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ABSTRACT 

--- 

<\- 
Three pFiEipa7 mperimentswere carried out in-wckrto 

examine the lateral distribution of the contingent negative variation 

(CNV) during tasks designed to evoke differential hemispheric activity. 
L 

-7- - k 

Monopolar scalp recordings were collected from homologous , 

lateral sites from normal right-handed f&le and male subjects. 

Measures of average CNV activity included ampl itude, density, ratio, 

and waveform (cross-correl ati on) indices . Experimental conditions 

were contrasted to a standard or control condition (SC) by variance 

analyses. 

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

tioning, required subjects to analyze tone sequences during the 
. &  

S1-S2 interval. Results indicated that holnolcgous sites (F4 vs F3; 

T~ vs T3) were not asymnetrically distributed in TA. Along with a 

prominent scal 1 oping effect that para1 1 el ed tone onsets, CNV ampl i tudes 

i n  TA '*re greatly increased compared to SC. In contrast to the 

vertex (C,), resolution of the CNV at lateral sites corresponded with - 
1: 

i -t%e sukectr' j u @ m r t r  fsmeor-dif #+re&- ab&Ab-ton~eq~tenc----. 
, - 

He sex e#e€* wer* &swv& for eitheampllf u d e  o~kfi~*f!m -ppppp-- p- pp 

tY-. 

measures. 2' 'u 

i 
2. CNV activity over the area of Wernicke on the left : 

iii 



hemisphere was investigated5 by using conditions that required subjects 

to vocal ize stimul us words after an S2 signal . The stimul i were 
\ 

presented visually in either S1 or S2 positions. Although there was 

a significant conditions effect, homologous sites ( W 1  vs We;  Fg vs F4) 

were not asymnetrical ly distributed. Records indicated that pretrial 

shifting occurred when stimuli werepresented in the S1 position. No 
-- .--- -- - - - - - - -- - - - - -- 

sex effects were observed for either amplitude or waveform indices. 

3. Slow potentials oyer Broca's area on the left hemisphere 

were investigated fn sftuations similar to (2)  anhvhich~included a 

condition that required vocalization of a one-word association to 
/ 

stirnul us words. Additionally, subjects were classified on lateral e)/e 
I' i . 

movement predisposition (LEMP) and ocular dominance .(OD). The results , 

indicated that homologous sites (B1 vs B2; F3'vs F4i were'not 
a 

asymnetrically distributed. No effects for sex, LEMP, or OD were 
r - 

observed for either amplitude or waveform indices. 

A1 though overall 1 ateral ization effects were n-found for the 

CNV, many individual records displayed sizeable slow wave asymmetries.' 

 he' experimental tasks el ici ted hemispheric differences but not 
consistently enough to constitute an effect. The overall results for 

6 

the three experiments are discussed in terms of the concepts of 

lateral ization and the relationships of slow potential genesis to , 

cerebral - - - processing. - -- 
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The primary purpose . . o f  t h i s  paper i s  t o  explore the  lat&/al 

$ 
> 

- A' d i s t r i b u t i o n  o f  t h e  Contingent Negative Var ia t i on  (CNV) over spec i f i c  

scal p s i t e s  dur ing  tasks designed t o  evoke hemispheFic asymnetries. 
- 

The dual i ty o f  s t r u c t u r e  r e f 1  ected i n  the  cerebral  -hemispheres -' i 

o f  the  human b r a i n  has st imulated workers t o  i n v e s t i g a t e  t h e  funct ional  
/ 

consequences of t h i s  s p l i t  organiqat ion.  The data t h a t  have emerged 

suggqst t h a t  each hemisphere may have a dominance o r  p red ispos i t i on  t o  

process parti.cu1 a r  types o f  s t imu l  us in format ion.  As new informat ion 

and techniques become a v a i l a b l e  t o  study t h e  bra in,  t h e  fu r the r  

en1 i ghtenment between cerebral  1 ocal i z a t i o n  and cerebral  asymnetries 

r e s t s  w i t h  t h e  exp lo ra t i on  and accumulation o f  re levan t  experimental 

data. 

A great  number o f  s tudies have been cofiducted t h a t  show d i f -  

ferences i n  the way t h e  two sides o f  t h e  b r a i n  process information. .. 
Further,  some o f  these inves t iga t i ons  have been ab le  t o  demonstrate 

- - - - - - - - - - - - - - - - - - - - - - 

behavioral d i f f e r e n t i a t i o n  w i t h  var ious gross ~ d r t i t a i  signs, e.g. , 
- -  - - -  - - - - - - - - - 

a1 pha waves, evoked po ten t ia l s ,  slow waves, etc. ,  recorded from surface 

electrodes on t h e  scalp. An attempt has been made here t o  c o r r e l a t e  



- 2 
-- - - - pp p-pnp 

and extend the results from hemispheric functioning to the recording of 

slow scalp potentials: A1 though these slower potentials have been 
d 

intimately 1 inked 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 here .is limited to selected 

cognitive tasks which were incorporated into a general slow wave - 
A- 

pari&im; Cfiparisonsofthe slow po€GFtfal s between t= hemispheres 
9 

under these special situations were then examined. Based on our 

understanding of localization and cerebral functioning, these experi- 
7- 

1 

ments should increase our knowledge of the nature and relevance of slow - 

waves. 

Chapter 2 presents a broad survey of the literature covering 

three major subject areas. The topics include the findings of hemi- 
L 

spheric studies, scalp potentials (e.g. &evoked potentials, ongoing 
-A 

EEG activity, alpha waves), and slow scalp potentials. In each of the A 

t 

subject areas, particular attention is directed to describing the 

methods that were used in the study insorder to mark the limitations 

and the generality of the findings. Chapter 3 brings to focus some of 
I 

the most recent studies in which lateralization effects have been 

observed in slow potentials, particularly the CNV. From pilot 

experiments, the effects of distraction on the distribution of the CNV 

are. presented along with a discussion of the problems qf assessing and i % 
3 
i 

quantify lnglate r a T i t n ~ o w  wave activity. m a  pt er 4 preseXsSaatOnne .j 
e 

experkmt that-= desigmtteevoke t-+ght h e m i s p k ~ y m n & ~ i e ~ -  5 

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

the language abilities of the left hemisphere with conditions that 



involve simp1 e verbal processing and vocal ization. A discussion of 

the results from each experiment is provided at the end of each 

chapter. Finally, Chapter 7 presents an overview of the three 

principal experiments 

effects and slow wave 

and draws concl usions*about lateral ization 

genesis fhm the comnon elements in each 



Chapter 2 

-~I-FFERM*A~-C-ERHW PRBESSfMG; -t-AT*ZEE-E%- -- 

ACTIVITY, AND EVENT-RELATED SLOW 
, POT*NTIALS: THE CNV 

L 

' I .  
The fipst tw-thirds of this chapter is devoted to defining 

functional differences between the hemi spheres as evjdenced by 
! 

representative experimentation conducted on cerebral specialization. i. 

As will quickly become apparent, examples of left-right differences \ 

come from varied and ,diverse sources. Experimental data derived from ---\ 

normal subjects as well as assorted clinical patients form a 

re1 ationshi p, sometimes complementary , sometimes i ncongruen but 
J t 

always intere,dting. The focus of literature reports is such that 

re1 ationships ketween variables take On a distinctiveness which may be 

more artificial than real. For this reason, no exaggerated attempt - 
was made to shape the various findings into a mold that was not ready 

for casting. - - 
The last third of this chapter presents details of a cortical 

sl ow wave phenomenon, the contingent Negative Variation (CNV) . 
- - - - - - - - - - - - - - 

Although related slow wave activity is briefly considered, the main 
- - -  - -  - - - - - - 

intention 6f this section is to characterize the critical parameters 

importantly associated in the generation of the CNV. The combined . 



readings from this chapter should provide the foundation and rationale 

necessary for the experimentation piesented in latkr chapters. 

(f Visually Re1 ated Asymnetries between 
the Cerebral Hemi spheres 

Experimenters have been able to take advantage of the discretb- 
\ 

aKi€t%iiEaTC~nict3On s-bf-th-ehirr~anii m a T - s y s t e n r t c r e  
1 

selectively cerebra1 functioning. A clear hemispheric specialization 

has been demonstrated for particul ar stimul us material s presented very 
- - 

briefly or at short tachistoscopic exposures-. Thus a visual right -* 

fi&d or left hemisphere lateral ization has been found for the - 1 

recognition of words, let.ters, and digits. For example, Overton and 

Wiener (1966) tachistoscopical ly presented f ive-1 etter Engl i sh words 

' in several positions lateral to a central fixation point. The scoring 

technique used 'consisted of the number of correct recognitions out of 

20 for each of the positions presented to each eye. The results . 

indicated that word recognition was significantly better to the right 

of visual fixation than to the left. Further, posttest analyses 

indicated that the effect of visual field differences was due to the 

left eye; the right eye showed no advantage for left or right field 

presentations. Considering the lateral distances from fixation, right 

field recognitions were greatest for words presented at the extreme 

Kimra (1966) attributed field differences to an unequal 

processing of stimulus informat ion between the cerebral hemi spheres. 



> 
From h e i o w  experimentation, the r ight  visual f i e l d * d i s p l a y e h  

def in i te  recognition advantage over the 1 e f t  f i e l d  for  successively 

presented t e t t e r  tasks. When considering certain methodological 

problems, Kimura comnented'that r i g h t  f i e ld  recognitions may be favored 

because of lef t - to-r ight  reading habits, 'especially for  stimuli 
. 

presented simultaneously t o  the l e f t  and r ight  of fixation. The 
- -- - - -- --- 

effects  of r i g h t  f i e l d  superiority and the familiar 'Entjlish practice 
a , 

of reading lef t - to-r ight  were examined by Orbach (1967). T h i s  fnves- 
V 

t i  gator tachistoscopical l y  presented Engl ish and Hebrew words t o  native 

Hebrew readers ( r ight- to- lef t )  i n  l e f t  and right visual f ie lds .  The 
d 

resu l t s  indicated tha t  Engl ish words were recall ed more accurately from 

the right than l e f t  visual f i e ld ;  interestingly,  Hebrew words showed no 

differences between the visual. f ie lds .  

For both visual half-fields,  Bryden (1965) found tha t  sjngle 

l e t t e r s  of the alphabet weretrecalled better i n  right-handed subjects 

than i n  1 eft-handed subjects. The k f fe rences  between subjects were 

greatest  a t  shorter tachistoscopic exposure times (20 m i  11 i seconds) ; 
88 

when exposure durations were increased t o  25 mil 1 iseconds, no consis- 

tent  f ie ld  d i f f e renceswre  found f o r  e i ther  l e f t -  or  right-handers. 

Hines and Satz (1971) examined d i g i t  recall in right-handed subjects 

u s i n g  various presentation rates .  I n  addition to  f i n d i n g  a r i g h t  f ie ld  

superiority for  d i g i t  recognition, visual ha1 f-f ie ld asynmetry was most 
- -- - - - pp 

d i s t inc t  a t  shorter presentation rates  and,for subjects without a 
/ 

-- - --  --- -- history of s in is t ra l  i ty .  Para1 leling-thFFE1d resu1Rs fo r  recognit~on 

tasks,  significantly f a s t e r  reaction times (RTs) were observed for  

l e t t e r  displays presented to  the r i g h t  hemifielbr+han to  the l e f t  
I 

? 



- - -- 

hemifield ( h i l t ; ,  Frost, & Hynan+d972). Hines, Satz, Schell , .and 
.a 

Schmidline (1969) theorized that b e  capacity for  processing verbal 

material was directly related to the connections of the right visual 
+ 

field to language centers i n  the l e f t  hemisphere. 

McKeever and Huling (1971a) postulated that verbal material 

presented to the right hemisphere had t o  be transferred (via the corpus 
-- ----- -- 

cal losum) to language centers in the 1 e f t  hemisphere in order t o  be 

processed. The additional time and .the additional neural elements 

involved in stgnal transmission may account for the right herhspherels 
- 4 

poor l inguistic abi l i ty .  In order t o  t e s t  the effects,of cerebral 

pathways and transfer times, McKeever and Hul ing, conducted a monocular 

recognition task. C m n  Engl ish words were bilaterally presented for 

"PP 20 milliseconds duration; also, i n  order to assu e ~xa t ion ,  subjects 

were required t o  repprt the appearance of a smal?. numeral in the place 

of the fixation point a t  the time of stimulus presentation. The sub- - - 
-% 

jects were divided into separate l e f t  and r i g h t  eye groups. - The - ? 

Yestilts indicated higher performance scores for the r i g h t  visual field .-. 
b h a n  for the l e f t  visual f ield for b o t h  subject groups. The inves- 

tigators concluded that the r i g h t  field results were due to the 
fb 

d 

transmission fidel i ty  of the primary pathways- and shorter transfer 
* 

times to  the l e f t  hemisphere langugge centers. 
t 
2 
Z 

In a logically more direct attack on the effects of 
- - -- - p--p-pp-p 

interhemispheric transfer time, McKeever and Hul i n g  (1971b) presented 
- - - - - - - 

stimul i t h a t  were either temporal l y - a h e a d  temporil ly  behind G K F  

the other visual half-field. The tach copic control of stimulus 

input a1 lowed the following e x p e r p n t  mes to  be examined: 



(a)  a3imul taneous , (b) 6 m i  11 i seconds (a time considered reasonable for  

transcal losal transmission), and ( e )  20 mil 1 iseconds (a time considered 
;i 

i 
*u 

Tong enough t o  el iminate transmission ef fec ts ) .  The resu l t s  indicated 

that  a right f ie ld  superiority was maintained in every condition and 
c 

for nearly every subject tested. Clearly leading l e f t  f ie ld  words did 
* 

' not increase l e f t  f ie ld  recognitions; clearly leading right f ie ld  words 
- - - - - - - - -- -- 

d i d  not increase recognitions beyond the level obtained for  simulta- 

neous onsets. 

Using binomlat- stimttf ation ,-eKeever and G i f  1 (1972) inves- * I 
# 

tigated masking ef fec ts  i n  the visual f ie lds  of l e f t -  and right-handed 

subjects. A stimul'us l e t t e r  was tachf stoscopically presented f o r 3 0  
? 

f 
mi 11 iseconds fol lowed .1 mi 11 iseconds (or  100 mil 1 iseconds) 1 a t e r  by 

C I 
,' 

another b u t  d i fferent  l e t t e r  fo r  &I ~nilliseconds. The masking resul ts  
A 

r -disc1 osed t h i t  right-handed subjects r&l 1 ed more' s ta r t ing  I'etters i n  
- 

the r i g h t  tha 1 e f t  visual f i e ld .  In contrast ,  1 eft-handed subjects I 

recal'led more l e t t e r s  presented t o  the l e f t  than the r i g h t  visual 
t ,  ' 

t 

f i e ld .  Speech centers for both l e f t -  and right-handers a re  generally 

found in the l e f t  hemisphere (Milner, Branch, & Rasmussen;' 1964); as 

pointed out by Zangwill (1960) and ~ & a e n  and Ajuriaguerra (l964), . -w 

however, noe a l l  left-handers are  uniquely la teral ized to  one 
* 

hemisphere for  1 anguage functions. Jn interestin$ cl ue regarding an 

individual - ' s  probable 1 inguistic la teral  ization was provided by Kimura 
-- -- - - - - -- - -- - 

1 
A 

1 . (1973). She found tha t  hand gesturing during speech was opposite t o  
- - - - -- - - - - - -- - A -  

? the dominant or ta l  k i n g  hemi spherd for right-handers. 

Presenting tachi stoscopical l y  paired d ig i t s ,  Sampson (1969) 

examined visual f i e ld  effects  i n  subjects that were right-hand'ed and . . 



* 
right eye dominant. ~emporal and nasal _occluders were p l a c d  on the 

subject tha t  were rotated i n  position cto allow stimulation ofGthe w 

appropriate visual fi-elds.' The subject ' s  task was t o  cal l  out the 
d' 

stimulus d ig i t s  a s  soon a s  possible a f t e r  the signal to  respon8. The 

resul ts  indicated the recall  of d i g i t s  projected to  the nasal retinae 
I 

was siqnificantly bet ter  than when d iq i t s  were projected to  the 

temporal retinae. Also, d i g i t  information projected to  the r ight  eye 

was recalled better than information projected to  the l e d .  - 

Simpson (,I9691 suggested thdt the field differences &re due to  fasterx 

processing times, especiaT1y for  stimulation presented over primary 

pathways from the nasal hemiretinae. . 
Dimond and Beaumont '(197la) investigated hemisphere function 

for  detection tasks o f  short and long dura tkn .  The stimuli presented 
b 

to  subjects consisted of four red l i g h t s  and $ centyahfixation point; . 
the red stimulation l i g h t s  were placed on the horizontal plane and 

+- 
I 

were directed t o  specific retinal locati  . The scoring technjque Ys b - f 

used was based upon the mean percentage of detections an' the mean 
i 

. * %, 
frequency for  f a l se  positives (defined as a response tha t  occurred- 

m r e  than 10 seconds a f t e r  the l a s t  signal).  Over time, the resul ts  
1 

indicated a significant decrease i n  both detections and f a l se  positives 

over the four signal locations. During the l a t e r  stages of the 

experimental s i tuat ions , temporal hmire t  inae showed superior perfor- . 
mance over the nasal hmiretinae.  

- -- -- - - - --- - - - - -- - - 

Investigating the re1 ationship between i n t e m d a l  processes 
e 

and functional different iat ion,  Dimond and Beaumont (1971b) found that  

the l e f t  hemisphere was able t o  process more visual informatiomduring 
4 



A - - -  - - - 1 0  
t 

a. simul tangous hand sorting' task than the right hemisphere; however, 

visual stirnil i presented to both hemispheres maximized performance over 

the-stimulation of only one hemisphere. In another study, Dimond and 

Beaumont 'fl972a) found that hand performance was not disturbed by the 

sirnu1 taneous presentation of visual information. A1 so, experimentally 

induced fatigue was not transferred from one hemisphere to the other d 

- - -- - - - - - - - - - -- - - - -- -- - - 

(Dimnd & Beaumont, l97Zb). Usingpai red-associate duograms to examine 
J 

. *  7 

another facet of hemispheric spe ization, ~eaumont and Dimon&- (1973) 
0 

discovered that visual stimuli presented to the left hemis&ere 

resulied in a bilateral leaJning between the hemispheres, whereas 

stimulus duograms projected to the right hemisphere did not result in 
-e . 

bilateral learning. Dimond (1971, 1972) suggested that due to the 
' 

presence of the pyramidal tracts, tr-fer of movement was controlled 

by the special ization o f  each hemiGhere according to situation 

demands. 
-* 

McKinney (1967) isolated visual right field effects without the 
' 

use of language dependent stimulus materials. This investigator 

observed that luminous figures viewed in a dark surround fragmented and 

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

fra'gmented in an organized fashion ,,the break-up phenomenon was 

presumed to be'the result bf cortical activity. McKinney devised an 

apparatus which presented two faintly illuminated lines around a 
-- - 

central fixation point. When the apparatus was placed at the correct 
- - - - - -- - - -- 

distance, the paralleT Tines fell upon the left and right visual 

+s fields. The subjects were instructed to report which 1 ine faded first 

or whethd both lines disappeared sirml taneously; subjects received 



-- * - ---#- 

both bikocular: and monocular t r i a l s .  For the binocular condition, the 
. Q f 

results indicated t h a t  the right visual f le l  d was-significantly more 

stable t h a n  the l e f t  visual field. Handedness made no significant 

contribution. t o  r i g h t  f ield results,  b u t  the right f ield effect was 

more pronounced i n  subjects wh were r i g h t  eye dominant.' In the 9 
monocular viewing condition, djfferences between 1 e f t  and right f ields 

1 
w e m f & & - f a ~ k ~ & - ~ e t f a ~ h e - r l g k t - e y e  r--GpaterSmage- 

B + s tabi l i ty  was found for the temporal hemiretinae in b o t h  eyes; slightly 

more fragmentation was observed for the 'temporal hemiretina of the 

right than the l e f t  eye. McKinney (1967) asserted that the efficiency 

observed for the right visual f ield was not inconsistent with the 

general dominance of the l e f t  occipital lobe. 
BL 

Schmit and Davis (1974) found a i e f t  hemisphere interference 

for tachistoscopically presented color stimuli and incompatible color 

names. The investigators hypothesized that the dominant hemisphere 

had t o  resolve the color a& color name, whereas the nondominant hemi- 

sphere processed the stimulus only on the basis of the visual nature 

of the infonation. 

Wyke and Ettl inger (1961) presented out1 ine drawings of 

familiar objects, e.g., fork, cap, table, etc. ,  for recognition. The . 
successive binocular t a c h i s t o s c o p i ~ r e s e n t a t i o n s  wepe flashed to , 

the l e f t  an8 right visual fields. Exposure durations started a t  10 

Rfjfq k & S W &  b€W&& , i f - & e € & S & ~ y  , ~ R % - ~ ~ R - ~ O R -  

t o  the right t h a n  l e f t  visual f ield.  Similarly, when stimuli were 

bilaterally presented, recognition was better for the r ight  than for 



- 
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3 
- --- -- . - 12 * %  

t 

the left visual fields. Drawing from the corti~al work of Hubel and 

Wiesel, Wyke and Ettlineer (1961) suggested that right field superi- 

ority was the resuf t of greater neural excitation to nasal projections, 

coupled with a possible right eye dominance over the left. 
A 

The 1 eft hemisphere's general capacity for processing verbal 

material is in distinct contrast to tkright hemisphere's-abiUt&-- 

for processing nonverbal material. Kimura (1963) observed that 

patients with right temporal lobe damage were deficient on nonverbal 
+..+ 5 4 

recognition tasks. The patients exhibfted inferior performance in T 

(a) recognizing nonsense figures, (b) counting dots, and (c) a 

recurring figures task; they were not deficient however when more 
- 

familiar stirnu&$ were used. Using normal subjects, Kimura (1966) 

presented nonsense figures, nonoverl apping abstract forms, and dots 
d - 

for counting. With successive binocular presentation to either the 
- - 
- 

left or right visual fields, dot recognition showed a left field 

superiority, whereas the recognition of nonsense figures showed no 
<-- 

differences between the visual fie1 ds. In an experiment minimi#ing 

verbalization, Kimura (1969) demonstrated that a point was mo* 

accurately located when it was projected to the left than toLthe 

corresponding right field position. hi1 ti, Rizzolatti , Marzi , 

Zamboni , Franzini , Camarda, ahd Berlucchi (1974) found that certain - 
t 

1 i ne orientations favored right field detections rhil P other 1 i n . 5 -  
- 

orientations favored 1 eft field detections. f 
- 

- -- 

Postulating visual-spatial functions for the right hemisphere, 
f 

Dunford and Kimura (MI) binocularly presented a three-bimensional 

arrangement of rods to visual left and right fields. The subje,ct:s 
8 



- - - - -- -- - - - - - tR 
B 

task was t g  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 l e f t  than r i g h t  visual field. However, monocular 
)L 

presentation of the stimulus arrangement revealed no field effects. 

Minimizing visual cues further, Dunford and Kimura stereoscopical ly  

presented (20 mi 11 iseconds) random dot stereograms (see Jul esz , 1956) 
-- - - -- -- -- - - A 

t o  either l e f t  or r i g h t  visual fields. When the subjects named the 

objects they observed (e.g.,  raised triangle, square, e tc . ) ,  l e f t  field 

scores were significantly higher than r i g h t  f ield scores. Earl ier, 

Carwn and Bechtoldt (1969) speculated on the r i g h t  hemisphere's 

spatial integrating capacity d u r i n g  visual perception. They presented 

Juleszl stereograms to two patient groups with unilzteral lesions of 

the l e f t  or right hemisphere. They found t h a t  patients with right 

2 
hemisphere lesions made more errors in reporting the position of a 

/+ 

smaff raised sqOare t h a n  patients w i t h  l e f t  hemisphere lesions. Using i 
normal subjects, Rizzolat'ti, Urnilti, and Berlucchi (1971) found a l e f t  

1 
f ield ( r i g h t  hemisphere) superfority for a task t h a t  involved the 

simp1 e recognition of faces. Methodologically, the exposure of the 

stimulus faces before testirlg was not, i n  i t s e l f ,  interpreted as the 

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

Marzi, Rizzolatti, 8 Urnilt;, 1974). 

~ * ~ ~ ~ ~ R -  
the Cerebral Hemispheres 

Evidence for auditory special ization between the hemi spheres 

has come largely from dichotic 1 istening experiments. A number 2 



s t u d i e s  have ind i ca t ed  a r i g h t  e d r  ( l e f t  hemisphere) advantage f o r  t h e  

r e c a l l  of d i c h o t i c a l l y  presen ted  words and d i g i t s  (Curry, 1967; Curry & 
( 

Rut her ford ,  1967). In c o n t r a s t ,  a 1 eft  e a r  ( r i g h t  hemi sphere)  advan- 4 

t a g e  has been observed f o r  d i c h o t i c a l  1y presented nonverbal emotional 

stimul i , melodic p a t t e r n s ,  an4 environmental sounds ( ~ a r h n  & Nachshon, 

1973; Kimura, 1964, 1967). The r i g h t  ear s u p e r i o r i t y  f o r  verba l  
-- -- . - A PA - - LA- - 

mater ia l  was extended t o  nonsense words and d i c h o t i c a l l y  presented 
* 

s y n t h e t i c  vowel sounds and f r i c a t i v e  consonants (Darwin, 1971). 

Reaction times f o r  d i c h o t i c  l i s t e n i n g  were a l s o  observed t o  be f a s t e r  

f o r  r i g h t  than f o r  l e f t  e a r  s t imu la t i on  (Levy & Bowers, 1974). 

Regarding the c a p a c i t y  f o r  verbal  p rocess ing ,  r e c e n t  s t u d i e s  have found 
I 

F 

t h a t  t h e  r i g h t  hemispheie was no t  t o t a l l y  l a c v n g  i n  t h e  a b i l i t y  t o  
r' 

u t i l i z e  speech o r  verbal  ma te r i a l  dur ing  percept ion  (Blumstein & 

Cooper, 1974; Nebes, 1974). With s imple c l i c k s  near  f u s i o n ,  Murphy and - 

Venabtes (1970) found a s i g n i f i c a n t  d e t e c t i o n  advantage of  t h e  le f t  e a r  
- - - 

over  t h e  r i g h t  ea r .  I n t e r j e c t i n g  a b u r s t  of whi te  noi.se c o n t r a l a t e r a l  

t o  click p re sen t a t i on  only accentua ted  t h e  asymnetr ical  effect. Knox 

and Kirmra (1970) d i c h o t i c g l l y  presented verbal and nonverbal t a s k s  t o  

boys and g i r l s  (5  - 8 y e a r s  o f  age) .  . In add i t i on  t o  a f f i rming  r i g h t  
A 

- - 

e a r  s u p e r i o r i t y  f o r  verbal m t e r i a l s ,  buth'males arid females demon- 
% 

* 

s t r a t e d  a lef t  e a r  y p e r i o r i t y  f o r  nonverbal s t i m u l i  (e.g. ,  i d e n t i f y i n g  
P 
* - Q 
2 

anlmal sounds).  Considering tp ages of  t h e  s u b j e c t s ,  t h e  inves-  j 
.;d 

- - - pppp-p-p 

t i g a t o r s  suggested t h a t  the '  1 a t e r a l  i z a t i o n  of  aud i to ry  f u n c t i o n s  may be 
' 

t 
i'i 

- - - -- -- - - - -- - -- - - -- 

presen t  before f i v e  y e a r s  of  age.  Using c h i l d r e n o r  s u b j e c t s ,  Bakker 

(1970) was a b l e  t o  e l i c i t  a l a t e r a l i z e d  r i g h t  eh r  s u p e r i o r i t y  f o r  

m n a u r a l l y  presented d i g i t s ;  a l e f t  e a r  advantage, with some ; 4? 
-1 



restrictions, was also found for minaurally presented sound sequences, 

Bakker (1970) demonstrated that the degree of asymnetry produced by 

monaural stimulation was related to the capacity of the subject for 

ordered recall. 

Cl inical Evidence of Cerebral Special ization 
. 

The behavioral baies for differentiating hemispheric functions 

were 1 argely derived from cl inicar observations of hemi spheric 

dysfunction. For example, patients with unilateral left temporal 

1 esions show impaired performance for the 1 earning and retention of 

verbal material (Milner, 1968). regardless of the technique uskd to 

el icit responses (Bl ackmore -& Falconer, 1967; Mil-ner & Teuber, 1968). . . 

Patients with uniTateral right temporal lesions have difficulty in the 

recall of visual and auditory stimuli , but they generally do not suffer 

verbal impairment (Milner, 1971). Using the Seashore Measures of 

Musical Talents, Milner (1962) found that left temporal patients 

exhibited no change in test scores before or after lobectomy proce- 

dures; right temporal patients following right temporal lobectomy, 

however, recorded an increased number of errors on timbre and tonal 

memory subtests. Similarly, dichotically presented melodies were 

impaired in a right temporal patient group, whereas dichotical ly 
t 
presented digits were selectively i'mpaired in a damaged Feft temporal 

patient group (Shankweil er , 1966). Using another type of perceptual 

task, m n e r  (1965)Xd Corkin--( iV65rbothfoundthat maze 1 e a r n i w i i  

patients following right temporal lobectomy was much more impaired than 

in patients following f eft temporal lobectomy. 



In a dichotic listening4task which used digits, and synthetic 
Y - 

syl lab1 es ," ~urif and Ramier (1972) found that patients with right-sided 

'lesions had a disrupted perception of speech sounds, whereas patients 

with 1 eft-sided lesions had trouble .with the phonological processing of 

speech information. Bisiach and Faglioni (1974) found that patiqts L 

TY 

with unilateral damage to the left hemisphere had difficulty in the 

del ayed ?ecognit ion of compl icated shapes. Damage to the right herni - 
sphere has also included impairment in the capacity for 1 ine 

orientation tasks (Warrington & Rabin, 1970), facial recognition 

(De Renzi , Fag1 ioni , & Spinnl er, 1968), and stereopsis (Carmon & 

Bechtaldt, 1969). Lesions of the parietal'lobe of the dominant hemi- 

sphere have been accmpani ed by impairment in symbol ic thought, general 

reading disturbances, and a diminished ability to perform arithmetic 

calculations (Alford, 1948; Critchl ey, 1969). Deficits in tactual 

abilities are often accompanied by right hemisphere damage ( C a m n  & 

Benton, 1969; De Renzi & Scitti , 1969). , Boll (1974) found that 
\ 

patients suffering right hemisphere damad~g were more impaired on 

contra1 ateral and ipsilateral tactile perception tasks'than comparably 

damaged 1 eft hemisphere patients. When 1 etters of the a1 phabet were 

presented tactual 1y , Wi tl eson (1974) found that the 1 eft hemisphere had 

no special advantage over the right hemisphere. Interestingly, bl ind 

children reading ~ r a i h e  were found to be more efficient when they used 
- - - - - - - - - - - - 

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

right h a d  [Hermelinb~'cOnnor,1971)..Except for certain aspects of 

speech, deficits in frontal areas are usually more subtle to detect v 

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



17 
- 

patients w i t h  l e f t  or right frontal lLsions are  generally unable to  

modify ongoing behavioral ac t iv i ty  i n  rapidly changing 'si tuations.  

Using t e s t s  w i t h  medium and long d&lay periods (e.g. ,  facial  

recognition tasks) ,  Miln5r (1968) found tha t  r ight  temporal patients 

were impaired i n  the perception of complex patterns than when compared 

t o  l e f t  temporal patients. These l e f t  and right differences vanished 

(1972) tachistoscopic ally^ presented verbal and nonverbal stimul i 4 
ients w i t h  n i la teral  brain damage. The damaged groups were !- 

mparable i n  extent of injury (ar te r ia l  accidents, tumors) and were ' 

tested approximately 20 weeks a f t e r  surgery. Left brain damaged 

patients were aphasic and occasionally suffered r ight  hemiplegia; right 

brain damaged patients had ei ther  l e f t  hemiplegia or some sensory 

disruption on the l e f t  side of the body. stimuli were monocularly 

presented a t  a threshold exposure plus a constant time period; the 

subject selected his answer from a stimulus array before h im.  A non- 

damaged patient group was included for  comparison. The recognition 
& 

scores for the l e f t  patient group showed tha t  they performed better 

w i t h  both types of material presented i n  the l e f t  visual f ie ld .  Scores 

fo r  the r i g h t  patient group demonstrated that  both verbal and nonverba 1 
materials were identified more correctly from the r i g h t  than from the 

l e f t  visual f ie ld .  The normal patient group showed the usual visui+l,; 
'I - 

For the normal group, i t  was the r i g h t  f ie ld  of the l e f t  eye that  made 

the most significant contrtbution to correct responses. For the l e f t  



brain damaged group, the left field of the righteyecontri buted 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 

stimul i.) . The nondarnaged patient group showed no field differences. for 

thev-ionverbal stimuli. 

In an extensive discussion of the findings concerning 

smsorhntm- def I&- - in -~&s- -ww~kk=, - -  righe, -;t~&b+l-a-&m- 

lesions, Semnes (1968) suggested that the left hemisphere appeared to 

have a focal characterization in functioning, whereas the right hemi- 

sphere appeared to have a diffuse almost over1 apping functional 
3 

organization. She argued that the "concept of cerebral dominance is f l  

not helpful for it proposes nothing about mechanism" (p. 11) and 

sometimes offered little more than a label or statement of the results 

of hemispheric injury. 

ordering of functions i 

tasks might be related 

specific decrements in 

that hemi sphere ,,for tha 

As a consequence of the postulated compact 

n the left hemisphere, dysfunction for certain N 
to very specific lesion sites. Further, the 

performance might be interpreted as dominance of , 

t particular task. In addition, the right hemi- 

sphere, %the proposed di ffuse organization, may undergo discrete 

j' injury ut without the overaf 1 tramtic performance decrement that 

might be observed for the left hemisphere; the diffuse functional , 
patterning of the right hemisphere may serve spatial relationships 

cr 

better- ttzah e t t k e r a & c a U z & ~ e ~ e ~ e t  i u, h. 

From some standpoints, SmsLtkQryaboutxerehral functioning 

coincides with Bogen's (1964) earl ier characterization of hemispheric 

activity. Based @on a large number of clinical observations, Bogen 



was able to general ize that each hemisphere was distinguished by a 

separate mode of thought processing; the left hemisphere exhibited an 

ability for symbolic or verbal analysis, whereas the right hemisphere 

appeared more suited for the integration of visual or image rela- - 
, 

tionships. In an extreme consideration of one-sided functioning, 

Obrador (1964beported cases of hemispherectomy in which some 
- - - -  - -- - - - -- 

language and even higher motor activities were retained no matter 

which hemisphere was removed. 

From studies with comnissurotomized patients, Gazzaniga and 

Sperry (1967) found that the dominance of t left hemisphere was not 7 
always absolute; in fact, certain funcdns, normally attributed only 

to the left hemisphere, were also carried out in the right hemisphere 

{Sperrjl, 1973). Using comnissurotomized patients, Nebes (1973) 

tachi~~tosco~ical ly presented special 1 ine-dot arrays to the 1 eft and 

right visual fields. GChen the subjects indicated their responses by - 

finger movement, more accurate determinatiohs of orientation were made 

with left than right field presentations. Milner, Taylor, and Sperry 

(1968) tested comnissurotomized patients in a dichotic listening 
a 

situation. Simultaneous input to both ears showed that the patients 
i 

.failed to report digits from the left ear. In contrast, a monaural ;r' 

ij' 
control session showed 87% and 90% recall for digits presented to the 4 
1 eft and right ears, respectively. Similarly, Sparks and Geschwind 

d' 
- 

(1968) observed 1004 extinction for left ear performance on dicboticp 
-- - -- 

listening task; for a patient who underwent bisection. Rilner and 

Taylor (1972) examined the ability of the minor hemisphere to match - 
tactile nonsense forms to visually presented versions of the nonsense 



forms. Spl 

impaired in 

hmi sphere. 

it brain subjects showed the left hemTsphere was greatly 

tactual form perception than when compared to the right 

Similarly, Nebes (1972) reported a definite advantage for 

comnissurotomized patients when they used their left hand (right hemi- 
s 

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

With commissur@tmized patients, Gazzaniga (1970) reported that verb 

- eonm&-*g~l-mg) +-& . ~ - f l  as-hecMo -&he r .tgb&hem.is p h e ~ e  
" produced no response, whereas the left hemisphere showed no difficulty 

in executing the comnand response. When patients were to retrieve 
- 

objects, this 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- 

spheres does not find a parallel in the gross morphology of the brain. 

/ 
i 
, .,Cannon and Gombos (1970) noted at least one exception, however. The 

4 - 

vascular blood supply to each hemisphere is served diri(tly from the 

aortic arch, whereas the right he misphere is supplied by a vascular' 

trunk shared with the upper extremities. These investigators col 1 ected 

indirect blood pressure measurements i n  left-handed, right-handed, and 

ambidextrous patients. Arterial pressures were found ta be higher on 

the right side for most right-handed patients; pressures were higher, 

on the left side for most of the left-handed patients; ambidextrous 

patients had pressures that were approximately equal. Higher S 

ainedforsystol i c eorret&ioM+weertp1"e55u~&ka&etl~ef~-were att 
u 3 

than for diastol i c  pressures. -- 

Recently devel oped techniques for observing regional cerebral 
- 

blood flow (rCBF) have shown different blood flow distributions 



according to task demands (Ingvar & Schwartz, 1974). Increased rCBF 

was observed in mid-rolandic ar;as with hand worg 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 thinking and problem solving. For these latter situations, 
-- - -- - - pLp--p - 

rCBF increases were observed in frontal and postcentral association 

areas. 

Human Scal p Recorded Evoked Potential s and 
Hemispheric Processing 

Based on the evidence of differential cerebral processing, 

R. Cohen (1971) biaurally presented selected stimuli in an effort to 

provoke lateral ized electrical brain activity. The nonverbal right 

hemisphere stimulus was a simple 10-mill isecond cl ick (called "noise" 
r I 

by Cohen) del ivered through headphones. For the 1 eft hemi sphere, 

subjects 1 istened to single syllabli words ("cat ," "bar," and "ratn) 

of 150 mi 11 iseconds duration. Average auditory evoked responses 
& (AERs) were recorded from the scalp by a left temporo-central and right 

temporo-central electrode configuration. The stimul i were presented at 

a rate of one per second for two different sweep rates and a varying 
Q 

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

right k ~ ~ % ~ & ~ ~ i - s ~ h w i + k a ~ ~ a 4 - ~ ~ -  

wave, Both hemiZpheresAhenshawed+i ng r n u l t i p h a s i c p W  

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

averages, the 1 eft hemisphere records for cl ick stimul i were general ly 



- - -- 
2 2 

2 4 . 7  

of lower amplitude and were delayed. Average evoked responses to 

berbal stimul i produced in i t ia l  synchronous negative activity over both 

hemispheres. The onset of negativity varied w i t h  the particular 

stimul us word but -rang& from 30 to 50 mil 1 iseconds. - Succgeding 
% 

@ 

secondary waves were similar over both cerebral hemispheres. Of the 

37 - -- subjects -- - tested, 20 showed AERs of a e p r 9 x i r n b t e J y - e g u a l ~ a m p L i t u ~  

the verbal stimuli; for the remaining subjects, however, larger 
u - . -  

amplitudes were found over the l e f t  hemisphere. The records from four 
-2 - 

left-handed subjects were comparable t o  the:+me"dorninately right-handed 

group for both cl ick and verbal stimul i . - Cohen (1971) conclbded t h a t  

the cl icks were in i t ia l ly .  processed i n  the r i g h t  brain, whereas ve~bal 

material el ici ted greater. cortical activity over the l e f t  b r a i n .  
A 

Earl ier  , Schafer (1967) recorded specific cortical responses t o  the 

spoken 1 et ters  " t  ," "0," and "d" over l e f t  temporal areas and right 

sensorimotor scalp s i tes .  

In a normative study of human visual evoked responses (VERs), 

Harmony, Ricardo, Otero, Fernandez, Ll orente, and Ualdes (1973) 

recorded electrical d t i v i  t y  from homo1 ogous central , temporal , and 
b occipital scalp locations. The measures used to  evaluate the evoked - 

responses included latency differences, amplitudes, waveform 
d 

similarities,  and derived left-right energy ratios.. Aside ffom small - 

differences - , the - comparisons - betweerr h o m o ~ ~ ~ g o ~ - p ~ a ~ t s  i n d i c a t e d  

that the YER waveforms were very similar. 
- - - - -  -- - 

However, an example of 

lateral ized activity for simp1 e stimul i has recently been pub1 ished 

by Davis and Wada .(1974), These investigators found that a frequency 

analysis of evoked responses revealed more coherence for click 



stimulation from the left than right hemisphere, whereas flash 
I 

responses were more coherent from the right than from the left 

hemi sphere. ?-. i 

> Wood, Goff, and Day (1971) examined .in more detail the neural 

concomitants (in the form of AERs) related to the 1 inguistic processing 
c 

- o f  auditory stimuli. The experimen that if the left . ' 
- - - --  -- - -- -- -- - 

hemisphere was specialized for the extraction of verbal features,'some 

correspoqding electrical actjvi ty should be visible in the averaged 

record$$ especial ly when compared to nonverbal , hemispheric processing. 

Their study involved the activity *evoked by the same consonant-vowel 

syl 1;ble during two auditory discrimination tasks-. The first task, 

called Stop Consonant, presented the subject withacertain signal ' 

pa&meters in o>rder to provide 1 inguistic information.  he iyl ldbles 
4= 

used wee "baU/low and "da"/low. The second task, called Fundamental 

Frequency, provided 'no 1 inguistic information at the. phoneme level but 

differ& only in. fundaments? frequency; the stimuli for this cond3tion + 

were "ba"/low (104 Hz) and "baH/high (140 Hz). The subjects were given 
I 

eac'h task separately; they were instructed to press a button as quickly 
,-.--- 

as possible far the "baU*e'"da" in fhe Stop consonant Condition, or 

press a button for "baU&ow or "baH/high in the Fundamental ~requkncy 

task. the stimuli, were computer generated with a duration of 300 

milliseconds; each of the stimul i was clearly identifiable in pretrial 
- - -- -- 

testing. 'Monopdar scalp recordings were taken from temporal and 
----- - -- 

central (T3, c ~ )  loca'tibns over the left hemisphere and temporaland6 

central (6, C4) locations over the right hemisphere. The sampling 

epoch f o r  ayeragtng'was 490 milliseconds; data collection started at 

- .  



the onset of the stimulus. 

Average evoked potentials to  the same stimulus w"&e combined 

across subjects to  obtain records based upon 1920 t r i a l s  for  each task 
4 

j , and electrode 1 ocation. ~ d d i i i o n a l  ly ,  the final waveforms were divided 
r 

into preresponse (approximately 200 m i  11 iseconds) and motor response - 
intervals. Neural events, mirrored as AERs, should be the same if the 

- --- -- - -  - A - - - -  - - L - - 4 

brain makes no distinction between verbal and nonverbal parameters. --; 

The resul ts  indicated tha t  the r ight  hemisphere AERs  were identiaal for  

both tasks, as measured during ' the pieresponse interval.  In the l e f t  / 

hemisphere, however, s t a t i s t i c b l l y  significant differences were found 

for  the-tasks tha t  required 1 inguistic a-nd nonl inguistic analysis. The 
< 

resul ts  of the potor response intervals indicated tha t  differences for  
b+ 

each hemisphere occurred during both experimental tasks. The inves- 
I 

t igators  were able to  rule  out the effects  of motor interval reaction 

times t'o preresponse differences i n  the AERsy b u t  they were not able t o  
4 

say tha t  reaction times had no effect  on the motor interval.  In 
1 

sumary, Wood e t  a l .  (1971) concluded that  (a)  time point differences 

wtcurred between the hemispheres during a task that  required verbal and 

nonverbal analysis; (b) the differences occurred only over the l e f t  

hemisphere; and ( c )  the differences were not due t o  subtlety of signal 

structure or motor response. 
- .  

Morrel and Sa7arny f 1971) collected cortical  responses made t o  
- - - - -- --- - - --- -- - -- -- 

&man speech sounds. %nopolar scalp-derivations from homologous 
- - - ~  - - - 

anter ior  igroca ' s area) and posterior (Uernic ke ' s  area) s i t e s  tended 
B 

to  have a negative component that  was larger over the l e f t  hemisphere 

than over the right hemisphere for the spoken nonsense words; a~ l a t e r  - * 



positive component (150 mil 1 iseconds) was uniformly distributed over 

scal p sites.. 

In both' verbal and nonverbal conditions , Matsumiya, Tag1 iasco, 

Lombroso, and Goodglass (1972) reported a study where the meaning of 

the stimulus was manipulated. In Condition 1 (called undiscriminated d 

,. - 
words), four monosyllabic words ("back," "tick," "back," and "cook") 

- - - - -- - -- - - - - - - - 

were randomly interspersed between nonspeech sounds. In Condition 2 

(called undiscriminated sounds), four types of mechanically generated 

'--m noises were interspersed among the words of Condition, 1. In Con- - 
7, 

dition 1, the subject's task was simply to total the-number of words; 

in Condition 2, the subject totaled the number of noises. Condition' 3 
i 

(call ed discriminated sounds) - contained only the sounds of Condition 2 
without words; the subjects were instructed .to deternine how many types "\ 
of sounds they could distinguish. Lastly, Condition 4 (called mean- - 

- 

ingful speech). consisted of ten sentences delivered in a spaced pattern 

of speech. A1 1 stimul i were edited t'o a duration of 485 mil 1 iseconds. 

Scalp recordings were collected from each hemisphere and were sumnated 

for a 250-mi 11 isecond epoch (from the onset of the stimulus. 

The AERs for eight of the nine subjects (all right-handed) were 

larger over the left hemisphere in Condition 4 (spoken sentences) than 

WOVY the right hemisphere. A1 though not as striking, larger left hemi- 

%phire ampl -- i -- tides - - were -- found for Condition 3 (discriminated sounds) 
- --- - - - --- 3 

than for Condition 2 (undiscriminated sounds). For three subjects, e 
- i t - - -- - - -- - --- - -- - - - --- 

average evoked potentials for Condition 1 (undiscriminated words) over 

the left hemisphere were generally larger than ci for Condition 2;-three 

subjects, however, showed 1 arger amp1 i tudes over the right hemisphere 



for the same experime~taF conditions. The peaks that were measured 
0 

had 1 atencies in the range of 100 mi1 1 iseconds; within that time, as 

the investigators noted, only aboit one-fourth D of the stimulus worb 

was heard. The scalp records 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 asymnetries 

were produced than when the meaning of each word was minimal , as in 

Condition 1. In Conditions 2 and 3, where the sounds were physically > 

the same, amp1 itude asymmetries were el icited by simply imposing 

different tasks or instruction sets on the subject. Matsumiya et al. 

(1972) concluded that the occurrence of asymnetries in the AER might 

inc1,ude more than just the use of verbal and nonverbal stimul i ; indeed, 

factors such as subject set or subject attention may play an important 

role in the observation of hemispheric asymnetries. 

Factors Influencing Evoked 
Response Activity 

i Before proceeding further with studies investigating cognitive 

differences from scal p evoked potentials, certain factors inf 1 uencing . 
the cortical responses themselves should be discussed. For this 

purpose, several experiments dealing with visual , auditory, and 

somatosensory responses are briefly considered. 
- - -- -- - - - - -- - 

Visual evoked responses from the scalp were monitored by 
- - - - - -- - -- 

Garcia-Austt , Bogacz , and v&ll i (1964) dying sessions of forced 

attention or during sessions with injected' i ntWference. Interference 

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



ing focused at tent  

components, i .e . ,  

--- -- -- -- - -- 2+- 

iow'indicated a general increase in the number of 

PlNl, P2N2, P3N3, etc. When the subject simply 

counted the flashes d u r i n g  stimulation, there was an' increase in the 

size of the VER, especially for the la ter  components. Interference 

produced as overall decrease i n  the VER amp1 itude. 

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

o f  attention on evoked cortical responses. Subjects were instructed 

to attend either to click or shock stimuli during the alternate 

presentation o f  clicks and shocks. The overall results indica.ted 

that averaged cortlcal act ivi ty was increased for the stimulus 

attended, whereas unattended stimul i were suppressed. In  three 

different vigilance tasks, Spong, Haider, and Cindsley (1965) recorded 

visual and auditory evoked responses from occipital and temporal 

regions of the scaf p.  The experimental conditions incf uded 

(a )  attending to a brightness change, ( b )  a key-pressing task, and 

( c )  a counting task. The stimuli were simple f d s  and clicks 

a1 ternately presented. For the brightness and key-pressing tasks, 

VERs in the occipital area were larger for flashes t h a n  for clicks. 

In the temporal area, subjects who attended cl icks showed larger 

amplitude AERs t h a n  subjects who attended flashes. For the counting 

task, no similar trends in the evoked responses were observed. The % 

investigators - - -- suggested - - - -- that counting by i t se l f  may serve as a 

di ~ t r ac t i on  damaging to the attentive state. Generally, perceptual 
- - -- - -- pp 

discriminations that demanded close subject attention were para1 1el ed 

by a corresponding change in cortical activity. 

Considering the information delivered by simple stimuli, 

- 



- - - - -- 28 

Sutton, Tueting, and Zubin (1967) reported on the significance of a 

large positive process in evoked potentli l  s that  occurred approximately 

300 milliseconds a f t e r  stimulus presentation.  if a subject was 
Y 

required to  make a response t o  a stimulus that  resolved some 

uncertainty, t h i s  l a t e  component, or P300 wave, was generally of larger 

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

when the subject had prior knowledge of the forthcoming stimulus. In 

the l a t t e r  si tuation of subject certainty,  the stimulus only marked 

the time of its occurrence; in the former s i tuat ion,  however, the - I 

uncertain stimulus provided information in addition t o  the time of i t s  

occurrence. Further, i f  the information carrying stimulus was 

delivered externally, a larger positive component was observed thah 

when the absence of an external event, i n  e f fec t ,  delivered 

information. - 

John, Herrington, and Suttort (1967) demonstrated that  VER - 

waveforms 

were also 

data were 

midline 3 

were not only determined by simp1 e receptor stimulation but 

affected by the perceptual context of the stimulus. Their 

col 1 ected from monopol a r  scal p recordings 1 ocated on the 

cm above the inion. Four pairs of stimuli were compared: 
- 

(a)  a blank f ie ld  versus a f i e ld  containing some geometricw shape, U; P 
2 

(b) one geometrical shape versus a different ;L- shape of equal area, 
L,,'.' 

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

words "circle" and "square" (equated for  l e t t e r  areas).  The VER 
--- -- - 

averages were] expressed in terms of a descriptor, A (Lambda), a r a t io  

formed from the root mean square ( m s )  difference between waveforms. ; 
# 

The VERs to  blank f ie lds  and a geometrical form were different ;  also,  



-- - - - -- g L  

d the VERs were different for dissimilar figures of equal area. figures 

of identical shape but unequal areas, however, produced VERs tha -v were 
similar to each other. The VER results for different words indicated 

dissimilar waveforms. The evoked response records provided evidence 

of a physiological correlation to perceptual processing. 

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 demonstrated that 

small stimul us, changes , randomly embedded in a series of repetitive 

stimul i , evoked a prominent positive component (P300) in the averaged - 
response. The appearance of thqs late component was considered' the 

result 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 flash of slightly dimner 

intensity. The subject pressed a key whenever he detected the signal. 

In the auditory condition, tone bursts of a standard level, 40 dBy were 

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

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

from scalp averaged responses disclosed that the vertex and occipital t 
- - - --- - 

sites exhibited a late positive component (latencies ranged from 300 

to 500 mil 1 iseconds) to the detected signals. Averages for nonsignal s 

(standard stimuli) or undetected signals did not display this late 



component. As soon as the iscrimination task was made more d i f f i c u l t ,  i I 
a l a t e  component was foun fo r  both the signal and the standard - , 

stimuli. I f ,  o n t h e  e r  hand, thediscr iminat ionwasmadeeasy,  the 

l a t e  the standard and the signal stimuli were a t  

f i r s t  present b u t  then disappeared a s  the t r i a l s  proceeded. The l a t e  

most 1 i kely dependent on central processing for  the cognitive signif-  

icance of the stimulus. ', 
Hi1 lyard, Squires, Bauer, and Lindsay (19711 performed a study 

to, investigate the amp1 itude of the P300 during an auditory signal 

detection task. On each t r i a l  the subject decided whether auditory 

noise, presented a t  threshold levels ,  was detected (or not detected) 

against a background of continuously presented noise. A monopol a r  

vertex electrode was used to  obtain AERs t o  hits, misses, f a l se  alarms, 
i 

and cofrect rejections.  The AERs indicated that  the P300 appeared only 

on the hi t  t r i a l s ;  the P300 was not evident or was greatly reduced i n  

amplitude in the other t r i a l s .  The s ize of the P300 during the h i t  

t r i a l s  was shown t o  increase over a range of signal intensi t ies .  

In another signal detection experiment, Paul and Sutton (1972) 

held the signal parameters or stimulation constant. Changes i n  the 

observer's cr i ter ion were manipulated by varying the a priori  prob- 
t 
7 

. a b i l i t y  af thesignalbnhhy &ngingAhe~ayoff_mafrj  x. The ; 
observer's task was t o  indicate - his - detection - - - (yes/no) pppp during an 

observation interval.  The interval consisted of a period of white 

noise where the.signa1, a c l ick ,  was injected (or not injected).  

Auditory evoked responses were recorded for  h i t s ,  'misses, fa1 se  alarms, . 
. . 



and correct rejections. Three levels of a priori probabilities were 
f 

used: (a) .25 (cautious), (b) .50 (unbiased), and (c) .75 (1 iberal). -- 
------ - 

The late positive component (P300) for hit trials was largest for the 

unbiased condition and smallest in the liberal condition. 

Velasco. and Velasco (1972) investigated the psychological 

evoked response (SER). The stimuli consisted of threshold levels of 

shock del i vered to the 1 eft median nerve. Scal p recordings were 

collected from right somatosensory areas and the vertex. The signif- 

icance of the stimuli were manipul ated by instructing subj cts (a) to P ignore the stimulus, (b) to press a key after each stimulus, or (c) to 

attend another extraneous stimul us and ignore the shock stimulus. 

Results for the SER amp1 itudes indicated that the early components of 

the SER remained the same during the three experimental conditions. 

The late components of the SER, however, were at'a maximum during 
.L 

attention and were at a minimum,during distraction. 

Cernacek and Podivinsky (1971) studied the development of 

handedness in infants with the development of an early negative 

cmponent of the SER. The experimenters cited an earlier report where 

a correlation was found between handedness and the appearance of an 

i psi 1 atera7 SER. Cernacek and Podivinsky pointed out that handedness 

deuelopehdurin+i~fancyl-aUs mt+cesent in + k f f e \ l c b ~ n F n r  r 

-study of the develomnt of the SER co~ponent, 29 infant subjects from 

% 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 



nerve at motor threshold levels. Average evoked potentials were 
? 

collected from bipolar parietal locations over both hemispheres with 

c m n  vertex electrode. (The 1 ateral parietal placements were 

intended to be positioned over hand projection areas. ) The SER results 

were reported in age categories along with characterizations of the 

typTcaTgraTp i ng pat t e m -  7TifaTtsof 54-monthi -diiplayed a negative 
-%I . , 

peak (HI) in the SER (20 - 30 mi 11 iseconds 1 atency) 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 1 
... . bimanual graspings, showed a distinct N1 wave on the contralateral * -+ 

i 

hemisphere and a distinct negativi wave on the ipsilateral hemisphere. 
4 

The final group analyzed, 8 - 9 months, was classified into definite 
lt 

hand preferences--dextral s, sinistral s, anqambidexters. This oldest 
t * . C  - 

group of infants exhibited a prominent N1 peak on the contralateral 

hemi sphere; however, the i psi lateral N 1  peak was now greatly attenuated 

and delayed. Amplitude data indicated the right-handers had larger 

left hemisphere responses to left 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. 

t a s o n $ h m ~ R F ~ ~ ~ e ~ ~ t e d  a study tXt. used visual 

evoked response activsy. Fourteen sites of stimulation on the 

horizontal plane of the right eye of one subject webre chosen. The red 

stimulus flashes (presented at* 1 cps) subtended a visual angle of lo. 



Visual evoked responses were recorded from one active monopolar 

electrode on the r ight  hemisphere' (approximately 02) for  100 

flashes.  When symnetrical s i t e s  on the two ret inal  halves were 

compared, the resu l t s  indicated that  smaller VERs were found for 

stimulation of the nasal hemiretina. 
- - -- - - - - - - - - w--- 

The ef fec ts  of retinal stimulation and,evoked potentials were " 

expanded i n  a follow-up study by Eason, Groves, White, and Wen (1967). 

The primary objective of t h i s  study was to  investigate the relation 

between visual half-field stimulation and the corresponding cortical 

responses from the two hemispheres. A secondary objective .of this 

study was to  examine the influence of handedness upon the hemispheric 

responses. Monopolar recordings from l e f t  and r ight  occipital  l o  d es 

(2.5 cm above the inion and 2:5 cm to  the l e f t  and r i g h t  of midline) 

were collected. Evoked responses were sumnated for  100 or 200 binoc- 

ular flash stimulations. The red or blue stimulus l i  h t  subtended lo P 
of visual angle and had a duration of 10 microseconds. Ten retinal 

1 

s i t e s  located 100 apart on the horizontal meridian were stimulated. 

In describing the visual f i e ld  resu l t s ,  the lobe which f i r s t  received 

impulses over d i rec t  classical pathways was considered primary, 

whereas the lobe that  was not direct ly  connected t o  primary pathways 

was considered secondary. For every retinal s i t e  and for  the two l e f t -  
--- -- -- - -- -- 
handed subjects tested, larger evoked responses were recorded from the 

rTmi  MTspWrewlten ;i€ was c ~ n s m ~ p r i m a r y  than w h i m s S p p -  

considered secondary. For the single right-handed subject tested, no 

consistent differences between the hemispheres were observed. The 

response of the secondary lobe a t  a given s i t e  of stimulation 



paralleled that of the primary lobe. Additional l e f t -  and right-handed 
7 

subjects were tested in order to examine further the effects of 

handedness on hemispheric responses. The VERs coll ected for 1 ef t -  

handed subjects indicated that larger amplitude responses were evoked 

from the right hemisphere than the l e f t  hemisphere. No consistent 

differences in VER agpl itudes were observed for  the right-handed 
- - - - -  I- - -- 

subjects. 
k 

Eason, Men, ,and White (1967) considered three variables of 

retinal stirriulation and the corresponding VERs. The variables inves- 

tigated included (a)  the s i t e  of retinal stimulation, (b) flash 

intensity; and (c)  wave1 ength (red versus blue) . Retinal stimulation 

was restricted t o  eight s i t es  of the temporal retina of the right eye. 

Both red and blue VERs from the right occipital hemisphere showed 

deflections of larger ampl itude when the retina was stimulated near the 
I 

fovea. Decreasing ampl itudes &re observed as the flashes 'were 

directed a t  .progressively more peripheral s i t es .  For both colors, - 

increased latencies in the major components of the evoked response were 

observed with greater distances from the fovea. For both h i g h  and low , 

levels of stimulation, VER waveforms were essentially the same. 

Lehmann and Fender (1967) studied the effects of target struc- 

ture on the VER. They presented a flashing blank f ield stimulus to the 

right -- - - eye -- - while - - the l e f t  eye observed fields of differing complexity. 

(Stimuli for t h e  l e f t  eye incduded a blank f ie ld ,  a dot, a cross, and 
- - -- - - - -- 

a grid. ) Bilateral parieto-occipi tal scalp recordings were collected 

to form the VER averages, The resu? ts  indicated a decrease i n  rms PV 

ampl itude as the field structure for the l e f t  eye increased. Lehmann 



3 5 

and Fender concluded tha t  the V E R  in th i s  -case was "an index of the 
a 

loa#ing.&posed on the visual areas by the structure of the steadily 
' 

illuminated target  seen by the c o n t r a 9 r a l  eye"- ( fekann & Fender, 

1967, p. 205). 

Lehmann , . Kavanagh , and Fender (1969) record visual evoked % 
\ 

bi temporal hemianopsia) . hnocul a r  flashes were presented a t  3.7 cps. 

The VERs from symnetrical parieto-occipital s'calp locations showed 
- 

similar waveshapes b u t  inverted polar i t ies .  Compared t$ normal 

subjects, the s p l i t  brain subject demonstrated that  the VERs from ttie % * -  

ipsi la teral  hemi sphere were of normal polarity,  whereas $ERs from the 
- I  X 

contralateral hemisphere were inverted i n  polarity.  

Lehmann and Fender (1969) attempted Q t e s t  the amount of 

central interaction, i n  terms of VERs, to-  dichoptic stimulation from . 

a subject w i t h  a traumatic s p l i t  of the optic chiasma. Monocular 
a 
;trpb;oscopic flashes were presented to  one eye while the other eye 

viewed steadily i l l  uminated targets  of varying complexity. Symnetrical 

parieto-occipi ta1 recordings from the scalp were col 1 ected. The VERs 

showed no evidence of interaction betwe& the dichoptic stimuli. T h i s  

i s  i n  d i s t i n ~ t  contrast t o  normal subjects where dichoptically 

presented stimul i a1 tered the VER waveform; presumably due t o  the 

i n f l u e ~ - o ~ e n t ~ m e ~ t s m s ~ - - -  

Buchsbaum and Fedio (1969) undertook a study to  examine the 



hemi spheric VER patterns to verbal and mpnverbal stimul i recorded from 
i , 

the left and right hemispheres. Three types of c q t e r  generatid 
* '2 

stiml i were used. Verbal st-imul i consisted of three'-1 etter words 

(nouns, verbs, and articles); nonverbal stimuli consisted of a set of - 
gatterns constructed from an art if icial a1 phabet made to resemble 

generated into random dot design;. The stimul i were displayed to the 

subjects on a screen (8 x 10 cm) as blue dots on a black surround. 

Scalp recordings were collected from locations O1 and 02, referenced 
.. 

to ipsilateral ears. Visual evoked responses were recorded for 

words-random dots and words-designs. Stimuli were presented at 

I-second intervals for either 40 millisecohds or 500 milliseconds. 

The fi~s~recorded from the right hemisphere showed that the 

latency of the positive peak (P300) was shorter (24 mill iseconds) for 

words than for either dots or designs; left hemisphere latencies were.. 

in the same direction but were not as great. The experimenters 

described a correlational index, 5 (Zeta), which discrimiqated VERs to 
, '.' \ ,... 

words, random-dot patterns; and designs. Greater discriminability P 

between stimuli was produced for the 40-millisecond than for the 

500-millisecond stimuluq presentation times. Further, the index 

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

r igtrt ~~ hi g k e r c - c s r ~ b W ~ s 4 w - - V E R s - t e - w ~ ~  , t 

and patterns t h s  corresponding 7 eft h e m i s p k r ~ c o r r e l a t ~ -  

Contrasted-with the left hemisphere, the right hemisphere processing 

was more uniform and much less differentiated. 

Buchsbaum and Fedio (1970) extended their 1969 report to 



, I. include verbal and nonverbal material presented t o  the le f t  or right 
9 

- .  visual fields. The stimuli and experimental design were similar t o  the 

,d 1969-study. Visual evoked responses t o  verbal and nonverbal patterns 
d 

produced different waveforms from the separate occipital hemispheres. * 
primary pathways discriminated -words and- forks better t h a n  secondary 
- - - - - - - - L- -- - 

pathways. The largest differences between word and form stimuli were 

observed from the le f t  hmiretina (right visual f ield) as recorded from 

the lef t  hemisphere. Visual responses from the right hemisphere were 

more stable and appeared more uniform than those collected from the - 
- l e f t  hhisphere. Regardless of the field of retinal projection, both 

heiiiiipheres recorded moge stable VERS t o  nonverbal stimuli t h a n  t o  wbrd 

stimuli . 
* .  

Using a modulated 1 1 g h t  source as a stimulus, Pfeffeybaurn and 

Buchstwum (1971) investigated the effects of sex, handedness, 'and 
7 

hemispheric activity upon the average evoked response. Scalp 
d 8 

recordings were gathered f r m  vertex-ear and vertex-occipital der- . a- 

* 

ivations on the right hemisphere and vertex-ear and vertel-occipltal 
' i$ 

derivation; on the lef t  hemisphefe. Four depths of modulated l i g h t  

4 around a%ean of 100 f t L  were used: 11%, 24%, 34%, and 42%. The 
,- . . * 

averaged  waveforms were analyzed by Fourier analysis for the f i r s t .  . 
1 

i 

(10 Hz) and second (20 Hz) harmonics.- The vertex-bccipital electrode ' 
L --- 

- 
configurations produced larger YERs t h a n  vertex-ear pf aceknts fqr both 

the f i r s t  and second harmonics. - F-ertex-occipi tal records, lef t -  
,I 

handed subjects p r o d u c k  VERs t h a t  increased in amplitude for the fir-st* . 
' <. 

I 

and second harmonics wi th  increased depths of modulation. For right- t + ,  .- f 
handed subjects, however, symnetrical VER activity was obtained a t  all 

\ 

, a  . - 
x .  
d 



el ectrodc! configurations w i t h  increased depths of modulated 1 ight. 
..+ 

No significant differences in VER amplitudes were found between males .' 
\ 

or  females. However, left-handed subjects showed more asyrrunetric VERs 
k 

rk 
* * 

for  occipital  locations thm left-handed fema s o r  right-handed males 

(or f m l k s ) .  Pfefferbaum and' Buchsbaum concluded the i r  discussion of 

the resuf t s  by saying, " s t i m l  us intensity as we1 1 as handedness* must 
b 

(Pfefferbaum and Buchsbaum, 1971, p .  239). 

General ly ,  patients w i t h  l e f t  temporal damage have d i f f icu l ty  
\ - 

in tasks requiring, the usp of verbal memory; in dis t inct ion,  patients 
/ 

C '  

with right temporal injur ies  display de f i c i t s  for  a variety of percep- 

tual functions, e.g. , impairments i n  tachistoscopic recognition of - 
figures or i n  the discr imirkion of complex stimuli .  In a recognition & .  

task of kerbal and noncerbal material, Fedio and Buchsbaum (1971) 
* 

tested a group of temporal patients with stimuli prpsented i n  the J e f t  
t 

'+ 
and right visual f ie lds .  Eleven patqents s i t h  e i ther  l e f t  or r ight  

Y 
' temporal 1 esions and determined t o  be l e f t  hemi sphere3.speech dominant 2 

* 
served as subjects; the patient group was compared t o  16 normal 

individpals fmm an ea r l i e r  'study. Visual f i e ld  defects due t o  

temporal lesions fo r  a l l  subjects were outside a iOO central f ie ld .  '. 
O f  the exper iknta l  group, a l l  were right-handed and showed a r ight  eye 

/ preference. Visual evoked responses were sumated t verbal and non- a - 
- verEaal dot s T ~ T f M % e T e f t ~ [ ~ r X i r ~ t p r O ~ ) h e m ~ e s .  The 

-at1 resvFts imiieated -that *drd a d d o t  stimtrti p r o d u d  more 

dissimilar VER waveforms when the material was presented along the 

primary pathways than secondary pathways. T h e  largest differences for  



39 - - - -- - - - 

VER waveforms were shown for stimuli flashed in the right visual field 

and recorded from the 1 eft  hemtsphere. Visual evoked response activity 

froh left  temporal patients t o  verbal stimuli was not  different for 

either right or lef t  field stirnul ation. For both cerebral hemispheres, 

VERs from patients with r4ght temporal lesions produced greater 

differences t o  words t h a n  t o  d o t  figures; these patients also showed 
- - -  - - - - - - - - - - -- -- -- - - 

less VER stability t o  d o t  stimuli than the other patieht groups. a 
General ly, VER recbrdings were more stab1 e from- the lesioned hemisphere 

t h a n  from the normally functioning hemisphere. 
* 

Shelburne (1972) attempted to find a physiological basis for 

reading disabilities by recording responses evoked to words and non- 

sense trigram syllables. For each normal word presented, a 

- corresponding nonsense, tri gram was generated. The trigram was formed 

from a stimulus word by changi,r)g the last let ter.  For example, the 

stimulus word "cat" was transformed i n t o  "caf. " The trigram stimul i 

were presented one letter a t  a time with 1-second intervals between 

letters;  the third letter in the trigrarn marked' the end of a tr ial  and 
% - 

signaled the subject t o  indicate his decision as t o  whether the CVC 

was a word or nonsense syllable. Auditory feedback was provided t o  the 

* 
$h subject t o  indj/cate his corrqtness or incorrectness. e computer 

f started data  collection a t  the onset of each letter and sorted VERs t o  

each le t te r 'bs i  tion i n  a t r i a l .  Monopolar scalp recordings were tiken 
- - * -- - - - - --- - -- -- 

from the vertex (C,), J e f t  parietal (Pg) , and right parietal ( P ~ )  
- -- -- - - - -- - - - - 

lbcations. T h e  analisis of f i r s t  and second position letters showed no 
. < 

differences between words andonsense syll ables. However, third 
1 

position letters showed a late positive cmponent t h a t  was different 



for  words and nonsense syllables;  no asymnetries were detected for  the 
f 

parietal placements for third position le t te rs .  A similar study 

conducted w i t h  children found the resul ts  in substantial agreement with 

adult findings (She1 burne, 1973) 

-, Mol fese (Note '1) rec~kded evoked potentials from infants,  

children, and aduJ ts  i n  orderrto e x a ~ i n e  the development-of - --- - -- - - -- 

la teral  ization ef fec ts .  The types of stimulation included speech 

sounds, musical chords, sing1 e tones, and white noise. Scal p ac t iv i ty  

was recorded from l e f t  tempcual ( T ~ )  and right temporal (T4) s i t e s .  

For  each of the age-groups, hemispheric differences were observed but 
- 

n o t  consistently. There was some evidence tha t  larger asyrmnetries , 

when they occurred, were recorded for the earl i e r  age groups. . 
Roemer and Thompson (1973) examined the re1 ation between 

4 \ 
% 

cortical ac t iv i ty  and word meaning. In the i r  study, the meaning of a 
-7 

word depended upon whether i t  was considered as a noun or as a verb, 

e .g . ,  rock, duck, f l y ,  e tc .  Following the auditory presentation of the 

stimulus, the subject was to  rehearse theaeaning of the' word 

(according to  the instructed context) until a cl  ick sounded, signal ing 

the *vocalization of the word. Scal p recordings from central (C3, Cq) 

s i t e s  were averaged to  the cl ick presentation. A prel iminary analysis 4 
of the resul ts  indicated significant differences for  noun and verb - 
contexts, There  as-als~sow A d  i c h t i a a  #ai_e~aked_pntentiahLo 

nouns a t  the C3 s i t e  were larger than those a t  - Cq. In - another -- - - prelim- - -- - 

inary report dealing with word meaning, Brown, Marsh, and Smith (1973) 

presented subjects with short sentences; the l a s t  word in each sentence 

had ei ther  a noun or verb context. '~voked potentials to  the l a s t  word 

f$ 

-9 



were recorded from the areas of Broca and Wernicke on the l e f t  
' 

hemisphere and compared to respective homologous s i t es  on the right 

hemi sphere. Correl ations for 1 e f t  side pl acements showed 1 ow"er values 

between noun and verb contexts than for right side electrode s i tes ;  the 

corre 

Broca 

lations between noun and verb responses were usually lower a t  

' s  area than a t  Wernicke's area. 
9 

- - - -- -- - - - - -- 

Gal braith, and Saul (19743 studied evoked 

subjects during the presentation of 

verbal and nonkerbal stimuli. Monopolar recording areas inc1uded;the 

vertex (C,), parietal ( P 3 ,  Pq), and occipital (01, 02) s i tes .  For the 

verbal task, subjeits were flashed a word to either the l e f t  or right 
\ visual fields; the subject's task was t o  determine whether or n o t  the 

flashed wprd rhymed w i t h  a continuously$resented word. Similarly, a 
* 

matching task was used in the spatial or nonverbal condition. For this  

l a t t e r  situation, the 'subject was presented nonsense figures to the 

different visual f ield positions; the subject's. task was to determine 

whether or not the flashed shape matched a continuously presented 

random shape. For the verbal condition, subjects indicated a "yes" or 

"no" response with right hand b u t t o n  presses; in the nonverbal 

condition, subjects responded with 1 e f t  hand button presses. The data 

from five subjects indicdted: ( a )  that evoked responses to verbal 

stimuli were larger t h a n  t o  nonverbal presentations, ( b )  that larger 
- - - - - - - - -- - -- - - 

evoked responses w e i e c o r d e d  from the hemisphere contra1 ateral to the 
- - - -- - - 

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

larger over the 1 e f t  t h a n  right hemisphere. The investigators observed 

t h a t  their results conformed t o  the known asymnetries between the 



cerebral hemispheres ; further, by using comni ssurotomized subjects, 

the differences between the hemispheres were made more distinct. 

Asymnetrical Cortical Rhythms 

Extracted against a background of continuous EEG activity , the 

ev&ed response represents a relatively short and comgl&c-bted--- 

processing period. With emphasis upon lateral ized electrical events, 

the fol lowing section considers a few examples from expe&entation 

that has examined features of ongoing EEG activity. 

Lehtonen and Lehtineh (1972) studied alpha (8 - 13 cps) 
produc$ion under the following conditions: (a) provoked by a uniform * 

vista1 field, (b) at different levels of subject vigilance, (c) with ' 

the effects of visual fixation, and (d) after repetitive photfc 

stimulation. Monopolar scalp records were collected from 01, 02, Tg, 

and T6 locations. Alpha activity was recorded during eyes-open and 

during eyes-closed conditions. Out of the 18 normal male subjects . 

testedYTnine displayed regular alpha production to the diffuse 

unpatterned visual field, seven subjects showed moderate alpha 

production, and the remaining subjects showed poorly devil o d a l    ha - 

activity. Removing the diffuse visua.1 field .induced alpha desynchro- 

nization. Alpha production was greatest for the eyes-closed state; 

visual field. Fw most  of the subjects tested, there ws-_a_s_l_igbt- 

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 

< # 



introduced 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 
3 

discharge in the alpha frequency range) was always greater 6-i the 
eyes-closed than "in the eyes-ope~cofiition. With a fixation 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; during counting, however, 
u 

VER ampl itudes were 1 arger than those observed in other conditions. - 

In a recent study devoted to rhythmic after-activity (RAA), 

Lansing and Barlow (1972) found no consistent relationship between RAA 

offset and alpha return; was of greater ampl itude during the 

para1 1 el periods of 1 arger alpha background. The investigators 

contended that RAA was a true physiological , response and was not a 

simp1 e time-1 ocked a1 pha 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 
-2 hypothesized that different amounts of alpha would be produced 

depending on which hemisphere was processing information. Left b 

hemisphere t_a5ks involved verbalization (e.g. , "recite a few words from 
7 a poem") ; right - hemisphere tasks were designed -- to invoke imagery 

--& - - -- - -- -- 

without thinking (e.g., "picture a child swinging in a swing" 

[p. 463r). Bipolar activity from both hemispheres referenced to the + 

vertex wa< recorded. Analysis of the data included an index that 



ref1 ected the re la t ive  proportion of ongoing a1 pha produced fromr each 
4 hemisphere. Regardless of the experimental conditions, the resu l t s  

h 

indicated that  mbre alpha was emitted from the right than from the l e f t  P .L fl 

hem'isphere. However, more alpha ac t iv i ty  was noted for  the r ight  

hemisphere when the l e f t  was engaged i n  i t s  verbal task. Congruently, 
ii 

hemisphere. Fol lowing a similar experimental design, Morgan, 

Macdonald, and Hilgard (1974) f o u y  a greater percentage of a1 pha was 

emi t ted  from the r igh t  than from t h  l e f t  hemisphere, particularly when 
1 

the l e f t  hemisphere was actively eng ed in an analytic task. Galin a and Ornstein (1972) investigated EEG roduction from the l e f t  and right 

hemispheres wit.$ specialized cogn ive tasks. The r a t io  of r ight  e v e r  

l e f t  was found t o  be greater for  verbal tasks (writing or  composing a 

l e t t e r )  than in kpatial (block design) tasks. Similarly, Butler and 

Glass (1974) reported an overall decrease in EEG amp1 itude over the 

l e f t  hemisphere during mental arithmetic calculations than over the 

r ight  hemisphere for  right-handed subjects. 

Critical of recording method01 ogy, MacNeilage (1966) reminded 

readers that  motor responses have strong effects  on the s t a b i l i t y  of 

the EEG;  del icate  cognitive features,  i f  they occurred in the EEG 

record, could easi ly  be masked by high rates o f .  response. MacNeilage - 

which involved the same physical stimuli and a similar type of motor . 

response. By holding rotor  ac t iv i ty  constant, i t  was theorized that  

the s t ab i l i t y  of the EEG might better ref lect  the influences of 
I 

cognitive ac t iv i ty .  The EEG signals from bipolar parietal locations 



4 

-- -- - - _. . 45 - 
4# 

were f i l tered and rectified to provide ampl itude write-outs of the 

(alpha) and B beta) frequency bands. The tape recorded tasks f 
included ( a )  the 'continuous addition of numbers in groups of four 

- i -  

and [b) writing down every "7" and "9'' pl'ayed. The results' indicated 

t h a t  there were no significant differences in overall ampl itude 1 eve1 s 

for either a or B frequencies. The ongoing EEG amp1 - itude. records 
- - -- - - ---p - - - pp -- - - - - - - - - 

were n o t  re1 ated to specific cognitive act ivi t ies.  MacNeilage (1966) . 

concluded that the EEG measures collected were not sensitive enough t o  

detect differences between the experimental tasks; however, palmar $ 4 
i 

skin conductance and heart rate successfully distinguished between the 

t e s t  conditions. MacNeilage further observed t h a t  the widespread EEG 

changes reported for other studies might be more the product of 

mechanisms of response than the subtlety of information proces~ing.~ 

Liske, Hughes, and Stowe (1967) reported normative data for . 

human a1 pha product ion. Electroencephalographic sca1 p recordings were 

coll ected from homologous P3-O1 and Pq-Op locations. A total of 4r ' 
. 

male subjects participated; a l l  wer ht-handed except for two 

subjects (hand preference was d ined by history and motor demon- 

stration). The subjects were placed i n  a sound attenuated room, 

supine, with eyes closed; they were instructed t o  remain a le r t  b u t  
t 

re1 axed. High resolution EEG correl ograms were genkrated that analyzed 
1 

block epochs o f  150 seconds. For 24 subjects, the results indicated 
-- -- -- - -- - - 

that there was a definite phase lead i n  alpha production from the r i g h t  
- 

hemisphere; the r e m a i n i n g  18 subjects demonstrated a definite l e f t  

hemisphere 1 ead in alpha production. The average phase shi f t  was .83 

mil 1 iseconds t o  the right; individllal ghifts ranged from;4 millisecond~s 



from the left hemisphere and 7 milliseconds from the right hemisphere. 

For no subject did the left hemisphere ever lead by as much as the, - 
/ 

right hemi sphere. 

Hoovey , Heinemann, and Creutzfeldt (1972) performed auto- and 

cross-correlational analyses upon ongoing alpha.activity. Two' 
I 

- h a m o ~ o g o u s s c ~ ~ o c b t l i o n s f r o m O ~ ~ a n d ~ 2 2 ~ ~ e r e  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- 
?-. 

A hemispheric latency differences for peaks of alpha waves varied between ' 

2.5 mill iseconds. Individual differences ranged from +20 to -20 

mi 1 1  iseconds. Correlations* between the hemispheres ranged from +. 14 

to +.80. t 

Bakan and Svorad (1969) demonstrated a relation between the 

amount of hemispheric a1 pha produced and lateral eye movements. When - 
a person was asked a question, a conjugate lateral movement of the eyes 

either to the left or to the right usually occurrbd. 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- 
I 

ment was consistent and characteristic for that individual. Persons % 

D 

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

tendencies to internalize subjective experiences, whereas persons that 

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

an external focus of  attention. In their study, lateral 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 



fl  

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

recordings were collected from the frontal and occipital locations irom .A 

resting subjects. Ongoing alpha activity of a minimum ampl itude was 

used to drive a cbunter-timer for a perio'd of 100 seconds. The first 

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

registered alpha production in eight separate periods (each of 100 
* 

seconds duration). Results for the first session showed that left- *J 
movers (right hemisphere dominant) produced 68.9% a1 pha in contrast to 

right-movers (1 eft hemi sphere dominant) who produced 28.1%. For the 
t 

second session, 1 eft -movers averaged 51.9% and the right-movers 

averaged 20.4%. 

Martinius and Hoovey (1972) investigated bilateral occipital 

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

i sons of hemisphe& activity were made for resting and attentive 

states. The children showed a synchronous distribution of phase 
7- 

differences that ranged in 1 atency from 1 to 10 mil l iseconds. No 

consistent trends between age and phase synchrony were found. When 

compared to adult activity, children demonstrated a wider range of 

phase dHferences; the experimenters attributed this to the relative 

instability of alpha frequencies in this ageAgroup. 
TZ 

~eshreland and Klass (1971) recorded alpha activity from 15 
T 

- -- - - 

patients with tempraf lesions. Nith eyes closed, an asymnetrical 
1 

v 

attenuation of alpha was observed during arithmetic calculatlin% wrth 

eyes open, 12 of the 15 patients showed bilateral decreases in alpha 

ampl itude. The a7pha attenuation effects were observed on the side 

involving the lesion. 



-. 

With alpha ratios of 2 : l  

examined the qi ni cal correl ates 
spheric asymnetries.' For the 38 

' 4  

- - - -- - - -- 7 
- -- -- 

or more, Jaffe and Lusins (1971) 

of patients exhibiting large hemi- 

cases studied, the amp1 i tude 

asymnetries were found predominantly over the right hemisphere. There 

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

the side exhibiting the greater amplitude. - - - 

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

hemispheric differences for verbal and nonverbal tasks after electro- 
\ 

convul sive shock treatment (€ST). Neurologically normal right-handed 

female patients received either left, right, 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 nbnverbal. 
& .  

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

with right EST performed more poorly on the nonverbal than on the . 
-+ 

i verbal task. Subjects that received bilateral EST showed the greatest 

performance decrement in both the verbal and nonverbal tasks. 

Giannitrapani (1972) studied t$y EEG topogbaphic distribution 

in left and right preferent subjects. A frequency analysis 

(1 - 34 cps) for subjects resting, listening, and performing arithmetic 
calculat$ons showed that the temporal areas displayed the largest EEG 

differences. For a1 1 the frequencies tested, greater activity was 

right temporal - activity for left preferents. - 

An interesting note on the generation of alpha asymnetries was 

given by Leissner, Lindholm, and Petersen (1970). With ultrasonic 

techniques, these investigators examined sku1 1 thicknesses over the 



left and right hemispheres nof 80 selected cases. The indirect mqa- 
B 

surements showed that the left side was thicker for 52 of thk 80 cases 

than the right side; however, the remaining measurements indicated that 

skull thicknesses were larger on the right than left side. . Leissner 
et hl . (1970) suggested that the greater electrical ' resistance of the 
t h i cker ski1 p a E s  Eij, m a r t ,  mijimT for the-€€% -amp1 i t u d ~  -- 

differences between the hemispheres. 
3 

Lansing and Thomas in 1964 investigated the laterality of 

photic driving during binocular, monocular, and visual ha1 f-field 

stimulation. Driving 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 mid1 ine occipital 

locations from 24 male and female, subjects. Effective driving was 

defin2 as a difference of 10% between the hemispheres. The results 

indicated that for-most ybjects photic driv.ing was greater over the 

1 eft than right hemisphere regard1 ess of the mode of stimulatidn 

(binocul ar , monocul ar) or the frequency of stimulation. ~urther , the 

effects of photic drivjng and visual field stimulation were examined 

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

between driving and f ie1 d stimul ation were observed. The investigators 

ascribed the earlier lateralized driving to intrinsic cerebral factors 

that-were not coniectS w T t h d i r i ~ v i s u a ~ a t h w a y s ~ - - - -  

Final 'ty, Vo-, fe'fdste+t~, Atrams, Do~nbk,~rtd-mrink (L9tZ) -- - - - - 4 
8 investigated brain wave records of patients undergoing, bifronto- 

i < 
1 

temporal el ectroconvul sive shock treatment' (BIECT) and unilateral . ! 
I 

el ectroconvul sive treatment (UIECT). In addition to slowing background 5 



4 * - -----*--- 
- 
: 

EEG act ivi ty ,  shock treatment i s  usually accompanied by a general 

. deteriorationjnmemwp(funct>on. Thet_ransitoryeffectsofB/ECTcan 

be reduced by pl acing el e c t r  des unil ateral ly over the nondominant \ 
hemisphere. ' Standard bifrontal electrodes were used f &  B/ECT and 

r ight  temporo-parietal 1 ocations were used for U/ECT. El ectro- 

m~h&&aphk recwdings were col  Iectecl from 1 e f t  Fp-C, and right 

Fa-Cz scalp 1 ocations . The resul t s  indicated tha t  B/ECT treatment 

caused a slowing i n  the EEG (delta range) whfch was manifested 
r' 

predominately ov.er the 1 e f t  hemisphere. Right-sided U/ECT resulted - 

3 
in a slowing of- EEG ac t iv i ty  only on the right side. .In agreement 

' 4  with ear l ie r  studies u t i l iz ing  electroconvulsive shock therapy, the 

EEG slowing was found related to  the number of ECT treatments 

administered. 

Slow Scalp Potentials: The Contingent 
Negative Variation 

B 

Walter, Cooper, Aldridge, McCallum, and Winter (1964) provided 

the in i t i a l  impetus for  the experimental study- o f  slow scalp potentials 

in man. In the i r  original report ,  the expectancy wave (E-wave) or 

coritingeht negative vari i t ion ( C N V )  was recorded using DC or long tithe 

constant recordings i n  the interval (or empty period) of what appeared 

as a foreperiod reaction time (RT) task. The procedure used for 
- -- --- - - - - - - -  

e l ic i t ing  slow potentials was simply a warning stimulus (S1)mlowed  a 

1 
by an imperative stimulus (52) .  As long as the subTei3 WaasSattmrtive --A 

and responding, the characterisiic slow ~ h i f t i n ~ p a t t e r n  of the CNV 
* 

* 
was maintained. The genesis o f  CNV potentials appeared more dependent i 



on the infofination delivered to  the subject by the s lhp situation than 
& i f  

particuiar sfimulus parameters, sensory modal i t y ,  or c r i t i c a l  $1-S2 
, 

time interval.  When S2 was omitted a f t e r  a ser ies  of SI-S2 pairings, . 2s 

. . a gradual diminution of the CNV resulted, b u t  restoring S2 returned' . 
I - , 7" 

slow potential ac t iv i ty  t o  e a r l i e r  levels. Equivocal presentations of 

Walter (1967) found the CNV t o  be one of the most "consistent 
/ 

and predictable of human brain electogenesis" (p. 123). Amp1 itudes of 

the slow scalp recorded potentials averaged -20 PV (vertex referred t o  

mastoid) w i t h  a standard deviation - of 4 pV. . Comparisons of these scalp 
' 

recorded potentials with chronically imp1 anted intracerebral and sub- 

dural electrodes showed only. a t k f o l d  amplitude attenuation of the 

former over the l a t t e r .  The distribution of the CNV was b i la te ra l ly  

symnetrical with maximum amplitudes recorded from the frontal  and - 
central regions. The negative shif t ing developed about .5 seconds7 . 
a f t e r  the onset of S1 and was sustained for  over 20 seconds i n  

4 

motivated subjects. Hal t e r ,  Cooper, Crow, McCall urn, Warren, ,A1 dridge, 

Van Leewen, and Kamp (1967) were able to  record slow potenti 1 ac t iv i ty  P 
from telemeter& subjects outside the normal laboratory set t ing.  

Additional CNV data f ro  bjects w i t h  implqnted intracerebral - 
el ectrodes were reported by ~ a \ e r  (1969). 

diff&rerit".individua?s by the rising pprtion of - - - -  L _  -- 

W i a t e l y  follows the S1 stimulus. A quick r i s e  the nega,tive , 
O . ,  

wav& called a f ~ y p e  A CW, has been contrasted to  .a slow or ramp-1 i ke . 

growth of negativity, called a Type B CNY (Tecce, 1972). T h e  slow A -  * 
/ 

' i .  . .. , 

. - 
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putenttal is sustained between the-S1-S2 intervalG until  a response is 
. . < - 

t 
made to s2. The return or  resolution of the CNV t o  prestimulation 

FI 

levels was reported to  be bi la te ra l ly  symmetrical even though a motor 
. . t 

-or mental response was sometimes required of-the subject (Lombroso, - 
i 

1969). Cooper, &Call um, end ~ a ~ a k o s t o ~ o u l o s  Note 2 )  considered tha t  ,, . 1 
the CNV si tuat ion represented a subject stat; of active involvement and - -. 

was compared t o  passive or semiautomatic response s t a t e s ;  they proposed 
Z +  

9 

the use of !'scopeuticU and "categoric" to  descri bg; respectively, these . - 

m f e r e n t  and separate subject s t a t e s .  . - .  
'Since the-generation of a CNV normally invo 

response by the subject, many experimenters thought 

m t o r  responses were essential cwnpon&ts or actual 
. - - ~ I .  

% - 

#' 
- $  

lved a motor a 

that  premo$or and 

el ements of the CNV , 

, .  - waveform. slow potential ac t i  y i t y  has  been recorded, however, i n  an 

Sl,-Si interval gven though no overt respons'e was required from the 
1 

( - .subject a t  t h e  irnpeiative stimulus (Donchin,. ~ ~ r b r a n d t ,  Leifer, & 

- .  Tucker, 1973). When a- correlational recognition technique was applied + 
5 

t o  t N V  waveforms, .normal slow pqtential ac t iv i ty  was observed to. occur 

even* in-The absence o f  s2 (weinbe&, Wal fer ,  Cooper, & Aldridge, 1974). 

  hat an expl ic i t  disk was not.mandatory in.generattng a, CNV was demon- 
> - ' s 

2 .  

strated by & r v i  i h&to'.&d ~ r ~ h s t o r f h .  (1973). One xperimental 8 
condition.simply presented subjects with 80 dB tone bursts (1-second . 

duratioh) a t  regular in te rva ls ;  a reverse condition - - - presented - a contin- 

uo'us tone regularly interrupted hy I-second pauses. In both instances. 

and without further instructions to the subjects, CNV-1 i ke -ac t iv t ty  

developed for both tone bursts w r d  tone tauses. .Amp1 i tude measurements 

could not distinguish between the tk.experirr&ntal conditions. 



- - - - - -- - 

- -53 
1 

Response variEbfes have been demonstrated to have an active 

Cf the CNV,. For example, if S2 was modified so that the 
Y -  

subject's response terminated a series of repetitive flashes or clicks, 

the CNVs generated were generally of 1 arger magnitude. The activeu 

termination of S2 by the subject also produced faster reaction times. 

Peters, Knott, Miller, Van VeenA and Cohen (1970) theorized that the - 

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

feedback information to the subject. In support of P e t ~ s  et al., 

Karrer, Kohn ; and Tvins (1973) found that if res~onding was ineffective 

in terminating an S2 tone, CNV ampl j tudes were reduced. When con- 

ditions promoted subject uncertainty by-shifting to a situation where 

S2 occurred only half the time, CNV ampl itudes were increased. 
t ,* 

Wilkinson and Spence (1973) examined the resolution of the CNV after 

S2 to determine if the return to baseline (or be]&) was the result 

of some overt movement response or some decision process. Neither the 
$r 

response nor decision process was found to be necessary in resolving 

the CNV to baseline levels. 

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

, age ranges. J. Cohen (4970) studied the develo6ent of the CNV for 

different maturational stages. Recordings fcom frontal, central, and 

posterior regions were collected from 65 children and adolescents 
5 

ranging in age frpm 5 t o  18 years. Compared to adult forms, slow 
t 

potentials from an early age group - were of lower amp1 - 
2 

we1 1 developed. The ampl itude of the CNV increased w 

,reached a maximum by 16 - 18 years. In addition, the 
? 

bution o f  the *slow wave was more prominent 7n frontal 
i 

ith a g e s  

spatial distri- 

and central 



regions with increased age levels. Low and Stoilen (1973) found we1 1 
CI 't *. 

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

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

the records that displayed EEG asymnetrie;, lower CNV activity was 

found over th&@normal side but not consistently. Papini and Zappoli 

(1973) found some cfii7dren exhibiting a "tent-like" CNV at ages 
??F 

5.5 - 7 years that changed ht 8 years to include a brief plateau 
midway in the slow potential . Gull ickson (1973) succeeded in recording 

I 

CNV activity from three-year-olds with the use of novel and more 

interesting S1 and S2 stimuli. The warning stimulus (S1) consisted of . 

a glide tone (that moved'from 500 - 1000 Hz in 1 second) followed by 
\ 

either a 2-second presentatfon wf a two-color nonmoving visual pattern 

(S2) or a 2-second presentation of a multicolor kaleidoscopic pattern 

( S 2 ) .  The young subjects showed more attention to the moving pattern 

and exhibited CNVs that resembled both adult form and amp1 itude. 

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 
\ 

(Hate 3) to have greater positivity in an S1-S~-S3 slow wave paradigm 
than normals in the same situation. The greater positivity was related 

to the genera!ly deficient attention span usually attributed to aphasic 

hyperactive subjects displayed greatly reduced CNV activity (Andreasen, 
1L 

& 

Peters, & Knott, Note 4). For a discussion of the variys experimental 
S 

findings investiga%ng developmental stages and aspects of the CNV, a 
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review was presented by J .  Cohen (1973b). 
I 

The ea r l i e r  reported bilateral  distribution of the C N V  was 

further examined i n  s p l i t  brain subjects by Hillyard (1973) i n  collab- 

oration w i t h  M. S. <Gazzan*iga. These investigators attempted to  a1 t e r  

the normal symnetry of the CqV by flashing a warning stimulus (S1) t o  

only one hemisphere followed by another signal ( S 2 )  t o  respond (or not 

-1. T h e  restlUc W c a t  *&at , no matter wkich hemi-sphere-wss % 
warned, the CNY amp1 itudes ovek both hemispheres were the same -. 
regard1 ess of &ch hand responded. H i  1 lyard specul ated tha t .  the 

bilateral  natur of the CNV m i g h t  be due to  the corTnections of some Y diffuse brainstem mechanism, e.g., the thalamus, equally serving both 
/' 

hemi spheres. 

~ n t e r e s t m h e  real and extraneous generators of the C N V ,  
% 

t 

Hillyard and Galambos (1970) deliberately introduced upward and down- 
%\ 

ward eye movements between the S1-% interval t o  assess quantitatively 
\ ', 

the contribution of eye contamination t o  slow potential records. The 

experiment was designed so that  the subject moved his eyes t o  e i ther  

upward or downward positions i n  the S1-S2 interval.  .. The investf gators 

found that  upward and downward movements produced unequal potential * 
s h i f t s  a t  the vertex recording s i t e .  In e f fec t ,  downward eye movements 

were sup~rimposed on the CNY shift ,  whereas upward eye movements 

reduced CNV shift ing. Additionally, in an eyes-c1Ked condition, there 

that cmtributed about 23% or -6.4 YV t o  thepkv.  McCallum and Walter 
I 

(1968) have e lec t r ica l ly  referred the vertex t o  linked frontal-mastoids 

i n  order t o  compensate for ocular potentials d u r i n g  slow potential 



recording. Papakostopoulos, Winter, and Newton (1973) have used a 

mechanical transducer attached to the eye1 id to determine the 

occurrence of eye movements. Most experimenters have adopted some 
---. 

plan or rationalk to reject those CNV trials which are obviously 

contaminated by eye movement and/or ocular potentials. 

As mentioned earlier, a necessary elemerrt in eliciting a 
- -  -- - - - - - -- 

CNV-type shift was the subject!~ response to S2 or some equiva1en.t. 

The readiness potential (RP) , reported initial ly by Kornhuber and 
+. 

Deeke (1965), was recwded as a slow negative shift that preceded a 

motor response. Befker , Iwase, ~ur~ens, and. Kornhuber (Note 5) have 

distinguished two types of RP based upon thebkind of motor response 

required of the subject. For short ballistic movements or jerks, RPs 

were observed to start approximately .8 seconds prior to the actual 

movement; for slow movements, however, RPs preceded movement by approx- 

imately'l.3 seconds. When readiness potentials were recorded from the 

vertex, ge erally larger potentials were generated by the faster 1 
movements than by the slower movements. In addition to simple motor 

parameters, the amp1 idde of the RP has been varied by different 

motivational states (McAdam & Seales, 1969) Lnd with experimental 

si tuatfons that required perceptual accuracy (McAdam & Rubin, 1971). 

Rubin and FdcAdam (1972) studied RPs from central, frontal, and temporal 

scalp sites in an experiment that involved recall. In a.pretesting 
- - - -- - - - -- 

3 - 
session, n a list of c m n  English words to study. , 

-- - - -- - 

from the list along with other words were 

tachistoscopical ly presented. The subjects simply decided if the words 

flashed during testing were on the word list or not; they classiffed 



d their responses as "sure" (categories 7 - 9) or "not sure" (categories 
\ 

4 - 6). When the subject decided on a category rating, a button was 

pressed to indicate the response; a few seconds later, the subject 

responded verbally. Base1 ine 1 eve1 s of scalp activity were determined , 

over the period preceding stimulus onset. The RP was measured as the 

. 
difference between baseline and the averaged amplitude of the signal 

L1 
- - - -- -- 

before the button press. Results for the vertex recording site showed 

no significant RPs for either the sure or not sure ratings. When 

waveform deflections during the earl ier middle third of the averaging 

interval were scored, however, 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; significant RP - 

t 

and positive RP differences were found for 4 - 6 responses (not sure); 
lastly, significant RPs were found for 7 - 9 (sure) and 4 - 6 (not * 

sure) responses. The investigators concluded that temporal scalp sites 

successfully distinguished between subjectively certain and uncertain 

. events. Further, they ruled out the influences of motivation, 

activat'ion, 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 amp1 itudes between categories, 

and (c) no significant response-differences (RPs) were obs&ved arthe 

. vertex. From an earlier study in which subjects initiated S1 in 

a CNV discrimination task, it was found by the investigators that. 
1 



the RP preceding the S1 button press was a rel iable  index of subsequent 
U 

correctnes; or incorrectness. The CNVs,  however, were of the same %- 

- amplitude whether the subject was certain of his answer or correct but 

doubtful; CNV amplitudes were s l ight ly  reduced in subjects with no idea 

as to  the i r  performance. . .  

Picton and Low (1971) were able t o  a l t e r  experimentally the 
- - -  - - -  - L -  - - - - - - -  shape of t h e .  CNV w i t h  a s e r i e s  of discrimination tasks tha t  ranged i n  

d i f f icu l ty  from easy to  'very hard. They discovered tha t  V resolution B 
a t  S2 was witheld when feedback information concerning the correctness . - 'a. 7 

7 

of the response was provkled. The moment stimulus information was 6 ' 

given, however, the s l  hift ing returned t o  previous basel ine 1 eve1 s. 

When S1 indicated to  subjects that  a difficult-to-detect S i  was about 

t o  occur, a larger CNV was generated than when S1 signaled an easier- 

to-detect Sq (Rebert, EkAdam, Knott; & Irwin, 1967). A pitch dis- 

crimination task $hat use$ the :CMV paradigm was given to  subjects by 
1 

Del se ,  Marsh, and Thompson (1972). The experimental s i tuat ion 

presented a tone burst a t  S1 which was compared t o  another- tone burst 

of higher p l o w e r  frequency a t  S 2 .  Recordings from -the vertex 
I 

indicated that  females had larger CNV areas fo r  the easy than for the 

close or d i f f  icul't discrimination task; however, task d i f f icu l ty  had no 

effect  on CNVs generated by the males. 

McCall urn and Papakostopoul os (1972) postul ated tha t  anomal ies  
- - -  - 

-- -- --- -- 

I n  the shape of the CNV might be-at t r i  butable t o  the type of ht0r 

response required o f  the subject. To t e s t  the e f w c t s  oT-motor 

ac t iv i ty  on C N V  genesis, subjects were tested on three methods of 

responding., In condition I ,  the subject pressed a button a t  S2 t o  - 



5 9 - - - - - - - - -- - -- - - 
terminate flashes; in Condition 2, the subject pressed the button at 

S1 throughout the interval until the occurrence of S2; in Condition 3, 

the subject kept the button down all the time and relepsed it only to "* 

'terminate flashes at S2. The amp1 itudes for the vertex (C,) CNVs in 

Condition 2 fell substantially (about 50%) below Condition 1. The mean 

CNV amp1 itudes for Condition 3 were the same as for Condition 1 except 
- - L - p -  -- - p- - - - - - - - - - 

that Condition 3 showed greater waveform variability. The inves- . - tigators concluded that a sustained motor activity-had no detrimental 

effect3 on the CNV, but a motor response in the Sl-S2 interval (as I Y? 
Condition 2) had the marked effect of inhibiting development of the 

CNV. 

From 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, 

mobil ization-to-act, and preparation set. This latter construct, 

preparation set, was investigated by Low, Frost, Maul sby , and McSherry 

(1968). In their experiment, subjects were required to respond at S 2  

with a specific force (hand plunger); the amount by which the subject 

was to respond was indicated at S1. It was found that the slow 

J shifting between s1 and S2 increased in magnitude (area measure) with 

the force required to make the response; the CNVs generated were 

additive with force but not linearly. 

The similarity bepeen the orienting response andpthe occur- 
i 

rence of the S1 stimulus 'was brought to our attention by Kohn, Holy, 

Gull ickson, and Griffith (1971). Thresholds, psychophysically 

7 
i 



determined, have been shown to decrease after a warning signal . Kohn 

et a1. made monocular visual threshold determinatfons in and'out of a 
a 

CNV-type situation. Scalp recordings from F,, CZ, 01, and O2 sites 

were taken during threshold tests. The overall results indicated that 

slow potential shifts were of small amplitude or were absent. 

Averaged waveforms showed no correlation of the CNV with threshold 'I 
- - - A -- - - -- - - - - --- -- -- - - - - - - - - ---A-p 

levels. It should be noted, however, that no significant threshold 

changes occurred during the testing periods. A pure tone of adjust- - 
' able intensity was used for audiometric testing by Prevec, Lokar, and 

Cernel c-Dul arjeva (1973). For the patients that were tested, CNVs 

developed only at those times when the tones were clearly perceived. 

Based experimentally on varying S1-Sp 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 S1 and (b) a second response unrelated by 4 

* 

time to S1 but which occurred in anticipation of S2. After further 

experimentation, the distribution of the earlier response appeared to 
A 

be frontally dominant (Loveless, Note 6). Blowers, Ongley, and Shaw 

(1973) canpared the expectancies produced by S1-S2 intervals (1, 3, 5, 

7, & 10 seconds) presented separately in massed blocks of trials i 

against the randw presentation of each of the time intervals. 
1 

Although there was a significant intervals effect, averages from DC 
- - - - - -- -- - - - - 

recordings showed no amplitude differences between the two ~resiitation * 

2 

methods. 

Somatic variables have been implicated in CNV generation. 
i 

! 

Gullickson and Darrow (1973) examined the influence of respiratory 

% 

* 



cycles on slow potential changes i n  a CNV paradigm. Slow potential 

t r i a l s  were presented *randomly during respiration cycles. From a 

vertex recording s i t e ,  larger CNV-like sh i f t s  were observed when S1 

coincided w i t h  the s ta r t ing  phases of inspiration. In contrast ,  a 

positive shift ing was observed with expiration a t  S1 that  lowered slow 

wave 'xt ivi ty .  -- A t  variance with the findings of Gull ickson and Darrow 
- - -  - -  - 

-- 

' 
were the resul ts  of Papakostopoulos and McCa1 1um (1973). Mu1 tichannel 

\ 

recordCngs from various autonomic measures failed t o  show any re1 a- 

tionship w f t h  €NV activ-ity (except heart ra te )  including respiration. - 

Lacey and Lacey (1973) found a phasic bradycardia or  cardiac decel- 

eration of 2 - 3 beats per minute with the intention to  respond and ,. 

indexed simultaneously by the C N V .  Some accentuation of the dicrot ic  

wave (as recorded by photoplethysmogram) has been noted para1 1el i n g  a 

CNV ~" i tua t ion  (Zappol i ,  Papini , Cabras, Benuenuti, & Binazzl ; 1973). . . 

\ 

Pupil lary Responses and the CNV 

For the most part ,  early attention to  autonomic ac t iv i ty  was 

restr ic ted t o  separating the CNV from other readily recorded and 

possibly contaminating events, e .g . ,  GSR, skin potentials,  e tc .  (see 

Low, Borda, Frost, & Kel laway, 1966). From the resu l t s  of RT studies,  : 

Papakostopoul os (1973) was able t o  infer that  there may be some 

relationship between pupil ac t iv i ty  and the genesis of slow potentials. 3 

.. - 
Indeed, some i foF%aT~isGT 5bieFvafiEs-bj  bythis wr i t e r  ind ik ted '  A 

- - 

myd~iasis dorfng EtlV rituatim. i&fore, a brief exp;e~TmmT m s  

carried o u t  to  verify the observed changes in pupil dtameter during a 

typical slow potential record-ing session. 



Pupil 1 ary apparatus. Pupil act ivi ty  was recorded w i t h  a 

portable Sony videotape u n i t .  A special camera attachment was con- 

structed t o  capture the image of the pupil. A front-surfaced mirror 

and fixed magnifying lens were structural ly supported 8 inches (20.3 

cm) beyond the lens mount  from an adaptor ring. The mirror arrangement 

was oriented diagonally to  the optical axis of the camera so tha t  an 
- - -  - --- -- - - - - -4 PL -- A~ -- - - - 

image of the eye could be "picked off" and not obscure the f ie ld  of the 

l e f t  eye. A wide-angle Macro-Switar (26 mn) 1 ens and extension tube 

enabled the focused image of the eye to  f i l l  the screen of the reflex 

monitor. \ 

C 

Subjects and recording methods. Four paid male volunteers 

served as subjects. Silver/silver-chlorided electrodes recorded scalp 1 
J ac t iv i ty  from the vertex (CZ) referred to  1 in mastoids. Inter- 

electrode impedances were reduced t o  3.OK ohms by tapped s k i n  abrasion. 
" 

The EEG ac t iv i ty  was amplified by an 8-channel ~lema-~chonander 

Mingograf recorder with 5.0-second time constants and upper cutoff 

frequencies se t  a t  30 Hz. Amplifier outputs were digit ized on-line 

(1024 points/channel) by an HP 2116B computer. A data averaging 

program collected and displ a y d  single t r i a l s  before entering a 

permanent disc average. (The reader i s  refer  ed t o  l a t e r  chapters for  
a 3 

a more complete description of the laboratory environment and data 

collection network.) 
- - - -- - - pP- - 

An average of-16 CHV t r i a l s  was co l lec ted  fo r  each subject; 
P- p- - - - - 

pupi 1 ac t iv i ty  was recorded continuously throughout each of the 

experimental sessions. For the purpose of determining a baseline for  

the CHV t r i a l s ,  the manually issued s t a r t  comnand began signal 



j ig i t iza t ion  200 mil 1 iseconds before the onset of S1; the to ta l  sweep 

time fo r  each t r i a l  was 3.5 seconds. 

After electrode preparation, the subject was escorted into a 
% cubicle and placed on a bed adjusted t o  view a fixation point direct ly  

ahead. A pillow was used toqmake the final head adjustments while the 

camera _apparatus was moved ln to  place to record- pup i 14aryaettiv i4y .--- - 
-b 

Overhead fluorescent l i g h t i n g  provided suff ic ient  illumination and 

picture contrast t o  record the i r i s  of the eye but without the l ight  

of the raqm direct ly  entering the subject ' s  eyes. Eye movements by 

the sudject webre observed outside the chamber on a monitor 1 inked t o  

the recording camera. 

Since a1 1 the ' sub jec t rhad  participated i n CNV experimentation 

and had displayed normal slow potential ac t iv i ty ,  only one condition' 

was admini stered t o  each' subject. A standard S 1 4 2  configuration 

dsted of a brief tone p i p  (S1) followed 2.0 seconds l a t e r  by cl icks -rL 
4 

(S2). The subject ' s  task was t o  terminate the cl  icks by b u t t ~ n  press 

as  soon as they sounded. The stimuli were delivered through loud- 

speakers a t  levels of approximatelys65 - 70 dB r e  20 vN/m2.  The audio 

track of the video recorder picked up the S1-S2 stimuli. 

P u p i l  measurements, resu l t s ,  and discussion. After exiarnining. 

the tape resu l t s ,  i t  k s  decided to  sample pupil diameters every 200 . 

m i  11 i seconds s t a r t ing  a t  S E a ~ l m i n g  tw+per-i&-2. 0 seeeflfts-----~-- 

a f t e r  S2 for  each'of the 16 a c c e p h  CNN t r i a l s .  T k 4 r i g b n a l p p i l  

ac t iv i ty  was retaped w i t h  a brief flash (LED)  marking the sampling ' 
i 

periods and triggered from the original S1 stimulus. Pupil diameters 

were then direct ly  measured from a large screen monitor by manually 



advancing the tape to positions marked by the flash onsets. Addition- . 
a1 ly, five measurements estimating a 1-second period befo;e the onset, 

% 

of S1 were collected. Each of the separate data points was then 

' averaged over the 16 -trials.' From the first five points an overall 
\ .- 

mean was calculated which served as the baseline for computing 

percentage changes in papit diameter% M o r e ,  durihgc m c h f t e r t h e  -- 
b 

S1-S2 interval. Pupil activity as we1 1 as the corresp0ndin.g CNV are 

shown for subject J. L. in Figure-I. Clearly,! the initial increases 

in pupil diameter after S1 the upswing in negativity at the 

vertex. The relative dilation was maintained steadily until S2, where 

further dilation can be observed*following the button hsponse'. From 

t%e video recordings, pupil dilation gave way to the constriction of 

baseline levels but only after severaP seconds elapsed; the sustained 

dilation after S2 is in marked contrast to the prompt return to 

base1 ine for the CNV.n The other three subjects showed a similar 
s. 

dilation pattern. The pupil records suggest that the balance of 
-r 

sympathetic (di 1 ation) and. parasympathetic (constriction) activity was, 

at least in part, temporarily altered during and after the CNV 

interval. Any further interpretation of pupil activity in the CNV 

paradigm would have to include factors known to influence pupil 

diameters, e.g., fixation, lighting, motor responding, etc. (Hess, - 
\ 

1972) . - - -  -- 

/' 
- - - -  

Cortiwl States and the CNV . 
1 

The slow negative shifting exemplified in the CNV paradigm may 

be 1 inked to a massive dendri tic hyperpolarization covering 1 arge areas 
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of the cortex. Indeed, McAd$m (1969) interpreted slow potential sh i f t s  

y , .  as increased exc i tab i l i ty  i n  the central nernous system. McAdam tested - 

t h i s  hypothesis by using. the 1 ateQ,components of the somatosensory 

evoked response t o  index e x * 6 a b i l  , , i ty .  Evoked response latencies.  t o  

shock stimul i injected.. in the CNV *interval were shorter than evoked 
/' 

& .  

a responses ' recorded outside the paradigm. The fas te r  resolution of the 
- - - -  - -- - - - - -- -- - - 

evoked response components was attributed to  -the increased cortical  

exc i tab i l i ty  during the period of incfeased sca lp  negativity. 

In order to  investigate further the cortical  exc i tab i l i ty  

theory, Bevan (1971) reported tha t  the- ampi'i tude of t6e spontaneous EEG , 

was greatly reduced i n  t e s t s  with deep sea divers. Congruently, 

i n i t i a l  negative and positive deflections of the auditory evoke$- 

response were greatly attenuated a t  deep diving depths. As a possible 

explanation for  the differences i n  both tbe EEG and AER,  Bevan 

theorized that  signals frwn the . re t icular  activating system (RAS) were - ,= 

e i ther  reduced or blocked under the abnormal pressure cbnditions. If 

the CNV was dependent u s n  the RAS, slow potentials under 'divingc con-- - .  

ditions may show attenuation effects  similar to  those found f o r  the EEG 

and AER. The resu l t s  from 13 divers indicated tha t  no sighificant 

changes in the CHV occ"rred a t  

evidence, Bevan suggested that  

direct ly  dependent on the RAS. 

deep  sea pressures. Based on th i s  
- 

g'enerators of the CNV may not- be- 

~aitoh"and Johnson (1972) sttdied the . 
- - - - - - - -- 
s t a t e  on the CNV by hepriving .subjects 

of  normal sleep patterns. A h i g h  or low tone ( S 1 ) ~ s f o l l o ~ d  4 

seconds l a t e r  by a low tone ( S 2 ) .  The subject 's  task was t o  terminate 

S2 as quickly as possible i f  S1 ws a low tone. Subjects were tested 



68 
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af te r  three consecutive {ights of sleep deprivation (no REM or slow 

wave sleep),  rest ing,  and then tested af ter 'one night of total  sleep 

deprivation. A1 1 subjects had stab1 e an I/' discriminabl e CNVs d u r i n g  

control periods. After three nights of sleep depriyation there was 

- marked decreqse i n  the amplitude of the ' C N V ;  a f t e r  one n i g h t  of total  

sleep deprivation there was an even furthe;: decrease i n  CNV amplitude. 

T h e  CW appear& tv sueces+futly disfinguish d i f fe rent  l evelr o f  ' 

wakefulness. However, i t  should be noted that  slow negative s h i f t s  . 

have been recorded from patients i n  coma (Dolce & Sannita, 1973) and 

during epileptic discharge (Bostwn & Delaunoy, Note 7 ) .  The effects  of 
- 1 .  

amphetamine-were found t o  increase CNV act ivi ty;  however, ' for  subjects 
.J 

- that  d i d  not show the usual arousal, from the d r u g ,  CMV ac t iv i ty  was 
* - 

reduced (Tecce & Cole, Note 8) .  The intake of aleoh01 (-6 mg/l) had . - 

the marked ef fec t  of reducing CNV potentials; intake a t -  higher levels 

(1.1 mg/l ) abolished slow wave ac t iv i ty  (~eaumanoir, '  Ball i s ,  ~ a h o r i ,  . 
- .  & Genies, 1974). . -. 

kebert , Oerry, .an'd Her1 o (Note 9) observed tha t  muscle tension ' ' 
0 

has been used to  a l t e r  experdmentally the arousal level i n  subjects. - . - 
They hypothesized that  i f  induced muscle tension i a s .  introduced between 

' &  

CNV t r i a l s ,  the transient increase in arousal 1 eve1 might- a1 so enhance 
0 . . -  

CNV ac t iv i ty .  In the i r  experi-mnt, induced muscle tension consisted of 
_. 

l i f t i n g  a hand car r ie r  with ei ther  0 ,  15, 30, or 45 pound weights; the 
" .  

0 and 15 pound 1 eve1 s ,  b u t  a marked increase i n  C W  ac t iv i ty  was 
.. 

observed a t -  the 30 and 45 pound levels.  . - 
* 



The Reaction Time Paradigm 
f 

Hi1 1 yard (1969) invest4ated / the relatibnship between RTs and 

CNVs over a long ser ies  of t r i a l s .  Subjects terminated a tone (SZ) 

preceded by a so l i ta ry  warning cl ick (S1). In computing CNV ampli- \ 

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

"tCNV" was obtained. The EEG act ivi ty  from tape recorded sessions was 
- - - - + - -  

averaged for the f a s t e s t  RTs, next f a s t e s t ;  and so on. For half the 

subjects, tCNVs (vertex-tnasGid) were inversely related with RTs; for 

the remaining subjects,  however, the largest tCNVs were correlated w i t h  
, , 

the fas tes t  RTs. Obviously, no sing7e process such as cortical  priming 

or  exci tabi l i ty  by i t s e l f  could account for the disparate resul ts .  The 

t r i a l  - to- t r ia l  variabil i t y  from a host of si tuational variables (e.g. , 

f l  ~ t u a t i n g  e f fo r t  or pro1 onged responding), however, might indis- 

crimi nately have had deleterious or unknown effects  on the averaged 
I 

records. 

I Waszak a n d  Obrist (1969) ut i l ized a disjunctive RT task t o  

examine the ref ationship between motivational s t a t e s  and the generation 

of slow potentials. An analysis of vertex averages indicated that  the 
b 

fas tes t  RTs were accompanied by the largest CNVs. Evoked potentials t o  

il under instructed high motivation were significantly greater than 
1 

9 
under instructed low motivation; however, CNVs between motivational 

conditions d i d  not show ampl'itude differences. McAdam, Knott , and 
- - -  - - - - -- - -  ,g?-- 

Rebert (1969) performed two stud,ies i n  o'rder to  examine the eff  c t s  of t 
--- 

- f-- - - -- 

RT foreperiods on C N V  amplitudes. The paradigm involved a single C i c k  

as 51 and a ssingl e cl ick  as S 2 .  . Three different Sl-Sz intervals were 

used and simpl.e RTs t o  the onset of S2 were measured. The CNV 



amplitudes for the 800- and 1600-millisecond intervals were signif- 

icantly larger than for the 4800-millisecond interval ; there was no 

statistical difference between the 800- and 1600-millisecond 

amp1 itudes. Behavioral 1 y, subjects had faster RTs with the shorter 

intervals. Further, when subjects had to make a pretrial guess as to 

whether the interval between S1 and S 2  would be either short or long, 
7 - - - bi 

CNVs were complexly related to a function of the subject's own 

prediction, the actual outcome, and his level o f  certainty. For 

example, when subjects receivN an interval other than t h e  one they 

predicted, RTs were significantly slower. When short but equally 
"a) 

probabl e foreperiods (500 - 900 mil 1 iseconds) were used, Love1 ess 

(1973) found that CNV activity increased monotonically with foreperiod 

duration; RTs decreased with foreperiod duration. Gaillard and 

kitanen i 1973) concluded that overall CNV activity in a choice RT 

task paralleled the+preparedness to react to Si; in their study, 

however, amplitude measures made just prior to S2 only approximated 

the RTs to S2. Z 

Tueting and Sutton (Note 10) manipulated subject certainty and 
'2 

uncertainty in a FT task'. The experimental conditions were created by 

stimulus configuration and instructions to the'subject. With uncer- 

tainty, the P300 (at choice stimulus) and the CNV (prior to choice 

stimulc~s) amplitudes *re larger than wikh certainty of the situa-. 
- - - - - - - - -- -- -- 

In recording EEG and pupillary responses, Friedman, Hakerm, Sutton, 
+ - 

and F1 eiss (1973) found larger pupil lary dilations for experimentally 

produced uncertainty than for experimentally produced certainty. 

Karrer and Ivins (Note 11) varied the S1 stimulus in a CNV paradigm to 

X 



- - - - - - - ---- 
7 1 

be either auditory, tactual, pr both auditory and tactual. =$&in- 

istered to two groups of children, RTs were greatest for the corn pound^ 

S1 warning signal. In contra&, the auditory signal at 51 gave larger 

CNVs than either the tactual or the compound (auditory and tactual) 

presentation. McCallum and Papakostopoulos -(1973) found that neither - 
a sbg le  $rli-al analysts ROT if& weraged maiys i s  of &NV amp+ itudes---------- 

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 related (Donchin & 

Smith, 1970b). In the latter report, resolution of the CNV after S2 

was found to be approxi~tely 300 milliseconds. By manipulating the 

P300 with different subject tasks, Donchin and Smith found that 

relevant stimuli and late positivity were indeed related to the 

temporal resolution of the CNV. A corresponding temporal relationship 

was suggested for S1, since the slow po.tentia1 does not begin to 

develop until approximately 400 milliseconds after the onset of the 

warning stimulus (Reber~  & m t * ,  Sm). Fr#+&ie~%~wi tlr----- 
rp 
+ chronically indwell ing subdural electrodes, Papakostopoulos and Crow - 

(Note 12) verified the cerebral origin of ,the P300 and the CNV; in 

ddition, the two phenomena were found to originate from separate ---- --< 
neuronal systems. They a1 so concl uded that P300 phenomena represented 



a brain indicator of inhibitory act ivi ty .  Independent of any prepar- 

atory s e t ,  the P300 appeared t o  re f lec t  only the processing invoked by 

s t i w l u s  presentation (donchin, Ri t ter ,  Tueting, Kutas, & Heffley, 

Note 13).  

Animal Studies of Slow r- 

Potential SltW ing 
t 

-- - 

The f i r s t  evidence of CNV-1  ike slow potentials i n  animals came 

from monkeys (Low, Borda, & Kellaway, 1966). Rebert (1971) subjected 

macaque monkeys t o  a foreperiod reaction time task with recordings 

taken from various subcortical structures.  Areas demonstrating slow 
k 

potential changes that  para1 1 el ed the behavioral paradigm were 

generated in the caudate nucleus, midline thalamus, premotor and motor 

cortex. Rebert (1972) recorded slow potential sh i f t s  i n  s ix  macaque 

monkeys in a preparatory task with juice reinforcwnent. Slow potential 

changes ,were recorded from several nonspecific nuclei (negative 

shif t ing)  and subcoflical nuclei (posit ive sh i f t ing) .  The changes that 

occurred during training appeared more rapid in nonspecific than i n  

* specific projection nuclei. From more r&ent reports by Rebert (1973, 

Note 14) ,  recordings from stumptail ed monkeys showed negative, CNV-1 i ke 

potentials from the p r m t o r  cortex, mid1 ine thalamus, midl ine r e t i c -  

ular formation, and hypothalamus; simultaneously, positive potentials 

were ~ecwded f rorrt tkeewdate me%, p r e e p t ~ a r e a ~ ~ t t ~ - g y t ~ ~  - 

r 
and inferior thalarrms, -P - - -- - ! 

r' Under conditions that  altered a physiological drive s t a t e ,  

Borda (1970) manipulated appetit ive motivation in a group of rhesus 
? 

monkeys. The animals pressed a lever t o  receive a food pel le t  a f t e r  a 



warning signal. A t  l eas t  two slow negative s h i f t s  were observed over 

frontal and central s i t e s  during the interval between the signal and 

the lever press. W i t h  overtraining, central s h i f t s  maintained the i r  

amp1 itude, provided the subject sustained a high 1 we1 of performance. 

Borda, Habl i t z ,  and McSherry (Note 15) suggested tha t  slow potentials 

reflected both excitatory (depolarization of apical dendrites) and 
- - - -- -- - - -- 

inhibitory (hyperpol arizatxion of cell  somas) act ivi ty .  Non-neural 

elements, e.g. ,  vascular and gl ia l  , migh t  also be involved. When 

monkeys were used as subjects, Hablitz (1973) showed that  a significant 

relation existed between the slow wave distribution of cortical  , 

potentials and the type of reinforcement used. Nith ca ts ,  Skinner 

(1971) recorded slow negative s h i f t s  from frontal and central ,s i tes  in 

the early phases of a sensory-sensory conditioning paradigm. In the 

l a t e r  phases of the paradigm, cryogenic blockade in the infer ior  

thalarnic peduncle e i ther  completely abolished or greatly attenuated 

the slow shif t ing potentials.  For a 1 i terature  review and theoretical 

discussion of the work relating slow potential ac t iv i ty  to  the various , . 

animal studies,  the reader i s  referred to  Borda (1973). 

Cognitive Aspects of  HUM^ 
Slow Potential Shiftinq 

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

ferences do not appear t o  affect  slow wave act ivi ty .  W i t h  suitable 
- - - - - -  

epperimental manipulation, however, sex differences in the CHV can be 

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

that  f m l ' e s ,  i n  an exoerimental ly induced s t ress  s i tuat ion,  developed 

a significant decrease in C H V  act ivi ty  on response t r i a l s  and increased 



- - --- - - - - - - - -- 7 4  

CNV ac t iv i ty  on nonresponse t r i a l s ;  for males none of these CNV changes 

under stressful conditions were observed. In a prel imi nary report, 

Peters and Knott (Note 17) found post-S2 negativity was greater i n  

females than ma1 es on those t r i a l s  where feedback was- given and % 

anticipated. 

The effects  of wgni t ive  s t y l e s  and slow p o t e _ n t i a l s w e p p p p -  - 

investigated by Knott, Cohen, Van Veen, Miller, and Peters (1972) 

Field dependent (FD) and f ie ld  independent (FI ) subjects were subjected a 

to a low and high s t r e s s  reaction time paradigm recording vertex (Ci) 

CNVs, heart ra tes ,  and GSRs. I t  was hypothesized tha t  anxiety levels 
/ 

would be correlated with aspects of C N V  generation. Under the con- 

dit ions tested, FD subjects did not show CNV increases for low or h i g h  * . . 
s t ress  levels,  whereas FI subjects did show an increase. The other 

measures (heart r a t e ,  GSR) were not able t o  d i f fe rent ia te  between FD 

and FI classif icat ions.  

Subject s t ress  and 'anxiety my we1 1 af fec t  arousal level.  

Tecce and Hami 1 ton (1973) attempted t o  demonstrate that  slow wave 

ac t iv i ty ,  i n  terms of CNVs, was inversely related to  arousal. Support 

for  t h i s  l ine  o f  reasoning c m s  from the fact  that  dis t ract ion i n  the 

S1-S2 interval has b e n  shown to reduce CNV amplitude. I t  was assumed 

that  the additional attentional load imposed by the processing of these 

extra s t  i mu 1 i a1 SB accaunted for  t he--incr ea~~ed%~~sto~~.A1ong pppp 

another l ine, other studies have demonstrated that  1 owered - CNV - ac t iv i ty  -- 

was associated with heightened autonomic arousal. For the i r  study, 
k 

Tecce and Hamilton required subjects to  add - 7 ' s  aloud during S1-S2 

t r i a l s .  In addition t o  reaffirming the ear l ie r  mentioned effects  of 



distraction, the arithmetic task decreased CNV amp1 itudes and increased 

a. 

When n o m l  subjects were used, McAdam and Whitaker (1971a) 

.demonstrated that  readiness potentials recorded from the scalp were 

localized during language production. .Electrodes were placed over 

Broca ' s area on _the l e f t  hemisphere and m-trrasted to  a kernohgous --- - 

location on the r ight  hemisphere. For on6 condition, right-handed 
. i subjects vocalized a se t  of three- let ter  words that  started. with the 

l e t t e r  "k" or "p"; i n  a control condition, subjects in i t ia ted  muscular 

gestures that only imitated vocalization. The FM recordings of EEG 

ac t iv i ty  allowed analysis of e lectr ical  events that  occurred 1.5 

seconds before the response and .5  seconds through the response. The 

averaged responses t o  spoken words indicated tha t  larger ac t iv i ty  was 
- 

recorded over Broca's far than over ,the compariSon s i t e  on the right2 ? 
hemisphere; the control gestures,'on the other hand; produced bi la ter-  

.ally symnetrical records. . Some of the slow potentials in the speech 

task were observed to  occur as much as one second before the actual 

response. MorreT and Huntington (y971) have c r i  t icized+the McAdam and 

Whitiker report on the bases of the imprecisness of voice'triggering 

and the possible contamination of EEG potentials by EFtG act ivi ty .  A 

reply was given by McAdam and Whitaker (1971b) standing by the i r  

ear l ie r  resul ts .  L e f n r d  LaffcLnL Sawage, & ~ b c s s e ~ - ~ 9 7 3 - ) - k t t t &  

voluntary movements made a f t e r  a stimulus were f o l l ~ o ~ ~ b ~ ~  long - 

latency negative wave t h a t  resembled the C N V .  A bilateral .  distribution -. 
o f  the slow~wave was found for rover;ien& that included f i s t  clenching, 

4 

tongue-cheek movements, and word evocation. C 



J .  Cohen (1971) reported that  singly presented .semantic or 

pictorial  stimuli were followed by a slow wave shif t ing.  In a C N V  

paradigm, C'ohen visually presented a word or object tha t  was -named by * 

the subject. There was 'no difference in CNV shape or 

the subject anticipated words or objects p t  threshold 

Cohen also noted that the amlittldes of the CNY-s~ere 

greater for  correctly identified words o r  pictures.  

CNV and Cl inical ly  Related 4 

Patient Groups 

1 

magnitude when 

exposures. 

A few c1 inical reports have demonstrated the botent ia l  useful - * 

ness of the C N V  in different iat ing levels of verbal comprehension. For 
'--d 

example, Burian, Gestring , Gl o n i ~ g ,  and Haider (1971) reported a sing1 e 

case where recovery frwn aphasia corresponded with a simultaneous 

reappearance of the CNV. In 'another example, Fenel on (1968) reported 

the case of a six-year-old dyslexic child and the generation of slow 

potentials. Using CNV trigrams to  e l i c i t  associations to  real wordf, 
-* 

no C N V  was dedcted in the S1-S2 interval for  the dyslexic subject. 

For mental retardates,  ~ a r r e ;  and Ivins (Note 18) reported differences 

i n  the timing of the slow potential and in slow potential t~pography.~  
I * 

When patients w i t h  known brain lesions were used as subjects, 

McCall um, Walter, Winter, Scotton, and Cumnins (1970) recorded clear  
I 

a s m t  r i e z  i n  tht f o m  and_mp3-i_twde _ a f _ t  heeCCNV. ThNemostgeneral  

observation made from the patients was that  there was a - marked - - - decrease _ -- -- - 

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

t igators  noted that for some of the cases showing a clear C N V  

asymnetry, no obvious focus or asymnetyy was,,yi$ible in the normal E E G  



recbrd. Subcortical lesions have also been imp1 icated i n  the pro- 

duction of asynmetrica? CNVs 7 Cumnins, 1973). Negative 

sh i f t s  recorded a t  the scalp imply positive shift ing 
J 

- 
a t  lower brain levels.  When patients w i t h  implanted electrodes were 

used as subjects, , Papakostopoulos , and Gr i f f i th  (Note 19) 
t 

m d .  negati-ve ski f t i ng o c w r ~ d i n h d L i n e -  - - L -  

/ 
and brainstem structures i n  a C ~ V  si tuation. Low (Note 20) observed ' 

f 

that  patients with intracerebral lesions couJd produce CNV ac t iv i ty  

- provided the areas of dysfunction did not include the diencephalon ' 

or paracentral c o r t e x 2  Informally, t h i s  writer attempted to  record 

slow potential a c t i v i t y  from an area between the hard and' so f t  palate 

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

/ - -  -C electrode recorded a normal CNV i n  an S1-S2 paradigm a f t e r  16 t r i a l . ~ ,  
4 / 

the palate electrode showed no sign o f  slow wave ac t iv i ty .  Evoked 

> 
responses in the CHV t o  S1 and 'Sp stimul i (tone-clycks) were not . 

- observed from the palate s i t e  with the small number of t r i a l s  taken. 
-. * 

.In patients with frontal 1 esions, Zappol i , Papini , Briani , Benvenuti , 

and Pasqui e l l i  (Note 2 1 )  found that  -n'egative s h i f t s ,  if they occurred, (" \ 

a t  the vertex; from patients w i t h  unilateral,,<rontal 
3 deriv t ions F3-T3 and F4-T4 showed no consistent t 

RT-type task. 

kaue iwl& & L w k & L e ~ ~ W - - - -  
,=- 

ixtxically hospital i r e d  patients-. Timsit- -- 

A ) '  Berthier , Koninckx, 0apgkrt, Fontaine, and Dongier f 1970) surveyed C N V  

amplitude and waveforn in 160 patients. The patients were classif ied 

I b as normal ( 4 5 ) ,  neurotic (70): ndf iho t i c  (45).  The CNV amp1 itude . i 

d I 



d 
alone could not statistically distinguish between the three categories; * 

however, there was a relationship between categories and the per- 
\J 

sistence of the negative potentiaf after S2. Only 9% of the patients I+ 
* 

classified as normal had displayed the persistent or sustained , A 

\ 

negativity after S2, whereas 34% of the neurotics a@ 91% of the 7: - - - -  --*- 
psychotics demonstrated that the prol&ged CNV was associated with the 

4 severity of the psychotic disturbance. In another study of neurotic 
9 

and psychotic patients, ~irnsit-~erthi'er, Delaunoy, Koninckx, and L 

- - 
+ - 

- < 
RoussePu (1973) considered three parameters (amp1 itude, morphology, and , .. 

: duration) of CNV activity. Neurotics and psychotics produced small 
J 

$. amp1 itude CNY activity; morphology, ia terms of Type A or Typ 8 
'Y 

rlassMication, was equally represented in tbe normal and patient 

gr$$s; however, duration, or post-S2 negativity, again appeared more 
4 

. often in the psychotic grouping. - Tyws of post-S2 resolution and the 
- .  

problems of interpretation of this, res'olution were discussed by Timsit- 
- 

9 
- 2 

Berthier,, Del aunoy, and ~ousseau (Note 22). Tirnsit-Berthier, Delaunoy , 

and Rousseau (1973) also observed a different-from-noml &tor 

potentiaP ng psychiatric patients. 

Using a discrimination-type CNV task, Wein-krg (1973) was able 

to induce exper?mentally rebound phenomena or post-S2 negativityrfrom . . -. 
. * 

n m l  subjects. The prolonged negatiri ty was observed to. depend upon . - 

the occu?reneof -. feaback  toolhe subject about thGrrectness or 
C 3 -- -A 

&prreetnesg of hTs response. Instea-of being a signof psycxiatric 

illness, post-Sg negativity m y  only reflect the subject's continued 

concern about his response. 

Abrahamand ~ c ~ a l i  urn (1973) investigated She relationship 
. . 
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o f  t h e  CNV. .The e~per imeh te rs  tes ted  &t i izophreni$-pat ients on t h e  SAE .. - 
r r  

, . B i ' I  

af ter  CRY recording-session&. They found t h a t  longer SAE 't'imes were . 
, , < .  , .  

7 . .- 
di.rect1 y + la t& - tg  1 ower C N V . ~ ~ ~  igudes aqd ?e"eri ty-of diagnosed.. f ~k 

I .  

+' 
cond i t ion .  The rpsu l  t s  $oi$cfde. w i t h  th; c h a i a c t e r i z a t i o n  o f  

b ' E. " 

sc hizo,phienics being -. . hyper2othe dnd having', . therefore,  , l iqi t i d .  
+ - - --- - A a 

- - - - - 

cap?lcity ?or e x t r a  s't imulation. . ' Abraham, . McCallum, and Ggur,lay (Note 

23) s tud ied fo€p,CNV feetures  (amplituhe, d i j t r a c t i a n  amplitude, 
' 

< 3 

I '  - -- , w * /  
prol oncjat ioi-d'bar'ietal spre_ad) - i n  diagnosed 'schizop'hrenic pat ien ts .  

d .  
J I 

The f ir2t- ' two measures appeared cons is tent  andqnot re1 ated t o  any 
! Y 

- :a . 
, p a r t i c u l a r  typeq&f7  p a t i e n t  c l a s s i f i c a t i o n .  In con t ras t  ,- re1 i a b l  e 

i < " 

prolongations, i .e. , post-Sp neght iv i ty , '  wet&iound f o r  p a t i e n t s  w i t h .  : * .- . L. + , 1  ' - * .  

I manl'c-depressi ve syndromes-. The measure r e f e r r e d  to+.ag .I 'p'drieyl :spread 
. , I '. , 

+ (def ined as the  pV d$fffference between the  C,- and PZ s i t e s )  was linkefl;' < 6. e .  

w i t h  one group o f  t h e  pa t ien ts .  . For $he fu tu re ,  t h e  s u c c k  1' use of 'u 5,. 

5 

, " 
. , 

t h e  GNV i n  the  c l  i n i c a l  s e t t i n g  requ i res  the  j u d i c i o k  use o f  recording,  , 
', 

techniques coupled, o f  course, w i t h  the  imposed 1 .imitations of t h e  
A 

hosp i ta l i zed  p a t i e n t .  A recent  paper on t h e  i n t e r p r e t a t i o n  of post.-' .=, 

r , , 

imperat ive negat ive v a 5 a t i o n  was prisented. by Dubrovj ky k d  ~ o i ~ i &  i 



Chapter 3 o r  

-- -ACTIVIfL,-DIST_RA_CTI-ON_ - 
PROCESSES, AND THE EVALUATION OF LATERAL 

SLOW POTENTIAL TOPOGRAPHY -2' ' 
, 

7 Investigators are now examining the relationship between - 
F 

hemispheric processing and the distribution of slow potentials over the 

cerebral hemispheres. The problem of combining the two areas is an 

interesting one. -If the brain is truly responsible for the functional 

differences outlined in Chapter, 2, a cortical phenomenon such as the 

CNY should reflect hemispheric activity. The CNV paradigm lends itself 
4 

to an examination of cognitive set by presenting a '  stimulus sequence 

that may require processing at either S1, S2, or both S1 and S2 

stimuli. By paying special attention to L e  stimuli used and the 

s response required, investigators are able to evaluate 'the effects of - 
hemispheric processing on slow wave distribution. 

This chapter is divided into three parts. The first section' 
h 

records recent experimentation deal ing with h@ni spheric proce&ing and 

slow potential asymnetries. ~ F o m  pilot work, the second section 
- - pp-pp 

explores the effects of selective' ~tirnulus distraction and -the gen- 
- - - - - - - - -- -- 

eration of left side and right side slow potentials. The thiFdsect~'on 

considers t'he 1 ogi cal problems involved in demonstrating 1 ateral ized 



slow potential activity. I .,\ _ 

Investiqations of Lateral ized Sl ow Potentials 
t 

d 

Otto and ~eifer (1973) examined the topographf cal distribution 
' 

of the CNV during a sustained &tor task and a delayed motor task. In 

a so-cil 1 ed double response' condition (DR) , subjects pressed a button 
LA- -- 
at S1 until The occurrence of $2. The single response condition ('F 
foi lowed the same stimulus sequence but required only a single button' 

i 

press at S2. The subjects-were separately - - tested -- under - both experi- 1 
C 

r 

mwtal conditions using their preferred hand and nonpreferred hand; 

additionally, subjects were given feedback .in both DR and SR 
$ r- 

conditions. Monopol ar scalp activity was collected from 1 eft vand right 
*. . 

motor thumb areas 2nd midline (Fzs CZ,  P,) sites. Slow wave activity - f i  

* - 
was evaluated from area measurements computed between the waveform in d 3 -a 

the CNV interval ind a 1-second pretrial base1 ine level. I - = 

- 
to the effects of feedback and pretrial shifts that occurred in. the DR 

. a  

condition, the investigators reported hemispheric dif*erences between a 

.P%q- 
the dominant hand and the nondominant hand. Maximum negativity was 

recorded from the remi sphere contra1 ateral to the hand that responded. f 

Importantly, right-handed subjects exhibited larger negative activity 

over the contra1 atera1 (left) hehisphere regardless bf the hand that 

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

over the contralateral (right) hemisphere no matter which hand 
2 
4 

responded. It should be noted, however, that the laterality etfects % 1 
4 1 

reached significance only when the data were pooled over DR, SR, and f 
across feedback conditions. The investigators entertained the idea 2 

f 

I 
I L  

-i 
! 
4 



2 ' P= 
- 

7 82 
- z- - 

that individuii1XminaEe may-override the impulse activity of contra- 
$ 

I 1 ateral connections. i 

The evaluation of cerebral activity i s  not limited t~ measures 

, A . of magnitude only. For exapple, ~eihberg and ~ a p a ~ o s t o ~ o i b s  (Note 25) 

used a correlational recognition index (RI) to  examine the relationship 

between slow potentials recorded from the vertex (CZ) and other scalp 

- - - -- -+l~~P+ST ~ g ,  PQ. ~ q ) .  A s t z m i ~ + ~ i g m W b s -  

used t o  e l i c i t  slow wave potentials.  he subjects simply terminated an 

L 
S 2  tdne with either their  l e f t  or  right hand. The results indicated 

that the-vertex (C,) correlated highly w i t h  a l l  other electrode s i t es  
M 

except for F p l  and Fp2. Regardless .of which hand responded, the 

correlations between the vertex (CZ) and the lateral placements were 

. not affected. An ampl itude analysis of the recorded potentials 

disclosed that there were no differences between experimental ' 

\ conditions and no hemispheri.~ differences. The vertex ( C Z )  amp1 itudes - ', 
\ 

were larger than either frontal,  central, or parietal s i t es ;  i n  

addition, the two frontaJ s i t es  were smaller than either/the central. 
* 

or parietal locations. The investigators speculated t h a t  frontal 

placements may be more involved i n  discriminat,ion and time e~timation,  . 
t < ,  

% 

r . whereas central and parietal placements may be more involved i n  
.. 

reskise control and output. 

In discussing the topography of the human motor potential (RP) , 

kcger_gver f ~ r z h t e ~ t n .  A l W  
\ 

gb 

four distinct components of the motor response have been identified, 
J 

the in i t ia l  negative wave preceded mvement'by~as much as .5 to 



2 . m e m n b s p a n b r m g e d  f r a  5-$T to 23 pV in amplitude. Worn the 

maximum resmnse at the rof andic l'ine, motor potentials have exhibite4 

a gradient of decreasing magnitude both anteriorly and posteriorly. * 

Recording CNV potentials from hand sensorimotor areas of both hemi - 
spheres, Syrtdul ko and Lindsley (Npte 26) found that 1 arger 'slow scalp 

activity was generated by the side contralateral to the responding 

- .  - 
occipital *(0l, 02) sites did not display this asymnetry. Similar motor i 

f 

activity was observed for both left- and right-handers. 
- 

Donchin and Kutas f Note 271 reported prel iminary f4ndings- on 

the effects of response" paramkters and the generati on of readiness 

potentials. Subjects operated a hand dynamometer at 25%, 50%, and 
Y 

75% levels of a maximum force that was determined prior to testing. 

The subjects viewed a continuousty illuminated square with a - 

superimposed circle; they were able to make the circle disappear by 

exerting one of the above force levels. visual inspection of the , 
2 

averaged data (at all force levels) for right-handed subjects appeared 
f 

to indicate larger left-motor than rfght-rotor activity during right- 

ha*& edperation. When right-handed suhj'ects used their left hand, the 
\ ,  

maWf- aspmetries between the hemisphere; were no longer observed. 

Interestingly, the 'force levels did hot appear to alter the RP 

amplitudes. In a later and more ptensive analysTs, Donchin and ~ u t a i  
T I 

of the RP that depended upon d i c h  hand responded. For left-handers, 

however, a contralateral asypmetry was found for right-handed 

responding, whereas no differences were observed between the 



84 
\ 

12 

- - - - pp 

hemi spheres f o r  1 eft-handed responding. g i 

Wil ke and Lansing (1973) investigated the relationship between - 

different levels of fbrearm exertion (1 & 3 pounds) and the corre- 
t 

spending generation of motor potentials. Bipolar sca1 p recobdings were 

. cojlected from rofandic s i t es  referred to parietal locations. For a 
1 

II 
, period 100 mi 11 iseconds prior to arm movements, no cortical activity 

- -- 

activity das observed that was larger for the 3 pound exertion than 

for  the 1 pound exertion. The movement potential was 1 arger over the 
- -- 

hemisphere contra1 ateral t o  the 1 imb that responded. The amp1 itude- 

differences ranged from 1 .5  pV t o  2.0 pV for both the force levels and 

for the lateral i t y  effects; the averages were based on a minimum of 

350 voluntary arm mvements. 

In a prel iminary CNV report, Donchin, Johnson, Hernong , and 

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

min'ing the outcomes of particular stimulus sequences. These rules were 

presented on separate days for the following situations: (a)  guess 

(subject, attempted t o  predkt  the outcome of a t r i a l  prior to S1), ---- 
( b )  reaction time (subject responded with either the l e f t  or r i g h t  hand 

. \  
following the tholcestimulus), and (c)  'reaction time* (same as b except . f 

w i t h  catch t r i a l s ) .  Area measurements were computed for both the P300 

(a t  S2) and the CNVs. The results indicated t h a t  the experimental 

&Wvrt-Hktak#e-dist pi  b t t % ~ ^ C - + ~ ~ ~ ~  

-Zke r ~ C c t ) _ ~ ~ a ~ c g e ~ t h a n ~ s t l a t e r a 1 3 y p ~ a d  el ec t rodes . The . 

1 ateral placements i n  the- two RT conditions produced larger P300 and 

CNV areas on the right than on the l e f t  hemisphere; for the guess 

f 



hemisphere was larger than for the right hemisphere. (Averages were 

based upon 64 trial;,) 

Butler and Glass (1971) reported the production of asymnetrical 

CNVs with a cognitive task. The investigators hypothesiz& that 

solving arittwrtetic problems is heavily dependent upon the functioning 

- 3,- - of the dominant hemisphere. Bi lateral recordings (fronto-parietal ) 

were cdl lected whiie subjects performed arithmetic-bperations mentally. 
A 

I The subjects were presented a warning stimulus (S1) followed, by a .L 4 * 
tackistoscvp-icaf ty flashed arithmetic qroblem ( S * ) .  The results for - -- 

right-handed subjects indicated that the ampl itude of the CNV was 

significantly greater over the left than right hemisphere; a single 

1 eft-handed subject demonstrated the 1 ateral ized effect but over the 

right hemisphere. The investigators interpreted the data4-as evidence 

that the hemisphere principally responsible for processing also .. 

produced the most activity. It is important to note that subjects 

were not performing the arithmetic operation in the Sl-S2 interval. 

This writer attempted a similar study with subjects performing mixed 
7 < 

ari thmetic' operations tachi stoscopica-lJy presented at S1 or S2) If I 
1 

the problem was presented at S1, the subject verbally reported the 

answer at the S2 signal; if the problem was presented at#& after the 3 
S1 warning signal, the subject solved the problem and responded j 

i e w l y  as quickly as he could. Visual inspection of monopolar 
- 

a 

recordings indicated 1 arge CNV ampl itude differences between experi - 
-- -- 

9K 
mental conditions; frontal sites (F3, F4) Were not difgientiated ' 

either when the subject performed the operation in the S1-S2 interval 1 I 

- 



In a continuous vigilance situation, McCallum (Note 30) 
5 

presented subjects w i t h  a digit display that changed riumbers'at a rate 
2 

of one per second. The subject's task was t o  respond whenever a 

sequence of three odd numbers had been observed. Amp1 itude measures 

showed i,ncreasing negativity . t o  number sequences as a series approached 

the criterion for response. Scalp recordings from lateral placements- 
A 

F j ,  F4, C3, C4, P3, and Pq were symnetrically distributed during 

stimulus presentations. 

Marsh-anb 'ft##npsort f-3973) investigated the effects of verbal 

and nonverbal psychological set on the hemispheric dis t r i  bution of CNV 

potentials. An S1-S2-S3 stimulus sequence was used t o  e l ic i t  slow 

potentials; S1 signaled the s tar t  of a t r i a l ,  S2 was a 5 - 8 letter * 

wrd presented t o  eithe; the le f t  or right visual f ie lds ,  and S3 - 
signaled the subject to verbally report the word observed a t  S2. For 

the nonverbal condition, subjects viewed different 1 ine ortentatiom 

( a t  Sp)  that were randomly presented t o  &ither the le f t  6r right visual 

fields. The subject made his response* from an away of possible 

orientations shown a t  the end of a t r i a l .  Monopolar scalp electrodes 

were a t  T3 and Tq locations along w i i h  bilaterally placed 
' 1 

electrodes over, le f t  and right angular gyri. Th,e results for the 
i 

behavioral data indicated a right field superiority for word 
i 

dete~kions; for the 1 ine orientation task, however, subjects made- an- - -  f - 

equal amount of errors for b o t h  the le f t  h d - - r i g h t  vrsual fields:  he 
CNV amp1 itudes showed t h a t  no differences occurred between the h ~ i ~  

spheres for either the temporal o r  parietal placements. The , 



't 

~ + g * ~  
I 
temporal l u c a t i o r p  recorded no slow potent ia l  a c t i v i t y .  Further ,  no 

s i g n i f i c a n t  l e f t  o r  r i g h t  d i f f e rences  were found when t r i a l s  were 

separa te iy  t e s t e d  by condit ion f o r  c o r r e c t  o r  i n c o r r i c t  responses. In . . 
" 

an addi tiona* experiment, Marsh and ThQmpson (1973) modified the 

experimental des ign  s o  t h a t  S1 signaled not only the s t a r t  o f ' a  t r i a l  

, b u t  a1 so: ind ica ted  whether t h e  t r i a l  was verbal o r  nonverbal. Vocal L t -  
- - -- 

i z a t i o n  was e l  irninated ' in the nonverbal condit ion.  The r e s u l t s  from 
'i 

14 sub jec t s  showed t h a t  hemispheric asymnetr3es wire produced f o r  both 
- 

t 
t e m p o r a t p d p a r f e t a 7  sites rrrr correct t r i a l s .  The CrtY amp1 i tudes  were 

smaller  f o r  t h e  hemisphere p r e s t k d  t o  be pr imar i ly  engaged i n  the 
* .  

b 
task. ,  Overall amp1 i tudes  were s t i l l  small.  From a recent  r epor t ,  

Marsh, Poon, and Thompson (Note, 31) observed t h a t  l e f t - r i g h t  d i f f e r -  
- /==- 

ences f o r  f ron ta l  e l ec t rodes  occurred only when c o r r e c t  t r i a l  s were 

averaged. 
A 

Low, Wada, and FoxdHote 32) inves t iga ted  t h e  p o s s i b i l i t y  t h a t  

t h e  ;ocal i = a t i o n  f o r  language produchon was r e i l e c t e d  in  slow 

potent ia l  s c a l p  + .  a c t i v i t y ,  p a r t i c u l a r l y  i n  t h e  CNV. . I n  e p i l e p t f c  

p a t i e n t s ,  t h e  i n v e s t i g a t o r s  observed t h a t  l a r g e r  negat ive  shifts 

occurred over the daninant  than nondominant hemisphere (language 

dominance was v e r i f i 3  by c a r u t i d  anlyttvl tests). In normal left-  and 
t 

right-hand& sub jec t s ,  a rea  measurements from t h e  temporal loca t ions  of 

1- 3 3 h i b e m i ~ i l l f t ~ e n e r a l  l m o w e d  g rea te r  nega t iv i ty  opposi te  t o  t h e  

sub jec t  ' s handedness. Prel iminary -data  from 'normal chi  ldren  (6 - 12 

y e a r s )  indicated t h a t  tempqral a c t i v i t y  preceding speech production 

was a s j m e t r i c a l  .. In a l a t e r  r e p o r t ,  Low, Wada, and Fox (Note 33) 
- 



found some i@vi&a+s thatsTowed a n e g a w e  s h i f t  over the dominant 
'i. 

frontal hemis e re  and a posit ive s h i f t  over the nondominant_ hemisph 9 M', 
k P L \  

& . ,-L 
du r ing  'a  1 anguage task. 

Zimnermann and Knott (Note 34) reported preliminary slow 
* 

potential data from s tu t t e re r s  and normal speakers. The subjects were- , 

presented a stimulus word a t  S1 followed by a s'fgnal ( S Z )  t o  verbalize 

P 
coll ected from left-infeyior-frontal  and r ight-2fer ior-frontal  scalp 

k locations. Normal subj c t s  exhibited essent ial ly  a normal CNV d i s t r i -  . A 

9 
-- - - - - 

bution during the CNV task. StutteceFs not-s tut te~ing displayed some 
f 

vertex ( c ~ )  ac t iv i ty  but, almost no frontal actdvlty. When s tu t te r ing ,  
r r~ 

however, s tu t t e re r s  produced almdst no vertex (CZ)  potent ials  ; the 1 eft. 

frontal s i t e  displayed a marked increase i n  negativity while the r i g h t  
1 -  

frontal s i t e  was s l igh t ly  positive. + % 

f 
G - 

In a recent conference report by ~ r a z i n g e r ,  Kriebel, and 
- 

Kornhuber (Hote 35), the productionof asymnetric ac t iv i ty  fran time- - t 
reversed averages was linked t o  the particular speech-related .task 1 

f 

performed. When readiness potentials werecoll  ected over speecn area; 
. s * * 3 

? 
(Broca), one subject shopd tha t  the l e f t  hem+$here was more active 

than the right hemisphere pr ior  to  t a r w l a t o r y  movements; pr ior  t o  
4,' 1 

humning, however, the r ight  hemisphere was found t o  be more active. 

When the la te ra l iza t ion  of sldw wave actfvi ty  (RPs) over speech areas 

- sccW,-theasjmeb+s~~etw-&wayswgat i ve or pos 1 t I vc . . . 

The Effects of ~f &-act ion on Slow Wave Generation 

h. 

The apparent transient ions i n  the amp1 itude of t h B  



distraction on slo ve .production. Small decreases in CNV ampUtude - 

were obsehxi when iubjects 1 istened to simple'tones, 1 iste&o 

d k P 
music, or 1 istene o the experimenter tal mi-i subject waskked : 

k. FJ to increase voluntarily his concent,ration during a task, the NV was 
, <. 

:, ? 

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

5ensory - - - modal - - - ity as S2 was introduced, CNV activity increased; however, 

intermodal distraction has been demonstratid to reduce CNV activity 

(Miller, Van Veen, Sandman, 6. ~nott, 1973). 
C 

Tecce and Hamitton (1973) studied the effects 05 distraction on 

CNV amp1 itudes. In one experimental condition, subjecks were presented 
* 

8 

with a standard Sflash'Stone sequence. For the distraction condition, 

subjects added - 7's aloud in the S1-Sp interval. An analysis of the - 
d * 

results disclosed that a significant reduction in CNV amplitudes was 

caused by the adding of numbers. Heart rate during -distraction was 
% 

elevated. In order for the distraction to be effective in reducing 

the CNV, the investigators suggested that the interference must be 

demonstrably processed (e.g. , longer R T ~ )  and interrupt the pr.irnary 
J -l -, 

task of responding to S2. .j - 
d 

The Effects of Simple Distractiom 
in the Si-S3 CW Interval 

The experimentation on distraction suggested to this writer 

that &icular stirmlus materials known toeffect differrntial hemi- 

spheric processing might also differentially influence CNV genesis. A 
-- - - 4 

number of practiced subjects,with known CNVs participated in various 

conditions in which interfering stimulation was injected into the S1-S2 - f 
4 
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ioterual. A ~ ~ i s w t ~ m d i t f o ~ m o a t t p c r m s i s t e d  o f  a single c l i c k * '  *&. , - . + % * .  

(Si) followed by clicks ( S 2 )    he 'subject's task was t o  termfnate the * . 

' . 
clicks by b u t t o n  press asL quickly as possible. . f o r  the distraction a 

, . 
conditions, subjects  were'informed of the geri.era'l nature of the . -J . 

" ,  

inje&ed'stimulation b u t  were to  respond to  Sp as before. The overall 

'P- design of the  experiments- was a t t rac t ive  because the period of d i s -  
. = - I I 

" traction was relat ively long ( i . e . ,  compared to--EPs).and the ' 
-- - - -- 

7 . , 
I d  - instructions to-the subject were minimal. Scal p:activ'ity was collected . 

VJ 
on-line d i n g  long time constant 5.0-second), recordings. 'The numbe?' 3 4 

- 3  

- 
of t r i a l s  tha t  comprised an average-ranged from 10 t o  16.. Monopolar 

1 

recordings (referred t o  linked mastoids) were gathered from the vertex 
L S  

(C,) arid ho&logous electrode placements. upward and downward eye. 
L 

movements were monitored from bipoiar. electrodesplaced around the 
.i 

' right eye. Subjects-were placed on a bed that  was located in a sound 

-? 
- 

attenuating chamber. A visual inspection of the data was carried 
, . r 

out; baseline levels. fo'r data plots were based around t h e  mean voltage 
? 

level prior t o  S1 stimulation. A more complete description of the 
- .  =-. 

1 aboratory environment aid data col 1 ection network i s  presented i n  
-c 

1 . , 
l a t e r  chapters. 7 

In a distragtion ser ies  u s i n g  simple stimuli', electrodes were -1 
placed a t  the vertex (CZ), C3, C4, T3. and Tq s i t e s .  Four right-handed 

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

N.  A.'in Figures 2, 3 ,  4 ,  arid 5 s u m r i z e  the dis t ract ion f 
- - 

- 
i ndi n g w c i  

represent the data collected from the other subjects. White noise was- ? 
L 

. 
- 

-- 
* 4 .  

injected into the CNY interval;  the distraction was biaurally presented 
* 1 

, a t  levels that  approximated the S1-S2 stirml i (65 - 70 dB re  20 v ~ / r n ~ ) .  
! 

- 1 



' When compared to the control condition, overall CNV activity was 
9 - * %, 

. -2 
, decreased during the,+hite noise presentation('(Figure 2). This was ,: A 

especially evident at the onset of the noise injection. Hbmologous 
1 

Cg and Cq sites were not-differentially affected by the noise presen- 

'tation. The temporal sites showed a minimum o f  slow wave activity. 
' I  .* . 

- - 

Visual aistractSod was introduced into the CNV interval by presentipg 
- - - - - - - - 

2 - -- --- pp -- 
2 ~ .  

4 .  

blan flashes to the subject. The flashes-were generated by a Grass t . 
Photo-Stimulator {intensity 2) and were binocularly observed from a 

- ,  * b , , 

. distance '1 &ter. Compared ta the control condition, -flash 
, - 

'stimulation ~ d u c e d  CNV actjvity by a slight amou~t (Figure 3). . 
' t 

5 > - "  -  lo^&^ .aid;;$ .( ?mined *symnetrical during f1 ash g 

- pres,entationi; 'tqnmral sites &maikd'at baseline 'levels. 
' -  

# ~l ightly more m p l  icated .stimulus injections included a - . 
* 

condition where 5ubJects sijently shadowed numbers on a TV nbnitor. 
$ 
i 

I' 
Prese~ted binocvl arl;, uqiyncwonized single digits (1 - 9) appeared 
at a rat6 of two per second, in the S1-S2 interval. The records from 

L 

the digit injection showed the effects of attenuation for all +electrode 

sites; no differential activity was observed at the homologous 'sites . 

[Figure '4). r 

Spdken dig& 9], randomly ordered, and presented biaural ly' 

at a rate of two per second, were injected into the S1-Sp interval from 
# 

-- a -- prerecorded -----ppppppp tape (at a level o f  65 - 70 dB re 20 p ~ / r n ~ ) .  'The numbers '. 
were silently shadowed by the subject for each of the CNV trials. The 

- - -- -- -- - 

results indicated a slight slbw 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 



Figure 2 

N. ' A .  during- 
Noise t '  

f 
.\, + 

Average (n-= 10) CHV Records for Subject 
. . the Control and Interjected White 

Distraction Conditions 





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 T 

Average (n = 10) CNV Records for Subject N .  A .  during 
the Control and Visual 1y Interjected Numbers 

Distraction Conditions a 

L 
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Figure -5 

Average (n = 10) CNV Records for Subject N. A .  during 
the Control and Injected Auditory Numbers 

Distraction conditions 





I 100 . 
- 

r. activity was altered during a musical task. A1 though not shown in the * 

records of subject N. A., orchestral music interjected in the2 CNV 
\ 

interval reduced overall slow potential activity; however, homologous 

sites were not differentiaily influenced. 
b 

The effects of tactile distraction on 'CNV genesis were , 

investigated by separately stimulating. each hand with a Vibrometer ' : . , a 
'r 

u 

vibrator. Slow potentials were eliclted with a standard Stone-Sclicks 

paradigm. In the tactiJe'conditions, the vibrator was turned on during 
1 ) 

the 2.0-second S1-S2 interval. The subject's task for both the contrdl 
-- -- 

and tactile conditions was to terminate the S2 clicks by button 
% 

In the control condition,ee button was placed in the subject's. right 

handiCin the vibrator conditions, the button was operated by the hand 

opposite to the tactile stimhlation. Four right-handed females served 
? 

m s  subjects. $Monopolar electrodes (referred to linked mastoids) were 

placed at the v h e x  (C,), Cg, and Cq %alp sites. The averaged ,? 

records for subject D. B. are shown in Figure 6 and were representative 
11 

of all the subjects tested. Campged to the control condition, visual 
w 

inspection of the records indicated-a slight increase in CNV activity 

during the injected vibrator periods (basei ine 1 eve1 s were determined 

around a mean voltage mil 1 iseconds prior to S1). Placement of the 

vibrator in either the left or right hand did not appear to change the 

overall balance of the C3 and C4 placements. 

Discussion of the Results 
of Simp1 e Distraction- 

In considering the overall results for all the distraction J t 

experiments, several points should be observed. For some of the 
d i 

I 



Figure 6 

Average (n = 16) CNV Records for Subject D. B. for the 
contFo1 Condition and Conditions o f  Left ,and 

Right Hand Tactil e Stimulation 
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condi tTons,-the ceS%-el ectrode sites. were hot appropriate. In the 

2 

control conditions, the right hand button press did ndt appea) to a1 ter 

the symnetry of the Cg or Cq sites, nor did the 'distraction- conditions 

appear to linff uence the press i this balance. Except for the fact 3L 
that injected material was at the same intensity level as the Si.and S2 

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

- ~ ~ t - ~ s ~ ~  - - - - - - - - - - - - . ~ r w x s s f i y + t t e 5 ~ e c t ~ ~ d  

example, reaction times between control and experimental conditions 

were comparabl e. 

Quantitative Aspects of Assessing Lateral 

f Slow Wave Activity 

Before proceeding to the experiments conducted in Chapters 4, 

5, and 6, it is necessary to consider the assumptions made about - 
hemisphekic processing and the methods used in evaluating lateral ized 

slow wave activity. Since the experimentation relied so heavily on 

verbal instruction to the subject, seyection 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 S1-S2 CNV situation in order to verify the 
I 

presence of slow wave activity and establ lsh a slow wave distkbution 

between the hemispheres. It was accepted that lateralized differences 

in the standard condition (as we1 1 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 respqnse requfred of 

the ~ubject, the uneven placement of homologous electrodes, and the 
j 

' ."b' 



fact that the S1 and S2. stimul i themselve; may not be a1 together 
- -. \ 

neutral in terms of hemispheric processing. Given the distribution 

L status of the lateral placements in the standard condition, other 

conditions were administered in order to a1 ter this balance in the. 

direction of the left or right hemisphere. The shift in the lateral 

distribution of the CNV from the standard condition was considered 
- - - - - - - * A- 

necessary to any claim of hemispheric slow wave processing. , 

% 

It was anticipated that ampl itude measures of s1oy wave 

a-ctivity would form the initial basis for the analysis o f  CNV 
\ 

di tributions. I It also seemed reasonablevto assume that the hemisphere t L 

most active in the processing of information would yield the largest i 

slow wave activity, a1 though other possibilities were not excluded from 

consideration. Results from pilot experimentation indicated that the 

magnitude measures were not the only relevant dimension that might be 
? 

used to evaluate slow wave distribution. Cross-correl ations have 
L 

provided a convenient index to the similarity between waveforms 

(cooper, Ossel ton, d Shaw, 1969). It was decided to use cross- 

correlations to eval uate the -waveforms generated by the cerebral 

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

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

waveform. In order to invesbgate slow wave activity apart from the 
P 7 

aspects of ampl i tude, four correlational comparisons of lateral CNV 
- - - - - 

potentials were considered. These included sorrelations across 
- - - - - - - - 

particular electrode sites (I), between the vertex (CZ) and each of the 

lateral placements (11) , between homologous pairs of electrodes (111) , 
-0. and between intrahemispheric electrode positions (IV). Considered - J@?J 



& + with the amp1 i tude ' n q a ~ u r e s ~  the cross-correl a t f  ons formed a compl e- 
3 

'" in8ntary analysis network directed a t  detecting distribution changes 

between the hemispherese for  the different condl tion's. 
- h 

. The basis for'evaluating the various indices of electricas 

2 .  brai activity rested in a general. application of +the factorial t 

i 
t 
A 

analysis of varfance design '(fixed effects) wY t h  repeated measures 
i. 
??- - - -- 
I, 

-i 
(Wfner, 1952). In  additlon t o  providing. information about s u b j e o r -  

b 

i! ,electrodes , and experimental conditions , cri t ical  interactions of z 
? electrodes by conditions proyided the c e l l  means necessary to,assess 

* - - - 

1 ateral ifed slow wave acti  wf ty . Most interaction means were eval uated 
r 
F ,,- by level for the principal .purpose of investigating the relative * 

3 electrical act1 viiy of a l-atdral clectrsde s i t e  and i t s  homologous 
4 

counterpart. Additionally, specific nonsignificant interactions were 
f 

examined in order t o  supplement the information of the various s i t es  
f 

between the d i  fferent experimental condi t i  ons. 

b .J 

In sumnary then, t e experimentation of the following chapters - 
L 

, attempts to a l t e r  the distribution of the CNV between 

in nonnal sibjects w i t h  tasks derived and desighe -, -- .- { 
bf d i  fferenUal cerebral processing. , Speci f i  cal ly, the tpsk s i  tuation iP<@ 

\ r 

in Chapter 4 seeks to evoke nonverbal r i g h t  hemisphere act ivi ty,  r 

, whereas the tasks in Chapters 5 and 6 look 6roa 1y a t  verbal processing 
5-'b # % 
4- and language production i n  the- l e f t  hemisphere. I t  is  assumed that 

- - 

thFCNV-represents a comp1eXnetwOrkOf electrical phenomena h i  ch may 

or may not s m  as a s u i t a b l e k d e x t o ~ e r e b r a l ~ r o c e s s  i ng . El i citi n g r -  

asymwtries in. the CNV however would establ ish a psycho1 ogical and 

electrophysi ological basis to spkial-ized . - .cognitive activity. 



/ Chapter 4 

I , I 

- - - - -- - 

RIGHT HEMISPHERE PROCESSING AND THE 
-trEH€MwMww:--, 

I EXPERIMENT 1 

- -. This c h a m r  endeavors t o  incorporate some of t h e  specia l  
L 

know1 edge of r i g h t  hemisphere functionin'g with t h e  1 a t e r a l  deve1,opment +/ 

, @ of t h e  CNV. .One of  t h e  more i n t r i g u i n g  f i n d i n g s , f o r  d i f f e r e n t i a l  

I 

cerebral  functioning came o r i g i n a l l y  from Milner (1962) who 

associated t h e  r i g h t  hemisphere with tonal memory and timbre. The 

work of ~ t iankwei ler  (1466) with r i g h t  temporal lobe p a t i e n t s  and. 

Kimural s (1964, 1967) work with normal s u b j e c t s ,  have f u r t h e r  supported 
* 

t h e ' r i g h t  h&nispherels apparent musical o r  me1 odic predidposi t ibn .  Thw 

r a t i o  of ongoing alpha a c t i v i t y  over t h e  r i g h t  hemisphere has been 
G 

a l t e r e d  during a musical t a s k  ( k K e e ,  Humphrey, & McAdam, 1973) a10 g f - .  w i t h  more t r a n s i e n t  forms 03, c o r t i c a l  a c t i v i t y ,  i .e.  , evoked poten i a l  s - 
. = t 

(R. Cohen, 1971; Molfese, Mote 1). Ear l i e r ,  Penfield and Rasmussen . 1 

(1950) found t h a t  t h e  temporal c o r t q  was involved-, t i th memory "' . 
2. . I -  

functions and the a b i l i t y  t o  make comparisons b?tween pas t  and prgsent 
- -  ------p * 

sensory p e r c e p ~ o n s .  € ~ t r i c z ? s t i ~ i o n  of 

musical i n  na ture .  The f ron ta l  a reas  have a 1 6  been implicated i n  



situations t@t require a conti~uous assessment of ongoing behavior 

(Milner, 1971) .  

A simple tone analysis situation was designed to f i t  the slow 

potential or CNV format. The tone presentations werk continuous 

throughfit the slow wave interval. The activity from l a t e h l  electrode 
* 

placements over-both cerebral hemispheres was used t o  assess CNV 

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

Subjects 

The subjects were f ive right-handed males and five right-handed 

females. The subjects were recruited from the university corilmnity as 
C 

paid volunteers. Handedness was checked by requiring each subject to 

copy a short 6ragraph.  The subjects' ages ranged from 18 t o 2 6  years; 

except for two individuals, a71 subjects were experimentally naive 

regarding electroenc~phalographic methods and procedures. The subjects 
-* 

had no abnormal hearing defici ts .  

Recording Techniques 
% 

J 

In accordance with the International 10-2QSystem of placement 
1 

(Jasper, l W ) ,  monopolar scalp electrodes (Ag-AgC1 ) were placed a t  the 
i 
3 

vertex (CZ), l e f t  frontal (Fg), right frontal (F4),  l e f t  temporal (Tg),  
b j 

andrighttempora7(T4)locations.Theact iveelect-itswere- 

-- subject's forehead. I n  order to monitor ocular potentials, Beckman - 
Biopotential electrodes were placed periorbitally above and below the 



4 - - f - - - 

108 
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r i g h t  eye t o  record upward and downward movements, and electrodes were ' . 

placed near the external canthus of each eye t o  record iatjeral eye 

movmnts. S k i n  s i t es  were 1 ightly cleaned w i t h  acetone before 

electrode appl ication. After injection of the jel ly gec t ro ly te  
-$ 

(Beckman), electrode impedances were measured and equated a t  3.OK ohms 

by'tapped s k i n  abrasion. 

El ema-Schonander Mingograf recorder. Amp1 if  i e r  sensitivity was 
* 

adjusted to  50 pV/cm for active electrode s i tes ;  time consthnts were ' 

- -  - 

se t  a t  5.0 seconds with upper cutoff frequencies se t  a t  3 0  Hz. A 

single recorder channel was normally reserved for use as an event 
rc 

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

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

o u t p u t  signals were taped by a Precision Instrument 6200 FM recorder. 
%- 

On-line data acquisition was accomplished with a data averaging 

program designed for slow potential recording. After a s t a r t  command, 

. , 
normally issued manually, eight channels of 1024 points each were 

digitized and stored on disc. Individual t r i a l s  (or sweeps) were , 

d i  spl ayed on an oscill oscope-prior to being accepted (or rejected) for - 0 
the data average. After a predetermined number of t r i a l s  &he disc 

average was computed and displayed. If accepted, the average' wefit into 

permanent storage under a designated f i l e  name. In addition, digital 

averages were la ter  retrieved for  f i l ter ing,  plotting, and further 

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



of the laboratory environment. L 

~ t i d b l u s  Construction 

A tone tape was prepared for presentirig tone sequences to  the 

subject. A dual Marconi AF oscil lator generated the four tones p l d d  

on an Uher tape recorder. The duration of each tone was 750 mil l i-  

seconds for a total tone period of 3.03seconds. The f i r s t  tone pair 
Lp 

differed in frequency by a t  least  200 Hz; i n  random order, the second 

tone pair was either the same or different from the f i r s t  pair; i f  - 
different,  ortty m tone of the patr was a1 lowed t o  b e  df vergent. T h e  

tone frequencies were selected from a range of 600 to  6000 Hz; 

intensities for the various frequ cies were equalized to. effect an e 
even pl aybac k 1 eve1 . 

Before each tone s e t ,  a pulse from an Uher Dia-Pilot I1 was 

added to automaticalfy trigger the s t a r t  of a t r i a l .  Tone sets  were 

separated for  periods that ranged from 18 to 30 seconds. Grason- 
f 1 

Stadler 1200 Series programing modules assured the precise sequencing 

of the trigger pulse, tone switching, and tone durations. 

Procedure 

Before the s t a r t  of each experimental session, a calibration 
3 

signal (25 was placed i n  parallel across amplifier i n p u t s  to verify 

the equality of the final amplifier outputs throughout the data 

-- --After ini 
3 

tia Mmt-&preparatton,T;nesubJ ecCwas-p3-a-Cect i n 
* 0' 

an electrical ly shielded, sound attenuating cubicle. The subject lay 

i n  a bed adjusted for viewing a cl osed-circuit TV monitor. The monitor 
i 
1: 
{ 
i 



i projectkd a fixation point du r ing  expetimental conditions; overall 

screen brightness was adjusted to 0.5 f t L  (1.713 cd/m2) and was 

I essentially the only source of l i g h t i n g  i n  the cubicle. 

A preliminary 15 - 20 minute period a t  the s t a r t  of a session 

subject to re1 ax momentarily, permitted the electrodes to tk 
s h b i l  ize ," and provided the opportunity for a quick equipment 

inspectbn . 
9% Each subject was presented with two experimental conditions. 

The standard condition [SC) consisted of a 150-mi 11 isecond Cl000 Hz) -- 
7 

i. 

tone p i p  (S1) followed 3.0 seconds la ter  by clicks (S2). The subject's 

C, t a  was to  terminate the clicks as quickly as possible w i t h  a r i g h t  

hand button press. If the button was pressed before the clicks 

sounded, the clicks e r e  automatically inhibited and the subject was 
2 G 

reinstructed on the procedure, Several \practice t r i a l s  were given to 
X 

the subject to acquaint h i m  with the mode of s t i y l u s  presentation. In 

addition t o  proper eye fixation, subjects were instructed to  adopt a 5 
pattern of motor responding that  was compati bl e w i t h  recording small * 

electrical signals. Ir 

* 
In the tone analysis condition (TA),  the subjict was instructed 

to 1 isten to the prerecorded tone sets  and to  decide whether the second - 

tone pair was the same or different from the first tone pair. . When the . 

clicks sounded a t  the end of a tone s e t ,  the subject pressed a button 

to indicate his decision and to  terminate the ks. The same or 
-- -- 

different responses were represented on a two-button box that was 

operated w i t h  each hand; the positions of same or different were - 
randomized between subjects. Several practice t r i a l s  were given to 



* 111 
a -- - -- - 

assure t h a t  the subject understood the tone t a sk  and responded 

correctly. (Correct or incorrect responses t o  the tone se ts  were I 

observed b u t  not recorded. ) 
t 

For both SC and TA conditions, subjects listened to  stimuli 

from loudspeakers located under the bed. Sound levels measured a t  the 

subject's head ranged from 65 - 70 dB; clicks were generated from a 

level that ranged from 65 - 70 dB r e  20 p ~ / m ~ .  The standard condition 

was always administered f i r s t  .' 
An average of 16 t r i a l s  f.or each condition was collected for 

each subject. Trials obviously contaminated by $ye movement or EMG 

activity were rejected. For baseline purposes, data collection was tr 

started 100 mi 1 1  (seconds before stimrl us presentation ; the total sweep 

duration was 3.5 seconds. For both SC and TA conditions, the time 

between t r i a l s  ranged from 18 to 30 seconds. \ 
T 

Data Treatment 

The data averages collected for each subject were plotted 
d 

(Houston Instrument h i g r a p h i c  X-Y plotter) for each experimental 

condition and for each of the electrode s i tes .  Individual data r 

averages were digital ly f i l tered prior to  p1,otting (see Appendix B for 
f 

f i l t e r  'charac<eristics) and were centered around a mean base1 ine 
. /' 

voltage determined from the 100-millisecond prestfmulation period. 
- -- - -- -- 

Amplitude measures. Each CNY average was divided into four ,r 
--- 

seqments corresponding to the four tone periods. In the tone analysis 

condition, direct (cal ipered) vertical measurements were made from a 



+ 
basej ine level t o  a point on the slow wave 50 mil 1 iseconds prior to. the 

of fse t  of each tone in  the four tone sequence. The same temporal 

bounds were a l so  used in measuring CNV amplitudes i n  the standard 

condition. 

A four-factor (2 x 2 x 5 x 4)  analysis .of variance design w i t h  

repeated measures on the l a s t  three factors was used t o  evaluate the 

ampl i tude measures. Factors and factor 1 abel s were as fol 1 ows : 

sex ( A )  by conditions (B) by electrodes ( C )  by times (D): The analysis 

of variance computations were carried out u s i n g  BMD08V of the Health a 
-- 4 

& 
Sciences Computing Faci l i ty ,  UCLA. li- 

Ratio indices of asymnetry. In order t o  assess the re la t ive  
2 

proportion of r i g h t  ( R )  hemisphere ac t iv i ty  to  l e f t  

ac t iv i ty ,  ra t ios  of the  form - R / ( R  - 

separately derived-for homologous 

temporal, T4/(f4 + T3), electrode 

+ L )  were formed. - 

frontal , FqI(F4 + - 
averages for  both 

( L )  hemisphere 

Ratios were - 
C f t  

F3), and homologous 

SC and TA 

conditions. ,The CMV ac t iv i ty  a t  an electrode s i t e  was estimated by a - 

4 
7 

man der from the four vertical  ' measures of amp1 itude. Ratios tha t  & - 
7 -, 

-. 
exceeded .50 indicated larger r ight  than l e f t  hem,hphere ac t iv i ty ;  -z -- + 

ra t ios  below .50 indicated larger l e f t  than r i g h t  *hemisphere ac t iv i ty .  

A three-factor (2 x 2 x 2),analysis of variance design w i t h  
-7 

repeated measures on the l a s t  two factors was performed on the 

calculated ra t ios .  ~ a & o r s  and factor labels were as follows: sex (A)  
-- - -- 

by conditions ( B )  by e f x t r o d e s  (C). 
-- 

Cross-Correlations I .  Crosccorrel ations fo r  a1 1 subjects were 

performed between the r ight  frontal (F4)  site in the standard condition i 
and the r ight  frontal (F4) s i t e  in ' the tone analysis condition; 



similarly,  cross-correlations between SC and TA were carried out for  

l e f t  frontal ( F g ) 0 i g h t  temporal (T4), and l e f t  temporal (T3) 

locations. (Each cross-correlation value was based on the to ta l  

averaged waveform, - n = 1024.) 
J 

A - t - t e s t  for - re la ted  measures was used t o  evaluate differences 

between right and l e f t  frontal correlations; similarly,  a t - t e s t  was - 
-A- A- -L 

used to evaluate differences between right and l e f t  temporal corre- 

lations.  
\ 

Cross-Correlations 11. Separate cross-correlations were i -3 
performed for each subject comparing the vertex (C,) of the standard 

condition to each of the la te ra l  electrode placements i n  SC; likewise, 

cross-correlations were performed between the vertex (C,) of the tone 

analysis condition and each of the lateral  placements i n  TA. 
,. 

The resulting*correlation values were entered into a three- - 
i 

factor (2  x 2 x 4)  analysis of variance design w i t h  repeated measures - 

- * 

on the l a s t  two factors.  Factors and factor labels were as follows: 

sex (A) by conditions (0 )  by electrodes (C). 1 - 
\ - 

Cross-Correlations I I I. Separate cross-correlations were ' i 
performed- for each subject 

homologous temporal (T3 vs 
. / 

I - 
conditions. --v 

between homologous frontal (F3 vs Fq) and 

Tq) electrode s i t e s  for  both SC and TA 

The corre'lations tha t  were obtained e entered into a three- 
-- Wef 

, factor ( 2  x 2 x 2 )  analysis of variance design w i t h  repeated measures 
- 

on the l a s t  two factors.  Factors and factor labels were as fdllows: 3 
.) t f 

sex ( A )  by conditions &) by el e c t ~ d e s  (C) . s 

L$> , 5 
Cross-Correl atiohs IV. Separate cross-correlations fo r  each 

\ 



b subject were performed between right side intrahemispheric placements 

(F4 VS'T~) and left side intrahemispheric placements (F3 vs T3) for 

both SC and TA conditions. 

The correlation values were entered into a three-factor 
t 

(2 x 2 x 2) analysis of variance design with repeated measures 

last two factors. Factors and factor labels were as f di lows: 
p L  -- -- 

by conditi'ons (B) by electrodes (C). * 

Results 
7 - - 

on the 

sex (A) 

f The analysis of overall treatment effects re1 ied on the 
4 

analysis of variance. Individual tests of main effects were carried 

out using Duncan's kltiple-Range Test for significant - F ratios 4 

(Edwards, 1968). Significant interactions were a1 so analyzed using 

Duncan's Mu1 tip1 e-Ran.ge Test- among the means at selected 1 evel s. In 

the calculation of the critical ranges, it was the a-level of the 

significant - F ratio that normally determined the particular tables 

entered. 

Amplitude Measures 

The overall effects between females and males were not signif- 

icantly different (E < 1, - df = 1/8, p > .20). The standard and tone 

analysis conditions were different at the < .O1 level (F - = 11.38, 
+ 

- - - - - - - -- df - l/&Sigi-fic&-m- werpfoundforelectrod es 

_(F = 19.70, df = 4/32, p < ,001) and for times (Fa= 9.91, df = 3/24, 
- - - - 

p < .001). Interactions reaching signific'ant 1 evel s included 

conditions by times (c = 5.29, df = 3/24, p < .01), electrodes by 



- - t times (F = 7.93, df = 12/96, p < .001), and conditions by electrodes by , 

times (F - = '7.89, - df = 12/96, p < .001). A sumnary of the analysis of 

variance for ampl itudes is provided in Appendix C, Tame C1. 
- 1  

1 
In order to provide some initial information on the magnitude 

of the slow potentials that entered the amplitude analysis, overa.11 1~. 

r)  , 
cell means (converted into pV) for Factors A ,  B., C, and D were p-. 

assembled in Table 1. 

A pictori a1 representation of the overall ampl i tude (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 thap any of the 

other recorded sites (p < .001);-,and a1 though F4 and Tq locations were 

sl ightly 1 arger than their homo1 ogous counterparts, the differences 

between frontal (F3 and Fq) and between temporal (Tg and Tq) sites were 
r' 

not significant (p > .O5). The Duncan range tests among the means of 

Factor C are shown in Appendix D,.Table Dl. 

The overall mean amplitudes for each of the separate time 

J 
i periods (Factor D) are illustrated in Figure 9. Time periods 1 and 2 

,! i 

were both 1 arger than Time 4 (E < ,001) ; however, Times 1 and 2 were 

not different from each other (e > .05). The Duncan range tests among 

the means of Factor D are shown in Appendix D, Table D2. 

In order to assess 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 (PV)  involved in the interaction are shown in Table 2. In 

the standard condition, no differences were found between frontal 



Table 1 

Overall Cell Means from the Analysis of Variance 
-- --fot-EHY-BmpFitude-Measures 

Factors 

A (Sex) 

Amp1 i tude 
(lJv 

B (Conditions) ' 

. . . . . . . . . . .  B1 (Standard) 8.26 
B2 (Tone Analysis) 20.68 

// 
. . . . . . . . .  

C (Electrodes) 

D (Times) 

D l  Time 1) . . . . . . . . . . . .  t 18.24 
D2 Time 2) . . . . . . . . .  . 15.93 
D3 (Time 3) . . . . . . . . . . . .  15.42 
D4 (Time 4) . . . . . . . . . . . .  8.30 



C-Y 

Overall km CW k p l  itudes for the Standard 
and TOM hlysls Condltlons 



Overall Hew! CWW mlitudes  a t  Each ' 

of  thc Active Electrode Sltes 



Overall Mean CN k p l l t h s  f o r  Each 
of the Separate TI= Periods 



-- ---A - - - - p-pLp 

Table 2 
2, 

Mean CNV Pmpl itudes for t he  Nohsignifican 
Conditions by Electrodes Interaction 

- 
-4 

Electrode Site 
(Amplitude in P V )  

Experimental 
' Cond i-t i on 

-Z 

Standard 

Tone ~nal~si; - 



(Fg and F4) or temporal (T3 and T4) electrode s i t es  (p > .05); in tone 

analysis, no ampl itude differeizes were found between frontal (F j  and 
t 

* 

F q )  o r  temporal F3 and T4) s i t es  (p > .05). The vertex (Cz) s i t e  - 
h 

for b o t h  SC and TA &qdi t ion$  was larger t h a n  any of the lateral s i t es  
-1 

(p < -05). In TA, the r i g h t  frontal (F4) s i t e  was larger than either 

the l e f t  temporal fT3)  or right temporal (T4) electrode locations 
-- ~ ~ 

(p< -05). The Duncan range tes t s  among the means for the standard 

-- condition ( B  = 1) and the tone analysis condition ( B  = 2)  across 

electrodes are shown in Appendix D, Tables D3 and D4, respectively. 
- 

The man amp1 itudes involved in the conditions by times ( B  x D) 

interaction are illustrated in Figure 10. In  the standard condition, 

th4 separate time period amplitudes decreased during the CNV interval; 

h w v e r ,  none of the time periods were different from each other . 
( E >  .01). In the tone analysis condition, the f i r s t  three time period 

A- 1 

amplitudes were of approximately the same magnitude; however, each were 

separately different from the l a s t  (D  = 4) time period amplitude 

fp . -01). The Duncan range tes t s  m n g  the means for the standard 

condition (B = 1) across times and the tone analysis condition ( B  = 2) 

across times are show in Appendix D, Tables D5 and D6, respectively. 

The ma,n ampl itudes involved in the electrodes by times (C x D) 
J, 

interaction are illustrated in Figure 11. For the vertex (G) 
location, D = I ,  2 ,  and 3 were separately larger than D = 4 (p < .001) ; 

For the l e f t  f r o n t a t  site (F3), D = 1 was separately larger than D = 2, 
-- - --- -- - - 

3 ,  or 4 (g < ,001); D = 2 and 5 = 3 were separately larger than D = 4 
1 

(Q < .OOl). For the right frontal s i t e  (F4), D = 1, 2; and 3 were . 
separately larger than D = 4 (E < .001); D = 1 was also larger than 





ntrn CW kpl l tudes for k h  of the T l r  Perfods 
at  Each ofatht  k t f v e  Elutrode Sites 



124 
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D = 3 (p < ,001). In the l e f t  temporal '(T3) records, D = 1 was larger 

than D = 4 (e < .001). In the r ight  temporal (T4) records, - D =  2 -and - CJ 

D = 3 were separately larger than D = 4 (p < .001). The Duncan range 

t e s t s  among the means for  the vertex (CZ), l e f t  frontal (F3), right 

frontal ( F 4 ) ,  l e f t  temporal- (T3); and right temporal (T4) s i t e s  across 

times are  shown i n  Appendix D ,  Tables D7, D8, D9, D10, and D11, 

The s ignif icant  B x C x D interaction 'further separated con- 

ditions,  electrodes, and times. The mean amp1 itudes involved in the 

-interaction a re  i l lus t ra ted  in Figure 12. For the vertex (Cz) s i t e  
- 

in the standard condition, D = 1 was separately larger than D = 2 ,  3, 

or  4 (g < ,001); a lso,  D = 2 was larger than ei ther  D = 3 or D = 4 . 
(E < .001), For the  l e f t -  frontal (F3) s i t e  in SC, D = 1 wa,s larger 

Q 
% 
-than -either D =  2,  3, or 4 (E < .001). For the r i g h t  frontal (F4) 

r" . . 
s i t e  in SC, D = 1 was larger thah D = 3 or D = 4 (e<  .001); also, 

., D = 2 was larger than D = 4 (p < .001). For the l e f t  temporal (T3) 

s i t e  i n  SC, only D = 1 was larger than D = 3 (p < .001). For the r ight  

temporal (T4) s i te  i n  SC, no signjgicant differences were found among 
a 

the time periods (g > .001). The Duncan rmge tests among the means in 
\ 

the standard condition for  the  vertex (CZ), l e f t  frontal (F3). right 

fmnta l  (F~), l e f t  tmporal (Tg), and r ight  temporal (T4) s i t e s  across , 

times are shown i n  Appendix D, Tables D12, D13, D14, D15, and D16, 
. . res p e c t ~ ~ e l y . l y - T o r t & ~ ~ r t - - e x ~ z ~ l n ~ h ~ ~ ~  an a 1 y s i s - - m m  , , 

frontal IF3) s i t e  in TA, D = 1 was. larger than. eith- 2, 3, or 4 
, 

( p <  .001); also, D = 2 and D = 3 were'both'larger than D = 4 





were separately larger than D = 4 (g < -.001). For the l e f t  temporal 

( T ~ )  s i t e  in TA, D = 1, 2, and 3 were separately larger than D = 4 

(e < .OOl). For the right temporal (T4) s i t e  i n  TA, D = 1, '2, and 3 

were separately larger than D = 4 (p < .001); a1 so, D = 3 was 1 arger 

than D = 1 (e < ,001). The Duncan range tes ts  among the means in the 

tone analysis condition for  the vertex (C,), l e f t  frontal I F  
- -- 

frontal (Fq), l e f t  temporal (T3), and r i g h t  temporal (T4) s i t es  across 

times are shown i n  Appendix D, Tables D17, ~ 1 8 ,  D19, D20, and Dil, 

respectively . 
The superimposed plots of averaged slow wave activi ty for each 

active electrode s i t e  for a l l  the subjects in the standard condition 

are illustrated i n  Figure 13. Similarly, the superimposed plots of 

averaged slow wave activi ty for each active electrode s i t e  for a l l  

subjects in the tone analysis condition are illustrated i n  Figure 14. h 

In order to provide an overaTl pattern of slow wave activity, averages 

were pooled across each electrode s i t e  for a l l  subjects i n  the standard 

condition; the pooled averages for each active s i t e  i n  SC were plotted 

and are illustrated i n  Figure 15. Likewise, averages were pooled 

across each electrode s i t e  for  a11 subjects i n  the tone analysis - 

condition; t h e  pooled averages for each .active s i t e  i n  TA were plgtted 

and are illustrated i n  Figure 16. (Pooled averages were not f i l tered 

prior t o  averagl ng or plotting. ) 
--- - - 

The praninent undulating pattern of the slow wave averages 
- -- 

d u r i 6  tone analysis was also quite prominent in the raw EEG record. 

As an example, two t r i a l s  that separately extended over an 8..0-second 



Figure 13 

Overlayed CNV Averages f o r  Each Subject a t  Each Active 
Electrode S i t e  i n  the Standard Condition 
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Figure 35 

Pooled CNV Averages 
Site  in the 

for Each 
Standard 

Active Electrode 
Condition 
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Pooled CNV Averages for Each Active Electrode 
Site in the Tone Analysis- Condition 





pepiod in the tone analysis condition are shoh for subject J. M. in 

Figure 17. 

J .- 
p Ratio Indices of Asymnetry f 

The ratio indices of asymnetry indicated that females displayed . 

larger overall right hemisphere activity (.58) than males (.47), 
\ 

respectively (F= 5.72, df = 1/8, ,051. The F ratios for 
- - - - - - ,  - - -- - - -- - -- - -- - -- - - 

conditions (F - < 1, - df = 1/8, g > .20) and electrodes (F - < 1, df = 1/8, 

p > .20) did not reach significant levels. A sumnary of the analysis 

The mean frontal ratios and the mean tempora-1 ratios 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 ratios to 

decrease in the TA condition; for the males,, there was a tendency, for 

the fruntal ratio to increase 57ight7y in TA, whereas the temporal 

ratio decreased slightly in TA, The conditions by electrodes (0  x C) 

interaction approached a significant level (F - = 4.01, df = 1/8, 

Cross-Correl ations -I * 

The cross-correlations of an electrode site in SC and the same 

site in f A  yielded no significant differences between left and right 

frontal sites (g = .96, = 9 ,  g > . lo )  or between left and right" 

-3&M lsetwsm left an&?-fgM FrwrtaF s t teswme*d  .37,  
- .  

respectively; the mean cross-correl ation values between left and right 

tmporal  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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Table 3 

Mean Frontal Ratios and Mean Temporal Ratios for 
Females and Males ikn Both the Stangard and 

Tone Analysis Conditions , + 
e 

Temporal Ratio , 

Condition 
;r 1 Female Male 

Standard .62 .42 .62 .48 

Tme- Analysi s .. 60 .49 -50 .48 



- Cross-correlations were computed between the vertex (C,) of 

each experimental condition and each of the corresponding,lateral 

electrode placements. The ratios fo-r sex (c < 1, df = 1/8, - 4 

C 1 

p > .20) and conditions (f = 1.15, df = 1/8, p- > .20) did not reach 

significant level s. There was a significant effect for electrodes 

(F  - = 7.93, df = 3/24, E < ,001). The sunary of the analysis of 
-- -- 

variance for Cross-Correlations I1 is provided in Appendix C, Table C3. v 
P . "  
r 

For. both females and males, Cross-Correlation I1 means for frontal and 3 
1 

temporal sites in both SC and TA conditions are shown in Table 4. 

In further analyzing the electrodes effect, the right temporal 

(T4) correlations were larger than left frontal (Fg) correlations 

(E < .001). HomoTogous frontal and homologous temporal sites did not 

differ from each other (E > ,001). The Duncan range tests among the 

means of Factor C are shown in Appendix .. D, Table D22. 

Cross-Correlations I11 

Cross-correl at ions were separately 'calculated for the homo1 o- 

gous frontal and h ~ m o l ~ ~ o u s  temporal electrode sites for each of the 

experimental conditiop. The - F ratio for sex was not significant 

(f < 1, df = 1/8, p >  .20). There was a significant cond4tions effect 

(r = 10.44, df = 2/8, E < ,025) and electrodes effect (F - = 11.12, 

df = 1/8, E < .O25). A sumnary of the analysis of variance for Cross- - 

- Correht_ks UI-iqmxided i~App-e~dix_llJkbl P C4. 

- - There was a tendency for higher cross-correlations in TA 

than in SC. For both SC and TA conditioris, there was a tendency for 



Table 4 
- - - - -- - 

Mean Cross-Correl at ion I 1 Vamesafcrr F ~ ~ a r r d 3 e r n p o ~ -  
Electrode Sites for Females and Males in Both the 

Standard and Tone Analysis Conditions 

Experimental 
Condition 

Standard 

Tone Analysis 

El ectrode Site 

Note. F = female, M = male. 



higher correlations in the frontal than temporal locations. For both 

females and males, Cross-Correl ation I I I means for frontal and temporal 

4 sites in both SCand TAcondjtions areshown in Table 5. he lackof 

a significant conditiqns by electrodes (B x C) interaction (f < 1, 

df = 1/8, p > .20) provided evidence that ,no overall change in waveform - 

Cross-Correlations IV 

Separate cross-correl atio~s were performed between 1 eft side 
- 

intrahemispheric placements and right side intrahemispheric placements 
4 

for both SC and TA conditions. No significant ratios were found for 

sex (F - = 2.01, - df = 1/8, E > .lo), conditions (r = 1.12, df = 1/8, 

E > .20), or electrodes (1: < 1, df = 1/8, p > .20). A sumnary of the . 
Y 

analysis of variance for Cross-Correlations IV is provided in 

Appendix C, Table C5. For bath females and males, cross-correlation 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 featur'es between the two experimental 

conditions was the overall increase in amplitudes produced by the tone 

analysis (TA) condition. This increase occurred at the vertex (CZ) as 
- - - - - - - -- - 

well as at frontal (Fg, F4) and temporal ( T ~ ,  T4) electrode locations. 
- -- - - - - -- pp 

The amp1 itudes at the latera? 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 



Mean Cross-Correl ation I I I Val ues for Frontal and Temporal 
Electrode Sites for Females and Males in Both the 

Standard and Tone Analysis, Conditions .# 

Experimental 
Condition 

Standard 

Tone Analysis 

Frontal El ectrodes - Temporal El ectrodes 
(F3 vs F4) (T3 vs T4) 

Femal e 



-- 

Mean Cross-Correl ation IV Values for Intrahemispheric 
Electrode Sites for Females and Males in Both the 

Standard and Tone Analysis Conditions 

Experimental 
Condition 

Standard 

Tone Analys i s 

Left Side El ectrodes Right Side El ectrodes 
(F3 vs Tg) (Fq vs T4) 

Female Ma1 e Fernal e Ma1 e 
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mTg7it ~ s u s p e c t e d ~ a t t h e ~ o n d i  tion swoul d have reduced slow 

potential act ivi ty.  Another d is t inc t  feature of the tone condition was 8, - 

the scalloping'effect of the slow potential during the 4-tone presen- 

tation (see Figures 14, 16, & 17). The evoked potentials a t  the onset 

and'offset of each tone partitioned the slow wave into separate 
t 

sections. Low and McSherry (1968) @served a similar scalloping (as 

- - - ~ e U _ a s m g n i t u d P ~ ) i n - ~ C N l l d u r i n g a t a s l t . t h a t i n d u c e d L  

mu1 t i p l e  anticipation by requiring an additional response from subjects 

already w i t h i n  an expqgtancy situation. McCallum (Note 30) has also 

reported an undulating ef fec t  i n  the CNV durlng a vigilance task. 
< 

~ i v e n  the very strong conditions ef fec t ,  different ial  CNV 

act ivi ty between homologous s i t e s  did not emer e. The small overall 

ampl i tude ai  fferences of 1 ateral and opposi t e l  placed electrodes did E 
not reach s ignif icant  1 evels. Separately analyzed by condition, 

' 
amplitudes for  homologous s i t e s  were not different  from each other i n  

e i ther  the standard o r  tone analysis conditions. The mandatory right 

hand button press i n  the standard condition d i d  not appear to  a1 t e r  

the slow wave balance between the rhemispheres., This is  i n  agreement 

with the ffndings of Welnberg and Papakostopoulos (Note 25). 

No signif icant  r ight  or  1 e f t  intrahemispheric ampl itude 

differences were found f o r a e  standard condition; i n  the tone 

analysis condition, the r ight  frontal (F4) s i t e  w&s 1 arger than- the 

r i w -a~(*+c-- ~e%te&ora-~~~+~tesf~9mmi spbre- 

electrodes in TA we* not differen+-eaLotheratthedgnif- 

i cance 1 eve1 s .tested. % 

The four separate ampl l tude measures made across the Sl-SZ 



interval roughly reflected the general shape of the averaged slow 

potential. There was a decline i n  slow wave activity for succeeding 

time periods, especially Time 4. The reasons for the various inter- 

actions of the period measure ? Factqr D)- with conditions (Factor 8) , 

electrodes (Factor C ) ,  and conditions by electrodes (B x C )  can be 

seen sumnarized i n  Figure 12; similarly, the interaction effects can 

Be Gwa ffzed i I I ~ ~ a g e d r m r d ~ - ( - F i g m e ~ a n ~ ~ ) a n 3 t h e  

pooled averages (Figures 15 and 16) of both experimental conditions. 

For the most part,  electrode s i t es  in the standard condition displayed 
- 

a decline i n  slow wave activi ty through the CNV interval ; i n  the tone 

analysis condition, however, slow wave activi ty a t  some s i t es  increased 

during the CNV interval. 

The subject's task i n  the tone analysis condition was not 

d i f f icul t  since most subjects were a t  least 90% correct i n  their 

judgments. From the design of the experiment, they probably made 

thei.r decision about the tone pairs soon after  'the osset of the las t  - . 
i 

tone. This corresponded with the decreased amp1 i tudes recorded during 

the fourth period (Tim 4 ) .  For each of t h e  lateral electrode piace- 

ments in TA, the f i r s t  three periods were al l  a t  hi-gher levels than the 

fourth period. From the various range tests  that were computed, 

homologously placed s i t es  i n  TA d i d  not differentially resolve slow 

wave activity a t  Time 4. I n  the standard condition, differences i n  

The ratio indices of aspmetry indicated that larger overall 

activity occurred fo r  females than for males. For females, the 



temporal ra t ios  tended'to show less  r ight  hemisphere asymmetry i n  TA . 
than iri SC. 

Although the waveforms for an electrode location betwken . 

experimental  conditions were dissimilar , cofiparisons of h o y l  ogous 

ptahments did not: indicate different ial  ac t iv i ty  fmm SC to TA. 

cross-co&elations tha t  separately ;ompared la te ra l  placements: to  the 
- - - - - -- pL 

vertex (C,) tended t o  show higher correlations fo r  the temporal than 

for  the frontal locations i n  both SC and TA. Cross-correlations'for 

intrahemispheric electrode locations did not indicatk any different ial  

ac t iv i ty  between the experimental conditions. . To the extent tha t  the 

tone condition represented a musical experience, the,functional 

asymnetries asciibed t o  the r ight  hemisphere by M'ilner (1962), 

shankueijer (1966), and Kimura (1964, 1967) were riot supported. 

Even though no d i s t inc t  la teral  fzation effects  were found i n  ' 

'the s t a t i s t i c a l  treatment of the data,  the tone analysis condition-did 

produce individual cases of marked hemispheric 'asymnetries. For 

example, the plotted averages f o r  subject A. K. (male) are  i l lus t ra ted  

i n  Figure 18 for  both SC and TA conditions. Compared t o  the d i s t r i -  

bution tha t  existed in SC, visual inspection of , t h e  records during TA 

indicated that  larger slow potentials were generated over the r ight  

than l e f t  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  s i t e  on 

the l e f t  hemisphere producedlarger C w a c t i v i t y  i n  T A - ~ k - f i o n t a l  

s i t e  on the r ight  hemi sphere. No doubt, due to  the ingonslstency of 

t lateral ,  zation effects between individual subjects (males as well as 



Figure 18 - 

Symnetrical and Asymnetrical CNV Averages for 
Subject A. K. in the Standard and Tone 

Analysis Conditions 
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females), those instances of cle& hemispheric differentiation were 

lost when subjected to variance analysis. 

In sumnarizing the various 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 activi$y *re ref ated to a simple decision process. Sex 

~ateralization effects for slow wave activity were not present; but as 

the examples of individual records indicated, amp1 itude asmetries 

were observed in TA for several subjects. 

/' 
Flash Analysis 

Based on the results of the tone analysis experiment, an 
5 

additional brief study was performed. A situation analogous to TA was 

designed 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 analyzing flash presen- 

tations increase overall CNV activity? 

Apparatus and Recording Techniques 

A spkial projector was designed and constructed in order to 

tmporally present four flashes in discrete steps of intensity. A ' 
- - -  - - - 

1 ight-dimner circuit was modified to operate an incanbscent lamp at 
-- - -- - - - - - - P - - - - - - -- 

i 
selected levels by a simple resistance change. The 'light from the - 
lamp was projected onto a circular ground-glass screen. In order to 



minimize color change with intensi ty ,  the lamp was operated a t  the high 

end of i t s  brightness range. ~ e u t r a l  density f i l t e r s  were added t o  

reduce brightness to  a base1 ine level. Switch selectable poten- 
* 

t i o m t e r s  were adjusted t o  produce three brightness levels above a 

continuous level of 25 f t L  (85.656 cd/m2): (1) 50 f t L  (171.313 cd/m2), 

( 2 )  75 ftL (256.969 cd/m2), and ( 3 )  100 ftL (342.626 cd/m2). Fixation 
A 

-- - - - --- 

of the 2' screen was aided by a centrally - pL p l a y  3 , marked -- dot. -- 

% * 

Flash sequences were p p e t  before the s t a r t  of each t r i a l .  

The f i r s t  flash-pair differed by a t  l eas t  one brightness step; . 
randomly, the second pair of flashes was the same or  differentc  from the 

/- 

f i r s t  f lash-pair;  i f  different ,  only one flash ~f the second flash-pair 

was divergent. For example, a sgmz-squence might consist  of steps 

1-2-1-2; a different  sequence mfgh t  consist of s t e  1-2-1-3. The 
C 

duration of each f lash was 750 nk1 %iseconds fo r  a t 5 t a l  f lash-period of 
.. 

3.0 seconds. The timing and s tep switching were control led by Grason- 

Stadl e r  programing modul es.  

Scalp recordings were collected from three practiced, right- 

handed male subjects. Referenced t o  linked mastoids, active s i t e s  

included the ve;tex (CZ), l e f t  frontal (F3), r ight  frontal (F4), l e f t  

occipital  (01). and r ight  occipital  (02) locations. Vertical eye 
-. 

movements were monitored w i t h  electrodes placed above and below t h k  

right eye; an additional electrode was attached t o  the forehead in 
- - -- - - -- - - -- 

order to  gound the subject. Amplifier sens i t iv i ty  was adjusted to  
- - - 

50 pV/crn for  active elec'hode s i t e s ;  time constants were se t  a t  5.0 

seconds with upper cutoff frequencies se t  a t  30 Hz. Data c-ollection 

and recording fol 1 owed the procedures described in the Mthods . section 



of this chapter. 

Procedures and Resul ts Y 

Three experimental conditions were administered t o  each of the -- 2-i 

subjects: (a )  a standard condition (SC), (b )  a flash analysis con- 

, dition (FA),  and (c) a long flash condition (LF) .  In the stahdard 

condition, a brief f lash (150 milliseconds a t  intensity 2 )  was 

followed 3.0 seconds l a t e r  by clicks.  The subject terminated the 

clicks as quickly as possible w i t h  a r i g h t  hand button press. The 

f lash analysf s condition presented the subject w i t h  f lash  sets; the 
A 

subject determined whether the second flash-pair was the same or 

different from the f i r s t  f lash-pair.  The subject made his response by 

pressing w i t h  the right hand for  a same judgment or w i t h  the l e f t  hand 

for  a different judgment. The response also terminated cl icks that  

sounded a t  the of fse t  of the  l a s t  flash. (Correct or  incorrect 

responses were observed but  were not recorded. ) Finally, the  long 
1 

f lash condition presented a continuous flash a t  one of the  three 

intensity levels (randomly selected). A t  the end of the 3.0-second 

long flash., clicks sounded and were terminated by a r i g h t  ha d button P 
press. The SC conditipn was administered f i r s t  with the order of each 

of the other conditions randomly determined for  each subject. 

Individual t r i a l s  f o r  a1 1 conditions were separated by periods 

that ranged fm 18 to  30 seconds in-'&ration. The total  sweep time - - 
was 3.5 seconds: for  !&el ine purposes, data collection s tar ted 100 

- - --- - - - - -- 

milliseconds prior t o  stimulus onset. Averages for each of the con- 
! 

ditions consisted of 16 t r i a l s .  
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Averiges for the three conditions were plotted for each ' 

subject. A visual inspection of the results indicated t h a t  during FA 

the slow wave was scalloped. This effect was present over the. various 

active sites and i s  shown for subject H .  M. in Figure 20. The 

overall averages t h a t  were gathered for subject H. M. are illustrated 

in Figure 21 for SC, FA, and LF cbnditions. The data  from the other 

s&jee& shewe- . . t t e m w w a v e - a c  t i i i t y  . -- 
B 

Further, single t r ia l s  in LF were retrieved for each of the 

brightness steps and were' separately averaged across electrode s i t e  

far each subject. The slow wave werages t h a t  resulted were plotted 

across the three brightness steps: The results for subject H. M. dre 

shown in Figure 22. The CNV 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 

a t  flash onset t o  a point 50 milliseconds prior t o  the offset of thei 

long flash; from there the line was moved perpendicularly t o  intersect 

the slow wave. The areas bounded by the slow wave and the constructed 

line segments were measured with a compensating planimeter. The 

resulting areas for each electrode s i te  were scaled into pV-seconds 

and then normalized i n t o  uV.  The amp1 itude densities for the three 

brightness steps are'shown for subject H.  M. i n  Figure 23. The 

amp1 itudes for the vertcy (CZ) s i te  tended t o  decline with increased 

1 m r  it* #a*& e H h ~  3 m i g h e r  7wels; l a m  

occipital sites did not  appear t o  shift  across brightness steps. 

A note about lateralfzation effects should be mentioned. In 



Figure 20 

CNV Averages f o r  Subject H. M. a t  Each Act ive Electrode - 
S i t e  during the  Flash Analysis Condition 
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Figure 21  

CNV Averages f o r  Subject H. M. a t  Each Act ive Electrode 
S i t e  for t h e  Standard, Flash Analysis,  and 

Long Flash Conditions' 





. 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 t o  Figure 21, the right side frontal-si te  for both FA a n d  LF 

condi t ionswascons iderab ly la rger than  i n thesccond i t i on .  As 

pointed out ear l ier ,  individual 'instances of. slow wave asyninetry were 

*prominent among many subjects ' records. . -  " J' 
r 

A1 though the scalf oping effects appeared i n  the C N V ,  the second 

question regarding slow wave dp iv ing  during FA. could not adequately'be 

snsww&+y the heftepitRen1 ts k effptayect. in-+,$ h e  t o p  anaty------ - 
rj 

presentations, intensities were maintained a t  a constant level ; i n  FA, 
: ,  

i 

i t  was the intensities themselves that were ~ n i p u l a t e d  and analyzed by 8- 
- 

the subject. The single t r i a l  analysis of brightness l ivels  suggested - - -.- 
t h a t  an i verse or a t  l e a  inconsistent relation existed ~ G e e n  level 0 I-- + 

and slow wave amp1 i tude. Intensit9 steps were probably confo'yded in 

some comj&q$ted way w i t h  slow potential acti-vity 
t 

9 ,  -- 
a, * 



Chapter 5 

& 

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 i e f t  hemisphere specialization comes from the 
b... 

presentation and evocation of verbal stirnul us material s.  Geschwind 

(1970) has outlined the principal cortical areas involved in language 
I 

comprehension and language p oduction. Destruction of an area of the . 

1 
left hemisphere known as the area o f  Wernicke was accqrnpanied by the 

1 
fai 1 w e  to understand written and spbken 1 anguage. Another important 

verbal site was located in the iiiferior frontal region of the left 

hemisphere. This latter area, known as Broca's area, appeared 

primarily involyed with the articufat5on of speech sounds. . 

In attempting to account for the we1 1- documented perceptual 

asymnetries between verbal ,and nonverbal stimulus materials, Kinsbourne 

(1970j has proposed an attentional model for ixplanatibn and experi- . 

an overall expectancy or set for a given type of s t - k l u u x m k  

estabi i shed. - 
This chapter' exmines the lateral distribution of the CHV 



I 
-- - -- pp -- -4- 

during conditions of instructed se t .  The posterior parietal  area of 

~ e r n i c k e  on the l e f t  hemisphere was compared t o  a homologous area on 

< the r ight  hemisphere. Additionally, CNV 4 tdvity was re'corded from 

'central and frontal 'locations. The &vYi ty 'from 1 a te ra l  e l  ecteode 
9 

placements over bbth cerebral hemispheres was used to  assess CNV 

genes& during a r t aodad~nd i t lm  and condi tbns  w h i c h  manipulated 

su b2ect expectation for  .-the reception and production -.of simp1 e verbal 

stimuli . 

Subjects- 

The subjec 

Methods . t - 

ts were f ive  right-handed males and f ive  right-handed - 

'females. The subjects were recruited from the university comnu"ity as - 
- .  

pald volunteers. Handedness was checked by requiring each subject to- 

copy a short paragraph. The subjects - reported no abnormal speech 

impediments. The subjects.' ages ranged from 18 t o  30 years 'and a1 1 had. 

'normal or  corrected vision.   one of the subjects had previously 

participated in electroencephalographfc + expe'rimentation. 

Recording Techniques 

Monopolar scalp electrodes (Ag-AgC1 ) were cemented t o  the * .  

vertex- ( C z ) ,  l e f t  frontal (F3), and r ight  frontal  (F4) locations 
- - - - A 

ppp 

according t o  the 10i20 System. (Jasper, 1958). The area o f  Uernicke 
- 

was estimated by locating the central point& in the t i i Z i $ T f E F d T j  - 
l e f t  side 10-20 positions T3, Tg, and. P3; the central point was 

designated as M i .  A r ight  side location was similarly determined by 



+ .- 
- - ---- -- 1- 

* / 

locating a central point i n  the t r iangle  bounded by Tq, T6, and Pq; 

t h i s  s i t e  was designated as Wp: (The method fo r  locating the area of 

Wernicke was adopted from the a r t i c l e  by Matsumiya, Tag1 iasco, 

Lombroso, & Goodglass, 1972. ) A l l  active electrode s i t e s  (Cz, F3, Fq, / 

W1, W2) were referenced t o  linked mastoids. A ground%lectrode was 
i- 

placed on the - --- subject ' s  -- - forehead. In order t o  monitor ocular $ 

- - - - - -- - - 

potentials , Beckman Biopotential el ectrodes were placed periorbi t a l  l y  

above and below the right eye t o  record upward and downward mpvements, 

and electrodes were placed near the external canthus of each eye t o  

,record la teral  eye movements. Skin s i t e s  were l ight ly  cleaned with 
d 

alcohol before electrode application. After the electrodes were 

injected with electrolyte  (Beckman), electrode impedances were 
, . - measured and were equated i n  the range from'3.0 to  3.5K ohms by tapped 

)I 
i 

skin abrasion. 
F 

Scalp potentials were amplified and recorded on an 8-channel 

~l ema-schonander Mi ngograf recorder. h i 1  i f  i e r  sens i t iv i ty  was se t  t o  

50 pV/cm fop active electrode s i t e s ;  time constants were adjusted to  

5.0 seconds w i t h  upper cutoff frequencies se t  a t  70 Hz. Amplifier 

outputs were digi t ized on-line w i t h  a Hewfett-Packard 2116B computer. 

Data averages were stored on d isc ,  whereas single t r i a l s  were stored 

on magnetic tape. Continuous analog (FM) records were also collected. 

ta t ions.  (See Chapter 4 for  de ta i l s  on data collection and data 
- - --- - - - - -- 

re t r ieva l .  ) Before each day of tes t ing ,  a calibration signal (50 u V )  

was placed in para1 l e l  across amp1 i f i e r  .inputs to  verify the equal i t y  

of the final amp1 i f i e r  outputs throughout the data cot 1 ection network. 
* 



Stimulus Construction 
i 
/ 

#' 

Comn mnosyl labic and polysyllabic Engl ish words, e.g. , HOOK, 
0 

WRIST, ELEPHANT, LIMESTONE, e tc . ,  were singly placed on cards for 

tachistoscopic presentation. See Appendix E for  a complete 1 i s t  of 

Ltirnulus words. Black press-on t ransfer  l e t t e r s  (Letraset,  s ty l e  

Futura - - - Bold) - were - -- used - - in - -- forming - - the - - words. A template was used t o  
- -- -- - 

align and center individual words i n  the t histoscope card hanger. A a 
Sony portable video u n i t  projected the scope (3-channel Scient i f ic  

e Prototype) presentations t o  the subject on a TV monitor inside the 

sound attenuating cubicle. Viewed on the screen monitor, stimuli were 
Y 

-3"igh;. longer words were approximately 4' across the screen. 

Procedure 

After electrode preparation, subjects reclined comfortably on 
5 

a bed adjusted for  viewing the screen'of the TV monitor. Overall 

screen brightnQs was approximately .5 ftL (1.713 cd/mz) and .was 

essent ial ly  the only source of i l  turnination in the cubicle. 

A 15 - 20 minute period followed i n  which the electrodes were 

allowed to  s tab i l ize  and a f inal  equipwnt inspection was made. 

Three experimental conditions were administered t o  each 

subject. In Condition A ,  the standard, a 30-mill isecond tone (1000 Hz) 

pip (S1) was followed 1.5 seconds l a t e r  by cl icks ( S Z ) .  The subject ' s  
- - - - - - - - - 

task was to  terminate the cl icks as quickly as possible w i t h  a r i g h t  

hand button press. If the  button was pwssea b e T O F F t ~ c k s  

sounded, the clicks were automatically inhibited. The subjects were 

given several practice t r i a l s  and were instructed t o  adopt a pattern of 



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 condition, Condition B, consisted of a 30%1illi- 

second tone pip f % )  followed 1.5 seconds later by a stimulus word 
- - - - -- -- - - - -  - - - - 

presented for 30 milliseconds. The subject was instructed to audibly , 

1 

vocalize the binocularly observed stimulus word as soon as it appeared. 

Several practice trials were given to acquaipt the subject with the 

situation and also to select an individual response 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 momentarily disappeared 

during stimulus (S2) presentation. 

The third condition, Condition C, reversed the sequence of the 

S1-S2 presentation from Condition B. The 30-millisecond stimulus word 

was presented at S1 followed 1.5 seconds later by a 30-millisecond tone 

p i p  ( $2 ) .  The tone signaled the subject to audibly vocalize the 

binocularly observed stimulus word seen at S1. During practice trials, 

subjects were instructed to respond quickly at the S p  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 

fixated a dot that disappeared during word presentations. 
k - 

The words that vere used in Conditions B and t were presented 

in random order without repetition for each subject. 
\ 

For a1 1 three subjects 1 i stened to 
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auditory stirnu1 i from Touspeakers under'tlve Be& Soun&+mfk----- 

measured a t  the subject ' s  head ranged from 65 - 70 dB; i n  the standard 

condition, clicks were generated from a Grass S-4 stimulator a t  a r a t e  

of 15/second and were def ivered a t  a level that  ranged from 65 to 

Condition A was administered f i r s t*- for  a1 1 subject?; the order 

peridds between t r i a l s  ranged from 18 to  30 seconds; periods between 

conditions ranged from 5 t o  10 minutes. 

An average of '16 t r i a l s  was collected for  each of the experi - 
mental conditions for  each subject. Accepted t r i a l s  were f r ee  from 

obvious eye movements or muscular ac t iv i ty  during the c r i t i ca l  S1-S2 - 
interval.  The s t a r t  of data collection was issued manually a f t e r  

ly 

monitored records appeared sa t i s fac tor i ly  stable.  The total  sweep 

period was 3.5 seconds; for basel ine purposes, signaT digi t izat ion 

* star ted 500 milliseconds before the onset of S1. Timing sequences, 

tachistoscopic presentations, and S1 and S2 stimuli were controlled by 

Grason-Stadl e r  1200 programing modules. 
, \ 

Data Treatment 

The data averages collected for  each subject were plotted for 

each experimental condition and for  each of the electrode s i t e s .  

Individual data averages were d ig i t a t ly  f i l te red  prior to  plotting 
;ck -- 

(seh Appendi B) and were centered around a mean base1 ine voltage: ir 
- - -ppp 

from the 5 0 0 L l l  isecond pres t iml  ation period. 

Area measurements o f  CNV mqnitude. The plofted records were 
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used to derive area measurements of CNV magnitude. A horizootal line 

was constructed from the positive most component of the evoked 

potential at S1 to a point 50 milliseconds before the onset of Sz; 

from there the 1iie was perpendicularly directed until it intersected 

the slow wave. The areas bounded by the slow wave and the constructed 

1 ine segments - - were- measured with a compensating planimeter &_& E-- + 
Model 4236). The area measures were scaled into VV-seconds and then 

were normalized into ;v. 
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 factor labels were as follows: 

sex ( A )  by conditions (B) by electrodes (C). The analysis of variance 

tomputations were carried out using BMD08V of the Health Sciences 

Computing Facility, UCLA. a 

Vertical measurements of CNV ampl itude. A single estimate 

' of slow.wave activity was made for all subjects *om the averaged 
a I 

records of each active electrod site for each of the corresponding 

experimental conditions . Direct (cal ipered) readings were col 1 ected 
B 

from a baseline point 50 milliseconds prior to the onset of S 2  

vertically to a point on the slow wave. 

A three-factor (2 x 3 x 5) analysis of variance design with 

vertical ampl itude measures. Factors and factor labels were as 

follows: sex ( A )  by conditions (B) by electrodes ( C ) .  
/' 

Ratio indices of asymnetry. In order to assess the relative 

proportion of left (t) hemisphere activity to right (R) hemisphere 



--- &70 - 

ac t iv i ty ,  ra t ios  of the form L/& + E) were formed. Ratios were 

separately derived for homologous frontal s i t e s ,  F3/(F3 + F 4 ) ,  and 

homo1 ogous posterior s i t e s  , W1/ (W1 + W2) , from the el ectrode averages 

(magnitude measures) for  each of the experimental  condition^.^ Ratios 

that  exceeded .5O indicated larger 1 e f t  than r ight  hemisphere ac t iv i ty ;  

ra t ios  below .50 indicated larger r ight  than l e f t  hemisphere ac t iv i ty .  
- - - - - - 

- - - -- 

A three-factor (2  x 3 x 2 )  analysis of variance design with ' 

repeated measures on the l a s t  two factors was performed on the 

calculated proportions. Factors and factor labels  were as follows: 

sex ( A )  by conditions (8)  by electrodes ( C )  . 
Evoked potential amplitudes a t  S1. An estimate of evoked 

potential ac t iv i ty  t o  SI was collected for  each subject a t  each 

electrode s i t e  for  each of the experimental conditions. Direct 

(caliper&) measurements were taken from averaged records from the 

most positive component that  occurred a f t e r  S1 (latencies ranged from 

250 t o  350 mil 1 iseconds) to  the base1 ine. 

A three-factor (2 x 3 x 5) analysis of variance design w i t h  

repeated measures on the l a s t  two factors was used t o  evaluate the 

amp1 itude measures of evoked potential ac t iv i ty  a t  S1. Factors and 

factor labels were as fo1 lows: sex ( A )  by conditions ( 0 )  by 

el ectrodes (C) . 
Additionally, the relationships of the area measurements, 

- - - -- --- - -- 

vertical measures, and evoked response (or EP)  measures to  each other 
- - - - - -- - - - 

were evaluated by Pearson Product-Moment correlations. The s ignif-  

icance of each correlation was tested by - t = - r [  (2 - 2 ) / ( 1  - r2)1' - 

w i t h  - df  = - n - 2 .  



Cross-Correl ations I. Cross-correl ations for each subject were 

separately performed between each active electrode site in the 

standard condition and i tsel f in Condition B; simi 1 arly, cross- 
# 

correlations were performed between an electrode site in the standard 

condition and itself in Condition C. The cross-correl ations that were 
Y 

' used here and in later analyses were modified to emphasize the slow 
/ 

- - -- -- -- A - - - - - 
wave build u'p 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 

from the start of data co1lection. . 
The Cross-Correlation I values that were obtained-were entered 

into a three-factor (2 x 2 x 5) analysis of variance design with 

measures on the last two factors; Factors and fachor labels ' 

were as follows: sex .(A)' by conditions (B) by electrodes (C). 

Cross-Correlations 11. 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, correlatiobs were , 

similarly performed for Condition C. " 

The resulting correlation values were.'entered into a three- 
- - - -- - - - - - - 

factor (2 X <  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). 

Cross-Correl ations I1 I. Separate cross-correlations *re 



performed for  each subject between homologous frontal (F3 vs F4)'and 

between homologghs posterior ( W l  vs W2) electrode s i t e s  fo r  each of the ' 

experimental conditions. . 

- The correlations tha t  were obtained were entered into a three- -. 
'1  factor*^ 3 x 2 )  analysis of variance design w i t h  repeated measures 

on the l a s t  two factors.  Factors and factor labels were a$ follows: 
- 

- -A 

sex (A] by conditions ( B )  by electrodes (C). 

Cross-Correl ations IV. Separate cross-correl agio,ns for  each .. 
subject were performed between 1 e f t  side i  ntrahemi spheric placements / 
(Fj vs W1) and between r i g h t  side intrahemispheric placements (F4 vs , 

W2) fo r  each of the  experimental conditions. 

The correlation values were entered into a three-factor 

( 2  x 3 x 2 )  analysis of s i g n  w i t h  repeated measures on the 

l a s t  two factors.  ~ a c t d d  factor .labels were as followsI sex  .(A) 

by conditions (B) by electrodes (C). * i 

/ 

a Results 
* 

-*I 

The analysis of overall treatment effects  reliedton 

', appl icatjon of the analysis of variance.' Individual t e s t s  of main 

effects  were carried o u t  using Duncan's Multiple-Range Test among the 
I 

means for  s ignif icant  F ra t ios .  Significant interactions were also - 

'analyzed using Duncan's k 1  tiple-Range Test. In the calculation of the 
- - - - - - - - - - 

c r i t i ca l  ranges, i t  was the level of. the significant - F r a t io  that  
p- p- - - -- - - - 

normaTTy determined the particular tab1 es entered. 

Area Measurements of CHV Magnitude //' 



icantly different (F- < 1, df = 1/8, > .20). The condit-iotk effect 
-, 

was also not significant (F - = 2.38, - df = 2/16, p > .lo). There was, 

however, a significant electrodes effect (F - = 29.62, - df = 4/32', 

LI< .00l$. Interactions that reached significant levels includedsex 

by electrodes (F - = 3.13, - df = 4/32, E < .05) and conditions by 

electrodes (F = 2.38, df = 8/64, p < .05). A sumnary of the analysis 
- -  - 

- - 
- -- -- -- - 

of variance for the area measurements of "CNV.magnitude is provided in 

Appendix C, Table C6. 
t 

Further tests on electrodes* (Factor C) indicated that the 
f 

vertex (C,) was larger than either F3, Fq, W1, or W2 sites (p < .001). 
Z 

The overall means for the normalized areas at each active electrode =l 

site are illustrated in ~ i ~ * d 4 .  None of the differences between 

laterally placed electrodes reached a significant level . The Duncan 

range,tests among the means of Factor C are shown in Appendix Dy 

Table D23. 

The mean densities (normal ized areas) involved in the sex by 
- / =  

electrodes (A x C) interaction are illustrated in Figure 25. For the ; a. 

fmles, the vertex (Cz) was larger than either F3, F4y W1, or W2 
scalp sites (g < .05); frontal locations F3 and Fq were separately. 

' 

larger than either W1 or W p  (g < .%).  For the kl es, the verter ( C z )  

was larger than either F3, F4y W1, or W2 scalp sites (e < .05); also, 

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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Hems for tk Homli& Area harbrements o f  CWY k t i v f t y  
for  Funales aM Hales a t  Each Active E l ~ t r o d e  S i t e  

t 



and f o r  males across electrode s i t e s  a r e  shown inAppendix D y  Tables 

D24 and D25,.respectively. * . r \ 

The mean dens i t i es  involved i n  the  conditions by electrodes 
* 

4 

( B  x C) interact ion a r e  i l l u s t r a t e d  i n  Figure 26. In each of t h e  

- experimental conditions, the  vertex (C,) was separatel)  l a rger  than , ' * 

any of t h e  corresponding l a t s l  placements < .O5). - In  condition A ,  
P 
-- -- -- - Fs-and F4 5 t e ;  were s e p a r a t e ~ y  ,Targer: thdfi ' e i the r  Wi o r  W2 locations 

(2 < .O5). - In Condibeon 0 ,  F3 and F4 s)tes .were separate ly  1 arger than 

- WZ (E c .05).. f n  condition C ,  noni of the  contras ts  between l a t e r a l  

p l  acements reached s ign i f  i cah t  1 eve1 s. Separately considered by . 
condition, no' d i f ferences  &re found between homologous f ronta l  o r  -' 

between homologous poster ior  s i t e s .  The Duncan range t e s t s  among the  

means of Conditions A ,  B y  and C across electrodes a r e  shown i n  
* 

Appendix D ,  Tables 026, D27, and D28, respectivePy. 

\ 
Vertical Measurements of C N V  Amp1 i tude 

1 

The F r a t i o  fo r  sex was not s ign i f ican t  ( F  = 1.63, df = 1/8, - 
7 - 

p > .20). There was a s i gn i f i c an t  conditions e f f ec t  ( F  = 8.49, df = - - ' J  
2/16, p < .005) and a s ign i f ican t  electrodes e f f ec t  ( F  = 23.48, df = - - 

P 4/32, Q < .UOl). There was a l so  a s jgn i f jcan t  conditions by electrodes 
(r 

( 3  .x C) interact ion (F = 3.52, df = 8/64, .OO5). The sumnary of - - 
the  analysis  of variance fo r  the  v e r t t t a l  measures of C N V  amplCtude is  

provided i n  Appendix C ,  Table C7. 
- - - - - - - - - -- - - - - - - - - - - 

T h e  overall means fo r  the separate experimental conditions a r e  
- - 

i l l u s t r a t e d  in Figure 27. Further t e s t s  revealed t h a t  Condition A was 

d i f fe ren t  from Condition C (p < .005); b n d i t i o n s  B and b d i d  not 
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- - - -- - -- - - - - - - -- 

d i f f e r  from each other. The Duncan range t e s t s  ambng the means for 

conditions (Factor B) are shown in Appendix D ,  Table D29. , 

The overall mean amp1 itudes for  each of the electrode s i t e s  

a re  i l lus t ra ted  in Figure 28. The vertex ( C z )  was separately larger .- 

than e i ther  F3, F4, W 1 ,  or W2 s i t e s  (g< ,001). No significant 

differences - were found between h~mologous frontal or between homologous 

~ ~ ~ a n ~ ~ a ~ h e m e a ~ ~ ~ ~ Q 6 ~  

- (Factor C') are shorn in Appendix D, Table D30. ? 
-& 
.i?; 

The me& ampl i&des involved in the conditions by electrodes Q 
-5 

-- - 
- -- 

(Bl 2- C) interaction are  i l lus t ra ted  in Figure 29. In Condition A ,  the 

vertex (CZ)'was separately larger than ei ther  Fj, Fq, W1, dr WZ s i t e s  * , 

(e < .005) ; a1 so, Fq was 1 arger thanvY1. In Condition B ,  none of t h e  
% 

contrasts between act ive electrode s i t e s  reached a s ignif icant  level . - 

( g >  .005). In Condition C ,  the vertex (Cz) was larger than W1 /' d 
d 

' 3  - +  

$3 . - 
(e < .005); none of the other contrasts between 1 ateral s i t e s  reached % 

- 

Led 
7 

significant levels (p > .OO5). Separate13 conside by condition, 
& -, 
- - - 

- no differences were found between honhlogous frontal o r  between > * 
3. - 

homo1 ogous' posterior s i t e s .  The Duncan range t e s t s  among the rpeans 

for  Conditions A ,  B, and C across electrodes are shown i n  Appendix D ,  
a 

Tables D31, D32, ahd D33, respectivejy. -A 
' >  

Ra- Indices crf: Asymnetry 

The - F ra t ios  for  sex*(c =, '2% MI, - _  df = - 1/8[g > 1 0 ,  conditbns 

If < 1; 3 = 2/16, e j .20], and electrodes (E = 1.36, df t 1/8, 
- -- -- -- - - - 

e > .20) did not  reach significa& i n t e k t i o n a f  sex by 

electrodes did reach a significant, level' (F = 7.43, df- 1/8, e-< '.05). 
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/' 



. 
Figure 29 

I k n  CWY A.rplftudes a t  Each Active Electrode Site 
fw Each o f  tha E x p e r i m t a l  Conditions 

9 * 



- .* 

-The sumnary 

Appendix C ,  

The 

interaction 

of the  analysis o f  variance for ra t ios  is provided i n  

Table C8. - 
mean ra t ios  involveh i n  the 'sex by electrodes (A x C )  

a r e  l l lus t ra ted  in FigureM. For the females, the ra t ios  

between frontal (.48) and posterior (.46) locations were not signif-  

i c a n t l y $ c w e n t  (Duncan's Mul t ip ldange  Test: - k = 2 ,  - df = 8, 
-- -- -- -- 

'n - = 15, E > .05). For the males, the ra t ios  between frontal (.49) and 

, posterior (.55) s i t e s  were signif.icantly different (Duncan's Multiple- \ 

Range Test: k =  2, - d f  = 8, - n = 15, g <  .05), - 

The h a n  frontal ra t ios  and the .mean posterior ra t ios  for  both 
c 

females and males i n  each of the  experimkntal condftions a re  shown i n  

Table 7.  These means corresponded t o  the nonsignificant sex by 

conditions by electrodes ( A  x B.-x C )  interaction. The females tended 

t o  have larger frontal  ra t ios  than posterior ra t ios  across a l l  the 

experimental conditions, whereas males tended to have larger  posterior 

than frontal ra t ios  across the experimental conditions. A1 though not 

s t a t i s t i c a l l y  jus t i f iab le ,  Duncan range t e s t s  m n g  the mean frontal 
I 

rat ios  for  f m l e s  across conditions and mean posterior ra t ios  for 

f&les.  across conditions are  shown i n  Appendix 0, Tables 034 and 035, 
.. i 

respectively; 1 i  kewise, the Duncan range t e s t s  among the mean frontal 

ra t ios  f o r  males across conditions and mean posterior ra t ios  for  males 

across conditions i r e  shown i$appendix D ,  Tables 036 and 037, 

respect iveTy . 
- 

Evoked Potential Amplitudes a t  Sl 

The - F ra t ios  fo r  sex ( F  - < 1, df = 1/8, p > -20) and conditions 
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A - - 

Mean Frontal Ratios and Mean Posterior Ratios 
for Females and Males for Each of the 1 

Experimental Conditions 

-- - -- - - 

i 
Frontal Ratio Posterior Ratio 

Exper iiental t .  (a1/ rW1 I + W 2 1 )  
Condition I . ,  fa 1 female Male I F h l e  Ma1 e 

'A (Tone -t Cl icks ) .50 1 .44 .57 

B (Tone -+ Word) 

C (Word -+ Tone) 
3 

3 .. 
I I 

.47 -51 

.50 .47 

.45 .55 

- .48 .54 - 



185 - 

( F  - = 1.66_,_ - df =, 2/1_6,& > ,201 ~ 4 n c L r e a d u i g a i f i c a n t l ~ ~  

was a significant electrodes effect  ( F  - = 14.53, - df = 4/32, < .001). 

The interaction of conditions by electrodes (I3 x C) also reached a 
i 

significant level ( F  - = 2.38, df = 8/64, p <  .05): A sumnary of the 

+ * analysis of variance forpvoljed m t e n t h l  arnplitudrk a t  S1 is provided 

- in Appendix C,  Table C9. 

  he overall means fo r  evoked potential amplitudes a t  S1 pcross 
7-- . 

electrodes are i l lus t ra ted  i n  Figure 31. Tests ind;cated tha t  the 
Q 

r: 
A 

vertex ( C Z )  s i t e  was separately larger than e i ther  F4, W 1 ,  or  W2 

placements (p < ,a01)* None of the contrasts between la tera l  electrode 

locatipns reached significant 1 eve1 s (e > .001). The Duncan range 
.. 

tests among the means for  electrodes (Factor C) are shown i n  
s 

Appendix D ,  Table D38. 
7 

The mean amp1 itudes involved i n  the copditions by electrodes 

(B C) interactio? are  i l lus t ra ted  in Figure 32. In Condition A, the . 
vertex (CZ) wd5 separately larger than ei ther  F3, W1, or W2 s i t e s  * 

i 

( < 0 ) .  In Condftfon B ,  the vertex (Cz) was larger than F j ,  F4, W1, 

or W2 locations (p < .05 ) ;  F3 and Fq s i t e s  were separately larger than 

W2 (2 < -05);  a1 so, F j  was larger t h a n  W1 (e < -05). In Condition C; 
* 

the vertex (C,) was separately 1 arger than e?ther F3 ,' Fq, W1, or W2 , 

locations (e < .05); F3 and F4 sites were separately larger than Wp 
, 

(e < .O5); also, Fg was larger than W1 (e < .O5). Separately 

konsi  dered by condition, no differences were found between homologous 

frontal or between t logo us posterior s i t e s . A h e  Duncan range tests 
- - -  - 

among the means for  Conditions A,  B, and C across electrodes are shown ; 

in ~ p p e n d i x / ~ ,  Tables D39, D40, and MI, respectively. 



ELECTRODES 

Figure 31 

Overall Means for Evoked potential Anrplitudes at 51 
for Each of the Active*  Electrode Sites' 



Figure 32 

k a n  Evoked Potential Psplltudrs a t  51  for each 
of the Act ive  Electrode Sltrs In each 

of the Experimtal Condftfons 



a --* 
- - P -lationships between the two estimates 

# 
o f  CNV a c t i v i t y  and t h e i r  separate re la t ionsh ips t o  the  evoked 

t 

I.. j responses (o r  EPs) t h a t  were Col 1 ectedaproduct-moment cor re la t ions 

were performed between the various measures. Usf ng the normal ized- 
? 

area measurements of CNV a c t i v i t y  and the v e r t i c a l  measuresl'of CNV 

a c t i v i t y  , cor re l  a t  ions were pwfonned between each ac t i ve  electrode X 

- * 

% - - -- , s i t e  and i t s e l f  fo r  each o f i t h e  e ~ e r i m n t a l r ~ n d i t i o r k e - ~ w e  A 

1 - 
<> 

l a t i o n  values t h a t  r e s u l t e d a r e  shown i n  Table 8. Low co e la t ions  G 
were found between the noimal ized area measurements a id  the vey t i ca l  

. * 

P 

% measure5 of CNY amptltude. Using the normi l ized area measurements o f  - 
1 

CNV a c t i v i t y  and the evoked response,ampl i tudes a t  S1,  corre la t ions 
i 

\ 
were performed between each ac t i ve  electrode s i t e  and i t s e l f  for  each 

of the experimental conditions. The c o ~ r e l  a t i on  values t ha t  .resul ted 
t 

are shown i n  Table 9. The corcelat ions between the normalized area , 
C 

measurements and evoked response measurements were general ly  higher .. i 

1 G ,* - 
~ f n C o n d f t i o n s A a n d B t h a n i n C o n d i t i o n C .  Last ly ,  co r re la t ionswere  , - ^ .  . 9 

performed between each ,active electrode s i t e  and i t s e l f  f o r  the 
-- 

- ve r t i ca l  measures of CNV amp1 i tude and the evoked ,reiponse & s u r e ~  o f  , 

- - 
&. *C 

ampl i tude i n  each of the biperimenta1 condit ions . The cu r re l a t i on  -1. 
9%' 

values t ha t  resu l ted  are'shokn i n  Table 10. There was a'tendency for  : 
* .  

higher co r re la t ions  i n  Conditions A and C than i n  Condit ion B. 

2 5 
* . 

Cross-Correlations I I - 

/ - -- 

- 

1 : 5 % s S - Z j r r c l a f i o n s b e t K  each ac t i ve  electrode s i t e  &d 

ftseff m e  ~ r f ~ ~ ~ c T  separately coppared* btaqdard condi t ion 
-, 

t o  each of the other experfmental condit ions. The F r G i o s  revealed A - 
. - 



i 

Table 8 

Cdrrel ations between Nonnal i zed Area keasurei~ents of ..CNV & t $ v i t Y  and 
Yertjcal Measurements of CNV Actlvity a t  Each Active Electr*ode 
b . Si te  for-.Each of tKe '~xperidtental C,ond.itions . - ' - 

, - :  Condition B (Tone -t. Word) ' 

I r 

. . 

Condition C (Word -+,Tone) 

' i .  
5 %  

Note. For each t-test , '  n = ' lo ,  d f  = 8. Polarit ies of the- t 

v e r X 1  measuremenF above Tnegat ivq or below (ppsitive) basel ine 
- werP observed. 

S 



Carrel at 
Evo 

ions between Fbnnalized Area Measurements of7 CNV Activity and 
ked Potential h p l  itudes at S1 at Each Active Electrode 

Site for Each of the Experipntal Conditions 

f --. 

~ond'ition A (7one + Clicks) 

C 
Condition B (Tone + Word) 

Condition C (Mord -+ Tone) 

t 

Note. Far each t-test , fi = 10, df = 8. Polarities of the evoked 
pcdentlal measurements above (negatGe) and below (positive) base- 
f ine  were abserved. % .  



7 

. . 
Table 10 

Correlations between the Vertical kasurpents of CNV Activity and 
Evoked Potential Arnptitud,q at ~i at Each Active' Electrode 

Site for Each of the Experimental Conditions . 

Condition A (Tone -+ Clicks) - 

- -- C o r r e M  m- 
and Test 

Condition B (Tone -t Word) 

Electrode Site 
-- - 

I 

' Cz F3 F4 -W 1 '42 

Condition C (Word -t Tone) 

r =  . . . . . . . .  ,.46 .40 .26 .20 .14 - 
t = . . . . . . . .  - 

- - 
1.48 -)_la26 - .76 .58 .40 j 

3 
' -r +- + 

Note. For each t-test, n = 10, df 8. Polarities of vertical - 
measurements and t s  evoked-mtentia @suremcnts above (negative) ' I 

;B 

'1 
o r A l - ~ ~ & t o s i  t i ve )  basel i ne were observ&d. ? 

- ap < .05. 4 - 
5, *% 

- - - ----- 
5%- -3- 1 
hi - - 1 L . '$3 -4 

$ 
$ 7  

->- ?! 

-74 r, .. 
-- y., 
% :  
$* '& 
3 5 * "- < -; 4 

1 
'i 
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that no significant effects were found for sex (E < 1, df = 118, 

p > .20), conditions (E = 2.95, - df = 1/8., > . lo), or electrodes 
(E < 1, df = 4/32, E > .20).. A sumnary of the analysis of variance for 

Cross-Correlations I is provided in Appendix C, Table C10. * .  

The mean Cross-Correlatio~ I values , I for the nonsignificant 

, conditions by electrodes (B x C) interacfion are shown in Table 11; 
- - -  - - 

rfZZF6ipseen that 3Tierneam7ler~mdty -hi'gher-i+€en&~o 
than in Condition C. Although not dtatistically justifiable, the ' 

t 

Duncan range tests among the Cross-Correlation I means for Conditions 

0 and C across electrodes are shown in Append'ix D, Tab1 es 042 and-043, - \ 

respectively. 

Cross-Correl ations I I L 

Cross-correlations were computed ,between the vertex (C,) of 

each experimental condition and each of the corresponding lateral 

electrode placements. The - F ratios for sex (E = 1.11, - df = 1/8, 

E..,' .20) and conditions (r < 1, df = 2/16, E > .20) did not , .  reach 
-? 

significant levels. Th.ere was a significant effect for electrodes 

(E = 19.59, - df = 3/24, < .001). A' sumnary'of the analysis of 

variance for Cross-Correlations 11 is provided in Appendix C, 

Table C11. 

The overall corr.elation'yeans involved in the electrodes effect 

i - (Factor - - - - - - C) - are -- illustrated in Figure 33. The frontal sites, Fg and F4, 

separately displayed 1 arger correlations than either W1 or W2 locations 
- - - - - - - - - - - -- -- - -- 

(E < ,001). There were no differences between homologous frontal or 

between homo1 ogous posterior sites. The Duncan range tests among the 



Table 11 

Mean Cross-Correl ation 
Crsnditims by 

I Values for the Nonsignificant 
EhxWodes Interaction 

0 (Tone -+ Word) 1 .59 .57 .58 .47 -. 
.51 

C {Word + Tone) 1 .22 .19 .21 
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means for electhdes (Factor C) are shown in Appendix D, Table D44. 

The mean Cross:Correlation I1 values for the nonsignificant , 

conditions by electrodes (B x C) interaction are shown in Table 12. 

Even though the frontal and posterior differences are -clearly evident, 

there was no consistent tendency for either homologous frontal or 

h m l  ogous posterior locations to change with experimental conditions. 

- - --M-*t i st m W 1  

the Cross-Correlation 11 means for Conditions A, B, and C across 
j 

electrodes are shown in Appendix D, Tab1 es D45, D46, and D47, 

respectively. 

Cross-Correlations 111 

Cross-correl ations were separately ca1 culated between the 
A 

h q l  ogous frontal and between the -homo1 ogous posterior electrode sites * 

for each of the experimental condition;. The - F ratios ibr sex (E < 1, 

= 1/8, p > .20). conditions (F - c 1, - df = 2/16, >'.20), and 

electrodes (r = 2.69, - df = 1/8, > . lo)  did not reach significant L 

levels. The s m r y  of 'the analysik of variance for Cross-Correlations 
+ 

I 1 1  is provided in Appendix C, Table C12. 

The mean Cross-Correlation 111 values for the nonsignificant 

conditions by electrodes (B  x C) Interaction are shown in Table 13. 

Across experimental conditions, homo1 ogous V n t a l  sites tended to have 

1 arger correlations than hmol ogous posterior sites. 
-~L --p-pp--p- 

-- - 

Separate cross-correlations were performed between left side 

intrahemispheric placements and right side intrahemispheric placements 



Table 12- 
'%=-..& 

Mean Cross-Correlation 11 Values'for the Nonsignificant 
Conditions by Electrodes Interaction 

Experimental 
Condition 

A- (Tone -t Cl icks) 

0 (Tone -+ Word) 

C (Word -t Tone) 

P- 

Electrode Site 

i 
t 

F3 F4 * 1 2 

.91 .92 .77 .72 

.88 .87 -69 .67 

-89 .84 .70 .66 



Mean Cross-Correlatfon I1 I Values for the  ons significant 
Conditions by Electrodes Interaction 

- - 5 

Experimental 
Condition 

A (Tone + Clicks) 

B (Tone -+ Word) 

C (Word + Tone) 

Frontal El ectrodes Posterior Electrodes 
(F3 vs Fq) (W1 vs Hz) 
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for each of the experimental conditions. The F ratios for sex (F < 1, - - 

> .20), conditions ( F <  - I ,  - df = 2/16, p >  .20), and- 

< 1, - df = 1/8, > .20) did not reach significant levels. 

A s m r y  of the analysis of variance for Cross-Correlations IV is 
u--= 

provided in ~ ~ ~ e i i d i x  C, Table C13. 

The mean Cross-Correlation IV values involved in the non- 
- - - - - - - ,. . ~ ~ c d n t  con61t3ms ~y e L CCffffinteraction are shown in 

- Table 14. Across conditions, left side intrahemispheric correlations 

were slightly higher than r i g 9  side correlations. 

Discussion 
w 

The norpl ized area measurements of CNV activity revealed that 
1 

the ver$ex (C,) was consistently larger than,any of the lateral 
---. 

el$de placmnts. Considered by conditi frontal sites were 

g6nerally larger than posterior sites. The a ticipation of seeing and 

vocal izing a word (Condition B) had no effect on the differences f 
between hhmologous frontal or between homologo\s posterior (area of 

Wernicke over the left hmisphere) sites. The anticipation of I 
vocal iring a particular stirmlus word (Conditi C) also had no effect < 
on the differences between homologous frontal between homologous 

pusterior sites. To the extent that the CNV si uations created I 
expectancy, Kinsbourne's (1970) hypothesis concbrning the production 

had no effect between t h e  hemispheres fo,r the se arately considered 9 
h m l o g a u s  frontal an* hamlogous pusterior site . 1 



Table 14 

Mean Cross-Correlation IV Values for the Nonsignifdcant A- b - 

Conditions by Electrodes Interact ion 

Experimental 
i Condition ' 

A (Tone -. Cl i c ks) I 
B (Tone + Word) 

C (Word + Tone) 



The vertical analysis of CNV activity distinguished betwee!* 

St Cond lo; A and Condition B but did nbt distingldsh Condition B fro. - 
3 

Condition C. @st of the active electrodes in Condition C were at 
t 

base1 ine 1 evels or below. Separately considered by condition, 

differences between h&1 ogous frontal and differences between 
t 

homologghs p ~ ~ t e r i o r  sites were not obswved. .The amp1 itude results ' 

presented here are in disagreement with those of Marsh and Thompson 

(1973) and Marsh, Poon, and Thompson (Note 31). Sex had little effect 
_ 

upon either the n e w l i t 4  area measurements or vertical measurements 

of CNV activl ty. d + 

In order to provide an overall picture of slow potential 

activity, the overlayed averages for each subject at each active 

electrode site for each of the experimental conditions are illu*rated 

in Figure 34. The wnaJJ-amount of negative activlty in Condition C 

was probably due to the order of stimulus pfesentation. Since the 
a+- 

% 
stimulus word appeared at S1, the subject's expectancy or anticipation 

was probebly heightened between trials instead of during the S1-Sp 

1 interval. Given an increased negativity before S1, a ind of cortical 

asymptote may have been reached that did not permit any fyrther 

increases in negative activity. This notion coincides with results 

from experiments in whjch the position of the discriminativ&stimul us 

(either S1 or S2) had effects on the subsequent CNV waveform (Weinberg, 
- - - - - - - - - - - - - - - 

Mlchalewski, & ~oopman,' 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 
* 

pretrial shifts on subsequent CNV generation (Delse, Marsh, & Thompson, 
r 

..P - ,. 



J 
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Figure 34 , . * 
Overlayed CNV Averages for  Each Subject at Each 

Active Electrode a t e  for Each of the  
Experimental Conditions 

- - 
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I 
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.' just before and a f t e r 3 .  , 
- -- - - - - - - .  . ., 
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c t .  

As indicited by the  r a t io  indices of asymnetry, €hedges i n  the , 

\ - l-. 
, .) 

s % . 1 proportion of l e f t .  hmtsphere ac t iv i ty  did not occur i n  Condi't,ions:+ B , - 
I , d  " 

or C. Although fmnia?, at& posterror rd were not different  for ' - - , #  - - > 3 - . *  , - '  I 

females, the dlfferenies hetween frontal and posterior-.ratiqr were , % k 

signif +cant for ma1 es .  * Considered sgkwatel by condition, *neithe$- . 
4 -- . 

% .  
. >  

females nor ma1 es- e e l  bited any d i f f e r e n t i d  s l  ow"wave changes ins* 
< 

.-: ei ther  frontal or  posferior 1 oca tpns ,  
? .  

Aside from the vert ix  ) ;  evoked respgnsk i t  f r b n t a ~  . . 
- .  L . 

* * + 

. locations weri general l y  large? than a t  posterior Jocations.. - I t  .is , a  

6 

5+' 

i n t e r e s t i n g  to  note tha t  thg tone (SI] i",'.'~~ondditbn'.~ tended to  evoke -- 
+ C-* -----. ' I 

--cs .. L fS 
C. 

- - 
-#- '. ; 

1 arger responses - t h a n  t G k  s & + t w & )  i n * ~ o n d i t i &  A. . cohs!dered .. . 
7.' 

1 .  

- 
. I  ' . , 

by condition, there were no differences between homologous frontal or 
1 T 

* .-a , * 
. # 

\ between homologous pofterior s i t e s .  - Since the. word stimulj were'not 
k . * 

\ 

- " 

a 
% 

d i r e c i e ~ o  a pacticul a r  visual f i e l d ,  i t  'might be. argued tha t  the-  , .  Y 
-. .? -.-- 4 

/ -  optimal conditions for  fhe  prodyction of. l a te ra l i red  e f fec t s  wer; no t  - + N 3 
I % 

met. However, Buchsbaum and Fed40 (1969) provided evidence tha t  - . 
- - -- - - - - - 

i - *  la teral  f ield.  stirmilation m s  not necess'ary i n  order t o  produce 
> .- - - pp - - - - --- + A & - -  ' 

asymetrical cortical  activity. + - 

The corfelat i  ns bet+n the nbrmal i z k  area measu~ements of , '  
. - 

- CNV ac t iv i ty  and the vertical measures of CNV act ivify were e i ther  low . - 
w 

A 

L 

- 
3- 

. - .  . 
. * 



* 304 - - - - - 

or slightly inverse. This is probably due to the unconventional 

method used in the calculation of the CNV areas. Normally, substantial t 

(e.g., +.80) correlations exist between these types of measurements 

(McCallum & Papakostopoulos, 1973). Since lateral ization effects might u 
-> 

have originated at the evoked response, it appeared appropriate to 
'h 

have a measure that included CNV activity from the very onset of the 

sl o; wave. The# low correlations between n o r n a b *  areas and vertical 

' estimates of CNV activity suggested that there was 1 ittle overlap 
j 

m n g  the measures- && upon themethod used in calculating the - 

area measurements, the high" correTatims between normal ized areas and 

evoked 'potential activity at S1 were not unexpected. Congruently, 
C 

there war 1 i ttl e relatf on between vertical ampl i tude measurements of 
," 

CNV activity and EP amplitudes. 

Compared to tk standard or Condition A, cross-correl ations 

indicated that the overall waveforms in Conditions B and C were not , 

dissimilar. Although correlations were generally lower in Condition C 

than in Condition B, differences between homologous frontal or between 

homologous posterior sites did not reach a significant level for either 

of the experimental conditions. Correlations between the vertex (CZ) 
9 0 

and each of the lateral placements indicated higher overall corre- ! 

rations for frontal locations than for posterior locations. A 

7 
3 

Separately considered by condition, differences between homologous 
- - - - -- 

frontayor between harologous posterior sites dld not reach signif- 
! 

- --- - -- -- - 4 
dcant level s .  Cross-correl ations between homologous frontal and $ 

4 

between hmlogous posterior sites were not differentiated between 

ex~erimental conditions . Intrahemi spheric cross-correl ations indicated 



that no 1 eft or right side differences occurred for the separate \ 

experimental conditions. In all the cross-correlational analyses, 
* 

sex effects were minimal or nonexistent. 
3 

There were several instances in which sizeable 1 ateral ization 

effects were observed. For example, the average records for subject 

8. 6 .  (male) at each active electrode sfte for each of the experimental 
.r 

- - 35. ~+tWa&~- t - ionskowek-- - - -  

that both lateral placekents on the left hemisphere produced larger CNV 

activity in Condition C than in either Condition A or B. As a 

contrast, the average records for subject B. B. (male) are illustrated 

in Figure 36. Compared to the bilatera 

CNV activity that existed in Conditions 

in Condition C were considerably 1 arger 

1 ly symnetrical distribution of 

A and B, right side placements 

than left side placemen&. 

Many times the asymnetrical effects only involved the posterior sites 

or only the frontal sites. This same sort of inconsistency between 

subjects was noted in Experiment I. In the following chapter, 

additional indices of hemispheric differentiation are considered in 

relation to lateral slow nave development. 



Figure 35 

Shetrical and Asymnetrical CNV Averages 
a for Subject B. G. in Each o f  the 2' 

Experimental Conditions 
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, Figure 36 

Symnetrical and Asymnetrfcal CNV Averages 
for Subject B. B. in Each o f  the 

Experimental Conditions, I 





Chapter 6 

, BROCA'S AREA AND THE LATERAL 
DEVELOPMENT OF THE CNV: 6 

EXPERIMENT 3 

For a long time now, Broca's area of the l e f t  hemisphere has 

been associated w i t h  various language functions. The integrity of the 

area appears especially cri t ical  , however, for articulated l anguage 

production (Geschwind,- 1970). Although located in the inferior region 

of the frontal *lobe in the l e f t  hemisphere, Broca's area i s  accessible 

in the normal topography of the CNV.  

An interesting eye movement phenomenon re1 ated to attention 

was reported by Day (1964). This &investigator was able to demonstrate 

that directional eye-gaze shi f ts  were e l ic i ted  from individuals when 
t 

they were asked so-cat 1 ed ref1 ective questions. Given the proper 

situation, consistent eye movements were made to either the l e f t  o r  

r i g h t  while the individual contemplated the answer or response to the 

question. Day (1967) implicated the frontal eye field of the cortex 

in the mediation of. the movements. Duke (1968) confinned the occur- 

' rence of the eye movements and; i n  additjon, found that males 'were 
- - - - - - - - - - - - - - 

more consistent in their eye movements t h a n  were females; ocular dom- 
- - - - - - - - i-- 

4 inance did n o t  appear related to the directional movements. Bakan 
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(14692 has discussed lateral eye movements i n  terms of a functional 

asymnetry of the brain. This investigator has found that left-movers 

(eye movements made consistently to the l e f t )  were more hypnotically 

susceptible, r@e image-oriented, and were less mathematically incl ined 

than' right-mo$ers (eye mo;ements made consistently to the right).  
d - 

Rakan and Svorad f l%9)  found that ongoing alpha production was more 

- -- L p r w n i n e ~ ~ + g k - m o w r s ~ m m e  (1914 r found 

that during verbal wocessing subjects looked more often to the right,  
.i.+ 

whereas during spatial processing subjects looked up and t o  the l d t .  

A1 tho g h  Kinsbourne (1970) thought that subject se t  was necessary i n  Y 
#' 

order t o  e l i c i t  hemispheric differences, Dee and Hannay (1973) found , 

that asymnetries were observed i n  experiments where expectancy was 
2 

/ 

prevented from developing. In exploring lateral eye movement 

phenomena, Ehrl ickman , Weiner , and Baker (1974) questioned the effects 

of verbal material provoking right eye movenknts and spatial' material 

provoking l e f t  eye movements. They were not able to rep1 icate the gaze 

shi f ts  reported by other workers. Q 
A 

This chapter investigateas the frontal distribution of the 
'. 

1 ateral CNV i n  situ&ions designed to  promote expectancy for  the pro1 

duction of simple" vcrd s t lnul i .  In addition t o  the standard condition, 
i 

subjects *re required t o  vocalize a specified stirmlus word a t  S2 

central s i t es ,  recordings were collected from a s i t e  estimating the 

area of Broca on the l e f t  hemisphere and a homologous comparison s i t e  
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the -r i @r- hemisphere. T k e ~ C ~ ~ 4 + p 4 - ~ - w a s u - s &  

analyze the lateral di~tribution of the CNV during the various 
,J 

experimental conditions. A1 so, subjects were classified according to 

eye movement predisposition and ocular dominance. In Chapters 4 and 5, 

many instances of 1 ateraf ized sf ow potentials were observed. The 
d 

dominance indices were used to sort subjects into different categories 

in order to examine the effectiveness of predicting lateralized slow 
- - - 

- 

wave effects. 

L Met hods 9 -- 

i 

sub j ecth, 
/I 

The subjetts were nine right-handed males and nine right-handed 

females. The subjects were recruited from the university comnunity as 

paid volunte6rs. Handedneps was checked by requiring each subject to 

copy a short paragraph. The subjkts reported no abnormal speech or 
\ 

reading problems. The subjects' ages ranged &om- 17 to 33 years and 

all had normal or corrected to normal vision. Three of the subjects 

had previously participated in electroencephalographic experiments but 

did not t v  in the studies presented in Chapters 4 or 5. 
<- . - 

Pretesting 
\ 

Visual determinations of lateral eye movements were made for 

each subject. Individual s were seated oppositely the questioner. 

~f~~~nt~ttwrtmrr--~i-rred~fi-rste~e movement responses were 

were used are listed in Appendix F and were adopted from the published 



a r t i c l e s  of several authors (Bakan, 1969; Duke, 1968; Morgan, McDonald, 
6' 

/ 

& Macdonald, 1971). For example, the following types of questions were 

asked: (a)  How many le t t e r s  are there i n  the word MONTREAL ( b )  What 
i d 

i s  123 times 6? and (c) Tell me an English word that s ta r t s  w i t h  L and . . 

ends with C. Eye movement direction was recorded after  ea'ch response. 

", \ was satisfied that the subject's attention was regained: Ten movement 

responses were elicited from each subject; when eye movements with 

vertical components were encountered, the response was scored only on 

the direction of the lateral displacement. 

Next, the ocular dominance of each subject was determined. The 

f i r s t  task only required the subject t o  sight with one eye down the 

edge of a ruler to an object directly in front of hi& The eye that 

was used- to sighf the object was recorded. The second task consisted 

of a modified version of the Dolman. ieephol e. t e s t  (see Davnon, 1972). 

In th is  other dominance t e s t ,  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 a t  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 al l  their questions 

-- a b s w t l t h ~ p r e t s t i q w n L # e + ~ s ~ ~ % # t e 4 € 6 4 e & ~ ~  

answered - after  the recordins se-s5sSion3- --- --- 

Recording Techniques 

Monopolar scalp electrodes (Ag-AgC1 ) were cemented to the 
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vertex (CZ), l e f t  frontal (F3), and r ight  frontal (F4) locations 

according to  the 10-20 System (Jasper, 1958). Addit4onal ly ,  two 

infer ior  frontal s i t e s  were homologously situated. b a ' s  area o n x e  

l e f t  hemisphere was approximated by moving downward from the vertex 
r' 

(C,) 11 cm and then moving anteriorly 4 cm from the interaural 1 ine; 

t h i s  s i t e  was designated as B1 .  Similarly, an area opposite to  B1 was 

vertex (CZ) and then mv ng anteriorly 4 cm; t h j s  s i t e  was designated 

as B2. (The method for  locating the area of Broca was adopted from 

the a r t i c l e  by McAdam & Whitaker, 1971a.) Active electrode s i t e s  were 

referenced to  1 inked mastoids. A ground electrode was' pl aced-on the 

subject ' s  forehead. In order to  monitor ocular potentials,  Beckman 

Biopotenti a1 electrodes were peri orbi ta l  l y  pl  aced above and be1 ow the 

r ight  eye t o  record upward and downward movements, and electrodes were 

placed near the external canthus o f  each eye t o  record la teral  eye 

movements. Skin s i t e s  were cleaned w i t h  alcohol; active electrode 

locations were marked w i t h  t incture of merthiol-ate. After the 

electrodes were attached and injected w i t h  e lectrolyte  (Beckman), 

electrode impedances were measured and were equated i n  the range from * 

3.0 t o  3.5K ohms by tapped skin abrasion. 
8 

Scalp ac t iv i ty  was amp1 if ied and recorded on an 8-channel 

~l ema-~chinander Mingograf recorder. Amp1 i f  ier sens i t iv i ty  was s e t  to  
f *& site; t 5BStV+m -fvr+e~*iv 2 c 1 cc f weens---we--o- 

5-0 seconds athaupper uLtaff_freq&exset a t  70 Hz. F i k -  

amplifier outputs were digit ized on-line with a Hewlett-Packard 2116B 

computer. Displayed t r i a l s  that were accepted for entering an average 
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- --- - -- --- 
were stored cumulatively on disc and consecutively on magnetic tape. 

Continuous analog (FM) records were also collected. Channel 8 marked 

the various event sequences defining an experimental t r i a l  . (See 

Chapter 4 for detai ls  on data ~ d l l e ~ t i ~ n  and retrieval . )  Before each 

day of testing, a 50 uV calibration signal was placed i n  parallel 

across amplifier i n p u t s  to verify the equality of the final amp1 ifier '  - 
- 

-- - ~ - t S t r o t t ~ t - t M ~ ~ ~ r k  .- - 
f 

Stimulus Construction - 
f 
'It 

For tachistoscopic presentat ?an, comnon monosy? 1 a bic and poly- - 

t 
syl labic English words, e.g.  , PAPERS, FAUCET, GORILLA, SNOW,, etc. ,  were 

singly placed on cards constructed from press-on transfer le t ter% 

The words t h a t  were used here were the same stimu1.i that were used in 

Chapter 5; see Appendix E for a- complete 1 ist of the stimulus words. . . 
\ 

A cl osed-ci rcuit TV system (~ony)  projected the scope (&-channel 

Scientific Prototype) presentations into the shielded cubicle for 
I 

subject viewing. Viewed on the screen monitor, stimuli were . 3 O  high; 

longer words were approximately 4' across, the screen. 
* 

I - 
Procedure -2 

, I  

Aft* pretesting and electrode preparation, subjects recl ined 
- canfortably on a bed adjusted for viewing the screen o f  the N monitor. 

The face of the monitor was aligned to the straight ah 
'I 

s & j e e t ~  ~ h ~ c r e e r r - b r t g t r t 1 ~ e ~ ~ 7 ~ a ~ - a p p r O X 7 m a ' l ; e l y  . 
I 

cubtcl e. 

After connecting the subject t o  the amplifiers,-.a 15 - 20 



minute per706 f o T T E ~  Pn w h i C f  seeelectrodes were a1 1 owed t o  

s t ab i l i ze  and a final equipment inspection was made. 
7 

When sat isfactory resting records were&chieved, four experi - V 
-mental conditions were administered t o  each subject. In Condition 1, 

the standard, a 3O-mill isecond tone (1000 HZ) pip (S1) was followed 

1.5 seconds l a t e r  by cl icks (S2). With a button switch placed in his  
C 

riL@rtJdnd, the t & c c f _ _ t h e u h j e ~  _ t e r m i m k . t h P c l ~  

button press as  soo" as. tky &re sounded. The click presentation was 
1 - 
.* 

automatically inhibited i f  the subject pressed the b u t t b n  before the i r  . * % 
i 

0 - 
occurrence. The subject fixated a point projected on the TV monitor 

-3 
during the standard condition. Several practice t r i a l  s were* given t o  

each subject in order t o  assure proper eye fixation, a proper response 

pattern, and to  a t ta in  an acceptably s table  signal record. * 
* 

1 

In Condition 2 ,  a 30-nrillisecond tone pip (S1) was followed 
- -.+- 

1.5 seconds l a t e r  by a stimulus word (S2) presented for  30 mil 1 i -  - 

seconds. The subjec t ' s  task was to  .audi b iy  +vocalize the binocularly 

observed S2 word as soon as it 'appeared. In practice t r i a l s ,  1 .  - 
individual levels ~f response were establ ished tha t  a1 lowed word - 

verification over open ihtercom and did not unreasonably dis turb the .ia 
i -"; 

$i; 

EEG tracings. The subject fixated a dot that  momentarily disappeared' 

during word presentation. - C 
* .  * .  

I In .condition 3,  the sequence of the sl* and S2 presentations- - 

was_ rsversed_f r x t h ~ ~ f _ W ~ i a r t 2 A $ h ( S + ) - w ~ t e ~  -w' 

30 mil 1 iseconds followed 1 . 5  seconds la r by a tone pip (S2 )  of 30 - 
- - _  - - - --- A 

I .  

milliseconds dura tkn .  The S2 tone signaled the subject ,topaudibly , , 

vocal ize the binocularly observed stimkllus word seen a t  S1. When - . . 

- 
- 

1 . n - 
P -9, 
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s u b j e c t s r e  g i v e n p r a c y i c e t r i a l s ,  w r d  pronunciat~on was observed; 

? 

the subject was cautioned not to-say the word until the S2 signal and 

then to  do so with s m i n i k m  of articulatbry mov'ement.  he subject Is . . 
/ 

, - 
j. I 

verbat responses were verified over open intercom1 Subjects f i x a t e d ~ a  .-, 
' d ~ t  that  disappeared dur'ing word presentations. + # - ' r  < 

Lastly, i n  condition 4, a stimulus word ($) appeared for .30-  .. t r  - 4' 

a! i o  of 30 g i  11 iseconds duration..  he ;ounding of S2 in t h i s c a s i  ' 

si gna) ed 'the stibject .to audibly vocal ize a one word association n@e , * 
v .z 

# * - - 

t o  the binocularly observed word seen a t  S1. ~ u r i n ~ J ~ r a c t i & . . t r - i a l s ,  . . ,  . 
4 

subjects were 'rei,nstructed -on word a-rticul ation: , The w i d  responses O.. 

were monitored over open intercom. The subject continuously fixated a 
C 1 

dot that  momentarily disappeared during the word'presentations. 
1 

a r 

' P  '. 
The words that'were used i n  conditions'-2, 3 ,  ,and 4 were prey 

i I '  . " 
- - - 

# 

> 
. sehted in random order w i  t h q u t  r'epeti tion for each subject.  he ' - 
standard conditior) was ;dm-inistered f i r s t  for a l l  subjects; the order , 

r -  

.. for .hndi t ions 2, 3 ,  and 4 wd; randqmly detirmined f m  pqch iubject.  ? ' 

Time periods between t r i a l s  ranged from 18 to  30 setonds; periods 
.' . - .- 4 between co"ditions ranged from 5 fo 10 minutes. ' , 3 

. 
? 

' 
For a1 1 four experimental conditiono, subjects 1 istened to  

- 

i * '  
. i 

- =. - L 
auditory stimuli from loudspeakers under the bed. Sound 1 eve1 s I 

C' 

measured a t  the subject ' s  head ranged from 65-to 70 dB; in the 4 
* '1 

0 

~ t a n d m i  a m t i t i o n , ~ i ~ s  w e + ~ e c - ~ ~ C r r . r r - & b t - o r  

a t  a ra te  of 15/second and ,were d e l i v e r e d a t  a lweLthiltraqehfroa~;_-- 

65 to  70 dB re  20 pN/rn2. 

- 
, An average of 16 t r i a l s  was collected for each of the 



,' - - - - - - 

experimental conditions for each subject. The trials that were used i 
I 

for an average were reasonably free from eye movements and were free 

from obvious muscular activity in the critical S1-S2 interval. The 

start of data'kollection was issued manually after ongoing EEG traces 
. = 

were determined to be satisfactorily stable. A total sweep period of 

3-5 seconds was used; signal digitization for baseline purposes 

- ~ - ~ - ~  - 5 ~ ~ e d - 5 6 $ ~ ~ p ~ o T T s e t  of f-r,--mg-reqaences, 

tachistoscopic presentations, and S1 and S2 stimuli were controlled by 

. Grason-Stadf er 1200 programing modules. 

p Data Treatment 

The data averages collected for each subject were plotted for 

each experimental condition and for each of the electrode sites. 

Individual dat; I _  averages wrehigitally fil tered prior to plotting 

(see Appendix B) and *re centered around a mean baseline vottage from 

the 500-mil 1 isecond prestimul ation period. . .  
<.-: 

r_l (, Area Gasurements of CNV magnitude. The individually recorded 

averages were used to derive area measurements of CNV magnitude. 
f 

From the most positive point in the evoked potential to S1,  a hori- 

zontal line was directed to a point 50 milliseconds prior t o  the onset 
* .  
of 52; from there the 1 ine was direct'ed perpendicularly o intersect (" 
the slow wave. The enclosed area bounded by the slow wave and th d 
constructed line segments was measured with a compensating planimeter 

- - - - - -- - -- 

(K 8 E ~bdel 4236). The area measures were scaled into pY-seconds 
- - --- - -  - 

and then were normalized in UV. 

A three-factor (2  r 4 x 5) analysis of variance design with 
Y 



repeated measures on the l a s t  two factors  was used t o  evaluate the 
f 

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 BMD08V of the Heal t h  

Sciences Computing Facil i t y ,  UCLA. 

Vertical' measurements of CNV ampl itu,de. A sing1 e estimate of 
- - - - - - - -- 
slow wave ac t iv i ty  was made for  a l l  subjects from the averaged .records 

of each active electrode s i t e  for  each of the corresponding experi- 
1 

mental conditions. Direct fcal ipered) readings were collected from 

baseline level 50 milliseconds'prior to  the onset of S2 vert ical ly  to  
l 

a point on the slow wave. 

A three-factor ( 2  x 4 x 5) analysis of variance design with 

repeated measyes on the l a s t  two factors  was used' t o  evaluate the 

vertical  ampl itude measures. Factors and factor labels were as  

fof lows: sex (A)  by conditions (B) by electrodes (C). 

Ratio indices of asymnetry. In order t o  assess the re la t ive  
0 

proportion of l e f t  (L) hemisphere ac t iv i ty  to  r ight  ( R )  hemisphere 
t 

ac t iv i ty ,  ra t ios  of the form - -  L/(L + - R )  were formed. Ratios were 

3 separately derived for  homologous frontal s i t e s ,  F3/(F3 + Fq), and . 
-d"; homologous infer ior  frontal s i t e s ,  B1/(B1 + B 2 ) ,  from the electrode 

averages for  each of the experimental conditions. The CNV a c t i v i t y -  

a t  an electrode s i t e  was estimated by the magnitude (area) measure 
- - - - - - - - - - - - - - - - - - - - - - - - 

previously made for  that location. The proportionsc tha t  exceeded 150 

indicated T a r g e r m  tknrm hemisphere act ivi  ty;proortions , 

- 
below .50 indicated larger r i g h t  than l e f t  hemisphere ac t iv i ty .  

A three-factor ( 2  x 4 x 2 )  analysis of variance design w i t h  



repeated measures on the last '  two factors was used to  evaluate the .  i 

. ra t ios .  Factors and factor labels were as follows: sex (A) by 

conditions ( B )  by electrodes ( C )  . 
Evoked potential amp1 itudes a t  S1. A general estimate of 

evoked potential ac t iv i ty  was taken in response to  S1 for  each ofi the 
i 

subjects a t  each of the active electrode s i t e s  for  each of the 
A 

7----- A c o r r ~ n - c t f n i p e r i m e n t a l  coiiifi tions. Direct (calipered) measure- 

ments were taken from averaged records from the most promfient 

component thaJ  occurred a f t e r  S1 (latencies ranged from 250 - 350 
- 

.mi l l  iseconds) to  the basel ine level determined around the 500-mill i -  

second prestimulation period. 

A three-factor (2  x 4 x 5) analysis of' variance design w i t h  

repeated measures on the l a s t  two factors was used to  evaluate the 

evoked potential amplitudes. 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 resFonse (or E P )  measures t o  each other . 
were evaluated by Pearson Product-Moment correlations. The s i  gni f -  

icance of each co;rel ation was tested by t = rJ (5 - 2)/(1 - r2)  14 - 
with df = n - 2. - - 

cross-Correlations I .  Cross-correlations for  each subject were 

separately performed between each active electrode s i t e  in the standard 1 

--concfTtfmznnCTtself i n  ConmtiEFT2Tli-kMse, cr&srcorrelations were 
L 

f -&el ~ W ~ l t t ~ w e e n e  

condition and i t s e l f  in Condition 

the standard and i t s e l f  in Condi t 

? ~ c t m c f e s l t - e f n  the standard + 
a 

3 ,  and between an electrode s i t e  i n  z 
..I 

ion 4. The computer program t h a t .  . 
< 
3 



calculated the cross-correl ations was d'esigned to  empbsize slow wave 

build up and omit slow wave resolution. Only 600 data points of the 

1024 points available were used in the computations. Wi th  a total  

'sweep period of 3.5 seconds, the 600 data points corresponded t o  a 

period into the CHV interval of 2050 mill iseconds from the s t a r t  of 

data coll ection. 

The resulting Cross-Correlation I values tha t  were obtained 

wergentered into a three-factor (2 x 3 x 5) analysis of variance 

design with repeated measures on the l a s t  two factors.  Factors 2nd 

factor  labels were as follows: sex (A )  by conditions (B) by 

electrodes ( C )  . 
Cross-Correlations 11. In order to  examine the ac t iv i ty  of 

the central s i t e  (CZ) w i t h  each of the la teral  placements, separate 

cross-correlations were performed fo r  each subject comparing the vertex 

(Cz) of the standard condition t o  each of the la teral  placements of 

Condition 1; i n  Condition 2 ,  cross-correlations were performed' between 

the vertex (C,) and each of the la teral  placements of Condition 2; 

1 i kewise, correlations were similarly pe'rformed fo r  Condition 3 and 

Condition 4. 

The resulting correlation values were entered into a three- 

factor  ( 2  x 4 x 4)  analysis of variance design w i t h  repeated measures 

on the l a s t  two factors.  Factors and factor 1 abel s were as follows: 

sex (A)  by conditions (8) by electrodes (C). 

Cross-Correlations 111. Separate cross-correlations were . 

performed for  each subject between homologous frontaj  (F3 vs Fq) and 

between hanologous infer ior  frontal (B1 vs'  B2) electrode s i t e s  for  each 



of the experimental conditions. 
' .  

The correlations that  were obtained were entered into a three- . 

factor ( 2  x 4 x 2 )  analysis of variance' design w i t h  repeated measures 

on the l a s t  two factors.  Factors and factor labels were as follows: 

sex (A) by conditions ( B )  by electrodes ( C ) .  
C I. 

i Cross-Correl ations IV. Separate cross-correlations for  each 

subject were performed between l e f t  side intrahemispheric placements 
-'*> 

(F3 vs B1) and between r ight  &de intrahemispheric placements ( ~ 4  vs 

B2) for each of the experimental conditions. 

The correlation values were entered into a three-factor (2 x 

4 x 2 )  analysis of variance design with repeated measures on the l a s t  

two factors. Factors and f a c t o i  labels were as follows: sex (A) by 
8 

conditions ( B )  by electrodes (C). 

Lateral eye movements and ocular dominance. Disregarding sex, 

Factor A .of the previously described analyses was now used t o  classify 
4. 

l a te ra l  eye movement predisposition. Subjects tha t  moved consistently 
,' 

* 

t o  the l e f t  7 out of 10 times were classified as left-movers and wege - . * 
T 

assigned A = 1; similarly,  Subjects tha t  Gved t o  the r i g h t  7 out of 2 
1 

10 times were classif ied as right-movers and were assigned A = 2; the 

remaining subjects were pooled into a general category of inconsistent- 

movers and were assigned A. = '3. The other factor c lassif icat ions,  

e , conditions (Factor B )  and electrodes (&tor C) remained the$ 
- .  

G e  a s b e f o r e .  Differences i n  the levels'  of Factor A resulted i n  the 

7% f Tow-g 3 i i g g n ~ c ~ s ( n = - l E ) 7 ( a )  Area mea s ur%%&iitsm - 

magnitude (3  x 4 x 5) ;  ( b )  Vertical measurements of CNV amplitude 

3 x 4 x 5) ;  (c)  Ratio indices of dsymnetry (3  x 4 x 2 ) ;  (d) Evoked. 



k potential ampl itudes at S1. (3 x 4 x 5); (e) Cross-Correlations I 

(3 x 3 x 5) ; (f) Cross-Correlations I1 (3 x 4 x 4); (g) Cross-* 

Correlations ,111 (3 x 4 x 2) ; and (h) Cross-Correlations IV 

Disregarding sex and eye movemew classificatims, scores of 
4. 

ocular dominance were analyzed under Factor A for each of the analyses 
- - - - 

previously considered. Subjects that sighted with their left eye in 

both tasks were accordingly considered left eye dominant and were 

assigned level A = 1; similarly, subjects that sighted with their right - 

eye in both tasks were tonsidered right eye dominant and were assigned 

level A = 2. The other factor classifications, i .e., conditions 

(Factor B) and electrodes (Factor C) remained the same as before. , 

Differences i n  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 m e a s u m n t s  of CNV ampl itude (2 x 4 x 5); (c) Ratio 

indices of asymnetry (2 x 4 x 2~); (d) Evoked potential amplitudes at 

S1 (2  x 4'x 5); (e) Cross-Correlatiotis I (2 x 3 x 5); (f) tross-, 

~ ~ ~ ~ ~ l a t i ~ n s  I1 (2 x 4 x 4); (g) Cross-Correlations I11 (2 4 2); 

and ( h )  Cross-Correlations I!! (2 x 4 x 2). 

P 

The analysis of overall treatment effects relied upon the 
- - -- - -- --ppp--- 

general appl ication of the analysis<f variance. Individual tests of 

miin effects k % e G m o u m s i n g  Duncan's 8uiipte---Ra~geTestamrmg 

the means for significant F ratios. General ly, s.ignificant inter- 

actions were also analyzed using Duncan's Multiple-Range Test. In the 



-- - -- - -  - 
3 
- -- 
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calculation of tihe cri t ical  ranges, i t  was the level of the signif- 

icant - F ratio that normally determined the part-icujar tables entered. r 

Area Measurements of CNV Magnitude 

The overall effects between females and males were not 

significantly different ( F  - < I,, df = 1/16, p > .20). The effects for 

df = 4/64, e  < .OOl) reached significant levels. Interactions t h a t  - 

reached significance inc1,uded sex by electrodes ( F  - = 4.82, df = 4/64, 

e < .005) and conditions by electrodes ( F  = 9.64, df = 12/192, 
'C - - 

. *  e < .OOl). A sumnary of the analysis of variance for the area measure- 

ments of CNV magnitude i s  provided in Appendix C ,  Table C14. 

The overall means for  the. normal ized areas f o r  each 'of the 
- 

experimental conditions are illustrated i n  Figure 37 .  - Further tes ts  

indicated t h a t  Condition 1 was different from Condition 3 ( E  < .05), - 

whereas contrasts beteen other conditions- d i d  not reach a significant 
i 

level. The Duncan range tes ts  among the means of Factor B are shown in - 
C 

Appendix D ,  Table D48. 

In the overall ,electrodes effect,  the vertex ( C Z )  was larger 

than any of the lateral ly placed electrodes (E < .001). The overall 

l e f t  frontal (F3) s i t e  was larger than either B1 or BZ locations 

(e < ,001). The overall differences between homologous frontal 'and 

level. The - overall -- - - means - - for -- normalized -- areas a t  each active electrode 

s i t e  are illustrated i n  Figure 38. The Duncan range tes t s  among the 
- h '  

means of Factor C are shown in Appendix D ,  Table D49. 
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Overall ntans fo r  the Ibrrallrad A& kasul-sasnts of 
CWY k t l v i t y  a t  Each k t l v e  Electrode Site 
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The mean densities (normal ized areas) involved i n  the sex by 

electrodes ( A  x C) interaction are illustrated in Figure 39. For the ' 

females, the vertex (CZ) s i t e  was larger than any of the lateral . 

placements; F3 and Fq s i t e s  were separately larger than either B 1  or 

B2 s i t es  ( e <  .005). For the males, the vertex ( C Z )  s i t e  was , 

separately larger than any of the lateral placements (e < .005); 

however, none of the differences between l a i ~ l a c e n e n t i  r e a c h e r  

significant level. For both females and males-, differences between 

homologous frontal o r  between homologous inferior, frontal s i t es  did 

n o t  reach a significant level. The Duncan range tes t s  among the means 

for females across gectrode s i t es  and for males across electrode 

s i t es  are shown i n  Appendix D ,  Tables D50 and D51, respectively. 

The mean densities involved i n  the conditions by electrodes 

( B  x C )  interaction are illustrated i n  Figure 40. Further t es t s  

indicated that the vertex (Cz) of each experimental condition was 

larger than any of the corresponding lateral placements (p < .001). 
\ + 

In Condition 1, frontal s i t es  F3 nd F4 were separately 1 arger than L 
either B1 or B2 locations ( E <  .001). In Condition 2 ,  the l e f t  

frontal (F3) s i t e  was separately larger than either B1 or B2 s i t es  
3 C 

(g < ,001). In Condition 3, none of the differences be ween lateral 

placements reached a significant level; similarly, none of the 

differences between 1 ateral placements reached .a significant 1 evel in 
- - - - - --- pp 

Condition 4. Separately considered by experimental condition, i 

'Z 

dTffrenceS-between hero 1 o g o ~ f r o n t a t o r b e ~ ~ ~ i r r f e ~ o ~ -  

- frontal s i t es  d i d  not  reach a significant 1 eve1 . The Duncan range .i 

t e s t s  among the means of Conditions 1, 2 ,  3,  and 4 across electrodes 
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AMPLITUDE DENSITY (uV) 
, . 

Figure 40 - .  
ntans i o r  the  Normalized Area Measurements o f  CW Ac t iv i t y  

a t  Each k t i v e  Electrode S i te  f o r  Each o f  the . Experimental Conditions 



are 
Q 

^I , 230 
- - - + - I I -  - 

shown in Appendix D, Tables 052, D53, D54, and 855, respectively. 

Vertical ~e'asures of CNV Amp1 itude . t 

II 
' 4 ,  
7 - 

The - F ratio for sex was not ,signif.icant -(F - <'I, df = 1/16, - 
p > .20). However, the - F ratios for"conditions (F = 18.48, df =.3/48, 

1 '.. - - 
e < ! 001) and electrodes (F - = 33'. 28, - df .= 4/64, < ,001) did ;each 

- - - - -  

significant levels. There was a1 so a significant conditions by 
- - -- -- -- - 1 \ ' - electrodes interaction (F - = 4.16, - - df = 12/192, 2 < .001). The 

sumnary of the analysis of kiance for the vertical meas;res of CNV 

amplit;de is provided in ~ppendix C, Table C15. 5 t 

The overall-mean amplitudes for the separate experimental 

conditions are i1lustra;ted in Figure 41. Further tests:indicated that' 

- Condition 1 was sedparately different from Conditions 3 and 4 
Y 

1 (p < .001). The Duncan range tests*among the means of Factor B are 

shown in Appendix D,  able D56. 
The overall mean amp1 itudes at each of the electrode sites are I 

illustrated in Figure 42. The vertex (Cz) was larger than either F3, 

F4, B1, 0s B2 sites (e < .001). None of the differences bebeen 

1 ateral sites 'reached a significant 1 eve1 . The Duncan range tests 
/ .  

among the means of Factor € are shown in Appendix D, Table D57. 

The mean ampl itudes involved in the conditions by electrodes 

- (B x C) interaction are illustrated in Figure 43. In Condition 1, thq 
I - 

vertex (c,) was separately larger than any oi the later51 placements 
- - - -- - - - 

(p .OOl>; the right frontal (Fq) site was also larger than the left 
1, - - - - - - - - - - - - - -- -- 

- 

inferior frontal site (B1) at the p < .001 level7. In Condition 2, the 

vertex (CZ) was 1 arger than any o< the lateral placements (e < .001) ;. 



&era1 1 b a n  CW -1 i tudts for b c h  
/ of the Experlmstal Conditions % 



Overall b a n  CW mli tudes  a t  Each 
k t f v t  Rcctrodt Sl te  



Figure 43 

k n  CNV W l f t u d c s  a t  Each Active Electrode Sfte 
For Each of the Experillsntal Conditions 



none of the differences between lateral placements reached a signif- 
* 

icant level. , In Condition 3, the vertex (CZ) was separatel; larger 

than either Fq, Bl, or B2 locations (e < .001); none of the differences 

between lateral placements reached a significant level. In Condition 

4, the vertex (C,) was sepamtely ,larger than F4, 81, or B2 (e < .001); 

d ~ C ~ ~ ~ U M f t B p - c ~ - ~ . ~ . -  ~ e p w a  tely*en sk6kecLby 

condition, differences between homologous frontal and between 

homologous inferior frontal sites did not reach a significant level. 

The Duncan range tests amng the means of Conditions 1, 2, 3, and 4 - 

across electrodes are shown in Appendix D, Tables D58, D59, D60, and 
- 
D61, respectively. b 

Ratio Indices of Asymwtry 

-. The - F ratios for sex (c < 1, df = 1/16, p- > .20), tonditions 

It < 1, df = 3/48, E > .20), and electrodes (F - = 1.14, df = 1/16, 

p > .20) did not reach significant l evels. The sumnary of. the analysis 

of variance for ratios is provided in Appendix C, Table C16. . 
The mean ratios involved in the nonsignificant conditions by 

electrodes (B x C) interaction are shown in Table 15. The frontal 

ratios and the inferior frontal ratios were similar-among conditions 
&' 

with the ratios generally exceeding .50 by only a slight amount. 

Although -not statistically justifiable, Duncan range tests among the 
- - - - --- - -- 

frontal ratios across conditions and inferior frontal ratios across 
- - - --- - 

conditions are shown in Appendix D, ~ables D62 and D63, respectively 

Evoked Potential Amplitudes at Sl 

The overall - F ratio for sex (F - < 1, df = 1/16, > .20) did 

4 



1 '(Tone -+ Clicks) 

2 (Tone -+ Woyd) 

3 (Word -+ Tone) 

4 (Word + Assoc. ) 

Mean Frontal Ratios and Mean Inferior Frontal Ratios 
for Each of the Experimental Conditions 

Experimental 
Condition 

Inferior 
Frontal Ratio 
( B l / [ B l  + B z I )  

3 



not reach a s ignif icant  level.  There were significant e f fec ts  for  

conditions ( F  - = 5.51, - df = 3 ~ 4 8 ,  < ,005) and electrodes ( F  - = 17.46, 

df = 4/64, p < ,001). .Interactions that  reached significant levels - 

incl uded sex by electrodes ( F  - = 4.53, - df = 4/64, ,005) and 

conditions by electrodes (F - = 2.13, - df = 12/192, g c .Qf5). A sumnary 
. . 

of the analysis of variance fo r  evoked potential amplitudes a t  SI i s  
- -- - - --- 

6- - --- - -  - ---- 

provided in Appendix C ,  ~ a b l e  %C17. 
, a  

The overall means for. evoked amp1 itudes a t  S1 across - $ - 

conditions a re  i l lus t ra ted  in Figure 44. The evoked potentials in 
. w  

Condition 3 were larger than in Condition 1 (p < .005). The ~uncan 

range t e s t s  among the means of Factor B are shown irt Appendix D ,  Table 

.D64. 
YI 

The overall means fo r  evoked potential ampl i tudes across 

electrodes are  i l lus t ra ted  i n  Figure 49. Tests indicated tha t  the 
* 

vertex (CZ) was larger than any of the la te ra l  electrode s i t e s  

(e < .001); none of the differences between la te ra l  s i t e s  reached a 
f 

significant level.  The - 'Duncan range t e s t s  ambng the means of Factor C 

are shown i n  Appendix - 0, Table D65. . 

The mean EP -amp1 i tudes involved i n '  the sex by electrodes 

(A x C) interaction are  i l lus t ra ted  in '  Figure 46. For the females, 

the vertex (CZ) was larger than any of the la teral  s i t e s  (e < .OO5) ; 

also, 'Fg-  and F4 s i t e s  were separately larger than B2 (e < .005). For 
- - - - - - - - - . 

the ma1 es,  none of' the-differences between electrodes peached a signif-  
- - -- -- -- 

icant level (e > .005). For both females and males, differences 

between homologous frontal and between horr~~logous infer ior  frontal 
b 

s i t e s  did n o t  reach a siqnificant level.  The Duncan range t e s t s  amon$- 



Overall Means f o r  Evoked Potential Anplitudts at 51 
fo r  Each of the Experlscntal Condltlons 



Figure 45 

Overall ntans f o r  Evoked Potential A n p l i t d e s  a t  51 
f o r  Each k t l v e  Electrode S i t e  



Figure 46 

Means for Evoked Potant1.l kplitudes a t  51 for Females 
and Hal- a t  fhch k t t v t  Electrode Site 



- -- - - - - - 

the means- f w  fekl es across electrodes and ma1 es across electrodes are 

shown in Appendix Dy Tables 066 and b67, respectively. 

The mean EP amplitudes involved in the conditions by electrodes 

' (B x C) interaktion are illustrated in Figure 47. For each condition, 

the vertex ( C Z )  was larger than .any of the corresponding 1 ateral 
m - placements ( .O5). In Conditions 1 and 2, frontal sites F3 and F4 ec' \ ,  

4 fhowever , none of the differences between 1 ateral placements reached 

a significant level (p > .O5). Separately considered by condition, 

a, differences between homo1 ogous frontal .and between homo1 ogous inferior 

frontal sites did not reach a significant -1 eve1 . The Duncan range 

tests among the means for Conditions 1, 2, 3, and 4 across electrodes 

are shown in Appendix D, Tables D68, D69, D70, and D71, respectively. 
i In order to examine the relationships between the two estimates 

of CNV activity and their separate relationships to the evoked' - 

L 

responses (or EPs) that were col 1 ected , product-moment correlations 

were performed between the various measures. From the normal ized area 

measurement of r a1 measurements of CNV activity, 

correlations a~tive electrode site and 
a 

itself for each of experimental conditions. The correlation, values 

shown in Table 16. The overall correlations Here , 

r 
verflow or inverse over a1 1 conditions. From the normal ized area 

itself for each of the experimental conditions. The correlations that 
4 

resulted are shown in Table 17. The overall correlations were high in 



Figure 47 

*an Evoked Potential  knplitudes a t  S1 f o r  Each 
of the  k t r v e  Electrode Sites i n  Each 

of the Exper f rn ta l  Conditions 



between Normalized Area Measurements of CNV Activity and 
Measurements of CNV Activity at ' Each Active Electrode 
Site for Each of the Experimental Conditions 

Correlations 
Vertical 

Correl a t f  on 
and Test I Electrode Site 

Condition 1 (Tone -+ Cl icks) 

Condition 2 (Tone + Word) . 

* 
Condition 3 (Word + Tone) 

Condition 4 (Word + Assoc. ) -c P 

- mte. For e a c h g - t e S P > ~ 1 8 , d f  = 16. Polarities of the verti- 
calxsurement a b v e  (negative) orxelow (positive) base1 ine were 
observed. 



Table 17 

Correl at ions between Normal ized Area Measurements of CNV Activity and 
Evoked Potential Amp1 itqies at S1 at Each Act-ive Electrode 

Site for Each of the Experimental C~nditions 

Correlation 
Electrode Site' 

Condition 1 (Tone -t Cl icks) 

" 
Condition 3 (Word -+ Tone) 

Condition 2 (Tone -+ Word) 
* 

Condition 4 (Word -+ Assoc. ) F 

. . . . . . . .  r =  - 
t =  . . . . . . . .  - 

.76, . .68b .68 .73 .8lC 
4.69 3.80 3.71b 4.37C 5.66 - 
- 

r =  . . . . . . . .  - . . . . . . . . .  t = - 
.83 .73 .88 .87 .82 

6.03' 4.30' 7. 43' 7. @IC 5.82' 

~ t e -  -bre+t -tes t ," + t ~ ~ ~ ~ e ? a f i t i e s ~ * ~ L  
p o t a a l  measurem~ts above (negatxe) and be1 ow (posi tf ve) base1 ine 
were observed, = - - - - -- -- -- 



Conditions 1 and 2 but tended to'be slightly higher in ~onditions''&and 
3 

4. Finally, correlations were performed between each active site and I 

itself for the vertical measures of CNV ampl itude and the-evoked 
* 

response measures of ampl i tude for eich of the experimental conditions. 

The correlations that resulted are shown in Table 18. The overall 
. , 

correl Ztions were low or sl ightly inverse over the experimental 
-- 

conditions. * 

C 

Cross-Correl ations I 

Cross-correl ations between each active electrode site and 7 
-, 

itself were performed'which separately compared the standard condition 
'. 

to each of the other experimental cond!;ions. The overall effects for 

sex were not significant (F = 1.44, df = 1/16, > .20). There were - - 
\ 

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 electrodes interaction (1 = 2.94, df = 4/64, - 

+ p < .05). A sumnary of the analysis of variance for Cross-Correlations. 

.I is provided in Appendix C, Table C18. 

The overall mean Cross-Correl ation I values across conditions 
t 

I 

are illustrated in Figure 48. Further tests indicated that the cor- 
f .  

relations in Condition 2 were separately higher than in either 
i 

Condition 3 or Condition 4 (e < .001). The Duncan range tests among 
J 

t h e  means of FactwG-a* shew+ 4ttAppendix T s H t ~ ~ 7 2 .  r ir Theover&fcorrelationmeans fare c + d e s - ( f a & e * X ~ a ~ ~ - ~ -  -:--T 

ill~strated in Figure 49.6 Tests indicated that the vertei (C,) cor- 

relations w q a r a t e l y  higher than the correlations for any of the 



ST- 

. , 

Table 18 

Correlations between the VeMical Measurements of CNV Activity and . 
Evoked Potential Amplitudes at S1 at 'Each Active Electrode 

Site for Each of the Experimental. Rjnditions 
= . ,  

I 

El ectrode -Site . .  . 

Condition 1 (Tone -t Cl icks) 
* 

t 

f 

Condition 3 (Word -+-T~ne) 
< 4 1 , .  - b 

l...hT 

Condition 2 (Tone .-t Word) 
1 

Condition 4 ( ~ o c d  -+ Assoc. ) .. 
f 

, ' 
s 

r = .  . . . . . . . .  - 
t =  . . . . . . . . .  - 

Note. For each t-test, n = 18, d ~ ' =  16. Polarities of.:vertical 
ma== aiE-eVokedpotenttX1m%si'ements above (negative) or I . 
below (positive) basel ine werv observed. . ? 

- -  - - - -- - - - - - - 
3-- 

4 
d r 

I 

.16 * -.09'% -.07 -26 ?-.,03 
'.64 ^,. -.39 -. 28 1.09 -. 15 



Figure 48 

Overall b a n  c&&-Correlation I Values for 
Each o f  the Experisrntal Condltlons 



Overall Mean Cross-Correlation I Values 
a t  Each Actfve Electrode Site 

Figure 49 



lateral placements (p < .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. t 

The mean Cross-Correlation I values for, the sex by electrodes 

(A  x C) interaction are illustrated in Figure 50. For the females, the 
.rT 

- 

vertex CCtj-correlat%ini wery-raeiy higher than for any of the 

other lateral placements (g < .05); the right frontal (F4) correlations 
n 

I P. \ ir F 

were a1 so higher than for the left inferior frontal (B1) site 

(2 < .O5). For the ma1 es, none of the corre1,ation differences between 

electrodes reached a significant level (e > .O5). The overall cor- 

relations tended to be higher for males than for females. For both 

, f m l  es and rial es , differences between homo1 ogous frontal and bqt6%Ka 

homologous inferior frontal sites did not reach a significant level. 
A 

t -- 

The Duncan range tests among the cross4orr;lation I means for i'mles %- 

across electrodes and for males 

Appendix D, Tables D74 and D75, 

The mean Cross-Corref at. 

across electrodes are 

respectively. 

ion I values involved 

f 

shown in 

icant ~onditions by electrodes (B x C) interaction are shown in Table v 

P 

19. Generally, the means tended to be lower in Conditions 3 and 4 than 

in Condition L A1 though not statistically justifiable, Duncan range 

tests among the Cross-Correlation I means for ~6hditions 2, 3, and 4 

Cross-Correlations I1  



Mean Cross-torrelatfon I Values for Fasrales and 
b l e s  at Each Active Electrode S i t e  



Mean Cross-Correlation I Values for The Nonsignificant 
Conditions by Electrodes (B x C) Interaction 

Experimental 
Condition 

2 (Tone -+ Word) 

3 (Uord -+ Tone) 

El ectrode Site 



Cross-correlations were computed between the vertex (CZ) of 

each experimental condition and each of the corresponding 1 ateral 

electrode placements. The F ratio for sex did not reach a significant - 

value (E = 2.28, - df = 1/16, p > .lo). There were significant-effects 
? 

4 r  
for conditions (r = 10.79, df = 3/48, p < .001) and electrodes (F = - - 
47.99, - df = 3/48, < .OOl)., There was also a significant sex by 

- - - -- - -- - - - - - - - -- - -- 

electrodes .(A x ~)'interaction (r = 3.15, - df = 3/48, < .05). A 

s u m r y  of the analysis of variance for Cross-Correlationg I1 is 
b 

provided in Appendix C, Table 619. 

The overall correlation means for the conditions effect 

(Factor B) are i.llustrated in Figure 51. Further tests indicated that ' 
higher correlations were foundUfor Condition 2 than for either Con- 

dition 3 or Condition 4 (p < .001); the correlations for Condition 1 

2' . were a1 so higher than for Condition 3 (e < .001). The Duncan range 

tests among the Cross-Correlation I 1  means for Factor B are shown in 

Appendix%D, Table ~D79.- 

  he overall correlation means for the electrodes effect 
(Factor C) are illustrated -i-n Figure 52;- The correlations for frontal 

.* 

sites F3 and Fq were separately higher than for inferior @ntal sites 

01 and B2 (p < .001). The hncan range test's among 'the Cross- 

Cprrelation I 1  means for Factor C are shown in Appendix D, Table D80. 

The Cross-Correlation I1 means involved in the sex by 
- - -- - - - 

electrodes (A x C j  interaction are illustrated in Figure 53. For both 
- - - - - - - -- - - 

females and .males, the correlation means for frontal sites Fg and F4 - 

were higher than for inferior frontal sites B1 and B2 (p < .05). 

Differences between%logous frontal and between homo1 ogous inferior 



1 2' 3 4 

EXPERIMENTAL CO)(DITIOHS 

Figure 51 

Overall Mean Cross-Correl atlon I1 Values for 
Each of the Experfmental Conditions 





MEAN CROSS-CORRELATIOH 
~ 

Figure 53 

Hean Cross-Comlatfon II Values for Females and 
h l e s  a t  Each Active Electrode Si te  

cC\ 



fronta7 sl'tes XlGfTiGt reach a significant level. The Duncan range 

tests among the Cross-Correleion I1 means for females across 
I 

electrodes and males across electrodes are shown in Appendix D, Tables 

!I81 and D82, respectively. 

The mean Cross-Correlation I1 values involved in the nonsignif- 

icant conditions by electrodes (B x C) interaction are shown in Table 

B1 and B2 sites over experimental conditions. A1 though not 

statistically justifiable, the Duncan range tests among the Cross- 

Correlation I1 means-*for Conditions l4 2, 3, and 4 across electrodes 

are shown in Appendix D y  Tables D83, D84, D85, and D86, respectively, 

Cross-Correl ati ons I I I 

1 Cross-correl ations were separately cal culated 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 > .lo). There was a 

significant conditions effect (F - = 7.26, - df = 3/48, e <  ,001). The 5 

ratio for electrodes did not reach a significant level (F - = 3.38, - df = 

1/16, p > . l o ) .  The interaction of condittons by electrodes (6 x C) 

reached the p < .001 level (F - = 9.00, - df = 3/48). A sumnary of the 

analysis of variance for Cross-Correlations I11 is provided in 

Appendix C, Table C20. 
- pp 

- - - 

 he & e k ~ - & ~ ~ i ~ t i o n  means for the conditions effect 
-P - - -  - 

(Factor B )  are illustrated in Figure 54., Further tests revealed that 
the correlations of Condition 1 were higher than those of Condition 3 



Mean Cross-Correlation I1 Values for the Nonsignificant 
Condftions by Electrodes (B. x C) Interaction 

Experimental 
Condition 

2 (Tone -+ Word) 

3 (Word -t Tone) 

Electrode Site i 

1 (Ton&-+ Cl i cks ) .90 .90 .71 .71 

4 (Word -+ Assoc. ) .78 .75 .63 .57 



Overall Means for Cross-Correlation I I I Values 
for Each o f  the  E x p c r f m t a l  Condftions 



; (e <, :001). The Duncan range tests among the Cross-Correlation I11 

means for conditions- (Factor B) are shown in Appendix D y  ~ a M e  D87. 
-3 - 

t 
' 

The correlation mean9 involved i.n ths conditions by electrodes. 

(B x C) interaqtion are illustrated in Figure 55. In Conditions 1 and 

2, differences between frontal and inferior frontal sites were not 
I 

significant (p > .001) ; however, in Conditions 3 and 4, the differences x: I- 

>L 

between frontatandiifFrioF fFGtal sites weresijiificant at the - 

' I 

p < .OOl level. (Duncan's Mu1 ti'ple-Range Test : k = 2, - df = 48, 
. A  

I - 
n = 18.) - 

- '7 
A 

.-'- * 
? Separate cross-correl ations were performed between 1 eft side 

. intrahemispheric placements and right sidqintrahemispheric placements . - 
d 

for each of the experim&tai conditions. The - F ratios for sex -(F - . 
4.60, - df = 1/16, p < ,051 and conditions (F - = 3.34, - df = 3/48, p- < .05) 

reached significant levels. The - F ratio - for electroes was not i 

significant (F - = 2.57, df = 1/16, p > .lo). A sumary of the analys'is 
I 

- 

of variance for ~ro;s-correlations IV is provided in Appendix C, % 

Table c21. n 

The overall means indicated that females had lower correlations . - 

than males., .86 and .go, respectively. 

The overall correlation means for conditions (Factor, B) ate 1 

illdtrated in Figure 56. Further tests indicated that the corre- 
I 

- - - - - - - - ---- 

lations for Conditions 1; 2, and 4 were separately higbec-than for 
- - - - - - - - - - - - - - - - 

Condition 3 (p- < .05).  The Duncan range tests among Cross-Correlation . 
I V  means for Factor B are shown in Appendix D y  Table DEB. 



EXPERIKNVl  C F I T I O H S  
? *  .- . 

, J 
Figure 55 . 

Rean Crost-Ccrmlatfon TI1"ialuti for' Each of the  
k t i v e  Elect+e'Si tes i n  .Each o f  t h e  

Exparlncntal Conditlogs - 



E A #  CROSS-CORRELATION 

EXPERIKKTM C O t K J I T I M  

Figure 56 

Overall M a n  Cross-Correlatton I V  Values for 
Each of the Expcrfmcntal C o n d l t f w t S  



The correlation means involved in the nonsignificant sex by 

conditions by electrodes ( A  x3B x C) interaction a te  shown in Table 21. 

High correlations existed for both hemispheres over the experimental 

conditions. 

, Dominance Indices =. 

&-res6crCts-~f eye WW pMi-spesit  ion that w e  a r t b f y b -  
,' 

as levels of Factor A are sumnarily presented for  the separate analyses 

in Tables 22 and 23. For comparison purposes, the principal analysis 
Q 

of variance ra t ios  are  also included. The F ra t ios  that  involvkd eye - 
'movement did not reach significant levels.  However, 

di t ion;  actor -0) and el ectrodes (Factor C )  general 

e f fec ts  

l y  para1 

for  con- 

ear l ie r  - F ra t ios .  

. The resul ts  for  .ocular dominance that were analyzed as levels 

of   actor 'A are also shown in Tables 22 and 23.   he' F ra t ios  that  - 
* 

involved ocular dominance d i d  not reach significant levels.  The 

effects  of conditions (Factor B )  and electrodes (Factor C) were 
J 

reduced; th i s  was probably due to  the srhaller n that  was used in the - 
analyses. ' .: 

* 
Discussion 

- The magnitude measures of C N Y  act ivi ty  indicated that  Condition 

except that the standard condition was also found to be different  

 fro^ Condition 4 (Word - Association). The CNV averages for  conditions 
..c 



Mean Cross-Correlation IV Values for the Nonsignificant Sex by 
Conditions by Electrodes (A x B x C) Interaction d * 

Left Side Electrodes Right Side Electrodes 

Experimental ) 1 (F3 vs Bl) (F4 VS B2) 

i 1 (Tone - Cl icks) .90 .90 1 .90 .90 

Condition 

i 
2 (Tune -+ Word) j .87 .92 1 .90 .93 

Female 
I 

Ma1 e 

3 (Word -, Tone) 1 

I .80 .87 1 .84 .87 

Femal e Ma1 e 

4 (Word -+ Assoc. ) I .83 .90 j -88 .94 



Sumnary F Ratios for  Factor A Classifications for  
CNV Magnitudes, C N V  Amp1 itudes, Ratio Indices, 

and EP Amp1 i tudes 

I Measurement Analysis  

Design 
\ CNVMag.  1 C N V A m p .  Ratio I EPAmp.  . 

A * .  . . . 
B . . . .  
C . . . .  
AB . . .  
AC . . .  
BC . . .  
ABC . . . 

Factor A as Sex 

Factor A as Eye Movement Predisposition 

A . . . .  
B . . . .  
C . . . .  
AB . . .  
AC . . .  
BC . . .  
ABC . . . 

Factor A as  Ocular Dorniance 



Table 23 

Sumnary - F Ratios for Factor A Classifications for Cross-Correlations I, 
Cros -Correlations 11, Cross-Correlations 111, 

and Cross-Correl ations IY 

4 
Measurement Analysis . ? 

Design 

J 

Factor A as Sex 

A . . . .  
B . . . .  
C . . . .  
AB . . .  
AC . . .  
BC . . .  
ABC . . . 

Factor A as Eye Movement Predisposition 

.92 n s 
n s 
n s 

ABC . . . n s 

Factor A as Ocular Dornin'ance 

-- - . -L-8 
A .  , ;  

I I 4-69 - n s  n s -  
B . . Ti 14.23 < . ~ 5  2.87 ns 
C . . . . _  .78 ns 24.66 <.001 
AB . . , .86 ns 1 .62 n s 
AC . . I ,25 ns .40  ,,-ns 
BC . , 1 f.02 ns 1 2.25' ns 
ABC . . . *  ' . 4 0  ns 1.14 n s 



1 and 2 were typical i n  appearance. I T  Con-diTioE3and 4 ,  however, 

. there was l i t t l e ,  a c t i v i t i  in the S1-S2 interval above base1 ine levels.  

These differences between experimental conditions can be seen i n  the 

overlayed averages for  each subject. The plots, a t  each active 

electrode s i t e  fo r  eacH of the exper-ental conditions for  all. subjects 
a .  

a re  i l lustrated i n  Figure 57. As discussed0in Chapter, 5, the low 

amount-of CNY a&Lviw-obseruecLfor Conditions 3 a n d - 4 - ~ a s - ~ ~ a b ~ d u e  . 
t o  pretrial  sh i f t s  that  limited further increases i g  negativity. The 

. 3 ! 
EEG tracings were disturbed when subjects vocalized the stimulus wordl. 

The CNV measures tha t  were taken from the averaged records avoided the 

period just  before S2. Not unexpectedly, the vertex (CZ) was generally 

larger than any of the la teral  placements; a lso,  frontal s i t e s  F3 and 

Fq were usually larger than infer ior  frontal s i t e s  B1 and B2. The * 

subject set  for word production had l i t t l e  effect  i n  changing the 

la teral  distribution of the slow potentials. Subjects reported tha t  

Condition 3 (Word -+ Tone) was an easy task which required41 i t t l e  

cognitive ac t iv i ty ;  in Condition 4 (Word -t Association), subjects - .  
I '  \ 

reported tha t  they were able to  t h i n k  of 2 or 3 associations in the 
# - 

S1-S2 interval and  usually vocalized the word closest  in time to  the 

- tone. The effectiveness of s e t  in produci~g lateral ized slow wave 

changes. was probdbly-greatly reduced by the pretr ia l  s h i f t s  whith 

occurred i n  Conditions 3 and 4 . .  TheAright hand button press i n  

W t i m  l f i - m t d f e c L  &-dowwe- b & m c c b e t w e e ~ W ~ & ~ ~ w s  4 

frontal or  between hgnologous infer ior  frontal s i t e s .  Sex effects  for  -- 

mgnitude ahd amplitude estimates of CNV ac t iv i ty  were minimal. f 
i 

The ra t io  indices of asymnetry indicated that  there was ho 



Figure. 57 - - 
Overlayed CNV Averages for Each Subject at Each 

Active Electrode Site for Each of the 
Experimental Conditions 





Condition 1. .However, there was a tendency for ratios over Broca's 

area to be larger in Condition 4 than in the other experimental 

conditions. . +, 

Evoked potential amplitudes at S1 indicated that the vertex 

(C;) consistently produced laher responses than any of the laterally ' 

3 

place - -- electrodes. Frontal sites --- - F3 and F4 were large than inferior 

frontal sites B1 and B2 in Conditions 1 and 2; this relationship 

between frontal and inferior frontal sites was diminished in Conditions 

3 and 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 homo1 ogous inferior frontal sites. 

There was little relationship between the measures of CNV 

magnitude and .the measures of CNV amplitude. As expected, the measures 

of CNV magnitude and EP amplitude were highly correlated. The 

re1 ationships between CNV amp1 i tudes and EP responses were smal 1. 

These general findings between cortical activity were similar to those 
h 

described in Chapter 5. , (See Peters, Knott, & Hamilton, Note 38 for 

a discussionbf the different measures that have been used to assess 

CNV activity.) 
a 

Compared to Condition 1, the cross-correlations indicated that 

the waveforms - - for - - - separately - - - - - - considered - - - - - - homlogous pairs werenot 

different even in the presence of significant effects fbr conditions 
- - - - -- pp - -- - - - - -- 

and el ectrodes . Cross-correl ations between the vertex (CZ) and each of 
A 

the lateral placements indicated significant conditions and electrodes 



effects. A1 though frontal correlations tended to be higher than 

inferior frontal correlations, comparisons between homologous pairs 

did not reveal any lateralized effects. When correlations between 
e 

homologous pairs were considered, differences between frontal and , 

inferior frontal sites were not significant in Conditions 1 and 2; 

however, in Conditions 3 and 4, the correlations were slightly higher 
- - -- - - - 

for inferior frontal than for frontal locations. Intrahemispheric - 
cross-correlations indicated that no left or right)side differences 

occurred for the separate experimental conditions. Some sex effects t 

weke observed in a few of the cross-correlation analyses; howevei, the 

effects were not rel'ated to the production of asymnetrical waveforms 

between separately considered homo1 ogous pairs. A1 though not directly 
-._i cornpa'rable, the overall CNV results presented here are in conflict 

with those of Low, Wadrt, and Fox (Note 32, Note 33), Zimnermann and 

Knott Note 34 ) ,  and. ~rozinger , Kriebel, and Kornhuber (Note 35). 
* \ 

Classifying subjects on eye movement predisposition or ocular 

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 evident and easily elicited. 

Davson (1972) has pointed out that ocular dominance probably has little 

effect under conditions of binocular viewing. 

The individual averages of several subjects indicated that 
- - - - - - - - - - - - - - - 

there were instances when ma?ked asymnetries in the distribution of the 
- 

slow wave occurred. For example, the averaged records for subject 

K. A .  (mle) are shown in Figure 58. Compared to either Conditions 

1 or 2, Conditions 3 and 4 producd a noticeable increase in CNV 



Figure 58 

Symnetrical and A s m e t r i c a l  CNV Averages 
for Subject A. K. in Each o f  the 

Experimental Conditions 





activity eyer the 1 e f t  hemisphere. In contrast; the'-averaged records7 
. 3 

of subject I .  M. (male) are shown in Figure 59. Compared to  either - 

'the standard or Condition 2 ,  there was an increase in CNV activity in 
I 

-Conditions 3 and 4 over the right hemisphere. The isfmmetries, when 
t 

they ' rcurred,  did not always include both  left, side placemerits or . 
the ins takes  of ihconi/sterky 

-- 

potentials were noted for both 

of marked asymnetrjes were a1 so 
* 

femal es an$ ma1 es. Individual examples \ .- 
in. chapters 4 and. 5. found for the experymental cgndi t ions described 

- - ' .  \ 



Symnetrical and Asymnetrical. CNV 
, f o r  subject I. M. in Each of the 

,Experimental Conditions 

Averages 





Chapter 7 

OVERVIEW t 

The results t h a t  consistent slow wave asymmetries 
I 

were 'not el ici ted t o  promote either right or 

, le f t  hemisphere acti vi ty. However, the s t r i c t  saatisti cal rejection of 

1 ateral rzed effects was tempered by those individual exarnpl es where 

di stin& asymnetries occurred. ~l t h o u g h  these asymnetries were no t  

always in the predicted direction, this appeared juitifiable since 

some hemispheric differences were as large as 5 pV t o  12 pV. 

A shortcoming of the tone and word experime'nts described here 

was that no separate behavioral indices of 1 ateral ized effects 'were 

. collected. Without these separate measures i t  i s  arguable whether the 

experimental conditions actual ly induced the special ized hemispheric 

activity sought. As discussed in Chapter 3 ,  Marsh and Thompson (1973) 

found t h a t  for verbal tasks there were no CNV differences between the 
9 hem spheres ; in a nonverbal situation (1 ine orientation) neither the 

~ u f ~ &  & ~ ~ l - ~ s s ~ a f t ~ ~ ~ ~ ~ ~ .  A 

design c h a n g t ~ i n t h p s ~ n ~ ~ o ~ b L  

tasks subsequent1 y resulted in asymnetri es being produced on correct 
, B 

t r ia ls .  The hemisphere presumed to be primarily engaged in the task 

275 6/ 



had smaller CNV amplitudes t h a n  the hemisphere that was considered 

secondarily involved. A t  the time of the ;eport na data were given 

a b o u t  the size of the hemispheric differences. Hillyard (1973) was 

n o t  able to repart a s m e t r i c a l  CNVs in comnissurotomize.d patients 

even though a clear behavioral differentiation was el ici ted (reaction 

times). The logical importance of blishing a behavioral measure 
- - - - - 

or index against which t o  gauge C i s  further lessened by 

the fact  that behdvioral i s  assumed to  be 

ref lec t ivesf  br&in sayipg that those - 

'authors reporting hemispherfc differentfation, behavioral o r  otherwise, 

do n o t  advocate that  particular stimulus processing i s  completely 

dominated by the activity of one hemisphere (Sperry , 1973). For 
8' 

example, visual r i g h t  field ( l e f t  hemisphere) superiority for  the 

detection of verbal material does not exclude, l e f t  f ield (right hemi- 

sphere) detections. The interplay t h a t  cou1d:have existed beheen the 

hemispheres in the small number of t r i a l s  tha; were used in the present 

studies may have contributed to the o c c a s i ~ n a $ ~  large but  unsystematic 
> 

a s m e t r i e s  observed i n  the CNV. Of the many k r a t e g i e i  that  could 

have been adopted to evaluate hemispheric differences, the. 16-trial 

average represented a comprumise between a single t r i a l  analysis and an * 
average based on a larger number o f  trigls. Adopting the l a t t e r  . 

i 

approach increases the stgnal agalnst resident background activity . \ 

A t  the same time, howkver, i t  is desirable' by a single t r i a l  analysis 
- -- - 

to reduce possible sequence effects i n  order to reduce habituation and 

other processes which might occur as the result of repetition. 

The results presented here for the !eft hemisphere tasks are 



ar v a r i  ance-*tffrTRTf ndings of other invehigators examining 

\ 
3 

hemispheric asymetrfes n the CNV. Butler and,Glass (1971) found t h a t  
! 

right-handed subjects awai t i n g  numerical information had larger CNVs 
C 

over the hemisphere contra1 ateral to the preferrkd hand. ~ i f f e k n c e j  - 
between the hemispheres were small and the overall significance of the 

, 
T 

asyrmetri es was evaluaGd u s i s  nonparametri c ' procedures. In 

pra c t i c a 1 ap_~ficaticmXtherPisFnmerlskth a w e b a s e d o n -  

relative size may, i n  some cases, result in differences that are ,  

outside the limits of resolution of the recording system. 
I 

The lack of consistent Tatera11 ty effects -from surface 

locati ons approximately over the areas of Wernicke and Broca were 

surprising in view of the l i terature which has implicated these areas 

as necessary for 1 anguage processing and production. The electrode 

s i t es  over these areas were selected because previous evoked or slow 

potentfal investigations reported data suggesting that these regions 

were sensitive to differential activity and were related to language 

processing. Zimnermann and Knott (Note 34) demonstrated that inferior 

frontal s i t e s ,  presumably over the area of Broca, were larger on the 

l e f t  hemisphere t h a n  the right preceding spekh production. As w i t h  

much data showi ng lateral ization effects,  hemispheric differences were 

agai'n very sma! 1 . Fnwn the pub1 fshed records, CNV potentials barely 

exceeded base1 fne levels a t  the lateral s i tes.  A similar shifting was 
+' 

S 1  - - position. Low,  &da, and Fox (Note 32) ,  recording from inferior- 

posterior frontal posi tions , found greater negativity over the l e f t  

hemisphere preceding verbalization than over the r f g h t .  Although most 



condition, most analyses d i d  not incorporate direct comparisolls of 

distribution changes within subjects among the experimental congitions. 

The method o f  analysts employed here to examine asymmetries required 

that the d i s t r i  bution 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 
- - - - - - - - 

strlngent b u t  necessary criterion for dernonst;ating CNV a s m e t r i e s  
7 - 

in normal subjects. 
z 

. \ -  
addition to the a s m r l e s  t h a t  were obswved during t h e  *I - 

tone experfment In C h a p t e r  4,  the results indicated that the engagement 

o f  the subject's attentfon during the S1-SZ interval prod-uced an 
* 

enhancement of CNV amplitude (2.5 times) over the standard paradigm. 
2 Increases i n  CNV amplitude related to informati00 processing have been 

associated with stimulus camplexi ty (Low, Frost, Maulsby , 81 IkSherry , 

&968), whereas decreases in the CNV have been found w i t h  distraction 

induced by extraneous processing within the CNV interval (Tecce & 
C 

Hamilton, 1973). The decline i n  the CNV during the presentation of the 

fourth tone was an unexpected finding that merits further investi- 

gation. Mast of the ~ubje&.s*~uestioned agreed that the tone task was 

6 ' not f f i cu l t  and that  they were' able t o  decide upon their response as ' 4 

soon as the fourth tone was presented. This positive direction of the 

slow potential a t  the f o u r t h  tone para1 le l s  the findings of evoked 

potential studies whfch show the positive or P300 component correlated 
* 

J 

- - 2- w i t h  Information dellvery and the resolution of uncertainty (Sutton, , 2 
J 

1 0- Tueting, & Zubin, 1967). 
r 



The word experiments of Chapters 5 and 6 were simple and may 

not have engaged verbal processing t o  any great extent during the CNV . 

interval. I t  might be more useful t o  have a more obvious form of 
* 

verbal activity during the interval w i t h  such procedures as sentence 

construction, word rhymes, and so on. I t  was interesting to note 

?owever t h a t  evoked ' h i t i a l s  t o  word stimuli were generally larger 

a t  all electrode sites than for the other signal stimuli. Whether 

this positive aspect of the evoked potential was due t o  intrinsic 

properties o f  the rtlmul i themse1~es-p~ was due 'to negative basel 4 ne- - 

- shifts cannot be determfned without further investigation. 

Further research i n t o  the lateralization of slow potentials 

should probably f i r s t  center around those fndividuals who clearly 

demonstrate asymnetrfes. This i s ,  of course, a different approach 

to the question of asymnetrfes and f s  more concerned with the genesis 

of hemispheric differences t h a n  characteristics of a11 people insofar 

as differenti a1 information processing i s  concerned. A1 though this 

may distort the overall generalization of lateralfty effects, i t  may 

prove more useful in determining the parameters and significance of 

the differences t h a n  procedures based on the expectancy of uniform 

response patterns in a1 1 subjects. 
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APPENDIX B 

FILTER CHARACTERISTICS 



FILTER CHARACTERISTICS* 

)r 
-- 

IndiGidual data averages were digi ta l  -- l y  f i 1 tered A prior t o  

plotting. The data smoothing tha t  occurred did not a f fec t  a1 'C f re -  

quencies equal l y  . A1 though some cortical responses may have been 

subject t o  the ~ u n ~ r r g  portion o f  the f i l t e r  character is t ic ,  the a 

frequencies associated w i t h  slow potentials were in the safe region 
A 

of the f i l t e r .  With the graph on page 285, the at tenuat ion of a 

particular frequency'can be found from log F = log {fo X ' T ~ ) ,  where 

fo  = the particular frequency and Ts = sweep time (seconds). When 

the  obtained value is 1 mated on the abscissa, the attenuation- may be 

read direct ly  off the ordiripte. -,, The cutoff frequency ( -3  dB) can f be 

determined from f = Fc/TS, where Fc = n o h l i z e d  irequency and 
5 

TS.  =- sweep time. 

f m  bcumerkation on a Brick-Ha1 1 Digital tow4ass ~ i l  t e r  prepared by 
Howard F. Gabert for  the Department of Psychology, Simn Fraser 





APPENDIX C 

ANALYSIS OF VARIANCE TABLES 



S u m r y  of the hnalysis of Variance 
A 

for Amp1 i tude Measures 
' 

(Experiment 1) 

Source Error Term - d f - MS - F P 

- - - - - ~ -~ 

B (Conditions) SB ( A )  

C (Electrodes) W A )  

ABC S m A j  4 .3003 .395 n.s. 

A 3  D SBD(A) 3 .5545 .422 n.s. 

ACD SCD (A) 12 .lo09 .596 n.s. 

BCD SBCD(A) I2 .7401 7.897 < .001 
SBC(A) 32 ,7604 
SBD ( A )  24 1.3136 
S C Q ( A ~ - - - -  96- .LC93 

-- - - - 

Note. Analysis of variance computations were carried out using 
direct measutmentr in cm. .p- 



Table C2 "' 

Summary of t h e  Analysis of Variance f o r  
t h e  Rat io  Indices of' Asymnetry 

(Experiment 1) 

Source 
0 

E r r o r  Term d f  - - MS F - * J ?  

A (Sex) . S(A) 

- 0 ( ~ o n d i t i o n s )  SB(A) 

C (Electrodes) W A )  

S (A)  

AB SB(A) 

AC SC(A j 

BC SBC (A)  

SB (A) 

C S C ( N  

ABC SBC(A) 

SBC (A)  



Table C3 

Sumnary of the Analysis of Variance 
for Cross-Correlations I 1  - 

,,I 
(Experiment 1) 

C (Electrodes) SC(A) 



Table C4 

Surmry of the Analysis of Variance 
for Cross-Correlations I11 

(~xperirnent 1) 

C Electrodes) W A )  1 .3025E-01 ' 11.122 < .025 

S(A) 8 .1223E-01 

BC SBC (A) 1 .1008E-04 .012 n.s. 

ABC SBC (A) 



- + Table C5 

Sumary o f  the Analysis of Variance 
for Cross-Correl ations IV 

(Experiment 1) 

A (Sex) 

B (Conditions) 

SBC (A) 8 :. 3096~-82 



Sumnary of t h e  Analysis o f  Variance f o r  
Area Measurements o f  CNV A c t i v i t y  

(Experiment 2 )  

Source Error  Term 

A (Sex) 

B (Conditions) 
* 

C (El ectrodes) 

SBC (A) 

SBC (A) 64 ) .2717E-01 

d 
Note. The analys is  o f  variance computations were performed upon 

the-ect p l a n i m e t r i c  areas ( inches2).  



Sumnary pf the Analysis of Variance for Vertical 
Measurements of CNV Amplitude 

(Experiment 2) 

A (Sex) S(A)  

B (conditions) SB(A) 

C (El ectrodes) SC (A) 

S(A) 

ABC SBC( A) 8 .1496E-01 1.309 
I n.s. 

SBC (A) 64 .1142E-01 - 

Note. The analysis of variance computations were erformed upon 
the-ect measurements of vertical amp1 i tude (inches ! . 



S u m r y  of the Analysis of Variance for 
the Ratio Indices of Asymnetry 

(Experiment 2) 

Source Error Term - d f MS - F - E 

i 

A (Sex) S ( A )  1 .3850E-01 2.088 n.s. 

B (Conditions) S m .  2 .2166E-04 , ,006 n.s. 

C (Electrodes) . SC(A) 1 .4860E-02 1.365 n.s. 

SBC (A) 2 .5450E-03 .226 n.s. 

SB(A) 16 .3715E-02 

S C M )  8 .3559E-02 

ABC SBC (A) 2 .8450E-03 ,350 n.s. 

SBC (A) 16 .2413E-02 



h Table C9 
> 

Sumnary of the Analysis of Variance for 
Evoked Potential Amplitudes at S1 

(Experiment 2) , 

Source 
- -- -- 

Error Term d f MS F - P 

A (Sex) S(A) 1 # .2398E-01 .048 1 - n.s. 

B (Conditions) SB (A) 2 

C (El ectrodes ) SC (A) 4 .3996 14.536 < ,001 
C .  

S(A) 8 .4989 

B C SBC (A) 8 .2077E-01 2.382 < .05 
? 

SB(A) 16. - .3759 - 

W A )  32 .2749E-01 .- 
ABC SBC (A) 8 .1656E-01 1.899 n.s. 

SBC (A) A 64 .8722E-02 

Note. The analysis of variance computations were performed upon 
the-ect measurements of evoked potential amp1 itude (inches). 



Sumnary of the  Analysis of Variance 
for Cross-Correl ations I 

(Experiment 2 )  

d f Source Error Term - MS - F - e 

B (Conditions) SB(A) 
** 

C (Electrodes) SC(A) 

B C SBC (A) 

W A )  8 1.0078 

S C M )  3 2 .2994E-01 

ABC SBC(A) 4 .1691E-01 .901 n.s.  

SBC (A) 



Sumnary of the Analysis o f  Variance 
f o r  Cross-Correl ations I1 

(Experiment 2) 7- i/ / 

- 

Source Error Term - d f - MS - E' b F 

f 
C (Electrodes) SC(A) , 

S(A) 

ABC 

SBC (A) 

W A )  
SC(A) 

SBC ( A )  

SBC ( A )  



Table C12 
. . 

Sumnary of * the Analysis of Variance 
for Cross-Correl ations I I I r 

d (Experiment 2) 
t - .  

C .  

Source Error Term * - d f  - MS 

%B (Conditions) 

C (El ectrodes) 

BC SBC (A) 2 . .4415E-02 1.568 n.s. A 



Sumnary of the Analysis of Variance 
for Cross-Correl ations IV 

(Experiment 2)  

Source Error Term - d f  - I% - F J? 

(Sex) 

(Conditions) 

(Electrodes) 

S (A) 

S W )  1 
J 

SBC (A) 2 

SBC (A) ABC 

SBC ( A )  



- 
Sumnary of the Analysis of* Variance for 

Area Measurements of CNV Activity 
(Experiment 3) t 

sf * 
t 

- 

& 

Source Error Term - d f - MS - F E 
\ 

' /- , - 

S(A) 1 .5750E-01 .043 n.s.  A (Sex) 
- - 

B (Conditions) SB t A) 3 .5236 2.882 < .05 

C (Electrodes) s c (A) 4 

SBC (A) 12 

, 

ABC SBC (A) 12 

SBC (A) T - 192 .2016E-01 ($ 
h 

v \ '- 
Mte. The aria-is of variance computations were performed upon 

.' the direct planimetric area5 (inches2). 4 

1' 



Table C15 
4 

Swmary of.the Analysis of Variance for Vertical 
Measurements of CNV Amp1 i tude 

(Experiment 3) 

Source Error Term d f 

a (sex) f f  4)  f ,  -.1593 .672 R . S .  

0 (bnditio~s) SBfA) 3 * 2.1043 18.484 < .001 

C (Electrodes) SC(A) * 9 .6334 33.286. < .001 

AC S C f A )  - 4 6737E-02 .354 , n.s. 

B € SBC (A) 12 .3659E-01 4.166 < .001 

ABC SBC ( A )  12 .7065E-02 .804 n.s. 

SBC {A )  

Note. The analysis o f  variance computations were performed upon 
the direct  measurements o f  vertical m p l  itude (inches). 

i 



* 

Table C16 

S m r y  of the  Analysis o f  Variance f o r  
the  Rat io Indices o f  Asymnetry 

(Experiment 3)  

Source Error  Term 

A (Sex) 

B (Conditions) 

C (Electrodes) 

S (A) 

S B ( N  

S W  

SBC (A)  

SBC (A) 

SBC ( A )  



Table C17 

Stmmary o f  the Analysis of Variance for 
Evoked Potential Amplitudes at S 1  

(Experiment 3) . 

b 
pp 

- - 

Source Error Term - I  - df MS - F - e *- 
% 

A (Sex) - 
4 

B (~ondi tions) 

Note. The analysis o f  variance computations were performed upon 
thedirect measurements o f  evoked potential amp1 i tude (inches). 



Table C18 

Sumry of the Analysis o f  Variance 
for Cross-Correlations I 
/ (Experiment3) 

Source Error Term 

B (Conditions) 

C ( ~ l  ectrodes) 

SBC ( A )  

ABC 

SBC ( A )  128 .1088E-01 

i 



Table C19 

Sumnary of the Analysis of Variance 
for Cross-Correl ations I I 

(Experiment 3) 

Source Error Term , d f - 

A (Sex) 

B (Conditions) 

C (Electrodes) 

SBC (A) 



Table C20 1 

Summary of the Analysis of Variance 
for Cross-Correlations I11 

(Experiment 3) 

-- 

Error Term 7 4 s -  F E Source - - - 

A (Sex) 1 .3270E-01 1.892 n.s. 

C (Electrodes) SC (A)  1 .1755E-01 3.389 n.s. 

S(A) 16 .1728E-01 

AB SB(A) 3 , .9588E-02 ,877 n.s. 
r 

AC SC(A) 1 .7084E-02 1.367 n.s. 

BC SBC (A) 3 .9606E-02 9.005 < .001 

SB (A) 48 .1092E-01 

SC (A) 16 .5180E-02 , 
-d 

ABC SBC(A) * 3 .2222E-03 .208 n.s. 

SBC (A) 48 .1066E-02. 



Table C21 

S u m r y  of the Analysis of Variance 
* for Cross-Correlations IV 

(Experiment 3) 

Source Error Term - d f 

A (Sex) 

B (Conditions) 

C (Electrodes) 

S ( A )  

AB 

AC 

BC 

SB(A) 

SC ( A )  

ABC 

SBC (A) 





DUNCAN ' S MULTIPLE-RANGE TABLES 

Duncan range tests were used to compare overall differences 

in the three-way classifications. Individual cells are differences 

resulting from subtracting the largest mean from the smallest, largest 

minus the next smallest, and so on. Depending on the number of means 

separating the comparisons, those cells exceed,ing the appropriate 

critical ranges are marked with an asterisk (*) to indicate the 

specific significance level achieved. The a-level used in the-cal- 

culation of the critical ranges was the same Tevel as the significant 

F ratio; in those cases where the F ratio was not significant, the .05 - - 

level was used. The standard error of the means was derived from 

IM&/ (n) - 1%. where 5 = within treatment me square and - n = the 

number of observations on which each mean In addition to - n, 

each table also gives the number of means ( k )  - involved and the degrees 

of freedom (df) - associated with Q. Comparisons between two means 

are not shown. 



Table D l  

Duncan ' s  Mu1 t ip1  e-Range Test among the  
Means for Electrodes (Factor C )  

/f Means 
- T3 = T4 = F3 = F4 = C, - Shortest 

Signif icant  
10.492 11.588 12.309 14.249 23.742 Ranges 

Note. k = 5, d f  = 32, n =  80. The means a r e  amplitudes expressed 
i n  mrcnn-Exper iZnt  1. The s u m r y  of the  analysis  of variance fo r  
th is  experiment i s  shown i n  Appendix C ,  Table C1.  

/ 

*E < .001. 
C 



Table D2 

Duncan's Mu1 t i  p1 e-Range Test among the 
Hearts for Times (Factor D) 

-"-). 

D4 = D3 = D2 = D l  = Shortest 
~ i g n j f  icant 

Ranges 

Note. k = 4, df = 24, n = 100. The means are amplitudes 
e x p ~ d b n  pY ff ~ x p e r k n t  1. The sumry of the analysis of 
variance for this experiment i s  shown in Appendix C, Table C1. 



Table D3 

Duncan.' s Mu1 t ip1  e-Range Test among the Means 
of t h e  Standard Condition ( B  = 1)  

f o r  Electrodes (Factor C) 

T3 = F3 = F4 = , T4 = C, = Shortest  
Means Significant  

5.555 5.599 6.399 7.166 16.587 Ranges 

Note. k = 5, df = 32, n = 40. The means a r e  amplitudes expressed 
i n  f l f rom~xper iment  1. The s u m r y  of the analysis  of variance f o r  . 
this experiment is  shown i n  Appendix C ,  Table C 1 .  



Table D4 

Duncan's Mu1 tiple-Range Test among the Means 
of the Tone Analysis Condition ( B  = 2)  

for. Electrodes (Factor. C )  
z- 

T3 = T4 = F3 = F4 = C, = >Shortest - 
Significant 

15.420 15.998 19.009 22.086 30.874 Ranges : 
Means 

Note. k = 5 ,  df = 32, n = 40. The means are amplitudes expressed 
i n  ;;Vfrm-ixpc!ri=nt 1.  %e sumnary of the analysis of variance 
thfs experiment i s  shown in Appendix C ,  Table CI. 

for 



Duncan's Multiple-Range Test among the Means 
of the Standard Condition (B = 1) 

I ' for Times .(Factor D) 

* 
1 

D4 = D3 = D2 = Dl = Shortest 
, Means Significant 

5.699 5.777 8.943 12.609 Ranges 

Note. k = 4, df = 24, - n = 50. The means are amplitudes expressed 
in mrom-Eqerf%%t 1. The swmary of the analysis of variance for 
this experiment is shown in Appendix C, Table CI. I 



Duncan's Mu1 ti pl e-Range 
of the Tone Analysis 

Test among the Means 
Condition (B = 2) , 

for ~ i m e s  (Factor D) 

Means 
Shortest 

Significant 
Ranges 

D4 = 10.887 --- 12. O X *  12.966* 14.166* R2 = 7.121 

Note. k = 4 ,  d f  = 24,  n = 50. The means are amplitudes expressed 
i n  ;Vfrom-Experiment 1. The sumnary of the analysis o f  variance for . , 

this experiment is shown in Appendix C, Table C1. 



duncan's Multiple-Range Test among the Means a t  the 
, Yertex ( C Z )  Electrode Site ( C  = 1) 

for  Tfmes (Factor D )  

D4 = D2 = D3 = Dl = Shorte2t 
. Means Signff icant 

18.931 24.675 24.686 26.641 Ranges 

Note. k = 4 ,  d f  = 96, TI = 20. The means are amp1 itudes expressed - 
in m r m - ~ x p e r i g n t  1. The sumry of the analysis of variahce for 
this experiment i s  shown in Appendix C, Table C1. 

+ 



Duncan's Multfple-Range Test among the Means at the 
Left Frontal ( F  ) Electrode Site ( C  = 2) I fop T mes (Factor D )  

2 D4 = D3 = D2 = Dl = Shortest 
Means Significant 

3.766 11.443 13.054 20.942 Ranges 

Note. k = 4, df = 96, - n = 20. The means are amplitudes expressed 
K ~ r o m - ~ x p e r l g n t  1 .  The s m r y  of the analysis of viriance for 

i s  shown in Appendix C ,  Table C1. this experiment 

*e < .OOl. 



- pppp -laDleuv----- 
w 

Duncan's Mu1 tiple-Range Test among the Means a t  the 
2Y 

Right Frontal ( F  ) Electrode Site ( C  = 3) P 
for ~fmes (Factor D )  . 

- 

W = D3 = D2 = Dl 5 Shortest 
\kans .. Significant 

4.599 14.643 17.476 20.242 Ranges 

Note. k = 4,  d f  = 96, - n = 20. The means are amp1 itudes expressed 
i n  prom-~xperignt  1.  The sumnary of-the analysis, of variance for 
this experiment i s  shown in Appendix C ,  Table C1. 



Table Dl0 

Duncan's Multiple-Range Test among the Means at the 
Left Temporal ( T  ) Electrode Site ( C  = 4)  7 for T mes (Factor D )  

/IL, 

-= D2 = D3 = Dl = Shortest 
Means Significant 

6.921 10.621 l?!-!%+J 12.843 Ranges 

Note. k = -4, df = 96, n = 20. The means are amp1 i tudes expressed 
fn ~romomExperiment 1 .  R e  sumnary o f  the analysis o f  variance for 
this experiment i s  shown in Appendix C ,  Table CI. 



Duncan's Ml tiple-Range Test among the Means at the 
.+ 

Right Temporal (T4) Electrode Site (C = 5 )  - for Times (Factor D) 

D3 = D4 = Dl = D2 = Shortest 
Means Significant 

7.265 10.499 13.820 14.754 Ranges 

1 n 
thi 

Note. k = 4, df = 96, - n = 20. The means are 
nrm-~xperiment 1. The sumnary of the anal 
s experiment i s  shown f n Appendtx C ,  Tab1 e C1. 

"e < .OOl. 

amp1 itudes expressed 
ysis o-f variance for 



Table Dl2 \ 

Duncan ' s Mu1 t i  pl e-Range Test among the Means of the Standard 
Condition (I3 = 1) a t  the Vertex ( C z )  Electrode 

Site (C = 1) for Times (Factor D )  

\r 
D4 = D3 = D2 = D l  = Shortest 

Means Significant 
11.554 12.543 18.220 24.042 Ranges 

Note. k = 4 ,  df = 96, - n = 10. The means are amplitudes expressed 
in V r m  ~xperiment 1. The s m r y  of the analysis of variance for 
this experiment i s  shown in Appendix C ,  Table C1. 



e 

Duncan ' s  Multiple-Range Test among the Means of the Standard 
Condition (B = 1 )  a t  the Left Frontal ( F  

Site ( C  = 2)  for Times (Factor 

Shortest 
Significant 

Ranges 
Means 

Note. k = 4,  df = 96, n = 10. The means are amp1 itudes expressed 
in mrom-~xperi6&t 1. The sumnary of the analysis of varfance for 
this experimnt i s  shorn in Appendix C ,  Table C1. 



Duncan's Mu1 tip1 e-Range Test among the Means of the Standard 
Condition ( B  = I )  a t  the R i  g h t  Frontal ( F  

Site f €  = 3) for  Ttmes (Factor 

, ,- 

D4 = D3 = D2 = Dl = Shortest 
Means Si nificant 

2.610 3.810 8.154 10.998 iang es 

Note. k = 4,  df = 96, - n = 10. The means are  amplitudes expressed 
i n  mmm-Experiment 1. The sumnary of the analysis of variance for  
t h i s  experiment is shown i n  Appendfx C ,  Table C1. 

9 < .ool. 



Duncan's Multiple-Range Test among the Means of the Standard . 

'Condition (B = 1) a t  the Left Temporal (T  
Site ( C  = 4) for Times (Factor 

Shortest 
Significant 

Ranges 

Note. k = 4 ,  d f  = 96, - n = 10. The means are amp1 itudes expressed 
in mrom-Experiment 1. The sumnary of the analysis of variance for 
this experiment i s  shown i n  Appendix C, Table C1. 



- - - - - - Table Dl6 
-- ---A - 

-, Duncan's Multiple-Range Test among the Means of t h e  Standard ' Condition ( 0  = 1) a t  the Right Temporal (T ) Electrode 
S i t e  ( C  = 5) f o r  Times (Factor  D? 

Means 
Shor tes t  

S ign i f i can t  
Ranges 

Note. k = 4 ,  df = 96, - n = 10. The means a r e  amplitudes expressed - 
i n  m r m - ~ x p e r i E n t  1. The s m r y  of t h e  ana lys i s  of variance f o r  
t h i s  experiment i s  shown in  Appendix C,  Table C1.  

E '  . O O l .  



Duncan's h l  tiple-Range Test among the Means of the Tone Analysis 
Condition (0 = 2) a t  the Vertex (CZ) Electrode 

Site (C = 1) for Times (Factor D )  

Means 
Shortest 

Significant 
Ranges 

Note. k = 4 ,  df = 96, n = 10. The means are amp1 itudes expressed - - 
uv from-Experlkt 1 .  The sumry of the analysis 05variance for 

i s  experiment i s  shown in Appendix C ,  Table C1. 



Duncan's Mu1 tip1 e-Range Test among the Means of the Tone Analysis - 
Condition (B = 2) at the Left Frontal (F 

Site (C = 2) for Times (Factor 

D4 = D2 = D3 = Dl = Shortest 
Means Signif icant 

5.021 20.853 21.353 28.819 
6 Ranges 

Note. k = 4, df = 96, n = 10. The means are amp1 i tudes ~xpressed - 
in p r o m - ~ x p e r i g n t  1. The s m r y  of the analysis o f  variance for 
this experiment I s  shown fn Appendix C, Table C1. 



F - Table Dl9 

Duncan's Mu1 tiple-RBnge Test among the Means o f  t he  Tone Analys is  
Condi t ion (B = 2) a t  t h e  Right  Fronta l  (F4 

Sfte;(C = 3) fo r  Times (Factor D 

D4 = D 3 =  , D2 = Dl = Shortest  
Mans  S i g n i f i c a n t  

6.599 25.475 26.808 29.485 9 

Note. k = 4 ,  d f  = 96, - n = 10. The means are  amp1 i t udes  ex3ressed 
I n  m r q n - ~ x p e r i r n e n t  1. The m r y  of the  aga lys is  of var iance fo r  f -'- t M s  experiment i s  shown i n  Ap ndix  C, Table el .  



Duncan ' s Mu1 t ip1 e-Range 
conhition (B = 2 )  

S i t e  (C 

7 

Test among the Means of t he  Tone Analysis 
a t  the  Left Temporal (T3 
= 4 )  f o r  Times (Factor D 

Means 
Shortest  

Signif icant  
Ranges 

W e .  k = 4 ,  d f  = 96, - n = 10. The means a r e  amplitudes expressed 
i n  mrom-Experiment 1. The sumnary of t he  analys is  of variance fo r  
t h i s  experiment i s  shown i n  Appendix C ,  Table C 1 .  



Duncan ' s Mu1 
, Condit 

tiple-Range Test among the Means of the Tone Analysis 
ion (0  = 2) at the Right Temporal (T ) Electrode 

Site (C = 5) for Times (Factor 04 

D4 = Dl = D2 = D3 = Shortest 
Means Significant 

8.299 14.698 19.142 21.875 Ranges 

Note. k = 4,  df = 96, - n = 10. The means are amp1 itudes expressed 
UV from-~xperiment 1. The sumnary of the analysis of variance for . 
is experiment is shown in Appendix C, Table C1. 

*p < .001. - -  
1 



Duncan's Mu1 t ip1 e-Range Test 
k a n s  fo r  Electrodes (Factor C 

/ 

- 
F3 = F; = T3 = T4 = Shortest  

Meaqs Significant  
.729 ,756 .826 - .840 Ranges 

P .  

? 
. Note. k = 4 ,  d f  = 24,  11 = 20. The means a r e  Gross-Correlation I1 

L s l u e ~ f r o ~  Exper%nt 1. The s u m r y  of * the  analysis  of variance 
fo r  this experiment is shown i n  Appendix C ,  f a b l e  C3. 

*E < .001. 



Table D23 

Duncan's Multiple-Range Test amon 
.c_ Mans for Electrodes  actor C 

W2 = W1 = F4 = F3 = C, = Shortest 
Means Significant 

20.174 21.919 25.096 25.759 34.879 Ranges 
B 

Note. k = 5, df = 32, n = 30. The means are densities (normal - 
izemasr exprezed i n  p v  from Experiment 2 .  The sumary of the 
analysis of variance for this  experiment i s  shown i n  Appendix C, 
Table C6. 

*& < .m1. 



% 

Duncan-'s Mu7 tiple-Range Test among the Means for 
Females (A = 1 )  across Electrodes (Factor C )  

W1 = = F3 = F4 = C, = Shortest 
Means Significant 

, 20.676 21.965 26.385 26.995 38.668 Ranges 

- 
Note. k = 5 ,  df = 32 ,  n = 15. The means are densities (normal- 

i t m e a s 7  expressed i n  p v  from Experiment 2 .  The sumnary of the 
analysis of variance for this experiment i s  shown in Appendix C,, 
Table C6. 



---rJ 
Duncan ' s  Mu1 tip1 e-Range Test among 

Males ( A  = 2)  across Electrodes 
the Means for 
(Factor C )  . 

W 2 =  W 1 =  F 4 =  F 3 =  C,= Shortest 
Mans Significant 

18.383 23.163 23.200 25.134 31.095 Ranges 

Note. k = 5 ,  df = 32, n = 15. The means are densities (nomal- 
ized areasr expreEed in p V  from Experiment 2. The sumnary of the 
analysis of variance for this experiment i s  shown in Appendix C ,  
Table C6. 



r Table D26 
- - - A - - - - -- 

Duncan's Mu1 tip1 e-Range Test among the Means 
for Condition A (B = 1) across 

Electrodes  actor.^) 

Means 
W 2 =  W 1 =  F 4 =  F 3 =  C , =  Shortest 

Significant 
20.515 21.294 26.638 26.987 39.795 Ranges 

Note. k = 5, df = 64, n = 10. The means are densities (normal- 
i z e d e a s r  expreEed in UT from Experiment 2. The sumnary of the - analysis of variance for this experiment,is shown in Appendix C, 
Table C6. 



bncan 's h l  tip1 e-Range Test among the Means 
for Condition B ( B  = 2)  across 

Electrodes (Factor C) 

Means 
- W 2 =  W 1 =  F 4 =  F 3 =  C,- Shortest 

, Significant 
22.099 24.328 27.712 28.437 37.352 Ranges 

= 5 ,  df = 64, n = 10. The means are densities (normal- 
ize!%a# expreSfed in IJV from ~iperiment 2. The sumary of the 
analysis of variance for this experiment i s  shown in Appendix C, 
Table C6. 



Duncan ' s Mul tip1 e-Range Test among the Means 
for Condit&n C (B = 3) across 

' Electfades (Factor C) f .  
'5 1 - 

Means 
- W i =  W 1 =  F 4 =  F 3 =  C,- Shortest 

Significant 
17.910 20.139 20.945 21.858 27.497 Ranges 

Note. k = 5, df = 64, n = 10. The means are densities (normal- 
ize=asT expreced in pv from Experiment 2. The sumnary of the , 

analysis of variance for this experiment is shown in Appendix C, 
Table C6. 

*p < .05. 



Table D29 

Duncan ' s Mu1 t i pl e-Range Test among the  
Means f o r  Conditions (Factor B )  

Conditiori. Condition Condition Shortest  
Means C = B = A = Signif icant  

-3.615~ 9.196 15.153 Ranges 

Cond. C = -3.615 --- 12.811 18.768* R2 = 15.102 
- 

Cond. B = 9.196 - - - 5.957 R3 = 15.752 

I 
1 Note. k = 3,  df = 16, n = 50. The means areLampl i tudes  expressed 

i n  m r m - ~ x p e r i m e n t  2. The sumnary of t h e  analysis  o f  variance fo r  
this experiment 1s show .in Appendix C,  TableXc7. , 

a ~ h e  negative polar i ty  represented a s h i f t  below base1 ine 1 eve1 s. 



Duncan's Mu1 tip1 e-Range Test among the 
Means for Electrodes (Factor C) 

- WI = W2 = F3 = F4 = C, - - Shortest 
Means Significant 

2.195 4.085 5.886 7 .264 14.572 Ranges 

= 

Note. k = 5, df = 32, 11 = 30. The means are amplitudes expressed - 
in PV from~xperi%nt 2. The s m r y  of the analysis of variance for 
this experiment is shown in Appendix C, Table C7. 



Table D31 

Duncan's Mu1 tip1 e-Range Test among the Means 
for Condition A ( B  = 1) across 

Electrodes (Factor C )  
, .  

W k =  W p =  F g =  F 4 =  C , =  Shortest 
Means Significant 

8.141 9.416. 13.402 16.137 28.680 Ranges 

Note. k = 5 ,  df = 64, - n = 10. The means are amp1 itudes expressed 
mrm-~xperiment 2 .  The sumnary of the analysis of variance fo-r 

i s  experiment i s  shown i n  Appendix C ,  Table C 7 .  



Means 

Table D32 

Duncan's Multiple-Range Test aEigthe-MEiE 
for Condition B (B = 2) across 

E l  ectrodes (Factor C )  

- W 2 =  W 1 =  F 3 =  F 4 =  C, -  Shortest 
Significant 

6.871 6.971 9.046 9.161 13.952 Ranges 

Note. k = 5, d f  = 64, - n = 10. The means are amp1 itudes expressed 
f n mrom-~xperi%&t 2. The sumnary of the analysis of variance for 
this experiment i s  shm i n  Appendix C ,  Table C7. 



4 
Dunqanls ~ u l t i ~ l e - ~ a n ~ e  Te t among the Means - - - ppp -- 

- ppp - -a 
for Condition C across: 

Electrodes (Factor C) 

Means 
- < =  F 3 =  W p =  F ~ ' =  .Cz- Shortest 

Significant 
-8,521a -4.79@ -4,030" -1. 820a 1.085 Ranges 

Note. l( = 5,  df = 64, fi = 10. The means are amplitudgs expressed 
i n  p r o m  ~ x p e r i g n t  2. The s m a r y  of the analysis of variance for 
th is  experiment i s  shown in Appendix C ,  Table + C7. i 

aThe negative polarity represented a shi f t  blow baseline levels. 



Table D34 

D u n c a m  Multiple-Range Test among the Means for 
Femles ( A  = 1). across Conditions (Factor B) 

for Frontal -Ratios (C = 1) 

< ~ondi t:oa , Condition Condition . Shortest 
5 Means A = B = C = Significant 

+ , .476 .486 .500 . Ranges 

Cond. 6 = ,486 ' 

Note.. = 3, df =, 16, n = 5. The interaction ( A  x B x C) repre- 
s en t edby  these means did not -reach -a significant l eve1 in Experiment 
2. The sumnary of the analysis of varignce for this experiment is 
shown i n  Appendix C, Table C8. t" 

1 
L 

. . p,> .05. 
- ?  ,' - - 



D can's Multiple-Range Test among the Means for 
*males (A = 1) across Conditions (Factor B )  

f o r  Posterior Ratios (C = 2) 

sp 

Condition Condition Condition -Shortest 
Means A = B = C = Significant 

.444 .458 .488 Ranges 

$ 

Cond. A = .444 --- .014 -044 R2 = .396 

Cond. B = .458 --- .030 R3 = .397 

Note. k = 3, df = 16, n = 5. The interaction ( A  x B  x C )  repre- 
s e n m b y  These means did not reach a significant level in Experiment 
2. The sumnary o f  the analysis of variance for this experiment is 
shown in Appendix C, Table C8. 



Duncan 's Mu1 tip1 e-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 . N O  R2 = ,396 \ 
Cond. A = .504 

- - - 

% 
Note. k = 3, df = 16, n = 5. The interaction ( A  x B x C) repre- 

sentedby These means did not reach a significant level in Experiment 
2. The sumnary of the analysis of variance for this experiment is 
shown in Appendix C, Table C8. 



Means 
i 

Duncan's Mu1 tiple-Range Test among the Means for 
Males (A = 2) across Conditions (Factor B) 

for Posterior Ratios (C = 2) 

Condition Condition Condition Shortest 
C = B = A = Significant 
.544 -552 .572 Ranges 

Cond. C = .544  

Cond. B = .552 

Note. k =  3, d f  = 16, f i =  
sentedby these mGns did not 
2. The s u m r y  of the analys 
shown in Appendix C, Table C8 

#' 
5. The interaction ( A  x B x C) repre- 
reach a significant level in Experiment 
is of variance for this experiment is 

f 



Duncan's Mu1 tip1 e-Range Test amon the 
Means for Electrodes (Factor C 3 

- * W 2 =  W 1 -  - F4 = F3 = C, = Shortest 
Means Significant 

15.937 18.513 21.598 23.449 31.065 Ranges 

Note. k = 5, df = 32, n = 30. 'The means are evoked potential 
amplitud&-expre5sed in uV-fron Experiment 2. The sumnary of the 
analysis of variance for this experiment is shown in Appendix C, 
Table C9. 7 



" Table D39 

- -hrfmfrMuTtipte;l(ange Test - h m b n i d b ~ G i i s  
for Condition A (B = 1) across 4 

El ectrodes (Factor C) + 

W1 = W2 = F3 = F4 = Cz = , Shortest 
Means Significant- 

12.777 12.907- 16.458 l@66:843 21.248 Ranges 

Note. k = 5 ,  df = 64, n = 10. The means are evoked potential 
arnpmdes-expressed in uV-from Experiment 2. The sumnary of the 
analysis of variance for this experiment is shown-in Appendix C, 
Table C9. 9 



.c 

Table D40 

Duncan ' s  Mu1 t i  pl e-Range Test among the Means 
for  Condition' B ( B  = 2) across 

El ectrodes (Factor C )  

- W 2 =  .W1- - F4 = F3 = C, - Shortest 
Means Signif isant 

15.197 19.318 21.418 25.204 34.916 Ranges 

W2 = 15.197 --- 4.121 6.221* 10.007* 19.719* R2 = 4.177 
& 

W1 = 19.318 --- 2.100 '5.886*15.598* R3 = 4.395 - 
F4 = 21.418 --- 3.786 13.498* R4 = 4.538 

", 

Mote. k = 5, df = 64, n = 10. The 'mea$ are  evoked potential - - 
amp1 itudes expressed in VV-from Experiment 2, The sumnary of the 
analysis of variance for  t h i s  experiment i s  shown i n  Appendix C ,  
Table C9. 

*p < -05. 



Duncan's Mu1 tip1 e-Range Test among the Means 
for Condition C (B = 3) across 

Electrodes (Factor C) 

+ W 2 =  w l =  ~ q =  F 3 =  c,= Shortest 
Means . Significant 

19.718 23.404,~ 26.539 28.685 37.036 Ranges 

Note. k = 5, df = 64, 11 = 10. The means are evoked potential 
ampmdes-express in V V  from Experiment 2. The sumnary of the 
analysis of variance for this experiment is shown in Appendix C, 
Table C9. 6 



Table D42 

f T)iiEG3iT sL?GTtipTe-Range Test Xni6Tig -t3e TGiii'F- 
for Condition B (B = 1) across 

Electrodes (Factor C) 

W2 = W1 = F3 = F4 = C, = - Shortest 
Means Significant 

, 4 7 7  ,515 ,573 .586 .591 Ranges 

B 
Note. k = 5, df = 32, n = 10. The means are Cross-Correlation I 

valuesinv<l ved inthe nonzignificant conditions by electrodes 
(B x C) interaction from Experiment 2. The sumnary of the analysis 
of variance for this experiment is shown in Appendix C, Table C10. 



, Duncan's Mu1 tip1 e-Range Test among 
for Condition C (B = 2) across 

Electrodes (Factor C) 

'--. W 1 =  F 3 =  F 4 =  W2= C,= Shortest 
Means D Significant 

.I59 .I97 .215 ,219 .227 Ranges 

Note. k = 5, df = 32, 2 = 10. The means are Cross-Correlation I 
v a l K i n v a  ved ii'-the nonsignificant conditions by electrodes 
( 0  x C) interaction from Experiment 2. The sunmary of the analysis 
of variance for this experiment is shown in Appendix C, Table C10. 



- - - - -- -- 

Table ,D44 

Duncan's Mu1 tip1 e-Range Test amon the 
Means for Electrodes ( ~ d t o r  Cq 

Means 
Shortest 

Significant 
Ranges 

Note. k = 4, d f  = 24, n = 30. The means are Cross-Correlation I1 - 
v a l r f r o m  ~ x p e z m e n t  2. The sumnary of the analysis of variance 
for this experiment is shown in Appendix C, Table C11. 



Duncan's Multiple-Range Test among the Means 
for Condition A (B = 1) across 

Electrodes (Factor C) 

Means 
Shortest 

Significant 
Ranges 

Note. k = 4, df = 48, n = 10. The means are Cross-Correlation ? I  
valuesinv?il ved i r t h e  non5ignificant conditions by electrodes 
( B  x C) interaction from Experiment 2. The sunmarybf the anafisis 
of variance for this experiment is shown in Appendix C, Table C11. 



Table D46 . . P- 

Duncan ' s Mu 1 t_ipLe~Range Tesl among-t he Means 
for Condition B (B = 2) across 

Electrodes (Factor C) 

I 

-k-= W1 ' F4 = F3 = Shortest- 
Means -.. Significant 

.675 ,699 - .879 .885 Ranges 

Note. k = 4,  d f  = 48, & = 10. The means are Cross-Correlation I1 
valuesinv~lved inthe nonsignificant conditions by electrodes 
, (B x C) interaction from Experiment 2. The surrrnary of the analysis - 

of variance far this expkriment i s  shown in Appendix C, Table C11. 



T a b l e ~ 4 7  
-. ", 

Duncan 9 ~ u l t i p l e - ~ a n g e  Test among the  Meaas 
. 2 , f o r  Cond7tion *C (B = :3) adross 

5 
Electrodes (Factor C) 

'. * 
A * .  r - 

. 7  . . 
W2 = W1 = F4 = F3 = Shortest  

Means - Signif icant  

\ 
.668 . 7 0 9 3  .848 .891 Ranges 

% ' 9 . .  

\ 
Note. k = 4 ,  df = 48, n = 10. The means are c r o s s - ~ o ~ r e l a t i e n  11 ' 

valuesinvClved i r t h e  nonTignificant condltiohs by elec%rodes . 
., ( B  C )  i n t e r  t jon  from Experiment 2.  ~ h e ' s h k r y '  ~f the analysis: 

of variance Jf? this experiment is  show i n  A ~ p q d i x  t; Table C11. 
b 



Duncan ' s  Mu1 t ip1 e-Range Test among the  
Means fo r  Conditions (Factor B )  

Cond. Cond. Cond . Cond. \ Shortest  
Means 3 =  4 = 2 =' 1 = Signif icant  

21.013 21.610 24.459 25.143 Ranges ' 

Yote. k = 4 ,  d f  = 48, n = 90. The means a r e  dens i t i es  (normal-' 
i z e d  areas7 exprezed in LV from Expe-riment 3. The sumnary of the 
analysis  o f  variance for  t h i s  experiment i s  shown in Appendix C ,  
Table  C14. 



" Table D49 

Duncan''~ Mu1 t ip1  e-Range Test among the  
Means for Electrodes (Factor C )  

. . 

, '% 

& .  B2 = BIL  = - 
-7 F4 = .F3 = .Cf - Shortest  a 

. Means t .  Signif icant  
. - . - 19.430' 19.643 , 21.914 22.806 31.487 Ranges 

, . . . 

Note. k = 5,  df = 64, - n = 72. The means a r e  dens i t i es  (normal- 
ized a r ea s r  expressed in .;V frm'Experiment 3. The sumnary of the  
analysis  of variance fo r  th is  ex~er iment  i s  shown i n  Appendix C ,  . ' 

T2ble C14; "'. 



Duncan ' s  Mu1 t ip1  among the' Meahs f o r  
Females ( A  = 1)  Electrodes .(Factor ,C) 

K 
i 

B2 = B1 = F4 = F3 = cz = -Shortest 
Means 

Q 
- Signif icant  

17.572 18.147 21.758 23.175 32.929 Ranges 

B2 = 17.572 - - - 0.575 4.186* 5.603" 15.357-2 = 3.,599 
I 

B1 = 18.147 --- 3.611* 5.028* 14.782+* , R3 = 3.740 

Note. k = 5 ,  d f  = 64, - n = 36.' The means a r e  dens i t i es  (normal- 
ized a reas7  expressed fn uV from Experiment 3 .  The sumnafy >of the 
analysis  of variance f o r  this exgeriment i s  shown i n  Appendix C, 
Table C14. , ' .a:, 



- 

Table D51 

Duncan's Multiple-Range Test among the Means for 
Ma1 es (A7 = 2) across Electrodes (Factor C) 

01 = B2 = F4 = F3 = C, = Shortest 
Means ' Stgnfficant 

21.139 21.288 22.070 22.435 30.042 Ranges 

LC 

Note. k = 5, df = 64, n = 36. The means are densities (normal - 
i z e d e a s T  expressed in IJV from Experfment 3. The sumnary of the 
analysis of variance for this experiment is shown in Appendix C, 

P 
Table C14. 



Table D52 

&mcmrXs Muttipte-Range Testamong the Means 
for Condition 1 (B = 1) across 

Electrodes (Factor C) 
? 

< 

Means 
- B 2 =  B1=  F 4 =  F 3 =  . C z -  Shortest 

Significant 
18.227 18.394 24.495 25.598 38.990 Ranges 

Note. k = 5, d f  = 192, n = 18. The means are densities (normal- 
i z e z e a s r  expresred in uV-from Experiment 3. The s u m r y  of the 
analysis o f  variance for this experiment is shown in Appendix C, 
Table C14. 



~~nran 's  h~tipie-~an~ 2 s  t among the Means 
for Condition 2 (B = 2) across 

Electrodes (Factor C) 5 - 

- 

B 1 =  B 2 =  F 4 =  F 3 =  C,= Shortest 
Means Significant 

19.826 20.333 23.913 24.749 33.474 Ranges 

Note. k = 5, d? = 192, n = 18. The means are densities (normal - - l 
ized areasr expressed in PV-from Experiment 3. The sumary of the -' 
analysis of variance for this experiment is shown in Appendix C, Q 
Table C14. 



Table D54 

Duncan's Multiple-Range Test amorfg the Means 
f r & m d i t t o n  3 (6-= 3) across - . - 

4 Electrodes -(Fqctor C )  . 
w 

BI BZ = F4 = F3 = C,= " Shortest 
Means . Signif icant  

19.167 19.304 19.943 20.139" 26.509 Ranges 

- - ,- 
Note. a k = 5 ,  df = 192, &W3. The means are  dek i* t i e ;  ( ~ ~ n i l  - - 

l z e d a r e a s r  expressed i n  pV from Experiment 3. The summary. of the 
analysis  o f  vitlriante for this  experiment is s6own i n  Appendix C ,  
Table C14. 



Duncan's Mu1 tip1 e-Range Test among the Means 
for Condition 4 (B = 4) across ' 

Electrodes (Factor C) 

- -t 
F 4 =  B 2 =  F 3 =  B 1 =  C,- Shortest 

Means Significant 
19.301 19.855 20.735 21.184 26.971 Ranges 

Note. k = ' 5 ,  d f  = 192, _?_ = 18. The means are densities (normal- 
i z f i e a s r  expressed in uV from Experiment 3. The s u m r y  of the 
analysis of variance for this experiment is shown in Appendix C, 
.Table, C14. A 



Duncan's Mu1 tiple-Range Test amon the 
&&s for Conditions (Factor B 7 

Cond. Cond . Cond . Cond . Shortest 
- Means 4 = 3 = 2 = 1 '= Significant 

-0. 606a 0.376 7.853 15.838 Ranges 

in 
thi 

Note. k = 4, df = 48, n = 90. The means are amp1 i$udes expressed 
mrom-~xperi%nt 3. The s u m r y  of the analysis of variance for 
s experiment is shown in Appendix C, Table C15. 

a ~ h e  negative polarity reprgsented a shift below base1 ine 1 eve1 s. 
4 



Duncan's Mu1 tiple-Range Test amon the 3 Means for Electrodes (Factor C 
b 

/ 

- B 1 =  B 2 =  F 4 =  F 3 =  C z -  Shortest 
Means Significant 

2.265 2.395 4.665 6.296 13.701 Ranges 

Note. k = 5 ,  df '= 64, = 72. The means are amp1 itudes expressed 
V r o m  ~xperiznt 3. The s u m r y  of the analysis of variance for 
is experiment is shown in Appendix C, Table 615. 



Duncan's Mu1 t ip1 e-Range l e s t  among the Means 
for  Condition 1 ( B  = 1) across 

Electrodes ( F a c t m S )  

. B1 = B2 = F3 = F4 = C, Shortest 
Means Significant 

9.310 11.335 14.732 15.263 28.549 Ranges -4 

Note. k = 5,  df = 192, n = 18. The means are h p l  i t u d e ~  
expressed 5 rtV ffi ~xperiment 3. The sumnary of the analysis of 
variince for t h i s  experiment i s  shown i n  Appendix C ,  Table C15. 

7 

*E ' . OQ1. d . . 
1C 

* .  

9 



Table D59 .. 
- - --- --- 1 - 

- -- +-- Duncan ' r Mu1 t i p 1  e-Range ~ e s t  among the  Means 
f o r  Cbndi t ion 2 (B = 2) across 

Electrodes (Factor C) 

Means 

- B1 = B2 = Fg = F4 = Cz - Shortest  
S i g n i f i c a n t  

4.370 5.691 7.116 7.406 14.677 Ranges - 

Note. k .= 5, d f  = 192, n = 18. The means are amp1 l tudes 
' e x p E e d  %I LIV f%m Experiment 3. The sumnary of t h e  ana lys i s  of 

-var iance for t h i s  experiment i s  shown i n  Appendix C, Table C15. . 



. ., & .', . 
~uncan's ~ u l t i ~ l e - ~ a i ~ e  Test h o n ~  the Means p 

0 .- For Condition 3 (B = 3) across . 
* Electrodes (Factor C )  rn 

rr .+ 

I - B ~  = ,,- B~ = F~ L F~ = t = shortest , 

Means ' Significant 
~ 2 . 6 3 6 ~  - 2 . 4 1 ~ ~  -0.650~ 1.389 6.186 Ranges i 

# 

Note. k = 5, d f  = 192, n = 18. The means are amplitudes 
expressed Tn p V  -f+ Experiment 3. The sumnary of the analysis of 
variance for th is  experiment i s  shown in Appendix C, Table C15. 

"he negative polarity represented a shif t  below base1 ine 1 eve1 s. 
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Table D61 

Durrcm's fbltlpte-Range fe% among t h e  Means - - - -  - - -- --- -- 
f o r  Condition 4 ( B  = 4) across 

Electrodes (Factor C )  , 

B2 = F4 = B1= F g =  C , =  Shortest  
Signif icant  ' Means 

- 4 . 8 0 9 ~  -3.350a -2 .205~ 1.947 5.386 Ranges, 

I 

Note. k = 5, df = 192, n = 18. The means a r e  ampl-itudes . - . - 
expressed in pV from Experiment 3. The sumnary of t h e a n a l y  i s  of - 2- * *  variance fo r  t h i s  experiment is  shown i n  Appendix C, Table C 1  . '> 

a ~ h e  negative po la r i ty  represented aa s h i i t  below base1 ine 1 eve1 s .', ' 7 .  



- ' Duncan's Multiple-Range Test among the Means across 
\Conditions for' Frontal Ratios (C = 1) 

Means 
Cond . 
' 2  = 
.506 

Cond. , 

1 = 
.511 

Cond . 
3 = 
.512 

Cond . Shortest 
4 =  Significant 

.527 Ranges 

Note. k = 4 ,  df = 48, 3 = 18. The interaction (B x C) repre- 
sentedby These means did not reach a si,gnif icant level in Experi- 
mnt.3. The sumnary of the analysis of variance for this experiment 
is shown in Appendix C, Table C16. 



Table D63 t 

Multiple-Range Test among the Means across 
tfons for Inferior Frontal Ratios (C  = 2) -- - 

Cond . Cmd . Cond . Cond. Shortest 
Means 2=' 1 = 3 = 4 = Sf gnificant 

\ .492 .501 .502 ,528 Ranges 

Note. k = 4, df = 48, n = 18. The inteyaction (B  x C) repre- 
sentedby &ese m s n s  did not reach a significant level in Experi- 
ment 3. The sumnary of the analysis of variance for this experiment 
is shown in Appendix C, Table C16. 



Table D64 . 

Duncan's Mu1 tip1 e-Range Test among the 
&am for Conbftiorts (Factor B) 

Cond . Cond . Cond . Cond . 
Means 1 = 2 = 4 = 3 = 

15,792 17.313 22.699 25.581 

Shortest 
Significant 

Ranges 

Note. k = 4,' df = 48, 3 = 90. The means are. evoked potential 
amplitudes-expressed in PV from Experiment 3. The sumnary of the 
analysis of variance for this experiment is shown in Appendix C, 

, TableC17. 



Duncan ' s Mu1 t ip l  e-Range ~ e d  among the 
Means for Electrodes (Factor C )  

Means 
- B2 B1 = F4 = F3 = C, - Shortest 

Slgnif icant 
16.728 17.467 20.083 20.278 27.172 Ranges 

Note. k = 5 ,  df = 64, n = 72. Thejmeans are evoked potential 
ampmdes-expressed in uY-from ExperiniZiR 3 .  The sumnary of the 
analysis of variance for this experiment i s  sho'm in Appendix C ,  
Table C17. 

+E< :001. - 



Duncan's Ftultiple-Range Test among the bkans for 
F m l e s  ( A  = 1) across Electrodes (Factor C )  

Means 
B2 = B1 = F4 = F3 = C, = Shortest 

Sf gnificant 
12.?$2 14.292 'i9.198 19.738 28.430 Ranges 

Note. = 5 ,  df = 64, 2 = 36. The means are evoked potential 
ampmdes express in V V  fwxn Experiment 3. The sumnary of the 
analysis of variance for this experiment i s  shown in Appendix C, 
Table C17. - 

L 



t among the Means for 
ctrodes (Factor C) 

Means 
- F 3 =  F 4 =  - C z =  B 1 =  B p -  Shortest 

Stgnif icant 
20.633 20.673 20.813 20.968 25.909 Ranges 

Note. k = 5,  d f  = 64, n = 36. The m a n s  are evoked potential 
ampmdesexpresred in VV-froin Experfment 3. The sumnary of the 
analysis of variance for this experiment is shown in Appendix C, 
Table C17. 



Duncan's &.I? tiple-Range Test among the Means 
for Condition 1 (0 = 1) across 

Electrodes (Factor C) ' 

' -. 4 .  , * 
- - -  >- - - - 

% * =  B 1 -  - 1 4 '  - F 3 i =  cz = I 
Shortest 

kanst , . Significant 
11.087 12.160 15.147 17.133 23.437 Ranges 

P 

Note. k = 5, df = 192, n = 18. The means are evoked potential 
a r n p T i t u d e s e ~ p r e s ~  in UV T r n  fxperiment 3. The summary of the 
analysis of variance for this experiment is shown in Appendix C, 
Table C17. 



r a b l e U b 9  - i 

Duncan ' s Wf t i  pl e-Range Test ambng the Means 
i 

$or Condition 2 ( B  = 2)  across 

-- 

Electrodes (Factor C )  

- B2 = B1 = F4 = F3 = C, - Shortest , 
Significant. .. 

12.897 13.197 17.303 18.343 24.765 Ranges 
Means 

Note. k = 5 ,  d f  = 192, n = 18. The means are evoked potential 
ampmdes-express i n  pV %-om Experiment 3 .  The sumpary'of the 
analysis o f  variance for this experiment i s  shown in AppendiAC, b 

Table C17. 



Duncan ' s  Mu1 tfple-Range Test among the Means 
for Condition 3 (6 = 3 )  across 

Electrodes (Factor C) 

62 = B 1 i  F3 = f4 = h 9 Shortest 
Significant 

22.149 '22.629 24.139 25.271- 33.711 Ranges - 

Note. k = 5 ,  df = 192, n = 18. The means are evoked 'potent?al 
a m p m d e ~ e x p r e s ~  in uV %om Experiment 3. The s m a r y  o f  the 
analysis of varfance for this experiment is s h o w  in Appendix C, 
Table C17. I 



Duncan ' s kl t f  pl  e-Range Test 
f o r  Condftion 4 (B = 4) across 

Electrodes (Factor C )  , 

among the Means 

- B 2 =  F 3 =  B 1 =  F 4 =  C,- Shortest 
Means Signif icant  

20.783 21.438 21.873 22.609 , 26.774 Ranges 
i 

Note. k = 5,  d f  = 192, n = 18. The means a re  evoked potential  
amplftudesexpressed tn  LIV Tram Experiment 3. The sumnary o f  the 
ma)ysis  of variance for t h i s  experiment i s  shown fn  Appendix C ,  
Table C17.. 



Table D72 

Duncan ' s Mu1 ti pl e-Range Test 'amon the 
M a n s  for Conditions (Factor B B 

> 

,- ' 
condition Condition Condition . Shortest 

Means 3 = '  I 4 =  . 2 =  Significant 
,183 , ,262 .703 Ranges 

1 

Cond. 3 = ,183 --- .099 .520* R2 - .225 
Cond. 4 = .282 , - - - . 421f R3 = .233 

% 

Note. k = 3, df = 32; n = 90. The means are Cross-Correlation I - 
valKfroiii ~xper%nt 3. The sum~ry of the analysis of variance . . 
for this experiment is shown i n  Appendix C, Table C18. 

T 



8 I 

Duncan's t4ul tip1 e-Range Test amon the 3 Means for Electrodes (Factor C 
P 

* 
- - 

4 

d 
\ 

B $ =  B 2 =  F 3 = .  F 4 =  C ,  Shortest 
Means Significant 

.327 .370 .370 .p5 .494 Ranges 

c- 

bte. k = 5, df = 64, - n = 54. ,The means are Cross-Correlation I 
v a l K f r o E  ~ x p e r ~ n t  3. The s u m r y  of the analysis of variance 

- I) for this experiment is shown in Appendix C, Table C18. 
1 r 

/I 



Duncan's Multiple-Range Test among the Means for 4 
Females (A- = 1)  across Electrodes (Factor C )  

B 1 =  B 2 =  F 3 -  - . F 4 =  C =  z 
~ h b r t e s t  

Means Sf gnificant 
.228 .296 ,310 ,330 .500 Ranges 

Note. k = 5 ,  d f  = 64, - n = 27. The me& are  Cross-Correlation I 
, valuesfrom ~ x p e r ~ n t  3. The sumnary of the analysis of variance 

for t h i s  experiment i s  shown i n  Appendix C ,  Table C18. 



Table D75 k 
I 

Duncan ' s Mu1 t i  pl e-Range Test among the Means for 
Males (A  = 2) across Electrodes (Factor C )  

- 

7 - 
u 

7 - 

Means 
S hor$es t 

Significant 
Ranges 

Nate.. k = 5, d f  = 64, n'= 27.  The means are -Cross-Correlation I - 
' v a l K f r o m  Experiment 3. n e  slmmary of the analysis o f  variance 

for this experiment i s  shown in Appendix C ,  Table C18. 



Table D76 , 
- - -5% - - 

Duncan 's Mu1 tip1 e-Range Test among the Means 
= for Condition 2 (B = 1) across 

I 
Electrodes  a actor C) 

Means 
- - F 4 =  F 3 =  C,- B 1 =  B 2 -  Shortest 

Significant 
.622 ,649 .718 .737 .789 Ranges 

Note. k = 5, df = 128, n = 18. The means are Cross-Correlation I 
valuesinvClved i F t h e  nons3nif icant conditions by electrodes 
(B x C) interaction from Experiment 3. The sumnary of the analysis 
of variance for this experiment is shown in Appendix C, Table C18. 



Duncan ' s Mu1 ti pl e-Range Test among the Means 
for Condition 3 (B = 2) across 

Electrodes (Factor C) 

c 
-1 B1 = . Fj = B2 - - F4 = C, - - Shortest 

Means Significant 
-123 '4 .I87 .I87 .276 Ranges 

Note. k = 5, df = 128, n = 18. The means are Cross-Correlation I 
valuesinvcl ved inthe nonsTgnificant conditions by electrodes 
(0  x C) interaction from Experiment 3. The sumnary of the analysis, 
of variance for this experiment is shown in Appendix C, Table C18. 



Duncan ' s Mu1 t i  pl e-Range Test among the Means 
for CoAdition 4 ( B  = 3) across 

Electrodes (Factor C )  

F3 = B1 = F4 = B2 = C, = - Shortest 
Means Significant 

.232 .235 .248 .2.75 .418 Ranges 

Note. k = 5, df = 128, n = 18. 'The means are Cross-Correlation I 
valuesinvZlved i n t h e  no,nsTgni figant conditions by electrodes 
(B C) interactton fran ~xperlme"nt 3. The sumnary of the analysis 
of vniance for &his experiment is .  shown' in Appendix C ,  Table C18. . 



Table D79 

Duncan's hl t i p 1  e-Range Test m n  the  
Means for Conditions (Factor 0 3". 

# 

Cond. Cond . Cond . Cond . Shortest 
Means 3 = 4 =  1 = 2 = Signi f icant  

.666 -685 .809 .832 Ranges 
B 

R 

Cond. 3 = .666 --- .0!9 .143* .166* R2 = .I28 

Note. k = 4 ,  d f  = 48, n = 7.2. The means a r e  Cross-Correlation I1 
' 

- 
v a l w f r o m  Experxen t  3.  The sumnary of the  analysis of varian.ce 
for  t h i s  experiment i s  shown i n  Appendix C ,  Table C19. 



Means 

Duncan ' s Mu1 t ip1 e-Range Test amon the 
Means for Electrodes (Factor C 3 

Shortest 
Significant 

RangLs 

- - - - - -. -- 

Note. k = 4,  df = 48, - n = 72. The means ape Cross-Correl&tion I1 
valuesfrom ~ x p e r ~ n t  3. The sumnary o f  the analysis of variance 
for this experiment is shown in Appendix C, Table C19., 



Duncan ' s Mu1 t i pl e-Range Test among 'the Means for 
Females (A = 1) across Electrodes (Factor C) 

Means 
Shortest 

Significant 
Ranges 

Note. k = 4, d f  = 48, n = 36. The means are Cross-Correlation I1 
valuesfrfi ExperEent 3. The sumnary of the analysis of variance 
for this experiment is shown in Appendix C, Table C19. 



Duncan's Multiple-Range Test amang the Means for 
Males (A = 2.) across Electrodes (Factor C) 

Means 
F4 = Shortest 

Significant 
.859 Ranges 

Note. k = 4, df = 48, 11 = 36. The means are Cruss-Correlation f I 
valuesfrofii ~ x p e r ~ n t  3. T h e  sumnary of the analysis o f  variance 
for this experiment is shown in Appendix C, Table C19. 



Duncan's Mu1 tiple-Range Test among the Means 
for Condition 1 (B = 1) across 

Electrodes (Factor C) 

Means 

L 

Shortest 
Significant. 

Ranges 

Note. k = 4, df = 144, n = 18. The means are Crgss-Correlation 
I1 f i e s  From ~xEriment 3T The sumnary of the analysis of variance 
for this experiment is shown i n  Appendix C, Table' C19. 



Duncan's Mu1 tf pl e-Range Test among the Means 
# for Condition 2 (B = 2) across . !?l ectrodes (Factor C) 

- 

Shortest 
Significant 

Ranges 
Means 

= 18. The means are Cross-Correlation 
The sumnary of the analysis of 
in Appendix C, Table C19. 

variance 
for this experiment is shown 



Table 085 

' s  Mu1 tip1 e-Range. Test among the Means I 

for Condition 3 (Bi 3 )  across 
Electrodes (Factor C )  

irc 

Means F3 = Shortest 
( qignificant 

,787 Ranges f 

a Note. k = 4 ,  df = 144, n = 18. The means are Cross-Correlation 
- I1 va'Iues ~ I I I  Experiment 3: The sumnary o f  the analysis o f  v~riance 

for this experiment i s  shown in Appendix C ,  Table C19. 



Duncan ' s Mu1 t iple-Range Test among the Means 
for Condition.4 (B = 4) across 

Electrodes (Factor C) 
. - - -  

- 
Shortest 
significant 
Ranges . 

* 
I 

B2 = .571 --- . N O *  .186* .213* R2 = .056 ' 

Bl = ,631 ' - - - ? 126* .153* R3 = .059 - 
F4 = -757 --- -027 R4 = ,061 

Now. -k = 4, df = 144, 11 = 18. The means are Cross-Correlation 
I$values From Experiment 3 . The sugmary o f  the analysis of variance 
foi this experiment is shown in ~ppe8dix C, Table C19. 



Duncan 
i 

's ~ u l t i p k - ~ a n g e  Test amon the 
Means f o r  Conditions (Factor B 3 , 

Cond . tond. ;$ Cond. . 
2 ..-= 

Shor tes t  
Means 3 = 4 = 1 = SiGni f i can t  

.825 .834 111902 .917 Ranges 
L 

Cond. 3 = .825 --- ,009 . 
1 

Cond. 4 = .834 --- 
Cond. 2 = .902 

Note. k = 4, df = 48, n =: 36. The means a r e  Cross-Correlation 
1 1 1 x u e s - f m  ~xperfment-3. The sumnary of t h e  ana lys i s  of va r i -  
ance7'for t h i s  experiment i s  shown i n  Appendix C ,  Table C20. . 



Table D88 - .  

a n ' s  Multiple-RangeJost amon t h e  
T a n s  f o r  Conditi'ops (Factor  B 3 , 

Cond., ' Cond: - Cond. Cond . Shor tes t  
J, ~ e a n s  3 = -  4 = ' 1 =  2 = Sign i f i can t  

/" * 
.848 .891 .904 .907 ' Ranges 

*, 

-- . - ,  

Cond, 3 = .848 --- .043* ' .056* .059* R2 = ,042 

Cond. 4 = .891 

Conci. 1 = ,964 

Note. k = 4,  df  = 48, n = 36. The meats a r e  cross-corre la t ion  IV - 
values fr& ~ x p e r G e n t  3. The sunmary of the ana lys i s  of variance 
f o r  this experiment is  shown in  Appendix C ,  Table C21. -& 



APPENDIX = E " 

STIMULUS WORDS 



WRIST 

HOOK 

ELEPHANT 

LTMESTONE 

' MUSTACHE 

BANANA 

PIGMENT 

TREASURY 

EPOXY 

HEMLOCK , 

GASOLINE 

P I N  - 

FAUCET 

GORILLA 

STIMULUS WORDS 

MAGAZINE m-- - - - 
NOZZLE - 

BANDAGE FATIGUE , MEMORIZE 

DIAPER IMAGINATION DIAGRAM 

SENSUOUS BOOR BANtNOTE 

HANDBAG I T C H  

ENAMEL J I N X  . ACCOUNT 

LEOPARD SHOEHORN ALUMINUM 

CAMPGROUND FANTASTIC LAGOON 

I N K  GEOMETRY . . EYEWITNES@ 

HARPOON K ~ L E D G E  OUTLOOK 

SAUCER PAPERS, - UNIVERSE 

NICKEL PANCAKE APPLE 

SNOW JOKER HERMIT ' 

RADIATIOrt FLASK . BEGINNER 

BUCKET DEFENSE AUTOGRAPH' 



APPENDIX F 

EYE MOV WENT QUESTIONS 
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EYE MOVEMENT QUESTIONS 

9. - 
-ends w i t h  S. 

What is 123 times 6? 

Tell me an English word t h a t  s t a r t s  w i t h  L and ends w i t h  C. 

What i s  the la rges t  c i t y  i n  the  U . S . ?  

Imagine fo r  a few seconds ,th%t you are  skiing down a mountain. 

How many l e t t e r s  a r e  t h e r e - i n  your l a s t  name? f 

blue paint w i t h  yellow what color do you get?  
If you % 
Recite a few 1 ines from your favor i t e  poem or  song t h a t  you 
know. 

Give me a foreign word t h a t  you know tha t  s t a r t s  w i t h a T  and 

10: Imagine f o r  a few seconds that you a r e  r i d i n g  a bicycle. 
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