into the CNV interval of 2050 milliseconds from the start of )

data collection.

The resulting Cross-Correlation I values that were obtained
were entered into a three-factor (2 x 3 x 5) analysis of variahce
design with repeated measures on the last two factors. Factors and.
factor labels were as follows: sex (A) by conditions (B) by

electrodes (C).

Cross-Correlations II. 1In order to examine the activity of
the central site (CZ)'with each of the lateral placements, separate.
cross-correlations were performed for each subject comparing the vertex
(C,) of the standard condition to each of the lateral placements of
Condition 1; in Condition 2, cross-correlations Qeré performe&“between
the veéfex (C,) and each of the lateral placements of Céndition 2;
1ikewise, correlations wefe similarly performed for Condition 3 and
Condition 4. - | | ,ié%
The resulting correlation values were entered into a three-

factor (2 x 4 x 4) analysis of variance désign with repeated measures

on the last two factors. Factors and factor labels were as ig]]ows:

sex (A) by conditions {B) by electrodes (C).

Cross-Correlations III. Separate cross-correlations were

performed for each subject between homologous frontal (Fj3 vs F4) and ‘ .

between homologous inferior frontal (Bj vs'Bz) electrode sites for each
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P,

of the exper1menta1 conditions.

T

The corre1ations that were obtained were entered into a three-
factor (2 x 4 x 2) analysis of Variancé des{gn“with repeated measures .
on the last two factors. TFactors and factor labels were as follows:
sex (A) by conditions (B) by electrodes (C). |

 Cross-Correlations IV. Separate cross-correlations for each

subaect were performed between left side intrahemispheric placements
’ (F3 vs B1) and between right 5%3; intrahemispheric placements (F4 vs
B2) for each of the experimental conditions. |

The corré]ation values were entered into a three-factor (2 »
4 x 2) analysis of variance design with repeated measures on fhe last
two factors. Factors and factor labels were as follows: sex (A) by
) 4

conditions (B) by electrodes (C).

Lateral eye movements and ocular dominance. Disregarding sex,

Factor A of the previously described analyses was now used to classify

-

lateral eye movement predisposition. Subjects that moved consistentgy

v ~ .
to the left 7 out of 10 times were classified as Jeft-movers and werg -

aésigned A = 1; similarly, Subjects that moved to the right 7 out of--
10 times were classified as right-movers and were assigned A = 2; tﬁe
remaining subjects were pooled inéo a general category of inconsistent~
movers and were assigned A =3. The other factor classifications,

i.e., conditions (Factor B) and electrodes (Factor C) remained theg

T

4

%

same as before. Differences in the levels of Factor A resu]ted in the

following design changes (n = 18): (a) Area measurements of CNV

magnitude (3 x 4 x 5); (b) Vertica1 measurements of CNV amplitude

(3 x 4 x 5); (c) Ratio indices of asymmetry (3 x 4 x 2); (d) Evoked

e o skt e S ey

!
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potential amplitudes at Sy (3 x 4 x 5); (e) Cross-Corre1étionsrl
(3 x 3 x5); (f) CrossLCorre1ations I1 (3 x4 x 4); (g) Cross-+
Correlations-III (3 x 4 x 2); and (h) Cross-Correlations IV
(3 x 4 x 2). ' q
Disregarding sex and eye movemeh”61assificatioﬂs,’scores of

-

ocular dominance were analyzed under Factor A for each of the analyses

'”previous1y considered. Subjects that sighted with their left eye in

both tasks were accordingly considered left eye dominant and were

eye in both tasks were tonsidered right eye dominant and were assigned
Tevel A ='2. The other factor classifications, i.e., tonditions
(Factor B) and electrodes (Factor C) remained the same as before. ‘
Differences in the levels of Factor A resulted in the following design
changes (n = 6): (a) Area measurements of CNV magnitude (2 x 4 x 5);
(b) Vertical measurements of Ceramplitéde (2 x 4 x 5); (c) Ratio kr
indices of asymmetry (2 x 4 x 2); (d) Evoked potential amplitudes at
51 (2 x 4Xx 5); (e) Cross-Correlatiofs I (2 x 3 x 5); (f) Cross-
Correlations II (2 x 4 x 4); (g) Cross-Correlations III (2 x 4 x 2);
and (h) Cross-Correlations IV (2 x 4 x 2). \

Results

The analysis of overall treatment effects relied upon the

‘main effects were carried out using Duncan's Multiple-Range Test among

' general application of the analysis of variance. Individual tests of

the means for significant F ratios. Generally, significant inter-

actions were also analyzed using Duncan's Multiple-Range Test. In the
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calculation of she critical ranges, it was the level of the signif-

icant F ratio that norma11y determined the partjcuiar tables entered.

Area Measurements of CNV Magnitude

The overall effects between females and males were not

significantly different (F < 1, df = 1/16;.g_> .20). The effects for

_ condigions (F = 2.88, df = 3/48, p < .05) and electrodes (F = 63.78,

df = 4/64, p < .001) reached significant levels. Interactions that |
reached significance included sex by electrodes {F = 4.82, éj_= 4/64,
P < .005) and conditions by electrodes (F = 9.64, df = 12/192,

p < .001). A summary of the analysis of variance for the area measure-
ments of CNV magnitude is provided in Appendix C, Table Cl4.

The overall means for the normalized areas ?br each of the
experimental conditions are~111u§trated in Figure 37. {Furthéf tests
indicated that Condition 1 was different from Condition 3 (p < .05),
whereas contrasts between other conditions did not reéch a significant
1é§e]. The Duncan range tests among the means of Factor B are sbown in
Appendix D, Table D48. - . | -

In the overa]].e]ectfodes effect, the vertex (C;) was larger
than any of the laterally placed é]ectrodes (p < .001). The overall
left frontal (F;) site was larger than either By or By locations

(p < .001). The overall differences between homologous frontal and

,ﬂAﬁ"44betﬂaenfhamqlaghusginferiorggno%iflgsiiesAdidfnotgreachga/significantA/AAAAAAAAAAL

~level. The overall means for normalized areas at each active electrode

site are i]Wus;rated in Figure 38. The Duncan range tests among the

means of Factor C are shown in Appendix D, Table D49,

£

s
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Overall Means for the Normalized Area Measurements of
CNY Activity at Each Active Electrode Site
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4 The mean densities (normalized areas) involved 1h the sex by
electrodes (A x C) interaction are illustrated 1anigure 39. For'theA
females, the vertex (Cz) site was 1arger than any of the lateral
p]acements, F3 and Fg sites were separately larger than either By or
By sites (p < .005). For the males, the vertex (C;) site was.
separately larger than any of the'1atera1‘p1acements {p < .005);

however, none of the d1fferences between Tateral p p1acements reached a
significant level. For both females and males., differences between
homq]ogous fronta]ror between homq]ogous inferion frontal sites did
not reach a significant level. The Duncan range tests among the meansr

for females across g;ectrode sites and for males across electrode

. sites are shown in Appendix D, Tables D50 and D51, respectively.

The mean densities involved in the conditions by electrodes
(B x C) interaction are illustrated in ngure 40. Further tests
indicated that the vertex (C,) of each experimental'conditioh was
larger than any of the correspond1ng lateral p?acements (p < .001).
In Cond1t1gh’1 frontal sites Fjy q\\.F4 were separate]y larger than '
either By or By 1ocat1ons (p < .001). In Condition 2, the left
frontal (F3) site was separately larger than either 81 or. Bz s1tes
(p < .001). 1In Condition 3, nonéiof the d1fferences befween lateral

placements reached a significant level; similarly, none of the

differences between lateral placements reached-a significant Tevel in

“differences between HOmO!OgouS‘f?oﬁtHT‘UY‘bEtWEEﬁ‘hDMUTUQUS‘Tnfer10r

Condition ¥. Separately considered by experimental cond1t1on,
)

frontal sites did not reach a significant level. The Duncan range

tests among the means of Conditions 1, 2, 3, and 4 across electrodes
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Means i’or the Normalized Area Measurements of CNY Activity
at Each Active Electrode Site for Each of the
Experimental Conditions
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e

are shown in Append1x D Tab]és DSZ D53 D54 and P55, respect1ve1y

Tk

Vertical Mdasures of CNV Amplitude . .

e

The F ratio for sex was not signiﬁicant-(f_<'1, df = 1/1s,
p > .20). However, the F ratios for cond1t1ons (__= 18.48, df =.3/48,

P <’~oo1 and electrodes (F = 33. 28, df = 4/64 p < .001) did “reach

s1gn1f1cant Tevels. There was also a 51gn1f1cant cond1t1ons by

electrodes interaction (F = 4.16, df 12/192, g_< .001). The

summary of the analysis of var1ance for the vertical measures of CNV
amplitude is provided in Appendix C, Table 015 ii

The overall-mean amplitudes for the separaté experimenta]
conditions are i]]ustritedvin Figure 41. Further tests indicated that’
Condition 1 was sebaréte1y different from Conditions 3 and 4
(p < .001). The Duncan range tests: among the means ofﬁFacEgr B are
shown in Appendix D, Table DS6. '

The overaf] mean amp]itudés'at each of the electrode sites are
111ustrated in Figﬁre 42. The vertex (C,) was 1arger than either Fj,
Fa> By, or Bp sites (p < .001). None ofjthe differences between
lateral sites reached a significant level. The Duncan range tests
among the means of Factor;C‘are shown'jn thehdix D, Table D57.

The mean amplitudes involved in the conditions by electrodes

(B x C) interaction are illustrated in Figure 43. 1In Condition 1, the

vertex (C;) was Separate1y'1arger than any of the Taterdl placements

(p < 001) the r1ght frontal (F4) site was also larger than the left

inferior fronta1 site (Bl) at the p < .001 1eve1. In Condition 2, the -

vertex (C,) was larger than any of the lateral placements (p < .001);-
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NFRITUDE (1Y)

Figure 42

Overall Mean CNY Amplitudes at Each
Active Electrode Site
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Figure 43

Mean CMY Amplitudes at Each Active Electrode Site
For Each of the Experimental Conditions
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none of the differgnces between 1a£era1 placements ;eacheava signif-
icant level. In Cendition 3, the vertex (C;) wasrseparate1y 1arger‘
than either Fa, Bi, or B, locations (p < .00;); none of the differences
between 1a;era1 p]acemenfs reached\a significant Tevel. In Condition

4, the vertex (C;) was sepamately larger than F4; B1, or Bo (p < ..001);

~alseTuﬁggwasglargeqkihan—82A4§§4>n0049~7u5eparatelyueen54d/keé~byAA444~444A444~4444A_

condition, differences between homo]ogous frontal and between
homologous inferior frontal sites did not reach a significant 1eve1
The Duncan range tests among the means of Cond1t1ons 1, 2, 3, and 4
across electrodes are shown in Appendix D, Tab]es D58, D59, D60 and

D61, respectively. .

Ratio Indices of Asymmetry A
 <The F ratios for sex (F < 1, df = 1/16, p > .20), ¢onditions
(F < 1, df = 3/48, p > .20), and electrodes (F = 1.14, df = 1/16, -

p > .20) did not reach significant levels. The summary of_the analysis

of variance for ratios is provided in Appendix C, Table Cl6.

The mean ratios involved in the nonsignificant conditions by v }/“XH;
electrodes (B x C) interaction are shown in Table 15. The frontal
ratios and the inferior frontalﬁratios-were similar-among conditions

with the ratios generally exceeding .50 by only a slight amount.

Although-not statistica11y}justifiab1e, Duncan range tests among the

frontal ratios across conditions and inferior frontal ratios across

[ v p e “u .
o ol bt | i ARy I e e

conditions are shown in Appendix D, Tables D62 and D63, respectively.

Evoked Potential Amplitudes at S3

The overall F ratio for sex (F < 1, df = 1/16, p > .20) did

-
‘7

lyi g it & e e .
s e Tl g b L e 1



T ok

o S i 4

-

R A R R TR D, ST o sy e i T A A g

¢

235

g
4
(»Hnmﬁﬁﬁﬁ%ﬂﬁm%%

Table 15 N
Mean Frontal Ratios and Mean Inferior Frontal Ratios ;;
for Each of the Experimental Conditions g
: : z
Experimental Frontal Ratio Frggggyiggtio
Condition (F3/[F3 + Fal) (B1/1By + Bpl)
: %

Tone - Clicks)

11

2 (Tone - Word)
3 (Word > Tone)
4 (Word

Word -~ Assoc.)

.51 .50
.50 .49

.51 .50
.52 E .52




provided in Appendix C, Table C17.
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not reaéh_a significant level. There were siénificant effects for

conditions (F = 5.51, df = 3448, p < .005) and electrodes (F = 17.46,
df = 4/64,p < .001). .Interactions that reached significant Tevels

included sex by electrodes (F = 4.53, df = 4/64, p < .005) and
conditions by'éfecprodes (F = 2.13, gf_¥ 12/192, E_<V.ng). A summary

of the ana1ysig of variance for evoked potential amplitudes at S is

> =
1The overall-means for.evoked potential amplitudes at S; across

conditions are illustrated in Figure 44. The evoked potentials in
Condition 3 were larger than in Condition 1 (p < .005). The Duhcan

range tests among the means of Factor B are shown in Appendix D, Table

. D6

The overall means for évoked potential émp]itudes across
electrodes are illustrated in %igure 45. Tests indicated @hat the
vértex (C;) was larger than any of the lateral electrode sites
(p < .001); none of the differences between lateral sites reached a
sigﬁ}ficant level. Thg'Duncan rénge tests aang the means of Factor C
are shown in AppendiﬁyD, Table D65. N

| The mean EP;ampjitudes involved in the sex by'electfodes
(A x C) interaction are illustrated in'Figu}e 46. >qu the females,
the vertex (C;) was ]érger than any of the lateral sites (p < .005);

also,'Fs-and Fy sites were separately larger than B, (p < .005). For

the males, none of the differences between electrodes feached a signif-

jcant level (p > .6535;77%6;ﬁ56£5m%éma1és éﬁdmha1es, differences

between homologous frontal and between homologous 1nferior_frqnta1

sites did not reach-a siépificant level. The Duncan range tests among

\-J
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Figure 44

Overall Means for Evoked Potential Amplitudes at 5y
- for Each of the Experimental Conditions
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Overall Means for Evoked Potential Amplitudes at Sp
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Means for Evoked Potential Amplitudes at S; for Females
and Males at Each Active Electrode Site
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the means fer females across eiectrodes and males across e]ectrodes are
shown 1in Appendix D, Tab]es D66 and D67 respectiveiy |

The mean ER amp]itudes involved in the conditions by electrodes

(B x C) interaction are illustrated in Figure 47. For each cdndition,

the vertex (CZ) was 1arger than any of the corresponding lateral

placements (%)< .05). In Conditions 1 and 2, frontal sites F3 and Fg
: ¥ L

4¢~however, none of the differences between lateral p]acements'fehched”
a significant Tevel (E»> .05)3 Separately considered by condition,
differences between honoiogous frontai,and'between hqmoiogous inferior
frontal‘sites did not reach a significant level. The Duncan range
tests among the means for Conditions 1, 2, 3, and 4 across electrodes
are shown in Appeneix D, Tables D68, D69, D70, and D71, respectively.

~ In order to examine the relationships between the two estimates
of CNV.activity and their separate relationships to the etoked"
respenses‘(or EPs) that were collected, product-moment correlations

were performéd between the various measures. From the normalized area

ical measurements of CNV”activitxg

measurementg of CNV activity

-

correlations were performed between each active electrode site and

. . S
itself for each of" experimental conditions. The correlation, values

that resulted ape shown in Table 16. The overall correlations were
o 0 Pl

/low or inverse over all conditions. From the normalized area

rements—eigeﬁvraetivityfandvthefevokedfresponsegampiitudét;atfsi,

correlaiions,uere,performed_between_eachmacti#eeelec§rodegsite and

itse]f for each of the experimental conditions. The correlations that

L d

resulted are shown in Table 17. The overall correlations were hiéh in
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Figure 47

Mean Evoked Potential Amplitudes at S for Each
of the Active Electrode Sites in Each
of the Experimental Conditions
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. Table 16 ) 7
Correlations between Normalized Area Measurements of CNV Activity and
Vertical Measurements of CNV Activity at Each Active Electrode
Site for Each of the Experimental Conditions

Correlation Electrode Site
and Test { T ,
I | cc  F3 . F4 B] By
Condition 1 (Tone - Clicks)
rE oL -.33 -.42 -.54 -.09 -.28
tT= ........ -1.43 _ -1.88 -2.56% -.38 -1.17
Condition 2 (Tone > Word)

FE o =40 .47 259 -13 . -.35
= 1,77 -2.14 2. 93b -.53 . -1.53
"Condition 3 (Word + Tone)

P= -2 -2 -.49 -.23  -.36
t= ... 0. : =.50 -1.01 -2.29¢ -=.96 -1 54

Condition 4 (Word - Assoc.) o
rE oL -.37 - -.56_ -.39 .07 ».23
g P -1.61  -2.712 -1.70 .28 -.95
“~.r__ _ _Note. For each t-test, n = 18, gﬁ_ 16. Polarities of the verti-
cal measurement above (negat1ve) r below (positive) baseline were
observed. - L )
4 < .05
by < .01 ,
| /
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Table 17

Correlations between Normalized Area Measurements of CNV Activity and
Evoked Potential Amplitydes at Sj at Each Active Electrode
Site for Each of the Experimental Conditions

. . 'Electrode Site”
Correlation
. . . and Test 4 ,
C; D F3 Fp - B B
Condition 1 (Tone C]icks)
TS e .69, .54 s .58 .77 72,
T= ... 3.850  2.62° 2.572 4.83¢ 4.21°
~Condition 2 (Tone > Word)
PE .76, .68 .68 73 .81
T 4.69¢ 3.80P 3.71b 4.37¢ 5. 66
> ‘ Condition 3 (Word - Tone)
P .84 75 .93 76 .88
tT= . ..., - 6.23° 4.67¢  10.45€ 4.75¢ 7.74¢
Condition 4 (Word -~ Assoc.) s '
FE o L .8 .73 .88 .87 .82
t= . ...+ ... | 6.03° 4.30C 7.43¢ 7.04¢ 5.82¢

Note*"*Far*eachft-test;—ﬁ—-—&8f—d£4-416474P91ar%t%esfefAthefe¥ekeﬁ

potential measurements above (negafT—é) and below (pos1tive) baseline
were observed. B .

8 < .05. Cp < .001,
bp < .01
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7 Conditions 1 and 2 but tended to be s11ght1y higher in Cond1t10ns 3Jand -

- I is provided in Append1x C Table C18.

4, F1na11y, correlations were performed between each actﬁVe site and ] /
itse1f for the vent1ca1 measures of CNV amplitude and the evoked

response measures of amplitude for each of the exberimenta} conditidns.

The correlations that resulted are shown in Table 18. The overall

correlations were low or s11ght1y inverse over the experlmental

L U

7 cond1t1ons

Cross-Correlations I

Cross-correlations between each active electrode site and
itself were performed‘which separately compared the standard condition
to each of the‘other experimental conditdons. The overall effects for -
sex were not significant (F = 1.44, df = 1/16, p > .20). There were é
significant effects for conditions (F = 40.06, df = 2/32, p < .001)
and electrodes (F = 7.79, df - 4/64, p < .001). There was also a .
significant conditions by e]ectrodes interaction (F = 2.94, df = 4/64,“ |

p<.05). A summary of the analysis of variance for Cross-Correlations:

£
e
s

The overall mean Cross Corre1at1on I values ,across cond1t1ons B ’
are illustrated in Figure 48. Further tests 1nd1cated that the cor- |
relations in Condition 2 were separately higher ;han in either B
Condition 3 or Condiéion 4 (p < .001). The ancan range tests among
the means of Factor B-are shown in-Appendix Table D72

The overa%fhcorrelarlon‘means fonefzj;redes(Eacter@)are/~.R'~), Az;
illustrated in Figure 49.- Tests 1nd1cated that the vertex (CZ) cor-

relations we?E“teParate1y higher than the correlations for any of the

®
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Table 18

=

Correlat1oh; between the Vemtical Measurements of CNV Activity and

Evoked Potential Amplitudes at S; at Each Active Electrode
Site for Each of the Exper1menta1 C6nd1t1ons

>

Correlation : E1ectrodea51tg
) “and-Test . - ‘
. N Ff3 =~ R B B2
"Condition 1 (Tone -+ Clicks) .
P 31 L3 .24 41 26 .
t= ... 00 .1.33 1.32 1.00 1.82 1.11
w- -
Condition 2 (Tone - Word)
re= ... L .16 # -.09.  -.07 26+ -.03
€= .o .64 . -.39 -.28 1.09 -.15
Condition 3 (Nord + Tone) ‘ S
‘ i \4 - - R
Fe e .31 23 - -.32 .09 -.42
t= .00 1.34 97 -1.38 .38 31.88‘ o
*  Condition 4 (Norh + Assoc.)
7 ' , o ya
. r= . - .05 ° .05 -.02 .28 .12
T= .o .20 .21 -.10 1.20 .50
16. Polarities of 'vertical

t-test, n = 18, df =

Note. For each
measurements and evoked potentlaT‘ﬁeasuFEments above (negat1ve) or
below (pos1t1ve) baseline were observed . _

4
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~ MEAN CROSS-CORRELATION
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ELECTRODES

Figure 49

Overall Mean Cross-Correlation I Values
at Each Active Electrode Site




1atera1'p1acehéntsr(g_< .001); none of the correlation differences
between lateral sites reached a significant level. The Duncan range
tests among the Cross-Correlation I means for Factor C are shown in
Appendix D, Table D73. ' .
The mean Cross-Correlation I values for the sex by electrodes

(A x C) 1nteract1on are illustrated in Figure 50. For the females, the
” B

vertex (C;) correlat1ons were separately higher than for any of the
other lateral placements (p < .05); the right frontal (Fy) cor:e1ations
were also higher than for the left inferior frontal (B;) site «~

(p < .05). For'the males, none of the correlation differences between
electrodes reached a significant level (p > .05). The overall cor-
relations tended to be higher for males than for females. For both
females and rales, differences between homologous frontal and betWEEﬁ

homologous inferior frontal sites did not reach a significant 1éve1

248 ;!
N
A
g
i

The Duncan range tests among the Cross-= Corre1at1on I means for fema]es
across electrodes and for males across electrodes are shown in )
Appendix D, Tables D74 and D75, respectively.

The mean Cross-Correlation I values involved in the.nonsignif-
icant gconditions by electrodes (B x C) interaction are shown in Table
19. Generally, the means tendeq to be lower 1n'Conditions 3 and 4 than
in Condition 2. Although not stétistica]]y justifiabfelADuncan range

tests among the Cross-Correlation I means for Conditions 2, 3, and 4

across electrodes are shown in Appendix D, Tables D76, D77, and D78,

respectively. -
w

Cross-Correlations II -
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Figure 50

Mean Cross-Correlation I Yalues for Females and
Males at Each Active Electrode Site

ety
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_ Table.19

Mean Cross-Correlation I Values for 'the Nonsignificant
Conditions by Electrodes (B x C) Interaction

. Electrode Site
Experimental
Condition
C, Fs Fa B4 By -
2 (Tone ~ Word) .78 .73 71 .62 .64
3 (Word - Tone) .27 .14 .18 .12 .18
4 (Word -+ Assoc.) 3 .23 .24 .23 .27
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Créss-corre]ations were computed between tke vertex (CZ) of
each experimental condition and each of the corresponding late}al
electrode placements. The F ratio for sex did not reach a significant
value (F = 2.28; df = 1/16, p > .10). There were significant.effects
for conditions (F = 10.79, df = 3/48, p < .001) and electrodes (F =
47.99, df = 3/48, p < .001)., There was also a significanf séx by

| e]ectrodes‘(A er)‘interaction (F = 3.15, df = 3/48, p < .05). A
summary of the analysis of variance for»éross-Corre]ation; IT is
~ provided in Appendix C, Table C19. ' r .

The overall correlatian means for the conditions effect | |
(Factor B) are illustrated in Figure 51. Further tests indicated that'
higher correlations were fo;ndbfbr'Condition 2 than fof either Con-
dition 3 or Condition 4 (2 < .001); tHe éorre]ations for Condition 1
were also higher than for Condition 3 (p < .001). The Duncan range » : -
tests among the Cross-COﬁrelation II1 means for Factor B are shown in
Appendix«D, Table D79.-

The overall correlation means for the electrodes effect R
(FactorAg) are illustrated in Figure 52:x‘The correlations for frontal
sites F3 and Fq were separately higher than for inferior grontal sites
By and B, (p < .001); The Duncan raﬁge tests among the Cross-
Correlation II means for Factor C are shown in Appendix D, Tqb]e D8O.

The Cross-Correlation II means involved in the sex by

electrodes (A x C) interaction are illustrated in Figure 53. For both

females and ma]es,rthéggg;féﬁation means for frontal sites F3 and Fy -
were higher than for inferior frontal sites By and By (p < .05).

Differences betwee£§%%m01ogous frontal and between homologous inferior

L}
R L e Y TN
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Overall Mean Cross-Correlation II Values
at Each Active Electrode Site
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Mean Cross-Correlation Il Yalues for Females and
Males at Each Active Electrode Site
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frontal sites did not reach a significant Tevel. The Duncan range
tests among the Cross-Correlation II meaq; for females acrosgv |
electrodes and males'across e]ectrbdeé,are shown ih Appendix D, Tabies
D81 and D82, resbectfvely.

The mean Cross-Correlation II values involved in the nonsignif-

icant conditions by electrodes (B x C) interaction are shown in Table

20. Generally, the Fs and Fs sites exhibited higher correlations than
By and By sites over experimenta1 conditions. Although not
gtatistica]]y justifiable, the Duncan rahge tests among the Cross?
Correlation II means for Conditions 14 2, 3, and 4 across electrodes

are shown in Appendix D, Tables D83, 084, D85, and D86, respectively.

L

Cross-Correlations III

- ' ‘Cross-corre1ations were separately calculated between
homologous frontal and between»homologous inferior frontal electrode .
sites for each of the experimental conditions. The F ratio for sex -
was not significant (F = 1.89, df = 1/16, p > .10). There was a
significant conditions effect (F = 7.26, df = 3/48, p < .001). The F
ratio for electrodes did not reach a significant level (F = 3.38, df =
1/16, p > .10). The interaction of conditions by electrodes (B x C)
reached the p < .001 level (F = 9.00, df = 3/48). A summary of the
analysis of variance for Cross-Correlations III is provided in

Appendix C, Table C20.

S 3 . i : -
The overall cbrrelation means for the conditions effect

(Factor B) are illustrated in Figure 54., Further tests revealed that -

the correlations of Condition 1 were higher than those of Condition 3
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‘Jable 20

Mean Cross-Correlation II Values for the Nonsignificant
Conditions by Electrodes (B.x C) Interaction

L Electrode Site
“Experimental »
Condition . ; -
F3 Fa By B,
1 (Tonews Clicks) .90 .90 .71 71
2 (Tene + Word) . .90 .89 .77 .76
3 (Word - Tone) .78 78 .55 .53
4 (Word - Assoc.) .78 .75 .63 .57
{
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. (E.<,;001)- The Duncan range tests among the Cross-Correlation III

~means for conditions (Factor B) are shown in Appendix D, Tabde D87.

a3

The correlation mean? involved in thé conditions by electrodes.

(B x C) interaction are illustrated in Figure 55. In Conditions 1 and

2 d1fferences between frontal and 1nfer1or frontal s1tes were not

51gn1f1cant (E.> .001); however, in Cond1t1ons 3 and 4, the d1fferences )

E.< .001 1eve1 ~ (Duncan's Multiple-Range Test. k = f, df = 48,

18 ) .
\ B - - -

Cross-Cefgilat1ons IV . .

Separate cross- corre]at1ons wegg'performed between Teft s1de

_ intrahemispheric placements and right sid intrahemispheric p1acements‘ﬁ

~for each of the experiméﬁtaf conditions. The F ratios for sex -(F =

4.60, df = 1/16, p < .05) and conditions (£_= 3.34, df = 3/48, 'E.< .05)
: reached.signifieant levels. The F _ratio for e]ectroqES was not N

Significant (F = 2.57, df = 1/16, p > .10). A summary of the ana1y51s &A

of>variance for Crogs-Corre1ations IV is prov1ded in Appendix C,

Table C21. ; R

The overall means indicated that females had 1ower corre1at1ons )

than males, .86 and .90, respectively.
The overall correlation means for conditions {Factor, B)‘ake

i]]ugtrated-in ‘Figure 56. Further tests indicated that the corre-

lations for Conditions 1, 2, and 4 were separate]y h1gbenmthan for

Condition 3 (p < .05). The Duncan range tests among Cross- Corre]at1on

IV means for Factor B are shown in Appendix D, Table D88.
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The correlation means involved in the nonsignificant sex by
conditions by electrodes (A x B x C) interaction are shown in Table 21.

High correlations existed for both hemispheres over the experimental

conditions.

.Dominance Indices ‘ -~

mweﬂlhefresultS~efAeye—mevement~predispe§ition—thatmwere~ana%yqedff———eﬂé—eee~~
as levels of Factor A are summarily phesented for the separate analyses
in T:b]es 22 and 23. For comparison purposes, thevprinciga1 analysis
- of vahience ratios are also included. The F ratios that involved eye
‘movement did not reach significant levels. However, effects for con- §
ditionsﬁ(Factor'B) and electrodes (Factor C) generally paralled the
earlier F ratios. |

The results for ocular dominance that were analyzed as levels

of Factor'h are also shown 1in Tables 22 and 23. Therfiratios that - -
involved ocular dominance did not reach significant 1evelsj The .

effects of conditions (Factor B) and electrodes (Factor C) were

¥ <
- reduced; this was probably due to the smaller n that was used in the

L
<

analyses.
Discussion

* The magnitude measures of CNV activity indicated that Condition

1, the standard, was different from Condition 3 {Word - Tone). The

vertical measures of CMY amplitude indicated this same difference -
except that the standard condition was also found to be different

} N
from Condition 4 (Word - Association). The CNV averages for Conditions

Y

g
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l/
— b

. ’ \\yTab1e 21

Mean Cross-Correlation IV Values for the Nonsignificant Sex by dj
Conditions by Electrodes (A x B x C) Interaction -

>
/} # Left Side Electrodes Right Side Electrodes
Experimental (F3 vs B1) (Fg vs B2)
Condition
Female Male Female Male
1 (Tone » Clicks) | .90 .90 .90 .90
2 (Tone - Word) .87 .92 .90 .93
3 (Word - Tone) L 80 .87 .84 .87
4 {Word -+ Assoc.) .83 .90 41 .88 .94
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Summary F Ratios for Factor A Classifications for
CNV Magnitudes, CNV Amplitudes, Ratio Indices,
and EP Ampiitudes

Measurement Analysis

Design . -
\ CNV Mag. CNV Amp. Ratio EP Amp.
| E= p= | E= p= | E= p= | E= p-
Factor A as Sex
A’ .04 ns .67 ns .48 ns .46 ns
B 2.88 <«.05 | 18.48 <.001 .93 ns 5.51 .005
C 63.78 <.001 | 33.28 <«.001 1.14 ns | 17.46 <.001
AB .83 ns .63 ns .81 ns | .64 ns
AC 4.82 <.005 .35 ns .00 ns 4.53 <.005
BC 9.64 <.001 4.16 <.001 .33 ns 2.13 <.025
ABC «81 ns .80 ns .53 ns .24 ns
Factor A as Eye Movement Predisposition
A .02 ns 2.77 ns .89 ns .27 ns
B 3.03 <.05 ! 18.52 <.001 .93 ns 6.14 <.005
C 58.04 <.001 | 31.72 <.001 1.15 ns | 14.42 <.001
AB 1.36 ns .83 ns .95 ns 1.77 ns
AC 1.97 ns .29 ns .58 ns .98 . ns
BC 9.54 <.001 4.23 <.001 - .35 . ns 2.26 <.025
ABC .81 ns 1.04 ns 1.16 ns 1.11 ns
Factor A as Ocular Domiance

A . . .1 2.95 ns 1.04 ns .61 ns 2.62 ns
B . ot —— ns—+—8.23 <005 57 ns 5.46 <.025
c . .| 2.33 <.001 | 13.00 <.001 1.50 ns 1.98 ns
AB . . 1.44 ns .59 . _ns .81 ns | .05 ns
AC - .30 ns .42 ns .03 ns .91 ns
BC . .. 1.89 ns 2.62 <,025 1.25 ns .82 ns
ABC . .; .54 ns .56 ns 2.08 ns .39

ns
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.

Sunnmry F Ratios for Factor A Classifications for Cross-Correlations I,

Cros; -Correlations II, Cross-Correlations III,
)' and Cross- Corre1at1ons IV
! Measurement Analysis s
Design
.1 . Cross I 1  Cross Il | Cross III Cross IV
E= o= | E= p= | E= p= | Es -
Factor A as Sex
A 1.44 ns 2.28 ns 1.89 ns 4.60 ns
B 40.06 <.001 | 10.79 <.001 7.26 <.001 3.34 <.05
C 7.79 <.001 | 47.99 <«.001 3.38 ns 2.57 ns
AB .82 ns 1.58 ns .87 ns .88 ns
. AC 2.94 <.05 3.15 <.05 1.36 ns .38 ns
BC 1.98 ns 1.85 ns 9.00 <.001 .85 ns
ABC 1.41 ns 1.33. ns .20 ns .23 ns
Factor A as Eye Movement Predisposition
A 1.16 ns .92 ns .16 ns .11 ns
B 40.13 <.001 9.88 <.001 6.69 <.001 3.05 <.05
c ... 6.50 <.001 | 39.66 <.001 3.32 ns 2.95 ns
AB .92 ns .55 ns .27 ns .21 ns
AC .39 ns .41 ns 1.03 ns 1.89 ns
BC. 1.90 ns 1.87 ns 8.98 «<.001 = .94 ns
ABC .85 ns 1.28 ns .58 ns 1.49 ns
Factor A és Ocular Dominance
A Afi 469 ns 00— s 52 ps | 126 ps
B ... 14,23 <.005 2.87 ns 7.76 <.005 3.29 ns
C . .78 ns ; 24.66 <.001 1.73 ns | 76 ns
- AB \ .86 ns T .62 NS .46 ns 2.11 . ns
- AC .., 25 Ins @ .40 ~ns .63 ns 47 ns
BC i 2.02 ns } 2.25 " ns 1.48 ns 1.39 ns
ABC “ .40 ns J 1.14 ns .43 ns 1.11 ns
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1 and 2 wéfe"tybﬁcaT in appéafancé’“f In Conditions 3 and 4, however,
there was 11tt1e act1v1ty in the $;-S, interval above base11ne 1evels
These differences between experimental conditions can be seen in the
over1ayed averages for eech subject. The plots, at each active
electrode site for eacH of the experimental conditions for a]l subJects
are illustrated in Figure 57. As discussed”in Chapter.5, the 10w
amount_of CNV. actlyltyﬁobservedffor Conditions 3 and,AAwaseprobably due—
to pretrial sh1fts that 11m1ted further increases in negativity. The

EEG tracings were disturbed when subjects voca11zed the st1mu1us word%

The CNV measures that were taken from the averaged records avo1ded the

period just before 32., Not unexpectedly, the vertex (C;) was'generally

1ar§er than any of the lateral placements; also, frontal sites F3 and

Fgq were usually larger than inferior frontal sites By and By. The

subject set for word production had 1ittle effect in changing the I
lateral distribution of the slow potentials. Subjects repofted that h
Condition 3 (Word + Tone)} was an easy task which requireds1ittle
cognitive activity; in Condition 4 gword + Association), subjects
reported that they were able to th;nk ef 2 or 3 associations }p the
31-52 interval and usually voca]ized the word closest in time to the
tone. ' The effectiveness of set in producipg 1atera1ized slow wave
changes. was probdbly greatly reduced bj the pretrial shifts which
occurred in Conditioﬁe 3 and 4. The right hand button press in
Condition 1 did not affect the slow wave balance between homologous

(, .
frontal or between homologous inferior frontal sites. Sex effects for =~ =

~ magnitude ahd amplitude estimates of CNV activity were minimal. /

The ratio indices of asymmetry indicated that there was Mo



Figure 57 .

Overlayed CNY Averages for Each Subject at Each
Active Electrode Site for Each of the
Experimental Conditions
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increase in left hemisphere activity during Conditions 2, 3; or 4 from
Condition 1. However, there was a tendency for ratids over Broca's
area to be larger in Condition 4 than in the other experimental
conditions.

" Evoked potential amplitudes at S; indicated that the vertex
(C,) consistently produced larger respon;es than any of the laterally

place electrodes. Frontal sites F; and Fy were larger than inferior

frontal sités By and By in Conditions 1 and 2; this relationship
between frontal and inferior frontal sites was diminished in Conditions
3 ahd 4. There was a tendency for slightly larger tone responses in
Condition 2 than in Condition 1. The word stimuli in Conditions 3 and
4 had no effect on the distribution of the EPs for either homologous
frontal or homologous 1nférior frontal sites.

There was 1ftt1e relationship between the measures of CNV
magnitude and .the measures of C&V amplitude. As expected, the measures
of CNV magnitude and EP amplitude were highly correlated. VThe A
_re]ationships Between CNY amplitudes and EP responses were small.
These genera] fihdings between cortical activity were similar to those
described in Chapt;} 5. . (See Peters, Knott, & Hamilton, Note 38 for
a discussion™f the different‘measureg that have been used to assess
VCNV activity.)

Compared to Condition 1, the cross-correlations indicated that

the waveforms for separately considered homologous pairs were not

different even in the presence of significantreffggts fbr conditions
and electrodes. Cross-correlations between the vertex (C,) and each of

the lateral placements indicated significant conditions and electrodes
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effects. A]thoughffronta1 correlations tended to be higher than
inferior frontal correlations, comparisons between homologous pairs
did not‘:sxea1 any lateralized effects. When correlations betweén
homologous pairs were considered, differences between frontal and
inferior frontal sites were not significant in Conditions 1 and 25

however, in Conditions 3 and 4, the correlations were slightly higher

for {nferior frontal than for frontal locations. Intrahemispheric
cross-corre]atibns indicated that no ﬁeft or right side differences
occurred for the separate experimental conditions. ‘Some sex effects
were observed in a few of the cross-correlation analyses; however, the -
effects were not reTated to the production of asymmetrical waveforms
between separately considered homologous pairs. Although not directly
combﬁrab]eg the overall CNV results presented here are 15“66ﬁf11ct
with those of Low, Wada, and Fox (Note 32, Note 33), Zimmermann and
Knott {Wote 34), and Grozinger, Kriebel, and Kornhuber (Note 35).

C]assifying¥;ubjects on eye movement predisposition or bcu]ar
dominance was not effective in separating or changing the results for
the lateral distribution of the CNV in any of the analyses. However,
the eye movement phenomena were clearly evidenf and easily elicited.
Davson (1972) has pointed out fhat ocular dominance probably has Tittle
effect under conditions of bihocu]ar viewing.

7 The individual averages of several subjects indicated that

there were instances when marked asymmetries in the distribution of the
slow waye occurred. For example, the averaged records for subject
K. A. {(male) are shown in Figure 58. Compared to either Conditions

1 or 2, Conditions 3 and 4 produced a noticeable increase in CNV



Figure 58

Symmétrical and Asymmetrical CNV Averages
for Subject A. K. in Each of the
Experimental Conditions

i\,
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activity 6ver the left hemisphere. IﬁvCOntra§f‘ “the averaged records
of subject I. M. (male) are shown 1n F1gure 59, Compared fo eitherv’

‘the standard or Condition 2 there was an.increase in CNV act1v1ty in -~ i.

‘Cond1t1ons'3 and 4 over the r1ght hemlsphere.~,The as&mmetr1es, when

4

B they’gﬁcurred did'not alwayé 1nélude'both71éft side p]aceméhts or { -

“both right s1d\\p1ac6ments S1m11arTy, ‘the 1nstances of 1ncons1stency S

, Ty
" for the product1 n of'asymmetr1ca1 s1ow potent1a1s were noted for both

females anq males. Ind1v1dua1 examp]es of marked asymmetr1es were a]so '

F L

-

found for the exper‘menta] cond1t1ons descr1bed 1n~Chapters 4 and 5.
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Figure 59

Symmetrical and Asywmetrfca1.CNV Averages L ‘5
. for Subject I. M. in Each of the : )
. -Experimental Conditions ‘ ’ :
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Chapter 7

OVERVIEW o

, , d that consistent slow wave asymmetries
.- b4 T
“'were not elicited during ta

dégignéd to pfomdfe either right or
left hemisphere activity. Howeven»thé stfict statistical réjection of
lateralfzed effects was tempered by those individual examples where
distiné% asymmetries occurred. A]though these asymmetries were not
always in the predicted direction, this appeared Just1f1ab]e since
- some hem1spher1c differences were as large as 5 uV to 12 uV.
A shortcoming of the tone and word experiments described here
was that no separate behavioral indices of lateralized effects were
-collected. HWithout these separate measures it is arguable whether the
experimental conditions actually induced the Specialized hemispheric
activity sought. As discussed in Chapter 3, Marsh and Thompson (1973)
found that for verbal fasks there were no CNV differences bétween the
he$f%pheres, in a nonverba] situation (1ine orientation) neither the
Agbehaviera}~data—ﬂergthe—€N¥SAShewedAanyghem+spherfc—dffference5444¢¥4444444444““*
,desjgnﬁchange,inuthegexperimenialgpresentation40f4¥erbalgand4non¥erba!

tasks subsequently resulted in asymmetries being produced on correct

frja]s. The hemisphere presumed to be primarily engaged in the task
275 -
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had smaller CNV ;mpTitudes than the hemisphere that was considered
secondarily involved. At the time of the réport n& data were given
about the size of the Hemispheric differences. Hillyard (1973) was
not able to report asymmetrical CNVs in commissurotomized patients
even though a clear behaviora] differentiation was elicited (reaction

times). The logical importance of 5§§3b1ish1ng a behavioral measure

or index against which to gauge C poéentia]s is further lessened by

tbe fact that behavioral differentfation itself is assumed to be

reflective of brain activity. It ahfios goés without sayipng that those

" .authors reporting hemispheric differentiation, behaviora]'or otherwise,

do not advocate that particular stimulus processing is completely
dominated by the activity of one hemisphere (Sperry, 1973). Foz‘
example, visual right field (1eft hemisphere) superiority for the

detection of verbal material does not exclude left field (right hemi-

~ sphere) detections. The interplay that coq]dzhave existed between the

hemisbheres in the small number of trials thaé were used in the present
studies may have contributed to the occasionaé]y Targe but unsystematic

ésymmetries observed in the CNY. Of the many‘%trategieé that could

- have been adopted to evaluate hemispheric differences, the 16-trial

avg:age represented a compromise between a single tkia] analysis and an
average based on a larger number of trials. Adopting the latter

approach‘increases the signal against resident background activity.

At the same time, however, it is desirable’by a sing1e trial analysis

to reduce possible sequence effects in order to reduce habituation and
other processes which might occur as the result of repetition.

The results presented here for the left hemisphere tasks are
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af’variancééﬁith the findings of other inve§t1gators examining i
hemisphéric asymmetries‘}n the CNV. Butler and,Glass (1971) found that'
right-handed subjects awaiting numerical information had larger CNVs
over the hemisphere contralateral to the preferréd hand. Differences
between the hemispheres were small and the overall significance of the

asymmetries was evaluated using nonparametric procedures. In

.practical applications there is some risk that judgments based on

relative size may, in some cases, result in differences that are,
outside the limits of res&]ution of the recording‘system;

The Tack of consistent laterality effects from surface
locations approximately over the areas of Wernicke and Broca were
surprising in view of the literature which has implicated these areas
as necessary for language proCessing and production. The electrode
sites over these areas were selected because previous evoked or slow
potential investigations reportedvdata suggesting that these regions
were sensitive to differential activity and Qere ré]ated to 1$ﬁ§ﬁage
processing. Zimmermann and Knott (Note 34) demonstrated that inferior
frontal sites, presumably over the area of Broca, were larger on the
left hemisphere than the right preceding speech produc%ion. As with
huch data showing Tateralization effects, hemispheric differences were
agafn veiy small. 4Frqm’the gub]ished }ecords, éNV pbtehtféis bafe]y
exceeded baseline 1é9e1s at the Iaterél’§1tes; A sfmi]a;ﬁShifting was

7/

observed in the;prgggn;;gxpgrimgn;sguhengstimulus4uQrds4appearedgjngthegg;gggggggf

- 51 position. Low, tha, and Fox (Note 32), recording from inferior-
posterior frontal positions, found greater negativity over the left

hemisphere preceding verbalization than over the right. Although most
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,,hgf_lbg4§LuQig§grgpgz;1n§jasxmmetriﬁaIACHyskhadgs%megfornLof control

condition, most analyses did not incorporate direct comparisons of

- distribution changes within subjects among the ekperimenta] conditions.
The method Qf analysis employed here to examine asymmetries réquired
that the distribution of the CNV be established relative to the various
placements (i.e., the standard condition) and that this distribution

be changed for the different processing tasks. This represents a

str1ngent but necessary criter1on for demonstrating CNV asymmetr1es

in norma1 subjects.

addition to the asymmetries that were observed during the &

-~ tone exberfment in Chapter 4, the results indicated that the engagement

of the subject's attention during the 51-57 interval produced an
enhancement of CNV amp]itude:(z 5 t1mes) over the standard paradigm.
Increases in CNV amplitude related to 1nformatiop processing have been
associated with stimulus complexity (Low, Frost, Maulsby, & McSherry, A
5‘1968), whereas decreases in the CNV have been found with distraction
induced by ex}raneous processing within the CNV interval (Tecce &
Hamilton, 1973). The decline in the CNV during the presentation of the
fourth tone was an unexpected finding that merits further investi-
éat1on. Most of the subjeéts'questioned agreed that the tone task was
not deficuTt and that they were able to decide -upon their response as

~ soon as the fourth tone was presented. This positive direction of the

slow potential at the fourth tone parallels the findings of evoked

TP C L A

potential studies which show the positive or P300 component correlated

-z

 with information delivery and the resolution of uncertainty (Sutton,

Tueting, & Zubin, 1967). . el

L DL g e i o e T ek b s s . e s b L o b

+ st b



- 279

The word experiments of Chaptérs 5 and 6 were simp]é and may
not have engaged verbal processing to any great extent during the CNV -
interval. It might be more uSefu] to have a more obvious form of
verbal activity during the interval with such procedures as sentence

construction, word rhymes, and so on. It was interesting to note

% . _
“however that evoked ;étentials to word stimuli were generally larger

at all electrode sites than for the other signal stimuli. Whether

this positive aspect of the evoked potential-Was due to intrinsic

properties of the stimuli themselves or was duefto,negatiye baseline .

- shifts cannot be determined without further investigation.

Further research into the lateralization of slow potentigls
should probably first center around those individuals who clearly
demonstrate asymmetries. This is, of course, a different approach
to the question of asymmetries and is more concerned with fhe genesis
of hemispheric differences than characteristics of all people insofar
as differential 1nformation processing is concerned. Although ;his
may distort the overall generalization of laterality effects, it may
prove more useful in determining the parameters and significance of '
ihe differencés than pfoced&res.based oh the expectancykof uniform

response patterns in all subjects.
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FILTER CHARACTERISTICS*

Individual data averages were digitally filtered prior to

plotting. The data smoothing that occurred did not affect all fre-
qﬁenciesvequally. _Although some cortical responsés may have been
subject to the bouncing portdon of the fitter characteristic, the - .

frequencies associated with slow potentials were in the safe region
A » R

of the filter. With the graph on page 285, the attenuation. of a
particular frequency™can be found from log F = log {f, x T¢), where

sweep time (seconds). When

]

fo = the particular frquency and Tg
the obtained value is located on fhe absdissa, the attenu&tion_may be
read directly off the ordiﬁé@g. The cutoff frequency (-3 dB)'cgn be
determined from f9}= Fo/Tgs where F. = normalized frequency and

Ts-‘ sweep time.

<

*ThE‘fTTtéT‘tharatterTstit‘aﬁd‘accompany%ng4graph4wereftaken*—44*Af——~447

from Documentation on a Brick-Wall Digital Low-Pass Filter prepared by
Howard F. Gabert for the Department of Psychology, Simon Fraser
.University, 1974.
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~ Table C1
Summary of the Analysis of Variance
for Amplitude Measures
(Experiment 1)
e \ * L
Source Error Term df MS F P
A (Sex) S(A) 1 .6026E-03 ° .000  n.s
B (Conditions) SB(A) 1T 126.9843 11.389 < .01
C (Electrodes) SC(A) 4 18.5984 "19.700 < .001-
D (Times) SD(A) 3 14.9320 9.910 < .00l
S(A) 8 11.9919
AB SB(A) 1 .7375  .067 n.s
AC SC(A) 4 .6374  .675 n.s
BC SBC(A) 4 1.4032 1.845 n.s
AD SD(A) 3 .5133 .341 n.s
BD SBD(A) 3 6.9585 #5297 < .01
cD SCD(A) 12 1.3439 7.936 < .001
SB(A) 8 10.9719
SC§A§ 32 .9440
SD(A 24 1.5068
ABC SBEC(A) 4 .3003  .395 n.s
ABD SBD(A) 3 5545 422 n.s
ACD SCD(A) 12 .1009 .59 n.s
BCD SBCD(A) 12 .7401 7.897 < .001
SBC(A) 32 7604
SBD(A) 24 1.3136
SCD{A) 96 .1693
ABCD  SBCD(A) 12 .3057E-01  .343 n.s
SBCD(A) : 96 .8917E-01

Note. Analysis of variance computations were carried out using
direct measurements in cm.



Summary of the Analysis of Variance for
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Table C2 ™

the Ratio Indices of: Asymmetry

(Experiment 1)

Source iAAgE;;;;A%erm df MS F P
A (Sex) S(A) 1 .1386 5.720 < .05
B (Conditions)  SB(A) 1 .3697E-02  .130 5.
C (Electrodes)  SC(A) 1 .1661E-01  .156 5.

S(A) 8 .2423E-01

-

AB SB(A) 1 .2551E-01  .898 s,
AC SC(A) 1 1779E-01  1.668 5.
BC SBC(A) 1 .1928E-01  4.011 5.

SB(A) 8 .2842E-01

SC(A) 8 .1067E-01
ABC sBC(A) 1 .2350E-03  .049 5.

SBC(A) 8 .4807E-02

‘3

R
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Table C3

Summary of the Analysis of Variance
for Cross-Correlations II ~
(Experiment 1) ’

——-Source Error Term df fiﬂ§_ F p f
, £ ' 3!
A (Sex) S(A) 1 .6613E-03  .011  n.s i
B (Conditions) SB(A) 1 .1034E-01  1.157  n.s. - —
C (Electrodes) SC(A) 3 .5789E-01  7.935 .001
S(A) 8 .6050E-01 i
AB SB(A) 1 .3240E-01 3.622  n.s }
AC SC(A) 3 20426-01  2.799  n.s :
BC SBC(A) 3 2115E-02 .53  n.s j
Py , .
SB(A) 8 .8944E-02
SC(A) 24 .7296E-02
ABC SBC(A) 8 .2990E-02  .762  n.s
" seo(A) 24 .3925E-02 |



\'w\\

——-Source————Error-Terms df MS

Table C4

Summary of the Analysis of VafianCe
for Cross-Correlations III
(Experiment 1)

ar RS F 2]
A (Sex) S(A) 1 .2249E-02  .184  n.s.
B (Conditions)  SB(A) 1 .2703E-01 10.440 < .025
¢ (Electrodes) SC(A) 1 .3025E-01 11.122 < .025
S(A) a 8 .1223E-01
AB - SB(A) 1 .1089E-01  4.205  n.s.
AC SC(A) 1 J839E-02 2.882  n.s.
BC SBC(A) 1 .1008E-04  .012  n.s.
___SB(A) . : .2589E-02
SC(A) 8 .2719E-02
ABC SBC(A) 1 - - --

SBC(A) ) 8 .8174E-03
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.., Table C5
Summary of the Analysis of Variance
for Cross-Correlations IV
(Experiment 1)

Source Error Term df Ms F p
Coa (Sex) S(A) 1 1199 2.014 n.s.
. B (Conditions) SB(A) 1 .7562E-02  1.121  n.s.
4 C (Electrodes) SC(A) 1 .1562E-02  .255  n.s.
S(A) ’ -8 .5954E-01
B SB(A) 1 .5636E-03  .084 n.s.
AC < sc(A) 1 -.1823E-02  .297  n.s.
~ BC - SBC(A) 1 .1102E-02_  .356 n,s.
SB(A) 8 .6743E-02
SC(A) 8 6135E-02
ABC SBC(A) 1 - ,2801E-02  .776 n.s.
SBC(A) 8 .3096E-02
¢ .

" ;‘ It\\‘
"1

.
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1 Table C6

Summary of the Analysis of Variance for
Area Measurements of CNV Activity
(Experiment 2)

QT s

Source Error Term df L MS F P
A (Sex) S(A) 1 3911 .326  n.s.
B (Conditions)  SB(A) 2 8051 2.382  n.s.
C (Electrodes) 5C(A) 8. 1.3457 29.624 < .00l
S(A) 8 1.1993 ‘
AB SB(A) 2 2778 .82 nis.
AC SC(A) s 1422 3.132 < .05.
BC SBC(A) 8 L6469E-01 2.381 ‘< .05
SB(A) | ,16 .3380
SC(A) 32 .4542E-01
ABC- SBC(A) 8 .1702E-01  .626 n.s.
SBC(A) f‘\\_f/j 64 7 2717E-01

o ) ]
Note. The analysis of variance computations were performed upon

~ the direct planimetric areas (inches?2).
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Table C7

Summary of the Analysis of Variance for Vertical
Measurements of CNV Amplitude

(Experiment 2)

Hs-

TR TR

. Source Error Term df 3 p
A (Sex) S(A) 1 4184 1.639  n.s. :
B (Conditions) SB(A) 2 1.8396 8.496 < .005 ]
C (Electrodes) SC(A) 4 2722 23.482 < .001
S(A) 8 2553
AB SB(A) 2 1268  .586 n.s.
AC SC(A) 4 .3807E-02  .328  n.s.
BC SBC(A) 8 .4031E-01 3.527 < .005
SB(A) 16 .2165
SC(A) 32 .1159E-01
 ABC SBC(A) 8 .1496E-01 1.309  n.s.
SBC(A) 64 .1142E-01 -

Note. The analysis of variance computations were
the direct measurements of vertical amplitude (inches

gerformed upon
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Table C8

Summary of the Analysis of Variance for
the Ratio Indices of Asymmetry
(Experiment 2)

Error Term df MS

_ Source MS F ]
A (Sex) S(A) 1 .3850E-01 2.088  n.s.
B (Conditions) SB(A). 2 .2166E-04 . 006 n.s
C (Electrodes) SC(A) 1 .4860E-02 1.365 n.s
S(A) 8  .1844E-01
T SB(A) 2 .5121E-02  1.378  n.s
AC SC(A) 1 2645E-01 7.433 < .05
BC SBC(A) 2 .5450E-03  .226  n.s
SB(A) 16 .3715E-02
SC(A) 8 .3559E-02
ABC SBC(A) 2 .8450E-03  .350  n.s.
SBC(A)

16 .2413E-02

=

AN
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—_— , Table C9

Summary of the Analysis of Variance for
Evoked Potential Amplitudes at Sy
(Experiment 2) -

~ Source Error Term df MS F R :
A (Sex) S(A) . 1 }.2398E-01  .048  n.s. V0
B (Conditions) SB(A) 2 6269 1.668  n.s. e
C (Electrodes) SC(A) 4 .3996 14.536 < .001
S(A) | 8 .4989
AB SB(A) . 2 8809 2.343  n.s.
"AC SC(A) &\\7f‘ 413601 514 nus. :
BC SBC(A) 8 .2077E-01  2.382 < .05 :
SB(A) 16. - .3759 .
SC(A) | 32 .2749E-01 g
 ABC SBC(A) 8 .1656E-01 1.899  n.s.
SBC(A) ‘ - 64 .8722E-02

Note. The .analysis of variance computations were performed upon
the direct measurements of evoked potential amplitude (inches).
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Table C10

Summary of the Analysis of Variance
for Cross-Correlations I
(Experiment 2)

Source Error Term df MS F
”E"(sex)' S(A) 1 1528 .221
B (Conditions) SB(A) 1 573555 2.952
C (Electrodes) Sc(A) . 4 .2037E-01  .680
S(A) 8 .6931
- AB SB(A) 1 4369 .434
AC sc(A) 4 .1099E-01 . .367
BC SBC(A) 4 (1212E-01  .646
SB(A) 8 1.0078
SC(A) 32 .2994E-01
ABC SBC(A) 4 .1691E-01  .901
SBC(A) 32 .1876E-01 -
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Tabje C11
Summary of the Analysis c;f Varfance
r gt 1
g

Source Error Term ~ df MS F p’ & .
A (Sex) CS(A) 1 .6347E-01  1.117 - n.s. %
B{Conditions)  SB(A) 2 (4006E-01  .622 s, A
C (Electrodes) sc(r) 3 3392 19.598 < .001

S(A) 8 .5680E-01
AB SB(A) 2 .3292E-02 .05l . 1
AC SC(A) 3 .2323E-01 1.382  n.s. :
BC SBC(A) 6 1776E-02 - 256 5. E

SB(A) 16 .6442E-01 ?

SC(A) 24 .1730E-01 §
ABC SBC(A) 6 .2919E-02  .418 s. %

SBC(A) 48 .6984E-02 g

| - ?
] o




298

Table C12

Sﬁnnary of*thé'Ana1ysis of Varian&e
- for Cross-Correlations III
(Experiment 2)

!

Source * Error Term < gf_ ﬂ§.' F
A (Sex) S(A) . © 1 .1499E-02  .070
~““B (Conditions)  SB(A) . 2 .4316E-03  .049 -
C (Electrodes) Sc(A) 1 .2903E-01  2.693 v
S(A) | 8 .2131E-01 « T
AB SB(A) 2 .33956-02. 382 ’
AC ©SC(A) 1 .2730E-01  2.533
BC SBC(A) 2 . .B415E-02 1.568
SB(A) 16 .8884E-02
" sc(A) 8 . .1078E-01
ABC SBC{A) - 2/ .B611E-03  .196
. SBC(A) 16 .2816E-02
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A
Table C13
Summary of the Analysis of Variance
for Cross-Correlations IV
(Experiment 2)
Source Error Term ’gj MS F P
A (Sex) 'S(A) <+ 1 | (3681E-02  .292  n.s.
B (Conditions)  SB(A) - 2 TLI1781E-02 .33 n.s.
C (Electrodes) SC(A) 1 l13208-01 710 ns.
s(p) s. - 1262E-01 | k
AB SB(A) 2. 5031E-02 - 1.112 n.s.
AC SC(A) 1 .5953E-01  3.202 n.s.
BC , SBC(A) | 2 L7117E-03  .449 n.s.
SB(A) 16 .5333E-02 ‘
“ SC(A) 8 .1859%E-01
ABC " SBC(A) 2 .1204E-02  .817  n.s.
SBC(A) 16 .1584E-02 -
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Table Cl4

Swnﬁéfy of the Analysis bf,Variance for
Area Measurements of CNV Activity
: (Experiment 3)

4 v
Source Error Term df MS F P
SN— —
A (Sex) S(A) 1 . .5750E-01 .043 n.s.
B (Conditions) SB(A) 3 5236 2.882 < .05
. C (Electrodes) SC(A) L 2.4278 63.782 < .001
S(A) ~ 16 11.3325
AB SB(A). 3 1519 .83  n.s.
AC ] SC(A) 4 21835 4.823 < .001
BC SBC(A) 12 1945  9.648 < 001
~ SB(A) o 48 .1816 o
SC(A) | , T 3806E-01 |
ABC SBC(A) 12 1646E-01  .817  n.s.-
. SBC(A) 1 1w .2016E-01
. - ‘\\ - :

Note. The anatysis of variance computations were performed upon
the direct planimetric areas (inches?). 4 ,




Summary of. the Analysis of Variance for Vertical
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Table C15

.

Measurements of CNV Amplitude
(Experiment 3)

. 3 o
Source » Error Term df MS F P

A (Sex) S{A) 1 —.1693 - .672 n.s

B (Conditions) SB(A) 37 2.1043 18.484 < .001

C (Electrodes) ’ SC(A) -4 .6334 33.286. < .001
S(A) | 16 2518

AB SB(A) 3 .7177E-01  .630 n.s

AC SC(A) - 4 6737E-02  .354 . n.s

BC T sBC(A) 12 .3659E-01 4.166 < .001
SB(A) ’ 48 .1138
SC(A) 64 .1903E-01

ABC SBC(A) 12 .7065E-02  .804 n.s
SBC(A) 192 .8782E02 . X

-

Note. The analysis of variance computations were performed upon
the direct measurements of vertical amplitude (inches). '

T e
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Table Cl6

Summary of the Analysis of Variance for
the Ratio Indices of Asymmetry
(Experiment 3)

Source Error Term df * MS F P
A (Sex) S(A) 1 .3803-02  .489  n.s.
B (Conditions) SB(A) 3 .5448E-02  .932 - n.s.
C (Electrodes) SC{A) 1 .2177E-02  1.145  n.s.
~s(A) 16 .7779E-02
. AB | SB(A) 3 .4767E-02  .815  n.s.
AC o SC(A) 1 - - —
':éc , | SBC(A) 3 .3837E-03  .337 n.s.
SB(A) 48 .5846E-02
" SC(A) _ 16  .1901E-02
ABC " SBC(A) 3 .60526-03  .532  n.s.
SBC(A) 48 .1138E-02
L
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Table C17
Summary of the Analysis of Variance for
Evoked Potential Amplitudes at 33
(Experiment 3) . ,
 Source Error Term -, df MS F ‘.B
. < % ‘
A (Sex) S(A) 1 .3049 .461 - n.s.
B (Conditiong) SB(A) 3 ‘\\1553 5510 < .005
C (Electrodes)  SC(A) 4 .4896 17.462 < .001
s(A) i 16 .6613
48 sB(A) 3 .8755E-01  .640  n.s
AC ' SC(A) 4 1271 4.536 < .005
BC SBC(A) 12 .16956-01 2.133 < 025
 sB(A) 48 1368
SC(A) 64 .2804E-01
ABC SBC(A) 12 L1940E-02  .244 n.s
192 .7947E-02 -

Mote. The analysis of variance computations were performed upon
the direct measurements of evoked potential amplitude (inches).




Table C18

Summary of the Analysis of Variance
for Cross-Correlations I
s (Experiment 3)

»

Source Error Term df MS F P
A (Sex) S(A) * 1 .8579 1.449 n.s.

B (Conditions) SB(A) ;" 2 6.8772. 40.067 < .001

C (Electrodes) SC(A) 4 2115 7.797 < .001
S(A) | 16 .5920

4 ~ S

AB <. sB(A) 2 .1409  .821  n.s.

AC ) 4 .7975E-01 2.940 < .05

BC SBC(A) 8 .2156E-01 1.980  n.s.

4 s(A) 32 .1716 - 4

SC(A) 64 .2712E-01

ABC SBC(A) 8 .1541E-01 1.416  n.s.
SBC(A) 128 .1088E-01 |
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Table C19

Summary of the Analysis of Variance
for Cross-Correlations II

(Experiment-3)

4
Source Error Term df T Ms F P
A (Sex) S(A) 1 .2351 2.287 n.s
B (Conditions) SB(A) 3 .5123 10.790 < .001
C (Electrodes) SC(A) 3 .79%1 47.991 < .001
S(A) .16 ~.1028 |
AB SB(A) 3 .7525E-01 1.585  n.s
AC SC(A) 3 .5238E-01 3.157 < .05
BC SBC(A) 9 .1369E-01 1.852  n.s
SB(A) ‘ 48 .4748E-01 K
SC(A) 48 .1659E-01
ABC SBC(A) 9 .9890E-02 U 1.338  n.s
SBC(A) 144 .7392E-02
‘ t
v -y
gf ¢
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Table C20

1

Summary of the Analysis of Variance
for Cross-Correlations III

(Experiment 3)

{

Source Error Term df MS F P
A (Sex) S(A) 1 3270E-01 1892  n.s
B (Conditions) SB(A) 3 .7943E-01 7.268 < .001 -
C (Electrodes) SC{A) 1 .1755E-01 3.389 n.s

S(A) 16 .1728E-01
AB SB(A) 3 .O588E-02  .877  n.s
AC sc(;) 1 7084E-02  1.367  n.s
BC SBC(A) 3 .9606E-02 9.005 < .00l

SB(A) 48 .1092E-01

SC(A) 16 .5180E-02
ABC SBC(A) 3 2222E-03  .208  n.s

SBC(A) 48 .1066E-02

-
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Summary of the Analysis of Variance

Table C21

for Cross-Correlations IV

(Experiment 3)

df

Sourcé Error Term df MS F P
A (Sex) S(A) 1 .4622E-01  4.600 .05
B (Conditions) SB(A) 3 .2672E-01  3.343 .05
C (Electrodes) SC(A) 1 .1440E-01  2.575 n.s
S(A) 16 . .1008E-01
AB SB(A) - 3 .7082E-02  .886 n.s
AC SC(A) 1 .2178E-02  .389 n.s
BC SBC(A) 3 .1784E-01 ~ .856  n.s
SB(A) 48 .7994E-02
SC(A) 16 .5591E-02
ABC SBC(A) 3 .8975E-03  .239  n.s
SBC(A) 48 .2085E-02
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DUNCAN'S MULTIPLE-RANGE TABLES

Duncan range tests were used to compare overall differences
e among-ordered-means—for main effects as wellas to test row differences—
in the three-way classifications. Individual cells are differences '%

resulting from subtracting the largest mean from the smallest, largest
minus the next smai]eét,rand o) oﬁ; Déﬁending on thernﬁmbéf ofrmeans o )
separating the comparisons, these cells éxceedjng the appropriate

critical ranges are marked with an asterisk (*) to indicate the

specific significance level achieved. The «-level used in the cal-

L

culation of the critical ranges was the same level as the significant
F ratio; in those cases where the F ratio was not significant, the .05 , i
level was used. The standard error of the means was derived from t
Iﬂ§u/(g)]%, where MS, = within treatment méqq square and n = the

number of observations on which each mean is éased; In addition to n,

each table also gives the number of means (k) involved and the degrees

o ARl L

of freedom (df) associated with MSy. Comparisons between two means

are not shown.
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~ Table D1

Duncan's Multiple-Range Test among the
Means for Electrodes (Factor C) o

Means Bt Tat o Pt R Gt et
10.492 11.588 12.309 14.249 23.742 Ranges

Ty = 10.492 .- 1.096 1.817 3.757 13.250% R2 = 6.222

Ty = 11.588 -~ 0.721 2.661 12.154* R3 = 6.433

F3 = 12.309 . --=  1.940 11.433* R4 = 6.577

Fa = 14.249 | o -~ 9.493% RS = 6.688

Note. k = 5, df = 32, n = 80. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl. (u’

*p < .001.
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Table D2
Duncan's Multiple-Range Test among the
Means for Times (Factor D)
: D4 = D3= D2 D1 = Shortest
Means Significant
8.303 15.426 15.935 18.240 Ranges
D4 = 8.303 = --- 7.123 7.632*  9.937* R2 = 7.221
D3 = 15.426 --- 0.509 2.814 R3 = 7.477
D2 = 15.93b _ -—- 2.305 R4 = 7.643
Note. = 4, df = 24, n = 100. The means are amplitudes

expressed\Th uY from Exper1ment 1. The summary of the analysis of
variance for this experiment is shown in Appendix C, Table Cl.

*p < .00l
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Table D3

-

Duncan's Hu]tiple-Range Test among the Means
of the Standard Condition (B = 1)
for Electrodes (Factor C)

Ta= Fa= Fa= Tp= C,= Shortest
Means 3 3 2 Significant
' 5.555 5.599 6.399 7.166 16.587 Ranges
T3 = 5.555 --- 0.044 0.844 1.611 11.032* R2 = 4.421
F3 = 5.599 --- 0.800 1.567 10.988* R3 = 4.644"
Fyq = 6.399 | --- 0.767 10.188* R4 = 4,788
T4 = 7.166 o —--  9.421* R5 =
TN

A

Note. k = 5, df = 32, n = 40. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for .
this experiment is shown in Appendix C, Table Cl.

*p < .05.

4.8Q9?
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Table D4 .
R , Duncan's Multiple-Range Test among the Means
of the Tone Analysis Condition (B = 2)
for Electrodes (Factor.C)
T, = Ty = F, = Fa = C, = ‘yShortest
Means 3 3 4 z Significant ~
15.420- 15.998 19.009 22.086 30.874 Ranges
T3 = 15.420 —-- ; 0.578 3.589 6.666* 15.454* R2 = 4,421 .
Tg = 15.998 --- 3.011 6.088* 14.876% R3 = 4.644
F3 = 19.009 ) - 3.077 11.865* R4 =r4.788‘&“’
Fqg = 22.086 -— 8.788*. : RS = 4.899
Note. k =5, df = 32, n = 40. The means are amplitudes expressed

in WV ?rom_Expér1ﬁ€ht 1. _he summary of the analysis of var1ance for
this experiment is shown in Appendix C, Table CI.

*p < .05
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o DE
- =44

Duncan's Multiple-Range Test among the Means

L%~

of the Standard Condition (B = 1)

»

" for Times .(Factor D)

-

D1 =

D4 = D3 = D2 = Shortest
~ Means Significant
5.699  5.777  8.943  12.609 Ranges
D4 = 5.699 - --- 0.078 _ 3.244  6.910 R2 = 7.121"
D3 = 5.777 ) --- - 3.166  6.832 R3 = 7.421__
D2 = 8.943 --- 3.666 R4 = 7.632

. Note. 5_5 4, df = 24, n = 50. The means are amp1itddes expressed
in uV from Experiment 1. “The summary of the analysis of variance for
this experiment is shown in Appendix C, Table (1.

p > .01.
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Table D6

Duncan's Multiple-Range Tést among the Means
of the Tone Analysis Condition (B = 2)
< for Times (Factor D)

D4 = D2 = D1 = D3 = Shortest
Means . Significant
10.887 22.908 23.853%% 25.053 Ranges
D4 = 10.887 | --- 12.021* 12.966* 14.166* R2 = 7.121
D2 = 22.908 -— 0.945  2.145 "R3 = 7.421
- D1 = 23.853 - 1.200 R4 = 7.632

Note. k = 4, df = 24, n = 50. The means are amplitudes expressed
in uY from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < 01,
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£
o Table. D7 d
Duncan's Multiple-Range Test among the Means at the
; Vertex (C,) Electrode Site (C = 1)
for Times (Factor D)
D4 = D2 = D3 = D1 = Shortest
. Means ) Significant
18.931 24.675 24.686 26.641 Ranges
D4 = 18.931 --- 5.744* 5.755% 7.7¥0* R2 = 4.999
D2 = 24.675 - 0.011  1.966  R3 = 5.166
D3 = 24.686 ‘ ' - ——— 1.955 R4 = 5.277

Note. k=4, df = 96, n = 20. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variahce for

this experiment is shown in Appendix C, Table Cl.

*p < .001.
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~ |
- ' ~Tabte D8
Duncan's Multiple-Range Test among the Means at the
Left Frontal (Fa) Electrode Site (C = 2)
fog: Times (Factor D)
- . D4 = D3 = D2 = D1 =  Shortest
_ Means _ Significant
3.766 11.443 13.054 20.942 Ranges
D4 = 3.766 - . 7.677%  9.288% 17.176*  R2 = 4.999
D3 = 11.443 - 1.611  9.499*  R3 = 5.166
D2 = 13.054 o - 7.888% R4 = 5,277

Note. k = 4, df = 96, n = 20. The means are amﬁ11tudes expressed
1€Tuv from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001.
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y
T Tabte D9
T 95 4
Duncan's Multiple-Range Test among the Means at the {;
Right Frontal (F,) Electrode Site (C = 3)
5 for T%mes (Factor D)
D4 = D3 = D2 = D1 = Shortest
\\\Means ; Significant
- 4,599 14.643 17.476 '20.242 Ranges
D4 = 4.599 -—— 10.044* 12.877* 15.643* R2 = 4,999
D3 = 14.643 —- 2.833  5.599%*  R3 = 5.166
2 = 17.476 ¢ | - 2.766 R4 = 5.277

Note. k=4, df = 96, n = 20; The means are amplitudes expressed
in u¥ from Experiment 1. The summary of-the analysis of variance for
this experiment is shown in Appendix C, Table C1.

*p < .001.
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Table D10
Duncan's Multiple- Range Test among the Means at the
"~ Left Temporal ( ? ) Electrode Site (C = 4)
for Times (Factor D)
‘ ' D4 = D2 = Dl = Shortest
Means . ' Significant
6.921 10.621 1%?365‘ - 12.843 Ranges
D4 = 6.921 - 3.700- 5.922% R2 = 4.999
D2 = 10.621 -—— 0.944 2.222 R3 = 5.166
D3 = 11.565 _ : --- 1.278 R4 = 5.277
Note. k =-4, df = 96, n = 20. The means are amplitudes expressed

in uY from | Exper1ment 1. The summary of the analysis of var1ance for
th1s experiment is shown in Appendix C, Table Cl.

*p < ,001. - .
P | ~_.
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Table D11 ’
> Duncan's Multiple-Range Test among the Means at the ‘ ’
*}{éz Right Temporal (T4) Electrode Site (C = 5)
for Times (Factor D)
, R ;o , .
_ : . 4 .
D4 = D1 = D2 = D3 = Shortest
Means ’ : . Significant
7.265 10.499 13.820 14.754 Ranges
D4 = 7.265 -— 3.234 6.555%  7.489* R2 = 4.999
D1 = 10.499 ' -— 3.321  4.255 . R3 = 5.166
D2 = 13.820 -—- - 0.934 R4 = 5,277

. " . : .
Note. k = 4, df = 96, n = 20. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table CI1.

*p < .001.




--3217 -
Table D12 °
Duncan's Multiple-Range Test ambng the Means of the Standard
Condition (B = 1) at the Vertex (C;) Electrode
Site (C = 1) for Times (Factor D)
\ ;
D4= . D3= D2 = Dl = Shortest
Means ) Significant
11.554 12.543 .18.220 24.042 Ranges
D4 = 11.544 - 0.989  6.666* 12.488*  R2 = 4.844
D3 = 12.543 -—- 5.677* 11.499* - R3 = 4.995
D2 = = 5.110

18.220 1 —-- 5.822* R4

¥

Note. k = 4, df = 96, n = 10. The means are amplitudes expressed
in 1V from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001.
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Table D13

Duncan's Multiple-Range Test among the Means of the Standard
Condition (B = 1) at the Left Frontal (F 3 Electrode
Site (C = 2) for Times (Factor B

D3 = D4 = D2= D1 = Shortest

Means Significant
1.544 2.510 5.266 13.065 Ranges

D3 = 1.544 --- 0.966 3.722 11.521* R2 = 4.844

D4 =-2.510 L =-- 2.756 10.555* R3 = 4.995

D2 = 5.266 , -— 7.799* R4 = 5.110-

Note. k =4, df = 96, n = 10. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001.
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<’ " Table D14
Duncan's Multiple-Range Test among the Means of the Standard
Condition (B = 1) at the Right Frontal (Fgg Electrode
-Site (C = 3) for Times (Factor -
D4 = D3 = D2 = D1 = Shortest
Means : Significant
2.610 3.810 8.154 10.998 Ranges
D4 = 2.610 -—- 1.200 5.544* 8.388* ™ R2 = 4.844
D3 = 3.810 - 4.384  7.188%  R3 = 4.995
D2 = 8.154 -—- 2.844 R4 = 5.110

 Note. k=4, df = 96, n = 10. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001. »
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Table D15

Duncan's Multiple-Range Test among the Means of the Standard
Condition (B = 1) at the Left Temporal (T g Electrode
' Site (C = 4) for Times (Factor B :

D3 = D2 = D4 = DI =  Shortest

Means Significant
3.377 4.610 5.588 8.632 Ranges
D3 = 3.377 -— 1.233 2.211 5.255% R2 = 4.844
D2 = 4.610 --- - 0.978 4.022 R3 = 4.995
‘»04 = =

5.588 —  3.084 R4 = 5.110

-

Note. k = 4, df = 96, n = 10. The means are amplitudes expressed
in WV from Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001.




325

Table D16

_ Duncan's Mu1t1p1e Range Test among the Means of the Standard

AN

Condition (B

= 1) at the Right Temporal (

s) Electrode

. Site (C = 5) for Times (Factor D
v M = D1 = D3 = D2 = Shortest
Means , Significant
6.243 6.299 7.632 8.488 Ranges -
D4 = 6.243 - —a- 0.056  1.389  2.245° R2 = 4.844
D1 = 6.299. --- 1.333 2.189 R3 = 4.995
D3 = 7.632 --- 0.856 R4 = 5.110 -
Note. k =4, df = 96, n = 10. The means are amplitudes expressed

in uV from | Exper1ment 1.

The summary of the analysis of var1ance for

this experiment is shown 1n Append1x C, Table C1

B>

.001.
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Table D17

Duncan's Multiple-Range Test among the Means of the Tone Analysis
, Condition (B = 2) at the Vertex (C,) Electrode
Site (C = 1) for Times (Factor D)

D4 = Dl = D2 = D3 = Shortest
Means _ Significant
©26.308  29.241  31.130  36.840 Ranges
D4 = 26.308 —— 2.933 4.822  10.532* R2 = 4.844
DI = 29.241 - 1.889 7.599*% R3 = 4.995
D2 = 31.130 e T L. 5.710% R4 = 5.110

Note. k = 4, df - 96, n = 10. The means are amplitudes expressed
in uV from | Experiment 1. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl.

*p < .001.
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I - Tabte D18 |
Duncan's Mu]tip]e?Range Test among the Means of the Tone Analysis _
Condition (B = 2) at the Left Frontal (F ; Electrode
Site (C = 2) for Times (Factor :

2
D4 = D2 = D3 = Dl = Shortest
; Means . o : Significant
;. 5.321 20.853 21.353 28.819 Ranges
D4 = 5.021 --- 15.832* 16.332* 23.798* . R2 = 4.844
D2 = 20.853 --- 0.500 7.966* R3 = 4.995
- e, D3 =21.353 --- 7.466* R4 = 5.110

Note. k =4, df = 96, n = 10. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for

this experiment is shown in Appendix C, Table Cl.
*p < .001. .
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< o Tab'le D19
Duncan's Mu1t1ple Range Test among the Means of the Tone Analysis
Condition (B = 2) at the Right Frontal (F4g Electrode .
Sfte%(c = 3) for Times (Factor D W 2
| D4 = 3=, D2= D1 = Shortest
Means ‘ ‘ Significant
6.599  25.475 26.808 29.485 Ra}ges =
D4 = 6.599 - 18.876* 20.209* 22.886* R2 = 4.844
D3 = 25.475 . e 1.333 4,010  R3 = 4.995
D2 = = 5.110 )

26.808 - 2.677 R4

Note. k =4, df = 96, n = 10. The means are amplitudes expressed
- in uV from Experiment 1. The summary of the apalysis of var1ance for
~~ this experiment is shown in Ap nd1x €, Table €1. —

*p < .001

)
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Duncan's Multiple-Range Test among the Means of the Tone Analysis .
Condition (B = 2} at the Left Temporal (T3; Electrode
Site (C = 4) for Times (Factor D

D4 = D2=  Dl= D3 = Shortest

Means 7 Significant
8.243 16.620 17.0563 19.753 Ranges
D4 = 8.243 --- 8.377* 8.810* 11.510* RZ = 4.844
D2 = 16.620 .- 0.433 3.133 R3 = 4.995
D1 = 17.053" --- 2.700 R4 = 5.110

in
th

Note. k =4, df = 96, n = 10. The means are amplitudes expressed
u¥ from Experiment 1. The summary of the analysis of variance for
is experiment is shown in Appendix C, Table Cl.

*p < .001.
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Duncan's Multiple-Range Test among the Means of the Tone Analysis
Condition (B = 2) at the Right Temporal (Tz) Electrode
Site (C = 5) for Times (Factor D?

>
D4 = Dl = D2 = D3 = Shortest
Means : Significant
8.299 14.698  19.142  21.875 Ranges
D4 = 8.299 - 6.399* 10.843* 13.576* R2 = 4.844
D1 = 14.698 --- 4.444  7.177% R3 = 4.995
D2 = 19.142 : —— 2.733 R4 = 5.110

Note. k = 4, df = 86, n = 10. The means are amplitudes expressed
in uV from Experiment 1. The summary of the analysis of variance for -
this experiment is shown in Appendix C, Table C1. K

*p < .001.
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P, I _Table D22
ancan‘s,Mu1t1p1e-Range Test among the
Means for Electrodes (Factor C?
,
- / Fk?; = Fi = T3'§ Ty = Shortest
- Means ’ o Significant
.729 .756 .826 . .840 Ranges
A .
Fy = .729 ~e- . .026 .097 J111* . Rz = 0.101
Fg = .756 o --- .070  .084 R3 = 0.104
Ty = .826 . --- .014 R4 = 0.107
™
\\_\\ Note. k =4, df = 24, n = 20. The means are Gross-Correlation II
values from Experiment 1. The summary of the analysis of variance

for this experiment is shown in Appendix C, Table C3.

*p < .001.
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Table D23

Duncan's Multiple-Range Test among the
. Means for Electrodes (Factor C?

Wp = Wy = Fg = F3 = Cz = Shortest
Means - : Significant
20.174 21.919 25.096 25.759 34.879 Ranges
Wy = 20.174 -~- 1.745 4.922 5.585 14.705* R2 = 5.373
Wi = 21.919 --2 3.177 3.840 12.960* R3 = 5.558
Fs4 = 25.096 --- 0.663 9.783* R4 = 5.684
F3 = 25.759 R 9.120* - R5 = 5.781

Note. k = 5, df = 32, n = 30. The means are densities (normal-
ized areas) expressed in uV from Experiment 2. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table C6. ' g

fgy< .001.
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Duncan's Mu1t1p1e Range Test among the Means for
Females (A = 1) across Electrodes (Factor C)

S v
- N
, Wi = W= F3= Fgq = C, = Shortest
Means z_ ~ Significant
-, 20.676 21.965 26.385 26.995 38.668 Ranges
Wi = 20.676 - 1.289 5.709* §.319* 17.992* R2 = 4,258
Wy = 21.965 ——- 4.420* 5.030* 16.703* R3 = 4.476
F3 = 26.385 0.610 12.283* R4 = 4.618
Fp = 26.995 - Q N --- 11.673* RS = 4.718
Note. =5, df = 32, n = 15. The means are dens1t1es (normal-

ized areasT'expressed in uV from Experiment 2. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table Cé6.

*p < .05

e A3
"\
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Duncan's Multiple-Range Test among the Means for
Males (A = 2) across Electrodes (Factor C) .

=

Wy = Wy = Fg = Fy = C, = Shortest
Means : Significant
18.383 23.163 23.200 25.134 31.095 Ranges
W2 = 18.383 --- 4.780* 4.817* 6.751* 12.712* R2 = 4.258
Wy = 23.163 ‘ --- 0.037 1.971 7:932* R3 = 4.476
Fq = 23.200 ---  1.934 7.895* R4 = 4,618
F3 = 25.134 --- 5.961* R5 = 4.718

Note. k = 5, df = 32, n = 15. The means are densities (normal-
jzed areas) expressed in uV from Experiment 2. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table C6. ’

*p < .05,

b L, Lo
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— Table D26
o Duncan's Multiple-Range Test among the Means
for Condition A (B = 1) across
Electrodes (Factor C)
Wo = W= Fg= F3= C;= Shortest
Means ¢ ! 3 Significant
20.515 21.294 26.638 26.987 39.795 Ranges
Wo = 20;515' ——- 0.779 6.123* 6.472* 19.280* R2 = 3.958
Wy = 21.294 ---  5.344% 5.693* 18.501* R3 = 4.164
Fq = 26.638 --- 0. 349 13.157* R4 = 4.301
F3 = 26.987 --- 9. 808* R5 = 4.399

Note. k =5, df = 64, n = 10. The means are densities (normal-

ized areas7'expressed in uV from Exper1ment 2. The summary of the
analysis of variance for this exper1ment is shown in Appendix C,
Table C6.

*p < .05
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Tabte D27 -
Duncan's Multiple-Range Tésﬁ among the Means
for Condition B (B = 2) across
Electrodes (Factor C)
W= W= Fp= Fa= C,= Shortest
Means -2 1 4 3 z , Significant
22.099 24.328 27.712 28.437 37.352 ,  Ranges
, o {
Wp = 22.099 --- 2.229 © 5.613* 6.338* 15.253* R2 = 3.958
Wi = 24.328 L --- . 3.384 4.109 13.024* R3 = 4.164
Fg = 27.712 --- 0.725 9.640* R4 = 4.301
Fa.= 28.437 - 8.915% RS = 4.399
Note. 4} =5, df = 64, g_é 10. The means are densities (normal-
ized areas’ expressed in uV from Experiment 2. The summary of the

analysis of variance for this experiment is shown in Appendix C,

Table Cé6.

*p < ,05.




337

Table D28 N N

Duncan’s Multip]e-Rénge Test among the Means
for Conditjon C (B = 3) across

" Electrodes (Factor C) , /
_ W, = Wy = F, = F3-= C, = Shortest
Means 2 ! 4 z Significant
' 17.910 20.139 20.945 21.858 27.497 Ranges

Hz = 17.910 -—- 2.229 3.035 3.948 9.587* R2 = 3.958

/ .
Hl = 20.139 ’ === 0.806 1.719 7.358* R3 = 4.164
F4 = 20,945 ) -—— 0.913 6.552* R4 = 4.301 .
Fy = 21.858 | - 5.639* R5 = 4.399

Note. k =5, df = 64, n = 10. The means are densities (normal- ,
ized areas) expressed in uV from Experiment 2. The summary of the i v
analysis of variance for this experiment is shown in Appendix C, .

Table C6. ) ’

*p < .05.
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Table D29
Duncan's Multiple-Range Test among the
Means for Conditions (Factor B)
, Conditioﬁ*: Condition Condition Shortest
Means C= B = A= Significant
: -3.615% 9.196 15.153 - Ranges

Cond. C = -3.615  --- 12.811 18.768*  R2 = 15,102
Cond. B'= 9.1 - 5.957 R3 = 15.752

Note. k =3, df = 16, n = 50. The means are(amp11tudes expressed

in uV from Experiment 2. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table 7. . .

2The negative po1ar1ty represented a sh1ft below baseline levels.

*p < .005.

A
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o TabTe D30
Duncan's Multiple-Range Test among the
Means for Electrodes (Factor C)
, Wy= MW= Fy= Fp= C,= Shortest
Means ! -3 4 Z Significant
2.195 4.085 5.886 7.264 14.572 Ranges
Nl = 2.195 - 1.890 3.691 5.069 12.377* R2 = 5.050
HZ = 4.085 -—- 1.801 3.179 10.487* ‘R3 = 5.200
F3 = 5,886 , . v R - 1.378 8.686* R4 = 5,351
Fo=7.266 | - 7.308% RS = 5.401

Note. k = 5, df = 32, n = 30. .. The means are amplitudes expressed
in uV from Experiment 2. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table C7.

< *p < .001.
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Table D31

. Duncan's Multiple-Range Test among the Means

for

Condition A (B = 1) across
Electrodes (Factor C)

Wp= Fz3= Fp= C,= Shortest

Means Hb ) . : Significant
8.141 i9.416 13.402 16.137 28.680 Ranges
Wy = 8.141 | --- 1.275  5.261 7.996% 20.539* R2 = 6.946
Wy, = 9.416 ‘ --- . 3.986 6.721 19.264* R3 = 7.221 
F3 = 13.402 ---  2.735 15.278* R4 = 7.406
Fq = 16.137 - 12.543* RS = 7.541

Note. k = 5, df ;'64, n = 10. The means are amplitudes expressed

in uV from Experiment 2.

The summary of the analysis of variance for

this?experiment is shown in Appendix C, Table C7.

*p < .005.

e e
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Table D32

~ .

Duncan’s Multiple-Range Test among the Means
for Condition B (B = 2) across
Electrodes (Factor C)

Means "2~ " - 3 F4.= “2 T S?2g¥¥$2:nt
. 6.871 6.971 9.046 9.161 13.952 Ranges
Wp=6.871 - 0.100 2.175 2.290 7.081 R2 = 6.946
Wy = 6.971 --- 2.075 - 2.190 6.981 R3 =7.221
F3 = 9.046 --- .~ 0.115 4.906 R4 = 7.406
Fy = 9.161 N ) ~-- 4791 RS = 7.541

Note. k =5, df = 64, n = 10. The means are amplitudes expressed
in uV from Experiment 2. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table C7.

p > .005.
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. - Table D33
R B e Dunhcan's Mu1t1p1e -Range Tesxgamong the Means
for Condition C (B ='8) across.
3 » - Electrodes (Factor C) -
Wy = Fa= HWo= Fy= C, = Shortest
Means ! 3 2 4 Z - significant
-8.5213 -4.7902 -4,030% -1.8202 1.085  Ranges
W| = -8.521  .-=- . 3.731 4.491 6.701 ' §.606* R2 = 6.946.
F3 = -4.790 -~ .0.760 2,970 5.875 R3 = 7.221
Wy = -4,030 ‘ .2~ 2.210 5.115 - R4 = 7.406
Fp = -1.820 cL - 2905 | RS = 7.541

Note. k =5, df = 64, n = 10. The means are amp]itudes expressed
in uV from Exper1ment 2. The summary of the analysis of variance for
this experiment is shown in Appendix C, Tab%e c7. v

aThe negative polarity represented a sh1ft below baseline levels.

*E<'
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' Table D34
‘Duncaﬁ*s Mulfip]efRange Test among the Means for
Females {A = 1) across Conditions (Factor B)
. for Frontal ‘Ratios (C = 1)

tonda B

v Condition  Condition  Condition”  Shortest
Means - - A= B = C= Significant
. o 476 .486 .500 . Ranges
Cond. A = .476 =~ - - 010 . .024 R2 = ,396
= .486 - .014 R3 =

.397

RN

Note.. k = 3, df 3 16, n = 5. The interaction (A x B x C) repre-
sented | by these means did not -reach a s1gn1f1cant level in Exper1ment
2. The summary of the analysis of variance for this exper1ment is
shown 1in Append1x c, Table C8

¥

P> .95. v

-
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Table D35
ngﬁcan's Multiple-Range Test among the Means for
“Females (A = 1) across Conditions (Factor B)
for Posterior Ratijos (C = 2)

Condition Condition Condition «Shortest
Means A= B = C= Significant
444 .458 .488 Ranges
Cond. A = .444 - 014 .0%4 R2 = .396
Cond. B = .458 - 030 R3 = .397

Note. k = 3, df = 16, n = 5. The interaction (A x B x C) repre-
sented by these means did not reach a significant level in Experiment
2. The summary of the analysis of variance for this experiment is
shown in Appendix C, Table C8.

p > .05,
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- "*“‘”””f”i“;ﬁmf*’""””TEbTé”ﬁ 6
Duncaﬁ's Multiple-Range Test among the Means for
Males (A = 2) across Conditions (Factor B)
> for Frontal Ratios (C = 1)

Condition Condition Condition Shortest
Means C= A= B = Significant
.472 .504 512 Ranges
“Cond. C = .472 - --- .032 .040 R2 = .396
Cond. A = = ,397

e

.504 --- .008 R3

he
Note. k = 3, df = 16, n = 5. The interaction (A x B x C) repre-
sented by these means did not reach a significant level in Experiment
2. The summary of the analysis of variance for this experiment is
shown in Appendix C, Table (8.

p > .05. : .

T
ot 7*’“
- w
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- ) ~ Table D37
Duncan's Multiple-Range Test among the Means for
Males (A = 2) across Conditions (Factor B)
for Posterior Ratios (C = 2)
Condition Condition Condition Shortest
Means €= B = A= Significant
. .544 .552 .572 Ranges
Cond. C = .544 - +.008 .028 R2 = .396
Cond. B = .552 --- .020 R3 = .397

Note. k = 3, df = 16, n = 5. The interaction (A x B x C) repré{
sented by these means did not reach a significant level in Experiment
2. The summary of the analysis of variance for this experiment is
shown in Appendix C, Table C8. ;

p > .05.

b\‘
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Table D38

Duncan's Multiple-Range Test among the
Means for Electrodes (Factor C?

 TMy= M= Fp= F3= Cg= Shortest
Means ) Significant
15.937 18.513 21.598 23.449 31.065 Ranges
Wy = 15.937 - 2.576 5.661 7.512 15.128% R2 = 7.786
W = 18.513 - 3.085 4.936 12.552% R3 = 8.056
Fp = 21.598 . --=  1.851 9.467% R4 = 8.241
F3 = 23.449 -~ 7.616 R5'=8.381

=

Note. k =5, df = 32, n = 30. The means are evoked potential -
ampTitudes expressed in u¥ from Experiment 2. The summary of the
analysis of variance for this experiment is shown in Appendix C,

Table C9. ‘ 3
*p < .001.

-

g
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* Table D39

7 Duncan's Mutt beeﬂ\'a’h“gé”Te’st”among téj Means

for Condition A (B = 1) across -
Electrodes (Factor C)

W= Wy= F3= Fg= C;= . Shortest
Means . Significant-
12.777 12.907 16.458 16.843 21.248 Ranges
Wy = 12.777 --- 0.130 3.681 4.066 8.471* R2 = 4.177
A\
Wy = 12.907 -—- 3.5561° 3.936 8.341* R3 = 4.395
F3 = 16.458 e 0.385 4.790* R4 = 4.538
. ) 1 , ) ‘
Fq = 16.843 . -—- 4.405 RS = 4.644

Note.' k=5, df = 64, n = 10. The means are evoked potential

" ampTitudes expressed in uV From Experiment 2. The summary of the

analysis of variance for this experiment is shown ‘in Appendix C,
Table C9. / f 'd

-

*p < .05.° s
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Tgb]e D40

Duncan's Mu]tip]e-RangefTéét dhong the Means
for Condition B (B = 2) across
Electrodes (Factor C)

15.197 19.318 21.418 25.204 34.916  Ranges
= 15.197  ---  4.121 6.221* 10.007* 19.719* R2 = 4.177
W T 19.318 ,--- 2.100..° 5.886* 15.598* R3 = 4.395
Fq = 21.418 L 3786 13.498% R4 = 4.538
Fy = 25.204 | 1 —{ . 9.712% RS = 4.644

Note. k =5, df = 64, n = 10. The'meaﬁ§ are evoked potential
amplitudes expressed in uV from Experiment 2» The summary of the’
analysis of variance for this experiment is shown in Appendix C,
Table C9. .

*p < .05.

1 -
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Table D41 )
- Duncan s Mu1t1p1e Range Test among the Means
for Condition C (B = 3) across
Electrodes (Factor c)
{
- Wy = Wy = = F3= C,= Shortest
Means - 2 ! ™ z Significant
19.718 23.404~. 26.539 28.685 37.036 Ranges
Wy = 19.718 -—- 3.686 6.821* 8.967* 17.318* R2 = 4,177
- Wi = 23.404 - 3.135  5.281* 13.632* R3 = 4.395
Fgq = 26.539 -— 2.146 10.497* R4 = 4,538
F3 = 28.685 --- 8.351* R5 = 4.644
Note. k=5, df = 64, n = 10. The means are evoked potential

amplitudes ¢ expressed in uV “from Exper1ment 2. The summary of the
analysis of variance for this experiment is shown in Appendxx C,
Table (9. ‘

*p < .05.
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U Duncan's MuTtiple-Range Test among the Means
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v

Table D42

~ for Condition B (B = 1) across
Electrodes (Factor C)

Shortest

H2= W1 = F3= F = ‘Cizr“
Means 4; z Significant
.477 .515 .573 .586 .591 " Ranges
i
Wo = .477 --- .038 .096 .109 .114 R2 = .125
Wy = .515 -— .058 .071 .076 R3 = .131
F3 = .573 - .013 .018 R4 = .135
Fy = .586 --- .005  R5 = .138
Note. k = 5, df = 32, n = 10. The means are Cross-Correlation I

. values involved in the nonsignificant conditions by electrodes

(B x C) interaction from Experiment 2. The summary of the analysis

of variance for this experiment is shown in Appendix .C, Table C10.

p > .05.

“»
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Table D43 ‘ -
o ’”TBQHEEBTE*MJfEEB{éihaAQe Test among the Meahs '
for Condition C (B = 2) across
Electrodes (Factor C)
Hl = F3 ;\\‘ Fg = Wy = C, = Shortest
Means ‘ ‘ 0 Significant
.159 .197 .215 .219 .227 Ranges
H1'= .159 -—= .038 .056 .060 .068 R2 = .125
F3 = .197 ---.018 .022 .030  R3 = .13l
Fg = .215 2:3”—‘ --- .004 .012 R4 = .135 -
Wy = .219 | - .008 R5=.138
T '

values involved in the nonsignificant conditions by electrodes

(B x C) interaction from Experiment 2.

Note. k =5, df = 32, n = 10. The meané are Cross-Correlation 1

The summary of the analysis

of variance for this experiment is shown in Appendix C, Table C10.

p > .05.

w4



Table D44

Duncan's Multiple-Range Test among the
Means for Electrodes (Fa@tor‘cg

. Wy=s W=  Fp=  Fy= Shortest
Means 2 L ,4 _ 3T Significant
690 .727 .883 .898 Ranges
. Wp = .690 --- . .037  .193*  .208* R2 = .127
W= .727 - { e+ .71+ R3 = .13
Fq = .883 o C s 015 R& = .134

Note. k=4, df =24, n = 30. The means are Cross-Correlation II
values from Experiment 2. The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C11.

*p < ,001.
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Table D45
T - B 7 T B 7 o T T \/‘\5 .
Duncan's Mu1t1p1e Range Test among the Means s i
for Condition A (B = 1) across
Electrodes (Factor C)
Wy, = W, = F - Fa = Shortest
Means 2 1 3. <; 4 Significant
.729 7 774 .. 919 .923 Ranges
Wy = .729 ——- .045 .190%  194% R2 = .132
Wy = 774 - .145% . 149%_ R3
F3 = .919 --- .004 R4E 1140 <
Note. k =4, df = 48, n = 10. The means are Cross Correlation II

values involved in the nons1gn1f1cant conditions by electrodes
(B-x C) interaction from Experiment 2. ’79515
of variance for this experiment is shown 1n Append1x C, Table Cll

*E<

001

The summary\of the ana
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Table D46 . L~
u_m”DuncanlsmMultjple;BangeuIest,aang_thé;Means,
for Condition B (B = 2) across
Electrodes (Factor C)
My = W= = F,= Fa= Shortest
Means . e L 4 -3 -Significant
~.675 .699 - .879 .885 Ranges
Wy = .675 = 025  .205%  .215%*  R2 = .132
Wy =".699 T P .180* .186* R3 = .137
Fy = 879" ‘ .+ === . 006 . R&=.140

Note. k = 4, df = 48, ﬁ_= 10. The means are Cross-Correlation II
values involved in the nonsignificant conditions by electrodes iy
/(B x C) interaction from Experiment 2. The summary of the analysis -
of variance for this experiment is shown in Appendix C, Table Cll.

*p-< .001. : T

B e . - A “
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- L Tab]e D47 .
Dunqan"% Mu1t1p1e Range Test among the Means
\  for Condition C (B =:3) across
: s Electrodes (Factor C) -
\ . - * '
SN S L .
J/‘%> . Wy = MWy = F& = ‘F3 = Shortest’
- "Means - N L - . : Significant
X 7 .668 7097 848 .891° Ranges
Wy = .688, --- .041 .180% '2‘23* R2 = .132
W= .709 {39* g 182* R3 = :137
T F, = .88 083 R4 = .140
LY ; .
,4 N . ‘wi"' \ - —
Note. k = 4, df 48, n = 10.- The means are Cross- Corre]at1en II
. values 1nv’1ved in the honswgn1f1cant conditions by electrodes .
(B x C) interaction from Exper1ment,2 The “summary of the anaTys19
of var1ance or this exper1ment is shown in Appead1x C, Table Cll
- R 00 R o N
. . ~ Y ©
B ) -
. L;VF ,
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\g\ | . .
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Table D48 |
Duncan's Multiple-Range Test among the
Means for Conditions (Factor B)
Cond.  Cond.  Cond.  Cond. | Shortest
Means 3= 4 = 2 = 1= Significant
21.013  21.610  24.459  25.14 Ranges -
3= 21.013 --- 0.597  3.446  4.130*  R2 = 3.448
4= 21.610 --- . 2.849  3.53¢ - R3 = 3.626
2= 24,459 | --- 0.684 R4 =

3.742

Note. k = 4, df = 48, n = 90. The means are densities (normal--
ized areas) expressed in .V from Experiment 3. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table Cl14. ‘ A

*p < .05.
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® Table D49
Duncan's Multiple- Range Test among the \
- Means for Electrodes (Factor C)
- B2 Bj= F PR A Shortest .
.Means ' : 4 < 3 "z Significant
S 19.430° 19.643 21.914 22.806 31.487 Ranges
By = 19. 430 '--- -+ 0.2I3 2.484- 3.376*-12.057* R2 = 3:010
By = 19 643 oo 2.271 3.163* 11.844* © R3 = 3:109
F4'=*21,914 -—- 0.892° 9.573* R4 = 3.176
Fy = 22.806 ---  8.681* - R5 =3.277
Note. =5, df = 64, n = 72. The means are densities (normal-

ized areasT expressed in uY from’ Exper1ment 3. The summary of the
analysis of varxance for this experiment is shown in Appendix C,

Table Cl4. -
*B <<‘.001.':
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Table D50 L,
Duncan's Mu1t1p1e Range Test among the’ Means for
Females ( 'Ecross Electrodes -(Factor C)
} ’
7 . ]
By = B, = F, = Fy =" €, = * Shortest
. . Means ‘ ! 4 3 "Z © - Significant
) 17.572 18.147 21.758 23.175 32.929 - Ranges "
By, = 17.572 fome- 0.575 4.186* 5.603* 15.357*‘1 R2 = 3.599
By = 18.147 - 3.611* 5.028% 14.782% | R3 = 3.740
F, = 21.758  -e- 0 1417 11.071% R4 = 3.836
Fy = 23.175 ' T o 9.754% RS = 3.908
N h ’ -
i

Note. k =5, df = 64, n = 36. The means are densities (normal-

jzed areasf'expressed in uV from Exper1ment 3. The summafy 'of the

- analysis of variance for this experiment is shown in Append1x C,

‘Table C14. S , C

0

*p < .005.

M,
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(}_ " - ~ ‘Table D51 -
Duncan's Hu1t1p1e Range Test among the Means for
Males (A = 2) across Electrodes (Factor C)
By = By = Fgq = Fqa = C, = Shortest
Means - 2 . 3 z Significant
21.139 21.288 22.070 22.435 30.042 Ranges
By = 21.139 -—- 0.149 0.931 \11296 8.903* R2 = 3.599 -
B, = 21.288 --- 0.782 1.147 8.754* R3 = 3.740
Fq = 22.070 —-- 0.365 7.972* R4 = 3.836
Fy = 22.435 --- 7.607* R5 = 3.908
Note. k =5, df = 64, n = 36. The means are densities (normal-

ized areasT'expressed in uV from Experiment 3.
analysis of variance for this experiment is shown in Appendix C,

Table C14.

*P_<

.005.

The summary of the

e
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Table D52
. ~ - Duncan's Muttiple-Range Test among the Means——
g for Condition 1 (B = 1) across
Electrodes (Factor C)
t By = B, = Fp = Fro= €, = Shortest
Means L 4 3 z Significant
. 18.227 18.394 24.495 25.598 38.990 Ranges
82 = 18.227 -—- 0.167 6.268* 7.371* 20.763* Rz = 4.280
By = 18.39% --- 6.101* 7.204* 20.596* R3 = 4.417
— Fy = 24.495 ‘ -—- 1.103 14.495* R4 = 4.511
F3 = 25.598 . -:i- 13.392* RS = 4.581

Note. k = 5, g§'= 192, n = 18. The means are densities (normal-
jzed areas) expressed in uV from Experiment 3. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table Cl14. ' :

*p < .001.

e -

1
y\\

|

|

|
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Table D53
ﬁDuncanJSAMultipfe:RangeuIestﬁamong,the,Meansmﬁw _ _

for Condition 2 (B = 2) across
Electrodes (Factor C)

19.826 20.333 23.913 24.749 33.474 Ranges
By = 19.826 =--- 7 0.507 4.087 4.923* 13.648* R2 = 4.280
B, = 20.333 --- 3.580 4.417* 13.141* R3 = 4.417
Fq = 23.913 --- 0.836 9.561* R4 = 4.511
Fq = 24.749 ) --- 8.725* R5 = 4.581

(X

Note. k = 5, df = 192, n = 18. The means are densities (normal-
ized areas) expressed in uY from Experiment 3. The summary of the *
analysis of variance for this experiment is shown in Appendix C, &
Table Cl4.

*p < .001.
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Table D54
Duncan s Multiple-Range Test among the Means
fpr Condition 3 (B ="3) across- -
-Electrodes (Factor C)
B.= By,= F;= Fy= C,= ° Shortest
Means ! 2 4 3 ) 2 Significant

19.167 19.304 19.943 20.139 26.509 Ranges
By = 19.167 . ---  0.137 0.776 10.972 '7.342% *RZ = 4.280
By = 10.304 --- 0.630. 0.835 7.205% R3=4.417.
Fg = 19.943 © .. . --- 0.196 6.566* R4 = 4,511
Fy = 20.139 .~ - --=  6:370%° RS = 4,581 .-

A

Note. +k = 5, df = 192 n, 18. The means are dens1t1es (rormal- .
ized areasj'expressed in uV from Experiment 3. > The summary.of the
analysis of vawiante for th1s exper1ment is shown in Append1x c,

Table C14. . .

*p < L0010

4
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Table D55
Duncan's Multiple-Range Test among the Means

for Condition 4 (B = 4) across
Electrodes (Factor C)

Fg = By = Fy = By = C, = Shortest

Means Significant
19.301 19.855 20.735 21.184 26.971 Ranges
Fq = 19.301  ---  0.554 1.434 1.883 7.670% R2 = 4.280
Ll .

B, = 19.855 --- 0.880 14829 7.116* R3 = 4.417

"Fy =20.735 —-- 0.489  6.236* R4 = 4.511

) By = 21.184 - 5.787* R5 = 4.581

Note. k ='5, df = 192, n = 18. The means are densities (normal- .

ized areas) expressed in uV from Experiment 3. The summary of the
- analysis of variance for this experiment is shown in Appendix C,
.Table, Cl4. » -~ :

" *p < .001.
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Table D56

Duncan's Multiple-Range Test among the /;ﬁ"\\

Means for Conditions (Factor B

Cond. Cond. Cond. Cond. Shortest
. Means 4 = 3= 2 = 1= Significant
-0.6062 0.376 7.853 15.83 Ranges
4 = -0.606 -—- . 0.982 8.459 16.444* R2 = 8.931
3= 0.376 o --- 7.477 15.462* R3 =9.231
2= 7.853 ‘ ' - 7.985% R4 = 9.441

Note. k = 4, df = 48, ﬁ_= 90. The means are amplitudes expressed
in 1V from Experiment 3. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table Cl5. :

4The negative polarity reprééenteq a shift below baseline levels.

~*p < .001.
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oo Table D57 e

Duncan's Multiple-Range Test among the
Means for Electrodes (Factor Cg

,.
By= By= Fg= Fg= C = Shortest
Means ! 4 3 4 ¢ Significant
2.265 2.395 4.665 6.296° 13.701 Ranges
- ‘
By = 2.265 - 0.130 2.400 4.031 11.436* R2 = 3.975
B, = 2.395 e 2.270  3.901 11.306* R3 = 4.105-
Fy = 4.665 | - 1.631 9.036* R4 = 4.195
Fy = 6.296 <’ S - 7.405% RS = 4.265

Note. k = 5,.df = 64, n = 72. The means are amplitudes expressed
in uY from Experiment 3. The summary of the analysis of variance for
this experiment is shown in Appendix C, Table C15.

“*p < ,001. .




e

@ 367
Duncan's Mﬂ]tip]e-Range tp§f among the Means ~
 for Condition 1 (B = 1) across
Electrodes (Factor-C)
’ . By= By= Fa= Fg= ¢ Shortest -
_ Means 1 2 3 z . Significant
- 9.310 11.335 14.732 15.263 28.549 _Ranges -

By = 9.310 - 2.025 5.422 5.953* 19.239* R2 = 5.265

By = 11.335 - --- 3.397  3.928 17.214* R3 = 5.436 .

Fg = 14.732 ' —--  0.531 13.817* R4 =5.51

Fq = 15.263 --- 13.286* R5 = 5.641

#}i

Note. k =5, df = 192, n = 18. The means are amplitudes J
expressed in wV ffom Experiment 3. The summary of the analysis of
varTance for this experiment is shown in Appendix C, Table C15.

—

*p < .01, =
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I

' /,/ggi Table D59 .
I B . L o S A . X
' Duncan's Multiple-Range Test among the Means £
for Condition 2 (B = 2) across
Electrodes (Factor C)

-

-4
- By = B, = Fo = Fq = C, = Shortest
Means ! 2 3 2 Significant
4.370 5.691 7.116 7.406 14.677 Ranges
By = 4.370 ~-=  1.321 2.746 3.036 10.307* R2 = 5.265
- By = 5.691 —-- 1.425 1.715 8.986* R3 = 5.436
A N
Fy=7.116 Z-- 0.290 7.561* R4 = 5.551
kY - e
Fy = 7.406 - ——-  7.271* .R5 = 5.641
g

Note. k.= 5, df = 192, n = 18. The means are amplitudes
expressed in uV from Experiment 3. The summary of the analysis of
~variance for this experiment is shown in Appendix C, Table C15.

*p < .001.
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, _ TableDe0- -t
Duncan's Mu]tip]é:Raﬁge Test among the. Means ‘S,
N - for Condition 3 (B = 3) across . . * . ’
: Electrodes (Factor C) =~ - B
STT Ll
By = " By = F v%, AF' = C H= - Shértest
Means ° 2 1 b3 Z Significant
; ~2.6362 -2.4112 -0.6502 1.389 6.186 Ranges J
B, = -2.63 . ---  0.225 1.986 (4,025 8.822% RZ = 5.265 7
By = -2.411 -— 1.761 3.800 8.597* R3 = 5.436
. ’ N
Fa f,-0.650 "~ Y --- 2.039 6.836* R4 = 5.551
F3 = 1.389 --- 4.797 - R5 = 5.641

Note. k = 5, df = 192, n = 18. The means are amplitudes
expressed in uV from Experimént 3. The summary of the analysis of
variance for this experiment is shown in Appendix C, Table C15.

3The negative polarity represented a shjft below baseline levels.

*p < ,001.

7T~



Note. k =5, df = 192, n = 18. The means are amp1jtude§Aw

&

expressed in uV from Experiment 3. The summary of thefana]ys%i'af b
15 -

variance for this experiment is shown in Appendix C, Table C

AThe negative polarity represented a-shift below baseline 1eye1s.; ’

*p < .001.

r \;‘F
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' Table D61
R ~ Duncan's-Multipte-Range Test among the Means . . . .
for Condition 4 (B =°4) across u
Electrodes (Factor C)
< By= Fg= By = F3= (=  Shortest
* Means ' 1 3 Significant
-4.8092 -3.35038 -2.205% 1.947 5.386 - Ranges:
B, = -4.809 --- 1,859 2.604° 6.756* 10.195% R2 = 5.265
Fg = -3.350 . -—-  1.145 5.207 8.736* R3 = 5.436
By = -2.205 - 4152 7.591* R4 = 5.551
Fy = 1.947 —-- . 3.439 RS =-5.641

Px
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Duncan's Multiple-Range Test among the Means across
\\\\\Fonditions for Frontal Ratios (C = 1)

Table D62

371

Qond.

Cond. Cond. Cond. Shortest
Means 2 1= 3= 4 = Significant
.506 .511 .512 .527 Ranges
N
2 = .506 - .005 .006 .021 R2 = .022
1= .511 ——- .001 .016 R3 = .024
3= .512 ——- .015 R4 = .025
Note. k = 4, df = 48, n = 18. The interaction (B x C) repre-

sented by these means did not reach a significant level in Experi- -
ment - 3.

p > .05.

The summary of the analysis of variance for this experiment
is shown in Appendix C, Table Cl16.
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Table D63 '

ean's Multiple-Range Test among the Means across
Congitions for Inferjor Frontal Ratios (C = 2)

-

-

Cond. cond. Cond. Cond. Shortest

Means 2 =" 1= 3= 4 = Significant
B \,492 .501 .502 .528 Ranges
2 = .492 - .003  .010 .036* "R2 = .022
1 = .50 S 001 .027% R3 = .024
3= .502. . ' -—— .026* R4 = .025

Note. k =4, df = 48, n = 18. The interaction (B x C) repre-
sented by these means did not reach a significant level in Experi-
ment 3. The summary of the analysis of variance for this experiment
is shown in Appendix C, Table C16. .

*p < .05.
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Table D64
Duncan's Multiple-Range Test among the
Means for Conditions (Factor B)
Cond. Cond. Cond. Cond. ' Shorfest
Means 1= 2 = 4 = 3= Significant
: 15.792 17.313 22.699 25.581 Ranges
1 = 15.792 -—- 1.521 6.907 9.789* Rz = 8.176
2 = 17.313 --- - 5.386 . 8.268 R3 = 8.501
4 = 22.699 , --- 2.882 R4 = 8.716

Note. k = 4, df = 48, n = 90. The means are evoked potential
amplitudes expressed in uV from Experiment 3. The summary of the
analysis of variance for this experiment is shown in Appendix C, -
Table C17. ' : . -

*p < ,005.




Table D65

Duncan's Multiple-Range Test among the
Means for Electrodes (Factor C)

e

_ By = B, = Fg = Fy = C, = Shortest
Means Significant
16.728 17.467 20.083 20.278 27.172 Ranges
B, = 16.728  ---  0.739 3.355 3.750 10.444* R2 = 4.820
By = 17.467 = 2.616 2.811 9.705% R3 = 4.¥85
Fg = 20.083 -~ 0.195 7.089* R4 = 5.095
Fy = 20.278 . -~ 6.894% RS =5.180

Note. k =5, df = 64, n = 72. The means are evoked potential
amplitudes expressed in uV from ExperimeRt 3. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table C17. 7 . : - '

*p < :001. -

s
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- _ ~— YabTe De6 B
» Duncan's Multiple-Range Test among the Means for
Females (A = 1) across Electrodes (Factor C)
A
B, = B, = Fp = Fa = C, = Shortest
Means 2, _ ! N 4 3 z Significant
12.7§2 14.292 19.198 19.738 28.430 Ranges

By = 12.782 === 1.510 6.416* 6.956* 15.648* R2 = 5.751
B1 = 14.292 --- 4.906 5.446 14.138* R3 =5.976
Fy = 19.198 T .~ —— 0.540 9.232* R4 =6.131
Fy = 19.738 | -—-  8.692* R5 = 6.246

Note. k =5, df = 64, n = 36. The means are evoked potential
amplitudes expressed in uV from Experiment 3. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table C17. o

*p < .005. %z

} : T N;.,

§ /_,
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R S £ N | _Igble D67
' ’Bunéé;’s Multiple-Rande Test among the Means for
Males (A = 2) across ctrodes (Factor C)
= , T
. By = B, = Fr = Fp= -C, = Shortest
Means : 2 3 4 z ~ Significant
B 20.633 20.673 20.813 20.968 25.909 ~ Ranges
.
k B1 = 20.633 . = --- 0.040 0.180 0.335 5.276 R2 = 5.751
By, = 20.673 -——- 0.140 0.295 5.236 ‘R3 = 5.976
Fy = 20.813 ' --- 0.155 5.096 R4 = 6.131
Fgq = 20.968 o ---  4.941  R5 = 6.246
g Note. k = 5, df = 64, n = 36. The means are evoked potential

ampTitudes expressed in uV from Experiment 3. The summary of the
analysis of variance for this experiment is shown in Appendix C,
Table C17.

p > 1005,
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» Table D68

Duncan's Multiple-Range Test among the Means
- , v for Condition 1 (B = 1) across
Electrodes (Factor C) ’

t\.,

N B,= “B,= Fg= -F i C, = ; Shortest
Means,  ~ 2 'L + 3 z Significant
~ 7 11.087 12.160 15.147 17.133 23.437 Ranges
) ’ »~ > ] - '
B, = 11.087 .= 1.073  4.060* 6.046* 12.350* R2 = 2.942
By = 12:160 : -—- 2.987* 4.973* 11.277* R3 = 3.096
C Ry =15.147 7 -m- 1,986 8.290* R4 = 3.199
Fy = 17.133 --- 6.304* R5=3.274
Note. k =5, df = 192, : 18. The means are evoked potent1a1

ampTitudes expressed in uV ?%ﬂm Experiment 3. The summary of the -
ang}ysis of variance for this experiment is shown in Appendix c,
Table Cl17.

*p < .Q5:

%
4 i
‘
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“Table D69 /
Duncan's Multiple-Range Test among the Means
for Condition 2 (B = 2) across
Electrodes (Factor C)
< Bp= By = Fp= F3= . C,= Shortest
Means 1 , 3 z Significant.
12.897 13.197 17.303 18.353 24.765 Ranges
B, = 12.897 --- 0.300 4.406*, 5.496* 11.868* R2 = 2.942
By = 13.197 . -== 4.106* 5.196* 11.568* R3 = 3.096 —
Fy = 17.303 Cee-1.090 7.462* R& = 3.199
Fy = 18.393 o ~-- © 6.372* RS = 3.274
~ Note. k =5, df =192, n = 18. The means are evoked potential
amplitudes expressed in pV from Experiment 3. The sumpary of the
analysis of variance for this experiment is shown in AppendiXcC, t
Table C17. _— o
*p < .05.
-,
.
. .
N S ‘
=/
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Table D70
Duncan's Multiple- Range Test among the Means
' for Condition 3 (B = 3) across
Electrodes (Factor C) ..
Bp = B Fox  Fp= C j/J Shortest
Mearis lJf 3 4 z Significant
’ 22.149 22 629 24. 139 25.271, 33.711 Ranges -
Bp = 22.149  ---  0.480 1.990 3.122 11:562* R2 =2.942 ~
B = 22-529 ---  1.510 2.642 11.082* R3 = 3.096
Fy = 24, 139*' --- 1.132  9.572* R4 = 3.199
Fg = 25,271; --- 8.440* R5 = 3.274
* Note. k =5, df =192, n = 18. The means are evoked potential

amplitudes expressed in uV from Experiment 3. The summary of the
analysis of variance for this experiment 1s shown in Appendix C,
Table C17.

*E < .0§-
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T T Table D71
o .
Duncan s Multiple-Range Test among the Means
for Condition 4 (B = 4) across '
Electrodes (Factor C)
i B= Fy= By = F,= C,= Shortest
2
Means : 3 1 .4 z Significant
20.783 21.438 21.873 22.609  26.774 Ranges
By = 20.783 ---  0.655 -1.090 1.826 5.991* R2 = 2.942
Fy = 21.438 == 0.435 " 1.171 © 5.336* R3 = 3.09
By = 21.873 ' o ---  0.736 4.901* R4 = 3.199
}4 = 22.609 -5 4165+ RE = 3.274

Note. 'k = 5, df = 192, n = 18. The means are evoked potential
ampTitudes ¢ expressed in uV from Experiment 3. The summary of the
. analysis of variance for this experiment is shown in Appendix C,
Tab]e Cl7 4

v

" %p < .05, " g

SN
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Table D72
Y T . \
Duncan's Multiple-Range Test ‘among the
~ Means for Conditions (Factor Bg

i

El

~Condition  Condition  Condition . Shortest

Means - 3= 4 = , 2= Significant
‘ 183 - 282,703 Ranges
I | ,
Cond. 3 = .183 - --- .099 .520* R2 = .225
Cond. 4 = .282 | | —— 821% R3 = .233
. - 4

 Note. k =3, df =32, n=90. The means are Cross-Correlation I
values from Experiment 3. The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C18.

.

*p < .001.
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-~ - Table D73

Duncan's Multiple-Range Test among the
Means for Electrodes (Factor C?

L4
/ .

: By = By = Fs=. Fp= "~ C; Shortest

Means % 2 3 Significant
.327 -.370  .370 .385  .494  Ranges

By = .327 -~ .043  .043  .058  .167* R2 = .109 -

By = .370 -~ .000  .015  .124*  R3 = .1I3

F3°= .370 - .015  .124* R4 = .115
Fy =".385 ---  .109%* RS =.109

3

. o 1
Note. k =5, df = 64, n = 54. . The means are Cross-Correlation I
values from Experiment 3. The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C18.

*p < .001. : ‘ ' _ ;
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: i} Table D74 —
Duncan's Multiple-Range Test among the Means for ‘l
Females (A = 1) across Electrodes ¢Factor C) .
B, = B,= F,= [Fg= C = _ Shortest
Means 1 2 3 4 Z ~ Significant
: .228 .296 .310 .330 .500 * Ranges
By = .228 | - .068  .082 ~ .102* .272* R2 = .089
B, = .296 - .014 .03  .208% R3 = .094
Fy = .310 .- .020  .190* R4 = .097 ]
Fp= .330 - 170 R5 = .099

“Note. k = 5, df = 64, n = 27. The medhs are Cross-Correlation I
values from Exper?ﬁént 3. “The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C18.

*p < .05




[43)
o
i

. rd
f.____/
Table D75 A
Duncan's Multiple-Range Test among the Means for
Males (A = 2) across Electrodes (Factor C)
<
. By = Fa = Fy = By = C; = Shortest
Means 3 4 o Significant
425 .430 . 440 .444 .489 Ranges
By = .425 -—- .005 .015 .019 .064 RZ2 = .089
F3 = .430 --- .010 014 .059 R3 = .094
Fa = .440 —-- .004 049 R4 = .097
By = .444 -~ .085 RS = .099

Note. k =5, df = 64, n'= 27. The means are ‘Cross-Correlation I
values from Experiment 3. ~The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C18.

p > .05.
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Table D76 .
’ -

Duncan's Multiple-Range Test ahong ‘the Means -

for Condition 2 (B = 1) across

Electrodes (Factor C)

" Means Bl ) 2 F4 ) F3 ) z f S?Sg;$$2;nt
622 .649  .718  .737  .789 Ranges
By = .622 - .027  .096*  .115% .167* R2 = .068
B, = .649 == .069* .088* .140*  R3.= .07
Fy = .718 - A9 071 RE= 074
Fy = .737 - 052 RS = .076

Note. k=5, df = 1é8, n = 18. The means are Cross-Correlation I
values involved in the nonsignificant conditions by electrodes

(B x C) iriteraction from Experiment 3.

The summary of the analysis

of variance for this experiment is shown in Appendix C, Table C18.

*p < .05.
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Tabde D77
Duncan's Multiple-Range Test among the Means
for Condition 3 (B = 2) across '
Electrodes (Factor C)
v By = . Fq = B, = F, = C, =  Shortest
Means 1 3 2 _ 4 z Significant
.123 .14\ .187 .187 .276 - Ranges
By = .123 --- 8 .064 .064 .153* R2 = .068
Fy = .141 - .046 .46 .135* R3 = .071
~ By = .187 . -==  .000 .089% R4 = .074
: ) A
- Fp = .187 -—- .089* RS = .076

Note. k =5, df = 128, n = 18. The means are Cross-Correlation I
values involved in the nonsignificant conditions by electrodes

. (B x C) interaction from Experiment 3. The summary of the analysis
of variance for this experiment is shown in Appendix C, Table C18.
*p < ,05. '
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R — —Tabte D78

Duncan's Multiple-Range Test among the Means
for Coddition 4 (B = 3) across
Electrodes (Factor C)

Means fom Bim Rm s G=o Shomest
.232‘ .235 .248 .275 .418 Ranges
Fy= 232 -——-  .003 .016 .043  .186* R2 = .068
By = .235 -~ .013 .040 .183* R3 = .071
Fp = .248 C - o v Re .07
By = .275 - 143 RS = .076

Note. k =5, df = 128, n = 18. The means are Cross-Correlation I
values involved in the nonsTgnificant conditions by electrodes
(B x C) interaction from Experiment 3. The summary of the analysis
of variance forAahis experiment is_shown'in Appendix C, Table C18.
*Eﬂ? .05. '
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Table D79

Duncan's Multiple-Range Test amonggthe .
Means for Conditions (Factor B

2

Cond. Cond. Cond. Cond. Shortest
Means 3= T4 = 1= 2 = Significant
.666 .685 .809 .832 Ranges
y
Q)&’ )
Cond. 3 = .666 --- .019 .143* .166* R2 = .128
Cond. 4 = ,685 -— .124 .147%* R3 = .132

Cond. 1 = .809 o --- 023 R4 = .135

Note. k =4, df = 48, n = 72. The means are Cross-Correlation Il
values from Experiment 3. “The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C19.

*p < .001.
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Table D80

Duncan's Multiple-Range Test amon
Means for Electrodes (Factor C

g the

. 821= By = Fp = Fq = Shortest
Means ' 1. 4 o3 Significant
.645 .669 .833 .844 Ranges
By = .645 .- 024  ..188%  .199* R2 = .075
Bl = .669 ) --- .164* .175%* - R3 =..078
F, = .833 --- -011

R4 = .080

Note. k =4, df = 48, n = 72. The means are Cross-Correlation 1
values from Experiment 3. ~The summary of the analysis of variance -

for this experiment is shown in Appendix C, Table C19.\

*p < .001.
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Table D81

Duncan's Multiple-Range Test among ‘the Means for
Females (A = 1) across Electrodes (Factor C)

By = By = Fy = F3 = ~ Shortest
Means _ \ Significant
.585 .637 .806 .849 Ranges
B, = .585 —— .052 .221% .264*  R2 = .061
By = .637 --- .169* . .212* © R3 = .064
Fq = .806 --- .043 R4 = .066

Note. k=4, df =48, n = 36. The means are Cross-Correlation II
values from Experiment 3. The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C19. .

A )
. *p < .05. , -

1
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Table D82 . '
Duncan's Multiple-Range Test amang the Means for |
L Males (A = 2) across Electrodes (Factor C) R
By = B,=  Fy= . Fg=  Shortest
Means 1 ? , 3 Significant
.701 .706 .840 .859 Ranges
B, = .701 --- .005 .139*  .158* R2 = .061 R
B, = .706 © - L134% (153*  R3 = .064 ,,
Fy = .840 | N 1 R4 = .066 '
: T ~
Y NN

Note. k = 4, df = 48, n = 36. The means are Cross-Correlation II
values from Experiment 3. ~The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C19.

' .05.- i
*p < ) N
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? Table D83
Duncan's Multiple-Range Test amohg the Means
for Condition 1 (B = 1) across
Electrodes (Factor C)
P
—+
By = By = Fp = Fy = Shortest
Means £ 1 4 Significant
712 716 .901 . 905 Ranges
By = .72 --- . 004 189%  .193*  R2 = 1056
Bi = .716 —-—— 'RN\NN.IBS* .189% R3 = .059
Fy = .901 - 004 R4 = .061

Note. k =4, df = 144, n = 18.
II values from Experiment 3.
for this experiment is shown in Appendix C, Table C19.

*p < .05.

r

The means are Crgss-Correlation
The summary of the analysis of variance
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Table D84
Duncan's Multiple-Range Test among the Means
. ‘ for Condition 2 (B = 2) across
. Electrodes (Factor C) -
BZ = Bl = N F4 = }3 = | Shortest .'
Means : », ) Significant
.761 772 .893 .901 Ranges
By = .761 J— ~.on .132%* .140* R2 = .056
By = .772 : --- L121* .129* R3 = .059
Fqg = .883 . -—- +008 R4 = 061

- Note. k =4, df = 144, n = 18. The means are Cross-Correlation
IT vaTues from Experiment 3. The summary of the analysis of variance
for this experiment is shown in Appendix C, Table C19.

*p < ,05.

e
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Table D85

yx”“*~v

Buncan's Multiple-Range Test among the Means
for Condition 3 (B = 3) across
“Electrodes (Factor C)

.o

-~ - By = By = Fq = 'F3 = Shortest
Means ‘ . ¢ Significant
.538 - .558 .780 - ,787 Ranges
i B, = .538 —— .020 L 242% . 249% R2 = .056
Bl = 558 -—- .222% .229% R3 = .059
Fy = .780 - 007 R4 = .061
Note. =4, df = 144, n = 18. The means are Cross-Correlation

I values ?kom Exper1ment 3
for this experiment is shown in Appendix C, Table C19.

*p < .05

The summary of the analysis of variance

P
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) Table D86
Duncan's Multiple-Range Test among the Means
‘ for Condition-4 (B = 4) across o
Electrodes (Factor C) 3
. By = By = Fa = Fq = Shortest
Means 2 ! 4 ‘ 3 Significant
' 571 .631 .757 .784 Ranges
By = .571 - .060% .186% - .213% R2 = .056 . °
By = .631 © -- ®126*  .153*  R3 = .059
Fq = .757 . —— 027 R4 = .06l .
7 - \). - ‘ s /‘4 , . — .
Not#. -k = 4, df = 144, n = 18. The means are Cross-Correlation

17 values from Exper1ment 3 The sugmary of the analysis of variance

‘for this experiment is shown in Appeﬁdix C, Table CI9.

*E<
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B ble D87
Duncan's Multiple- -Range Test among the
Means for Conditions Factor B?
Cond. Cond. - Cdﬁy. Cond. - Shortest
Means 3= 4 = 2= 1= Significant
.825 .834 02 .917 Ranges
oz |
Cond. 3 = .825 --- 009 .077 .092* R2 = .087
P :
P Cond. 4 = .834 ' -—— .068 .083 R3 = ,090
Cond. 2 = .902 ’ Sp— 015 - R4 =.092.

4 -
x

Note. k =4, df = 48, n =-36. The means are Cross-Correlation
11T yaTues from Experiment 3. The summary of the analysis of vari-
ance’ for this experiment is shown in Appendix C, Table C20.

*p < .001.
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- S Tab}eiD88 o
an's Multiple-Range: Jest among the )
ans for Conditions (Factor. B?
. Cond. Cond: Cond. Cond. Shortest &y
. Means 3 = 4 = 1= 2 = Significant &R
///» . .848 .891 . 904 .907 " Ranges
- .
. : i T~ ! * Yt
Cond. 3 = .848 --- .043* .056* .059* R2 = .042
" Cond. 4= .891 —-- o1 7 .0l6 R3 = .044
. Cond. 1= .904 3 _— 003 R4 = .046,
o .
' Note. k = 4, df = 48, n = 36. The means are Cross-Correlation IV
values from Exper1ment 3. “The summary of the analysis of variance
for this experiment is shown in Append1x C, Table C21. .
; . *p < .05 :
- *r\\ !
e
1 .\
o » -~ J
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STIMULUS WORDS
' -
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P

.. CARLOAD —  CANDIE

WRIST
HOOK
ELEPHANT
LIMESTONE
MUSTACHE
BANANA
PIGMENT
TREASURY
EPOXY .
HEMLOCK -
GASOLINE
PIN
FAUCET
GORILLA

399

STIMULUS WORDS
) MAGAZINE NOZZLE
BANDAGE FATIGUE MEMORIZE
DIAPER IMAGINATION DIAGRAM
SENSUOUS BOOR BANKNOTE
'HANDBAG POPULATION ITCH
ENAMEL JINX ACCOUNT
LEOPARD SHOEHORN ALUMINUM
CAMPGROUND FANTASTIC ~ LAGOON
INK ‘GEOMETRY . EYEWITNESSY
HARPOON KNBHLEDGE  QUTLOOK |
SAUCER PAPERS. UNIVERSE
NICKEL PANCAKE APPLE
SNOW JOKER HERMIT '
RADIATION FLASK BEGINNER
-~ BUCKET DEFENSE AUTOGRAPH
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EYE MOVEMENT QUESTIONS

1. How many letters arg.there in the word MONTREAL?

What is 123 times 6?7

Tell me an English word that starts with L and ends with C.

-

What is the 1argest city in the U.S.?

Imaginé for a few seconds that you are skiing down a mountain.

How many letters are there-in your last name? /

If you T}i\E]“e paint with yellow what color do you get?

.

Recite a few lines from your favorite poem or song that you
know. '

Give me a foreign word that you know that starts with'T and

“ends with S.

Imagine for a few seconds that you are riding a bicycle.

R A
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