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ABSTRACT 

* %" 
Pecent investi gstians of t h e  visual evoked pot enti sl (VEP) and monoptic 

Oackward masking have found inconsistent results. Only one investigation 

which included dichoptic masking found no change i n  the VEP during 

masking. 

F O I J ~  subject-s participated i n  the presed study 1.0 determine the extent 
- - - - 

to which parafoveal metacontrast shows an interaction of target and mask . 
responses i n  the YEP, as indicated i n  some of the previous invesiigations. 

* 

Monoptic and dichoptic viewingconditions were used i n  th is investigation. 
& - 

The stimulus configuration consisted of 3 adjacent squares, the middle one 

served as the target and the 2 outside ones as the mask. a 

In s pilot study, several electrode locations were examined. 
/- 

Placements along the midline showed similar results, however, vertex and 

frontal locations showed the smallest visual responses. Temporal locations 

showed no significant visual response- 
\ 

The VEPs for the, present study were recorded from 2 midline electrode 

locations 2.5 cm and 6 cm above the inion. VEPs were recorded_for 5 

st i mu1 us onset asynchrony (SOA) condi t i ons ranging from si  mu1 taneous 

target and mask presentation to approximately 22C~ms. The VEPs from both 

electrode sites, showed sn i n i t ia l  negative p-eak 100 to 120 ms and positive 

peak 168 t o  2 13 ms following stimulus onset. Separate VEP records were 

taken w i th  the target presented alone, the mask presented alone and both 

presented together for a1 1 5 SOA conditions. 

The target alone VEP responses were added by computer to the mask 

alone VEP responses for  al l  SOA conditions. This composite was subtracted 

from the VEP that was recorded from the scalp w i th  both st imuli  presented. 

The residual waveform showed a negative component that corresponded to 



7 - 
the pos i t i ve  component occurring i n  the mask alone response f o r  all SOA 

values. Correlat ions between the latency of the negative component i n  the 

residual and the  latency of the, pos i t ive mask alone component were all . 
- - 

greater than .966 f o r  both monoptic and dickopt ic v iewing  condit ibns. 

Th is  resu l t  ra ises a question concerning whether o r  not  percept i  on i s  

mediated by the occ ip i ta l  cortex, since the masking o f  the target,  apparent 
C 

i n  perception, i s  no! apparent i n  the occ ip ta l lpar ie ta l  VEP. 
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I. Introduction - P 

* I  Recent theories of visual perception have a t  tempted to  gain support 

from neurological studies concerning the processing of visual information.. 

This notion indicates that, i n  the development of such theories, there i s  an 

assumpti on of a predictable relationship between perception and 
- 

7 
psychophysiological measurement. However, this relationshib i s  far from 

-- 
straight-forward. Visual masking i s  an example of a perceptual event that 

has yet to show any consistent relationship between the perception, the 
w% 

- psychophysiological evidence, and the theory. In fact, consistency of the 

findings i s  lacking i n  the cur'rent body of visual masking and 

psychophysiological 1 i teratuve alone. This i s  primarily due to the 

inappropriate grouping of different types of visual masking phenomena into 

one category that typically occurs i n  studies thet use psychophysiological 

measures'. Visual masking occurs i n  different forms and shows di f f went 

psychophysical characteristic functions depending on the parameters 

involved. Many backward m a s k i q  studies which use comparable st imuli  'and 

procedures tend to yield similar results. This thesis w i l l  attempt to 
7 

address the problems experiencedin studies concerned w i  th  the 

psychophy siological measures, using the visual evoked potential (VEP), and a 

special case of backward masking, known as metacontrast. 

/ 

A. Visual Masking 
- 

1. Background, Definitions and Types 

Masking occurs when the presentation of a stimulus interferes w i th  the 

perception of another stimulus. When the perception of the f i r s t  stimulus 



present-ed (t-argetj i s  inf luenced or  af fected by the presentat ion of a 
- 

subsequent s t imulus (mask) , backward masking resul ts.  Metacont-rast i s  a 
i4 

special case of backward masking. 

Accordi ng t o  Brei  tmeyer, ( 1 934) masking occurs us inga  v&i e ty  of, 
C 

s t - i hu l i  as t-he tarbet anbt-he mask. Masking of l i g h t  by l i g h t  uses targets 

and masks which are superimposed f lashes that consist  of spa t ia l l y  un i fo rm 
* 

f ie lds.  Masking of l igh t  by pat tern emp loyss t imu l i  !hat consist  of  s p a t i a l l y  

patterned forms or contours. The typ ica l  target and mask configlmt. lon 

l ~ s e d  i n  rnetacont.rast consist-s of a smal l 'd isk as the target and a larger, 

nonoverlapping cancentric annulus. as the mask. However other  st- imuli that  

preserve !he spat ial  cont igu i ty  of  t-he t w o  s t i m u l i  w i thou t  overlapping have 
L 

also been used successful ly. An example of . th is k ind  would be a square o r  
- - 

'rect.angle of l igh t  as the t-arget and f lanking squares o r  rectangles as the 

mask, respect-ively. Backward masking funct ions ex i s t  i n  the fo l low ing  + w o  

forms: a) Type A--t-he charact-erist ic funct ion i s  monotonic, i n  which 

optimal masking occurs when the target  and mask are presented 

simultaneously;  and b) Type B--which i s  a non-montonic o r  IJ-shaped 

iuncticln in  which maximal masking occurs when the s t imu lus  onset 

asych rony  M A )  i s  posi t ive, usually somewhere between 50-200-ms 

2. Major Psrameters 

\ 
Even t-hough S t ig le r  i s  credi ted as the f i r s t  t o  invest-igat-e the 

phenomena of  metacontrast as ear ly as 19 10, Alpern ( 1953) i s  usual ly c i ted  

as the f i r s t  documentation o f  the U-shape funct ion (Breitmeyer, 1-964). The 

s t ~ m u l ~  employed by Alpern consisted o f  a rectangle as the target  and two 

f lanklny rectangles as themask. Si tusted above the target  was a 
- 

Y : --- - 



comparison rectangle. A f n o t i o n  point  separated the target  and the 

comparison s t i m u l u s  The subject 's task was t o  change the in tens i ty  of the 

target  so that the perceived in tens i ty  was equal t o  that  of the comparison 

st imulus which maintained a constant luminance. f o r  a var ie ty  of 50A , 

- values. Alpern founb that  as SOA increased f rom a negative SDA i n  which 

the target f o l l ows  the mask, ?here was a "s l ight  inh ib i to ry  e f f e c t "  of the 

m8sk on the target, known as paracontrast, however the niagni tude of the 

resul t ing metacontrast was much great-er i n  amplitude Maximal masking 

occurred when the mask fo l lowed the target by 109 ms A f t e r  examining the 

e f fec ts  of several parameters, Alpern made the fo l low ing  ~:onclusions 

i '  
r.& 

1 ) The effect-s varied w i t h  the luminance of ?he t w o  cont.rnst induclng 

pa tmes  (mask)  The magnitude of metacontrsst  increased as t-he luminance 

of the contrast inducing patches increased. 

2) As the durat-ion of the t-arget. increased t-he magnitude of the 

masking effect. decreased. Conversely increasing the mask duration resul txd 

i n  increasing the magnitude of t-he masking un t i l  an opt-lmal value was 

reached. when the mask was 5 ms i n  duration, msxirnnl masking occurred 

w i t h  a 5 ms. t-arget and comparison. 
- 

3) Certain spat ia l  &haracter is t ics  were found t-o be important i n  

met-acontrast, such as !he separation between t-he target. and mask st.1 rnul i 

and shi f t - ing the f i xa t i on  point .  As the angular separatiqn bet.ween t.he 

t-arget and mask increased, the maxima of t-he clrrves and the corresponding 

area underneath !hem became progressively smal l e r  Shif t in3  t.he f iication 

point  had d i f f e r i ng  e f fec ts .  Firs?, when the subject f i xa ted  on !he cen?er of 

!he target, no- me!acont.rast occurred. As t.he f ixat- ion point. w s s  shif!sd t.0 

t-he periphery of t-he ret ina, metacont.rast began t-o occur and !he fsr!her the 



- .. 
distance between the center of the fovea and the target, the greater the 

-1 

metacontrast effect. 

Alpern concluded that certain parameters are important i n  

metacontrast. These results led him to postulate a theory involving retinal 

inhibition involving rods and cones to.explain metacontrast. However 

Alpern's conclusions are questionable because more recent investigations 

have Indicated that Alpern's methods were inadequate. Alpern had his 

subjbcts manipulate the luminance of the target to maintain a subjective 

match w i th  the comparison stimulus. Unfortunately, Alpern did not realize 

that the rat io of  the target-to-mask luwti-nance was an important parameter 

and that by changing the target luminance, he was inadvertently changing 

the f uncti on- as we1 l .  Since Alpern, other researchers have continued t o  look 

at the major parameters involved i n  metacontrast and as a result, several 

effects that Alpern was unable to obtain have been demonstrated by 

subsequent investigators on the basis of more recent information. 

Certain variables are important in  determining the shape of the 

function in  masking. According to Weisstein ( 19721, the primary 
\ 

determining variable of the function i s  the target-to-mask (T/fl] luminance 

ratio, mentioned previously. when theT/M rat io i s  greater than o r  equal to 

unity meaning the target i s  of equal o r  greater luminance than that of the 

mask, type B or the U-shaped function i s  obtained. If, however tke-TIM rat io 

IS less then unity, the function shi f ts from type B to the type A monotonic 

function. 

A second variable important i n  determining the function i s  the content 

criterion of ihe task, er the stimulus dimension upon which the subject 
- 



makes hislher jerceptual judgement (Brei tmeyer, 1 984). Type B 

metacontrast occurs when the content criterion involves the suppression of 
. - 

the brightness or co-ntrast of the target o r  of the contour or contour detail 

Related to the content criterion i s  the experimenta) task required of - - 
the subject. This i s  not unusual since differing tasks require the subject 

- - 
usedi f fer inginformat iononwhichtomakethejudgementorperformthe . 

task. Type 6 functions have been obtained using choice reaction time such 
c 

as when the subject i s  required to respond as fast as possible to a number 

of possible targets using the target's figure1 properties (Eriksen & Eri ksen, 

1972). 

When simple detection i s  the criterion, neither type A or B functions 

are obtained, simple detection does not vary as a function of masking 

(Ferher end Raab, 1962; Fehrer and Beiderman, 1962). Schlller and Smith 

( 1966) also examined simple detection cri teria in  separate experiments. 

The f i r s t  experiment used a target and mask of equal luminance and two 

separate measures of masking. The f i r s t  measure was similar to Alpern's 

comparison method. However, instead of_ manipulating the target's 

luminance to match a constant comparison stimulus, Schiller and Smith 

required the subject to change the luminance of the comparison stimulus t o  

match the target which was held constant. This modification agsured the 

integrity of the TIM luminance rat io as constant parameter. At the SOA i n  

which maximum masking was obtained Schiller and Smith indicated that the 

subjects lost  the target sufficiently so that no match could be made. The 

target was virtual ly invisible. However, the other measure of masking was , 

that o f  reaction time (RT) which was completely unaffected by masking. 

Even when the subjects expressed that the target was no longer perceived, 

the RT suggested a response to the target. 



Schi l l e r  and Smith's method was an attempt to  resolve Alpern's 

problem using a variable comparison and constsnt target. However, a 

. subsequent investigation by Flaherty and Hatteson I 197 1 ) directly compared 

the two methods for obtaining the characteristic function of metacontrast. 

Th-e results showed that even though changing - the luminance of the target 

changed the psychophysical function i t  was, nevertheless, a more stable and 

less variable measure then changing the comparison to match the target. 

This occurred even when the luminance of the target was bright enough so 

that the target was never lost even during maximal masking. 

In a second experiment conducted by Schiller and Smith (19661, 

subjects were required to respond to the target that appeared randomly i n  

different locations. Again, RT was generally unaffected by masking. 

However, when the luminance of the disk was set low compared to that 3 f  

the mask, slight type A masking did occur w i th  maximum masking occurring 

at the shorter SOAs and decreasing w i th  increasing SOAS. 

Sevsral spatial characteristics are important in  masking such as the 

spatla1 separation between the target and mask found by Alpern and the size 

of  the st imuli  especially when retinal location i s  taken into considerstion. 

Bridgeman and Leff ( 1979) showed that strong foveal brightness 

metecontrast could only be acheived w i th  relatively small targets and 

masks. Increasing the dimensions of the st imuli  showed an inverse 

relationship w i th  the magnitude of foveal masking. Such manipulations 

during perafoveal metacontrast showed no such relationship. 

A related point i s  that foveal masking i s  actually stronger: than 

parafoveal masking when the discriminstion to be made concerns finer 

contour detail, however parafoveal i s  stronger when the response is to be 



' based on brightness suppression. Parafoveal masking also tends to 

- decrease the apparent motion typically experienced i n  metacontrast 

suppression (Stroper and Banf y, 1977). 

The final parameter to be included i n  this l i s t  i s  that of the viewing 

condition. fletacontrast i s  obtained both monoptically and dichopticall y. 

Dichoptic masking occurs when the target i s  presented to one eye and the 

mask t o  the other eye. Alpern has been cited as not being abla to obtain 

dichoptic masking, i n  several sources, ( Kolers and Rosner, 1960; Schiller 

and Wiener, 1963; Schiller and Smith, 1966; Lef ton, ' 1  473; Brei tmeyer, 

1984). However, i n  Alpern's original 1953 paper, the only reference that 

may be interpreted as a lack of dichoptic metacontrast i s  found in  one 

sentence w i th  a corresponding one sentence footnote: 

"Experimental a t  tempts have been made to demonstrate 
binocular metacontrast* and, although the data are limited, 
qualitative, and inconclusive, under certain conditions such 
effects have presumably been demonstrated ....* The present 
investigation failed t o  reveal any trace of binocular metacontrast 
under a l imited range of stimulus conditions." (Alpern, 1953, p. 
655). 

Wit-hout any details concerning the attempt t-o show "binocular 

metacontrast" i t ' s  d i f f icu l t  to conclude that Alpern failed to show dichoptic 

metacontrast. In spite of this problem w i th  Alpern, other investigators 

have successfully demonstrated dichoptic metacontrast, using a variety of 

stimulus configurations, (Toch, 1956. Kolers and Rosner, 1960; Schiller and 
J 

Wiener, 1963; Battersby, Oesterreich, and Sturr, 1964; Schiller, 1965; 

Schiller and Smith, 1968; W e i  sstein and Growney, 1969; Turvey, t 973). 



This i s  not an exhaustivelist of the variables that have been 

examined i n  the research on backward masking and metacontrast. However, 

i t  i s  suMiciant for the purpose of th is thesis, which i s  to examine. the 

relationship between metacontrast and the corresponding visual evoked 

potential that arises. b 

- *  - 

3. Current Theories 

The current theories concerning masking fa l l  into two general 

categories; inhibition models versus summation models. In past literature, 

theories concerning metacon trast centered, a1 most exclusively, around some 

type of inhibition mechanism -- because, perceptually, that i s  what appears to 

happen. In some way the presentation of a subsequent stimulus (mask) 

affects the perception of the f i r s t  stimulus (target). The second stimulus 

IS basically unaffected. However, as time progressed and research 

continued t o  examine the parameters involved i n  basic and 

more simplistic theories gave r ise to more complex ones. 

- 
One of the earlies theories was based on research conducted by Stigler 

( 19 10, 19 13, 1926--see Brei tmeyer, 1984). p d  later modified by Crawford 

( 1947). The overtake-iniibi t ion theory proposed that w i th  a given stimulus 

w i th  a greater intensity than a previously presented stimulus, excitation of 

the second may overtake ana suppress that of the f i rs t .  This however does 

not explain type B metacontraM since recent research has demonstrated 

that masking also occurs w i th  targets that are equal and greater i n  
- 

intensity than the mask. Earlier theories incorporated other information 

which subsequent research eventually failed to confirm. In spite of these 



i o n  theories are the mast  prevalent and 

o f  the mechanisms proposed as ear ly as 1926. 

incorporate same 

Current inh ib i t ion  models are .found i n  many d i f f e ren t  forms; a . 
*: 7 - . +-& r;' 

complete and thorough rev iew o f  the'theories can by found i n  Brei tmeyer 

( 1 g84, Chapter 5, pp 136- 16 1). The inh ib i t ion  theory tha t  provides 

expla?ation of a m a j o r i t y  of  the masking research i s  tha t  of  Brei  tmeyer and , 

- - 
Ganz ( 1976). 

0 r e i  tmeyer and Fanz's theory i s  neurological1 y or iented and i s  heavily 

depesdent on the not ion p f  t rans ient  and sustained c,hannels. Transient and 

sustained channels are made up of X- and Y-cells, respective1 y, f i r s t  

described by Enroth-Cugall and Robson ( 1966). These ce l l  s di f f e r  along 

several dimensions such as re t i na l  distr ibut ion, spatiotemporal responses, 

exci t a to ry  and inh ib i to ry  in te rac t ion  and cor t i ca l  and subcort ical  

project ions. 

X-  and Y-cells have been re fe r red  t o  sust-ained and t rans ient  ce l ls  

respective1 y, because of t h e i r  d i f f e ren t i a l  responses t o  prolonged exposure 

t o  8 signwave grating. The X-cells response i s  sustained throughout 1-he 

durat ion o f  the exposure whereas t-he ?-cel ls  response shows a burst  of  

a c t i v i t y  upon s t imu lus  onset and w i thdrawal .  In general, t ransient ce l l s  are 

considered t o  be responsible f o r  s i  gnall ing locat ion and presence o f  st-imuli, 

o r  t-heir rap id changes of location, wh i le  sustained ce l l s  p r imar i l y  signal 

aspects such as brightness; contrast  . and . ~cbntour. 

Given the di f ferences between t rans ient  and sust-ained channels, 

Bre i tmeyer  and Gsnz make cer ta in  assumptions. The f i r s t  assumption i s  

t ha t  hot-h target  and the mask s t imu la t ion  act ivate sust-ained and th-ansient. 

channels, the fo rmer  channel exhib i ts  a long lat-encg wh i l e  the l a t te r  



exhibits a short latemy. A second assumption i that masking may occur 

A li 
one f t ree ways. The-first way i s  via intrachannel inhibition. Within a 

class of channels (intrachannel), inhibition occurs as a result of the 

center-surround antagon\Sm of the receptive fields particularly i n  sustained 

channels. The second way masking may occur i s  through interchannel 
\ 

inhibition, particularly t-ransient-on-sust-ained channel inhi bi tibn.' The 

t-hird way i n  which masking may occur i s  through the sharing of common 

sustained or transient pathways by neural activi ty generated by the target - 
- 

and mask when they are spatially overlapping. 

In the Case of spatially adjacent stimuli, as i n  metacontrast, 

Bre1tmeyer and Ganz propose that the transient activi ty of the mask and the 

earliest sustained activi ty of the target. caninteract v i a  mutual 

interchannel inhibition. These are the mechanisms involved in  

metacontrast. However, these mechanisms may be used to explain visual 

masklng in  a l l  forms and as a result Breitnieyer and Ganz have devebped s 

comprehensive and formidable theory of visual masking. 

The theory of visual masking that relies on a summation of the the two 

st imuli  does not share the r ich and pervasive history of that of inhibition. 

However, inhibi ti'on may not be as complete an explsnation'as one might 

think. A weakness i n  inhibition theories pointed out by Burr ( 1  9343 resides 

in  the area of the delay of the neural response to the Trd st-imulus. A l l  

inhibition theories incorporate the notion of a delay it; the response to the 

f i r s t  stimulus that must be sufficient for  the second stimulus to be able to 

interfere w i th  the f i rs t .  Summation theories do not propose any such 
\ 

d i  f f erential i n  neurological response. Summation theories suggest that 

perhaps the target  and the mask became perceptually fused so that the two 

stimuli are no longer seen as two st imuli  (Schiller and Smith, 1966; Stoper 
- - 



and Banffy, 1977; Burr, 1984). Burr (1984) used a threshol'd detection 

paradigm and found that the presence of the target did increase and enhance 

the detectability b f  the two st imuli  presented together. This enhancement 
I 

(occurred at temporal intervals which yield the maximum magnitude of 

metacontrast masking. - 
In spite of this cr i t ical  investigation by Burr, more support i s  

necessary for the summation theory. It i s  unreasonable to generalize 9 
- 

theory i n  which support has b m n  demonstrated s t r ic t ly  at threshold levels - 
L 

of visual perception. In general, inhibition s t i l l  provides the most ' 

., . 
-c~ , comprehensi.ve explanation of masking. However, given the amount ' ,  of time 

v, 
. and research that has been spent on inhibition, summation may prove to be 
,f F 

useful. ~ t - k h  point summation certain1 y provides a reasonable a1 ternatlve 

to inhibition. 

8. Visual Evoked Potentials * 

The term ^event-related potential" was proposed by Vaughan ( 1969). 

This term referred to a variety of brain 'responses that demonstrated a 

fa i r ly  stable relationship w i th  the presentation of a stimulus. One 

classification according to Vaughan was sensory evoked potentials which 

could be produced by different types of sensory stimulati.on; i. e.: visual, 

auditory, olfactory or somatosensory. The evoked potential of interest to 

the present 4kesis i s  the visual evoked potential (VEP). 

Several parameters are important i n  the study of VEPs, such as the 

frequency of stimulation. When the interval between successive st imuli  i s  

short (less than 300 ms) the resulting VEP i s  labelled e steady-state 



potential (Regan, 1972). Due to the greater rate of stimulation, Regan - 
( 1  982) states that i n  the steady-state potential, the response to any given 

stimulus has not 'died away' sufficiently before the response of the 

subsequent st imulus~oc~urs.  This means that i n  the evoked potential 

individual stimulus cycles are not reflected i n  individual response cycles, 

therefore, the responses to consecutive st imuli  may not be isolated. As a 

result, the analysis of steady-state evoked potentials has been, 

historically, restricted to the frequency-domain. However, there i s  some 

evidence that time domain analysis i s  not as inapproprist.e as once believed 

(Diamond, 1-W?). 

Stimuli that are wel l  separated i n  time give r ise to the transient 

evoked potential, which i s  comprised of several components. The size, 

polarity and latency of these components i s  a function of the stimulus type 

and onset or offset. These components have been labelled for  different 

types of stimulation; i .  e., flash versus patterned respbnses. 

Diffuse Flash Response 

The components found i n  response to a diffuse, unstructured - 

strobo$copic flash have been given a f fe ren t  label sets by different 

investigators. ~ i ~ u r e  I shows two methods of labelling components; (a), J " 

Ciganek ( 196 1 ) and (b) Gastaut and Regis ( 1965). Regardless of the label, 

the components are similar i n  polarity, latency and distribution, and are 

racorded w i th  a maximum at electrode locations on the midline, generally 6 

cm above the inion (Hslliday, 1982). 



Figure 1,. Components of Flash VEPs. Schematic representation of the VEP 
, - 

recorded during a diffuse, unstructured flash. The top part (a) shows the 
system of l a b a n g  used by Ciganek ( 1963. The periods represented in th is 
figure are the primary, secondary response and the rhythmic 
af ter-d ischargl  The bottom part (b) i s  the system described by Gestaut and 
Regis (1965) which shows the VEP to  a f lash w i t h  upward deflection 
indicating a negativity recorded from a mid-occipital electrode. The 
individual components are labelled i n  Arabic w i t h  the corresponding label o f  
Ciganek i n  Roman numerals (From C i  g a s  ( 197 1)). 

L 
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Patterned Flash Response i 

- -  -- /' 

Components occurr ing i n  responses t o  

re la t i ve l y  stable peak la tencies which do 

funct ion o f  electrode pos i t ion  or w i  thi,&tinal locations. I n  research 
- conducted by ~ e f  f reys  ( 19771, three d i s t i nc t  components were ident i f ied  

w i t h  d i f fe ren t  surface d is t r ibu t ion  / character ist ics.  The peak latencies of  
e- 

these conrponents, CI, CII  and CIII, occur about 75 ms, 100 ms, and 150 ms, 

respect ively.  The f o r m  and po la r i t y  of the amplitude d is t r ibu t ions  of these - - 

components is, however, dependent on re t ina l  locat ion. Based on the 

resu l t s  of  Jef  f reys  ( 1977) as w e l l  as Je f f reys  and Axford ( 19721, certain, 

basic features are common t o  the VEP's recorded f r o m  the m a j o r i t y  of the 

subjects. Figure 2 shows the responses f rom d i f fe ren t  electrode 

placements f o r  upper and l o w e r  ha l f - f i e ld  s t imu la t ion  and the fo l low ing  

t rends.are observed: 

1 ) ~ h d r e  ts a reversal  of  the po la r i t y  of  each component i n  the VEP's 

obtained t o  upper and l o w e r  ha l f - f i e ld  s t imu la t ion  w j t h  the l o w e r  ha l f - f i e ld  

showing po la r i t ies .  f o r  CI, CI 1 and CI I I tha t  are posi t ive, negative and -- 
posi t i ve  resect ive l  y. 

/-- 

2) Consistent shape end po la r i t y  di f ferences between upper- and 

l ower - f i e ld  ver t i ca l  d is t r ibu t ions  o f  CII and CHI, where the l o w e r  ha l f - f i e ld  

d is t r ibu t ions  demonstrate a more symmetr ica l  f o r m  of d is t r ibu t ion  and are 

more poster ior ly  located than those of the upper ha l f  - f ie ld,  w i t h  a common 
, - 

earlobe reference (Je f f  reys, 197 1). 



Figure 2. Components o f  Pattern VEPs. This demnstrates the influerrce of 
retinal location on the pattern YEP. In the upper portion of the figure i i ie 
VEPs were recorded from several midline electrodes to both lower (a) and 
upper (b) ha1 fLf ield stimulation. (From Jef freys, 1977). The lower portion 

% 
1s the pattern VEP recordgd during stimulus onset ( lef t )  and offset (right). 
(From Kriss and Hal 1 i day, -1 980). 



onset offset  
I - 

" reference 



/-- 

These components are fa i r ly  stable over the majori ty of the 

subjects, however some subjects do show some aberrations. Jef freys 

associates the deviance w i th  single quadrants of the stimulus fields. 

Other investigators have also encountered a certain amount' of 

variability. VEPs between subjects show this variabil ity as wel l  as VEPs 

from the same i b j e c t .  m n n  Kinney ( 1977) states that one of the main 

problems wi th  trarkient'evoked potentials i s  the variabil ity. In her review 

of transient VEPs, Kinney demonstrated that the same subject, tested 

several times over the period of 2 months, may show records that are 

discrepant in  both amplitude and latency while maintaining the same 

general overall pattern. 

C. Visual Evoked Potentials and Masking 

Several investigators have examined the question of whether the VEP 

shows any changes as a function of masking. The results are, at best, 

equivocal. It i s  possible that much of the apparent discrepancy may be due 

to differences i n  the st in~ulus configurations used as wel l  as the analysis or 

criterion the investigator chooses to examine. It i s  important to bear i n  

mind the parameters that are important i n  backward masking and how t hes i  

parameters a H ~ ~ a c t e r i s t i c  function involved. 

Many investigators use the global term 'backward masking' generically, 

whet her the s t i  mu1 i were superimposed, overlapping o r  spati a1 1 y adjacent, 
h 

regardless of the luminances involved. Investigators use the results 

- obtained i n  s metacontrast experiment as confirming research for  a masking 

wperiment w i th  overlapping stimuli. The process involved i n  type A 

backward masking may or may not include the same mechanisms involved i n  



type 6 metacontrast. At  this point i n  the research there i s  no reason t o  

assume either s imi lar i ty or disparity of pr;ocess. Other discrepencies may 
-Z 

arise from investigators using different cri teria i n  examining the VEP. 

Some investigators look a t t he  in i t ia l  major components, others look at the 

area under the curve, etc. A review of the findings as wel l  as a comparison 

of competing methodologies should help resolve some of the confusion. 

1. Backward Masking 

Studies completed using overlapping or superimposed st imuli  for the 

targets and the masks are generally consistent in  the results found. The 

general conclusion i s  that somehow the neural response t o  the target or the 

f i r s t  flash i s  displaced by the resp,onse t o  the second flash during maximum 

masking (Donchin, Wicke and Lindsley, 1963; Donchin and Lindsley, 1965; 

Schwartz and Pri tchard, 198 1 ). However, thid conclusion depends heavily on 

how the data were analyzed and the assumptions made about the data. 

Donchin e t  al., i n  both 1963 and 1965 studies, found consistent changes 

in  the recorded'VEP as a function of masking. The same stimuli  were used 

in  both studies. The target consisted of a semi-circle of light which could 

be rotated to any of eight positions. The mask was a complete circle of 

l ight  superimposed w i th  the target. Both st imuli  were pmented  t o  the 

fovea. The subject's task was to determine the position of the target. 

Perceptually, thr~ee events were detected and defined. The f i r s t  was a 'no 

interaction" event i n  which the two st imuli  were perceived as two separate 

flashes during longer SOA's . The second event was labeled as 'perceptual 

enhancement" i n  which the target was perceived as being more intense or 



brighter than i t  actually was using a direct estimation technique fo r  

assessing brightness during intermediate SOA's. The last  event was labeled 

"perceptual blanking", which corresponds w i th  masking, i n  which the target 
4;; 

was not seen. In this study perceptual blanking occurred at the shorter 

SOAs. 

The procedure used by Oonchin et al. to examine i f  and how the VEP 

changes in  masking i s  important since subsequent investigations i n  

masking, and more specifically metacontrasl, have also used this analysis 

and cited Donchin e t  al. as just i f icat ion To analyze the VEP data Donchin 

had t o  make certain assumptions about the data. 

The f i rs t  assumption was that of the additivity of the averaged VEP. It 
d 

was assumed that the neural response to a pair of st imuli  ii a linear sum of 

the responses to each of the two individual stimuli. Furthermore, i t  i s  

assumed that sincs the second flash i s  not influenced by the f i r s t  flash 
/ 

perceptually, the corresponding neural response t o  the :econfl i s  also 
-. 

unaffected by the neural response to the f i r s t  flash. These assumptions 

made i t  reasoneble to assume that i f  the reponse to the second flash was 

subtracted from the VEP to the paired flashes that the. residual of this 

subtraction would, in  essence, be the response to the f i r s t  flash. Then the 

residuals could be compared over al l  SOB values to determine how the 

response to the f i r s t  flash changed as a function of the perceptual event. 

In testing thiS assumption the (Donchin et a?.) used computer 
1 

synthesized EP's to compare w i th  the obtained VEP. The results indicated- 

that during the *no interaction" and "perceptual enhancement" events, the 

synthetic waveforms quite accurately reflected the obtained VEP waveform 

i n  both amplitude end latency. However, for  the "perceptual blanking' event, 

the synthetic and recorded waveforms were 'discrepant i n  both ampli tude 



and latency of the m a j o r  components" (Donchin and Lindsley, 1965; p. 330). 

The invest igators conclude that  the brain operates on the t w o  s t i m u l i  i n  an 

addit-ive manner, w i t h i n   limit,^. T h q  is, the single response t o  the t w o  

f lashes i s  a sum of the responses t o  the idiv idual f lashes as long as they are 

perceived as t w o  flashes. According t o  t h i s  conclusion, subtract ing the VEP - 

t o  mask alone f rom the response t o  the paired f lashes i s  appropriate f o r  the 

"no in teract ion"  and "enhancement" perceptual events but not f o r  the event - 
of "perceptual blanking". However, the invest igators use t h i s  subtract ion 

procedure f o r  a l l  three perceptual events. 

Based on the resu l t  of the subtract ion process t-he invest igators 

conclude t-hat the ta rge t  response was displaced during the masking stage. 
6- 

This  conclusion was based on the changes't-hat occured i n  the residual 

remaining a f t e r  the subtkaction of the mask alone response f rom the 

response t o  t-he paired f lashes. The resu l t s  showed tha t  the correlations 

between residual and the response t o  the f i r s t  f lash  a 'Y one were quit-e high 

s t  l a t e r  SOA condit ions ind icat ing t-hat the response to the target was not 

inf luenced by the present-at ion of f.he second f lash. These correlat-ions also 

show a decl ine as the SOA decreased. A t  the l ower  SOA's, negsthve 

correlat.ions were obtained. The residuals obtained during opt imal  masklng 

found the residual t o  be qui te  smal l  and the response t o  the paired st- imuli 

s t  maximal  masking resembled ?he VEP elicit-ed by the mask alone. 

The discr$pancies between t-he assumptions made about ?he M a  and 

the procedures used t o  examine the data render t.he conclusions f o r  the 

masking VEP unclear. Regardless of the the,confusion involved In the 

researzh conduct-ed by Donchin and h i s  associates, the conclusions, s t  t h l s  

point, are s t i l l  par t i cu la r  t o  backward masking w i t h  superimposed s t l r n l ~ l i  . > 

present.'ed t o  the fovea and may or may not have any bearing on the evoked 



potential changes, i f  any, ths l  occur during metacontrast, foveal or 

parafoveal i n  which the st imuli  are adjacent. In fact, a later study used 

spatially adjacent st imuli  presented to the parafovea to test th is additivity 

assumption. Using the synthetic wavef oms,  Schjller and Chorover's ( 1966) 

data did not support the additivity of the VEP's and, therefore, no support 

for  the displacement of the target's response by that of the mask's response 

was obtained during paraf weal  metacontrast suppression. 

2. Metacontrast \ 4 

The research concerned w i th  the VEP and metacontrast does not share 

the consistency of results that the previous studies conducted by Donchin 

and others hsve f ound. The results using non-overlapping st imul i  are 

somewhat conflicting. Some studies show support for  changes occurring i n  

the VEP as a function of masking (Vaughan and SiiverStein, 1968; Schwrtz ,  

 hi t t i e r  and Schwei tzer, 1979--experiment 1 ) while others show no 

consistent changes during masking (Schi 1 l e r  and Chorover, 1 966; Schwartz 

e t  81 1979--experiment 2; Jeffreys and Musselwhi te, 1 IS86). 

Early studies found no consistent changes occurring i n  the VEP during 

visual masking. Schiller and Chorover used the typical disk and surrounding 

annulus as,the target and mask. The st imuli  were presented tb the 

pwefovesi retinal region of one eye. In compming the VEP's recorded during 

several SOA conditions, including those s t  which masking was reported, th3 ' 

investigators found no changes i n  the latencies of the in i t ia l  negative and 

posi t ive components for any of the wavef oms, including the ones recorded 

during masking. 
I 



- 

One c r i t i c i s m  o f  t h i s  study pointed out by Vaughan and S i lvers te in  

(1 968) was tha t  by presenting the s t i m u l i  t o  parafovea using such high 

luminances f o r  the target  and mask ( 135 f t - t )  Sch i l le r  and Chorover were 

ge t t ing  foveal VEP's due t o  scat tered l i g h t  impinging on the ret ina. 

Scattered l i g h t  producing a QEP i s  not improbable considering tha t  s t i m u l i  

focussed on the b l ind  spot may produce evoked responses. 

- 

In  an a t tempt  t o  address the problem of scattered l'ight, Vaughan and . 

S i l vers te in  compared foveal and parafoveal metacontrast w i t h  the same 

s t i m u l i  but a t  less  intense luminances (5.8 mL). They - demonstrated that  - 

w i t h  an adapting f ield, the parafoveal VEP v i r t ua i l y  dissappeared. Without 

the adapting f ie ld,  the WEP1s recorded dur infparaf oveal metacontrast did 

not change during masking but  the VEP's recorded during foveal 

metacontrast d id  show d i s t i nc t  changes. These changes took the fo rm o f  a 

reduct ion i n  s ize of  t b V E R  component w i t h  a maximum a t  an asynchrony o f  

200 ms  a f t e r  the onse target .  

The conclusion t o  f r o m  Vaughan and S i lvers te in  i s  that  

a1 t hough parafoveal metacontrast  suppression may easi 1 y be perceived and 

i s  qu i te  strong, i t  i s  not  appropriate t o  use a VEP t o  examine the 

mechanisms involved i n  metacontrast.  The conclusion st-ated by the authors, 
0 

however, i s  tha t  a1 terat ions tha t  occur i n  VEP as a resu l t  of  metacont-rsst 

br ightness suppression can only be appropriate1 y measured during foveal 

metacontrast.  I f  this i s  true, then there i s  no way t o  t e s t  whether or  not  

changes may be found in  the VEP during metecontrast when the s t i m u l i  are 

presented dichopt ical ly.  Th is  i s  the f i r s t  issue tha t  Schwartz  et. a1 

needed t o  address s ince  they were in terested i n  dichopt ic masking. 



- - 

Schwartz e t  81. ( 1979) f i r s t  had to  demonstrate that the VEP recorded 

during metscontrast suppression was not a result of scattered l ight  on the 

retina. The st imuli  used i n  this demonstration consisted of 

arrowhead-shaped spots of l ight *as the target w i th  a luminance of 6.5 ft-L. 

The mask was 8 non-overlapping concentric annulus w i th  a luminance of 10 

ft-lam. ~ t w s  point i t  i s  important to notice the non-overlapping nature of 

the stimuli. Theoretically, this sets up a metacontrast rather than a 

masking function, but the T/M luminance rat io i s  less than unity and thus, 

has the effect of shifing the function from type 6 or U-shaped to ,type A. 

The st imuli  were presented t o  the right visual f ie ld of the r ight eye. 

The VEP's were record& from bilateral, bipolar occi p i  tal-parietal electrode 

placements. These locations were 01 -P3 and 02-P4 using the international 

10-20 system of EEG electrode placement. The experimental task was a 

discrimination task. The subjects were required t o  discriminate the 

orientation of the arrows. 

The results o f  this experiment showed shorter latencies for  onset and 

component peaks on the l e f t  side of the head occurring i n  the VEP as 

compared t o  the right side. These latency differences suggest that ths 

s t~mu l i  were isolated an the nasal retina w i th  direct projection to the l e f t  

hemsphere and transcallosal conduction to the right. The investigators 

concluded that these latency differences indicate that stray l ight was 

probably not 8 factor or at  least cannot be explained using stray l ight. 
- 

The ps$hoph@cal results showed that optimal masking occurred , for  

mast subjects, during interval separations between 7 and 15 ms during 

which the accuracy of discrimination fe l l  to 55% or less. The VEP's were 

then analyzed using Donchi n's subtraction procedure. The residuals obtained 

from subtracting the mask alone YEP from the response to the paired 



st imul i  showed the same changes as iound i n  Donchin1s earlier studies. The 
- 

investigators concluded that the response to the target was somehow 

replaced i n  the VEP recorded during masking similarly to  the results of 

Oonchin et  al. ( 1963,196,S). 

The conclusion to be drawn from tKeeresul t s  found by Schwartz et el. i s  

unclear. The purpose of this experiment expressed by the authors was to 

examine the VEP during dichoptic masking and to contr6si the VEP to that 
I 

found during monopti c masking. Unfortunately due to melhodol ogical 

considerations neither of these issues may be addressed directly by 

Schwartz and his associates, for  several reasons: 

First  of a$, the st imuli  used for the second experiment were not the 

same as those used i n  the f i r s t  experiment because "dichopticall y 

presented, the st imuli  of Experiment 1 did not produce masking" (p. 109) 

They consisted of targets that were black 'M' or 'W'  and upright or inverted 

'V' shapes. The mask was randomly placed black bars that appeared on an 

illuminated background overlapping the target. This i s  no longer a type 0 

metacontrast situation but a type A backward masking situation. In 

addition to  this modification, the intensities of the st imuli  were also 

changed. The target's luminance was 8 ft-L and the mask's was 4 ft-L. This 

i s  the inverse relationship of the target and mask3 rat io of the f i r s t  

experiment (6.5 f t - t i 1 0  ft-L, respectively). According to existing 

l i terature this change should result i n  shift ing the function from type A t.0 

type 8. Given these two modifications i t  i s  d i f f icu l t  then, to predict which 

function should be obtained. This results i n  a confound. Any differences 
& found between the VEP's recorded during monoptic and dichoptic may be the 

result of one of the changes-the authors made i n  the st imuli  and/or the 

intensity ratio. Or any differential result may indicate a true existing 



difference bet weerr'monqptic and dichoptic viewing. 

In the dichoptic viewing experiment (experiment * 2), only one SOB 

value was used. u he target and mask were separated by 10 ms for al l  4? 

subjects. Discrimination of the target was on1 y,moderatel y similar fo r  the 

three subjects. Two subjects showed only chance discrimination while the 

third subject varied between 6 1 % to 78% accurky for di f  f went sessions. 

Regardless of the discrepant psychophysical results among the subjects the 

VEP results were amazingly similar. The VEP residual was nearly as large 
i 

as the VEP to the unmasked targets alone. This result also occurred for 

subjects who were only discriminating the target at a chance level. The 

conclusioti made by the authors i s  that the loss of amplitude i n  the residuals 

during the monbptic condition i s  due to :etinal interactions between 

stimuli. However, the authors do caution the reader concerning this 

inference "since the st imuli  i n  these two experiments differed physically as 

wel l  as in  the monoptic-dichoptic dimension" (p. 109). In spite of the 

differences that do occur between the two experiments, the second 

experiment i s  the f i r s t  and only experiment to examine the VEP occurring 
Q 

during dichoptic masking. The results do indicate that during dichoptic 

masking, no changes may be found i n  the VEP using the subtraction 

procedure f i rs t  used by Donchin et al. 

I? must be pofinted out that even though Schwartz et al. used the same 

procedure to analyze the VEP the two investigations were not necessarily 

comparable. First of a l l  Schwartz et al. did not attempt to test the 

additivity of the VEP w i th  their data and several variables used i n  their 

study differed from the st imuli  used i n  Donchin's investigations. Schwartz . 

s t  e l .  used spatially adjacent st imuli  presented to the parafovea while 

Donchin used superimposed st imuli  presented to the fovea. Schwartz used 



intensities for the target and the mask (6.5 ft-L and 10 f t -L respectively) 

that were fair ly equal for  unequal stimulus durations. Donchin used 

intensities,that were quite disparats; the mask was 9000 mL while the 

target was ~ n l y p O ,  9 o r  0.9 mL, depending on the condition, but were equal 

in duration. These incongruencies indicate a test of the additivity of 
. 

the VEP should have been performed by et al. before the . 
i 

subtraction procedure was used indescriminatel y. 
/ 

- 

In a fo1,law-up investigation Schwartz and Pritchard (1981) examined 

the VEP's that occur during a masking task that shows the U-shaped 

characteristic. The investigation used a v8riety of st imuli  to obtain such 8' 
. - 

function. The f i r s t  experiment used a target that consisted of 12 randomly 
,, 

arranged squares of light, one of which was presented for any one trial and 

the mask was comprised of the let ters "0" and "Nu which contained 

overlapping contours to that of the target. The second experiment used a 

contoured discrete target, the le t ter  "A", rather than the formless spot 

target, while the masks used in  experiment 1 were maintained for  the 

second experiment. 

The results for both experiments were similar i n  terms of the VEP 

changes found and yet the psychophysi cal resy 1 t s  were sohewhat dl sparate. 

To evaluate the results of both experiments, a U-shaped function was 

defined using two possible criteria. The f i r s t  was a decrease i n  

performance using a signal detectian procedure followed by an increese as 

the temporal interval between the t-wo st imuli  increased from a zero point. 

The second indication of the U-shsped function was a decrease i n  +.he VEP 

residual as the SOA incresses'from zero to some intermediate interval a t  

which the residuals begin to increase. Residuals i n  this case catkist  of the -- 



- 

waveform that remains when ithe response to mask alone i s  subtacted from . 

the response to the paired st imuli  as previously described. 

The results of the f i r s t  experiment showed 8 U-shaped function 

. occurring k t h e  psychoph~sical measure (d') while the VEP residuals show a 

/ 

monotonic function w i th  small waveforms occurring a t  lower SOA intervals 

and increasing i n  size w i th  the increase of the interval. In fact, up to the 

intermediate SOA interval the d' scores were negatively correlated w i th  

both absolute amplitude of the residual and their size relative to that of the 

longer SOA. The second experiment showed sf mi lar results for the VEP 

residuals. The residuals show a monotonic increase i n  size as a function of 

the SOA. The psychophysical results are less clear. Out of a total of nine 

' subjects,threeobtainedamonotonicfunction,f iveobtainedtheexpected 

U-shaped function and one subject failed to show any masking at al l  w i th  a 

tW% h i t  r-ate. , 

The. conclusion reached by Schwartz and Pri tchard, i s  that using st imuli  

that should show a U-shaped rela\ionship between detection and SOA, the 

perception i s  not paralleled by ths VEP residual and therefore, has no 

relationship w i th  the psychophysiological measurement of the VEP. This i s  

not the only conclusion that may be drawn from the experiments c o n d w d  

by Schwartz and Pritcharck - 1 

It appears that a1 though the psychophysiological measure was 

consistent f or .af i  stimulus conditions, the psychophysical or perceptual 

measure was excessively variable. Such variabil ity i s  not found i n  the 

majorl ty of the masking literature. It i s  true that the interval at  which 

Optimal masking occurs, using spatially adjacent stimuli, i s  sl ightly 

variable and ranges from 60- 100 ms. However, there i s  nothing in the 

current l i terature examined by the present author that shows different 



subjects showing complete1 y different psychophysical functions. Previous 

research indicates that a l l  subjects show the same genejal function either 

U-shaped or monotonic when m ing  one stimulus configuration. However, the 

maximum of the U-shaped curve or the magnitude of masking may show , 

some variabi l i ty between subjects. This raises the question of whether the 

s t imul i  used were appropriate to  evaluate the VEP occurring during masking. 

Brei tmeyer and Ganz ( 1976) describe st imul i  used i n  masking as wel l  
2 -  - 

as the cr i ter ia involved i n  the st imul i .  The authors present typical stimulus 

configurations shown i n  Figure 3, which f a l l  i n  one of the three fol lowing 

categories: 

A) Stimuli  used i n  and metacontrast; which are characterized by the 

typical disk and surrounding annul us configuration 

B j  Masking by noise; described as using a mask whose contours overlap 

?hose of the target. The mask i s  described typical ly as consisting of a 

random array of black and whi t-e areas that bear li tt-le or no st-ructural 

'relationship to  the target pattern. 
> - 

C) Masking by st-ructure; which indicates a configurat-ion i n  which the 

mask i s  spatial ly overlapping and i s  st-ructurally related to the target., i n  

that the mask shares the contour orientation, curvature, and other f igursl  - 
features of the target. (p. 2). 

Given f hese -- descriptions of stimulus configurations, i t  i s  apparent that 

Schwartz and Pritchardls configuration doesn't f a l l  neat1ght.o any one of  



Figure 3. Examples of typical target and mask s t imul i  used i n  (a) - 

paracontrast and metacontrast; (b) pattern masking by-noise; and k) 
pattern masking by structure. (From Breitmeyer and Ganz, ( 1  976)). 

- 

/? 





thecategories. Thedescr ip t ion tha tmostc lose ly f i ts theSt imul i i s the  - 

masking by {oise category. The masks ('0' and IN') are sl ightly structurally 

related t o  the target ('A') but not so much i n  contour orientation. It i s  true 

that one feature of the target ('\-) which appears on the r ight and serves to 

connect one lino at the apex of "A' and closes the triangle that appears 

between t.he three connecting 1 i nes does have a corresponding feature that 

occurs In the "W",  which connects the two vertical, parallel lines. Another 

similar feature i s  the sharp angles between the "A" and the "Nu, but that's 

where the similari ty ends. There i s  no figural relationship between the "A" 

and the other mask "0". However, the mask i s  not a true noise mask, i n  that 

i t  holds meaning for  the subject and i t  i s  readily identifiable. 

It i s  unrlear exactly how the stimulus configuration figures i n  a 

discussion of the results, except as a variable that has yet to be shown 

appropriate for investigations centered on the VEP. This configuration 

ny consistency i n  the characteristic function obtained 

ly. It i s  possible that the configuration alone may be 

responsible for the inconsistency between the VEP and masking. However 

this unknown and unpredictable variable i s  not the onl'y weakness i n  

. Schwart 2 and Pri tchard's experimenta: design. 

The final analysis of Schwartz and P n  tchard's investigation fa l ls  short 

due to the subtraction procedure used t o  determine changes occurring i n  the 

VEP The authors made no attempt to test the additivity of the VEPs fo r  the 

mdtvidual stimuli, and therefore, i t  i s  possible that the residuals do not 

eccwately ref lect the target's contribution to the VEP el ici ted by the pair of 

responses. Fortunately, the authors dc entertain the possibil ity of error i n  

the procedure. In fact, they of fer the three following ways in which an error 
'4 @ 

may have been committed: 



1) The subtraction of the waveform of the mask alone response from 

the paired response may consistently overestimate the contribution of the 

mask. I f  t-his error was operating, the effects of this error should decrease 

w i th  the increasing SOA. The greatest magnitude of th is error should - occur 

a t  the shorter SOA1s. In response to this possibility, the authors state that 

given the amplitudes of the VEP's recorded from the inask alone and from 

the target-mask combination, i t  i s  unlikely that the error would result in  

changing the monotonic function of the residuals obtained into a U-shaped 

function. 

2 )  The mask 's contribution i s  consistently underestimated and, 

therefore, not enough i s  subtracted out. Again the authors "[can not see1 how 

this assumption could change the data to show a U-sheped function". 

3) The final possibil ity i s  that across SOAs the mask's contribution to 

the target-mask response varies inconsistently. The authors admit that 
-. 

there i s  "no logical way to counter th is assumption w i th  the present 

data ...[ however] ... the results of the experiments suggest that i t  i s  not 

sufficient to  account for  our result" (p. 68 1). 
? 

Perhaps i t  i s  true w i th  the data obtained by Schwartz and Pri tchard, 

that these questions may not be answered; however, simply t-esting the 

additivity of the VEP's similarly demonstrated by Donchin and his sssocis!es 

( 1  965) as wel l  as Schiller and Chorover ( 19661, would lend some v e l i d i t y  to 

the use of the subtraction procedure. This would have been quite simple 

given that the experimental task involved signal detection theory. In t.he 

procedure'used, half o f  the t r ia ls  cont~ ined both the signal (target) and noise 

(rnssk). The other half o i  the t r ia ls  consisted s t r ic t ly  of noise (mask alone). 

The VEPs were measured accordingly. No attempt was made to examhe the 



' VEP recorded from the target alone. Looking at the combination of the 

'target alone' and the 'mask alone' responses might have indicated some 

relationship existing in  the data. This would, i n  effect be testing the 

additivity of the individual st imuli  and determine the extent to which the 
i$ 

subtract ion procedure was appropriate. / 

In any case, i t  i s  d i f f icu l t  to determine how the results and conclu'sions 

reached by Shwartz and Pritchard f i t  i n  the current body of l i terature on 

masking. The problematic experirrrental design and analysis renders the 
i, 

investigation, a t  best, inconclusive and at worst, misleading. 

So far, the results concerning the VEP and metacontrast include both 

negative and positive results. However, the positive resul ts  use either 

foveal metacontrast (Vaughan & Silverstein) pr a procedure that has yet t o  

test t-he assumptions that i-t requires (Schwartz, Whi t t i e r  & Schwei tzer, 

1979) The negative result found bg Schiller may be incomplete as suggested 

by 8 more recent metacontrast investigation (Jef freys & Mussel whi te, 1986). 

The conclusion arrived at by Schiller e t  a1 .h  that the VEPs el ici ted 

during metacontrast suppression do not parallel the perception. However, no 

examination was made of the rest of the VEP waveform. No attempt was 

made to determine i f  anything other than the in i t ia l  components were 

affected during masking. Therefore, impl ic i t  i n  this lack of examination i s  
- 

the assumption that. the major components that may arise w i th  the onset of 

the tqrget ere the only components that are expected t o  change w i th  masking. 

NOH, given that perceptuslly i t  appears that only the target i s  affected by 

the temporal asynchrony, i t  doesn't seem reasonable that any response that 
* 

may be associated with the onset :if the mask is affected during masking. 
8 "  0 

This doesn't mean that the components founbrjn the response t o  the mask are 



unaf f ect-ed. -- 

The study conducted by J e f f r e y ~  and ~ u s s e l h h i t e ,  (1986) does show 
, 

+.hat components tha t  are associated w i t h  the mask i n  the VEP are indeed 

af fectedbythepresentat ionof thef i rs ts t imulus.  Je f f reysandMusse lwh i te  

conducted a metacontrast experiment using complex pa t te rn  s t i m u l i  
. #  

presented t-o speci f ic  locat ions on the ret ina.   hey used a mu1 t i -e lementa l  

version of the f lanking squares because these s t imu l i ,  when presented t o  

cer ta in  areas i n  the visual f ie ld,  produced the d i s t i nc t  onset re la ted '' 

components descri bed ear l ier .  In  addit ion t o  predictable peak latencies, 

po la r i t y  and fo rm the components show scalp d i r t r i  but ions which are 

consistent w i  th 'spec i f i c  source generator s i t es  i n  the s t r i a t e  and 

extrast-r iate r e g h  of the visual cortex (Jeffreys, 197 1 ; Je f f reys  end 

Axford, 1972). They found that the i n i t i a l  onset re la ted components Here 

unaffected during masking. As the temporal in te rva l  between the target and 

the mask s t i m u l i  increased a second peak began t o  emerge that  re la ted t o  the 

onset of  the mask. A t  shorter SOAs the amplitude o f  the second peak was 
% 

sttenuat-ed; however, fu r ther  increases in the SOA result-ed i n  an increase i n  

ampl i tude of the second peak, u i i t i l  eventually i t  re f lec ted  t.he same 

.amp1 i tude as the f i r s t  peak. 

The question that ar ises in  me!scont.rss! i s  no longer, how the reSponse 

!a the target  i s  a f fected by masking but can the VEP recorder! during masking 
/ 

. . demonstrate charties as a funct-ion of ma;king These changes may uccur i n  

in i t - ia l  onset re1 ated component-s as w e l l  as attenuated ~ m p l i  tudes of 

co4ponent.s t ime-locked w i t h  both target  and mask s t imu l i .  

A second question that  has been given li tUle consideration i n  +.he 

previous l i t e ra tu re  i s  whet-her VEP changes can be detected during 



mstacuntrast, and how the VEP el ic i ted during rnonoptic masking d i f fers  

from that e l ic i ted during dichoptic masking. 

, 

D. Purpose of the Present Research - 

The purpose o f  the present investigation i s  to address both of these 

) questions concerning VEP changes that occur i n  the VEP during rnonoptic and 

dichoptic metacontrast. One way i n  which to approach these questions i s  to  

determine !he extent to  which the VEP changes as a function of monoptic . 

metacontrast and direct ly compare these changes w i t h  those occurring 

during di choptic metacontrast. This approach i s  s imi lar  to that of Schwsrtz, 

Whitt ier and Schweitzer (1979, the only investigation i n  the l i terature to  

examine the VEPs recorded during dichoptic metacontrast. 
b 

To examine the question of changes occurring i n  the YEP, as previously 

stated, several analysis techniques have been used. The technique used fo r  

the present investigation i s  s imi lar  to a subtraction procedure used 

saccessfull y by Kinney, McKsy, Mensch and Luria ( lW23, and the technique 

used by Donchin and his associates and subsequent investigators; however no 

assumptions about the data, such as additivity, w i l l  be necessary. The 

purpose of the present investigation i s  to determine the extent to  which the 

VEP recorded a t  the parieto-occip?;al scalp during masking, both mohoptic 
- 

and d i ch~p t i c ,  ref lects an in tera t t ion between the responses to  the separate 

Stimuli. 



1 1 .  Methods 

Subjects 

- - 

Four observers (Ss); BLC, DVD, ND and C M  served as subjects for  this 

investigation. Two of the subjects were female and two  were male w i t h  an 

age range of 23-52. A l l  subjects had normal or normally corrected vision 

Materials and Apparatus 

The stimulus configurstion was s imi lar  t o  that used by Fry and Alpern 

( 1  W6), made up of three flanking squares as shown i n  Figure 4 (a) Each 

square was l.gO ( in  visual angle) on a side. The two  outer squares (masking 

s t imul i )  were separated from the center square (target st~mulus) by a 

border 18' of arc, w i t h  a tota l  of 6.3O i n  visual angle. The f lxat ion polnt 

presented binocularly was 2.3O direct ly above the target. A set of points 

could be seen 5.g0 to  the r ight  of the center f ixat ion point and servedto 

enable the subjects to  maintain binocular convergence d l~ r ing  t-he dichnptic 

metacantrast measurement. In the monoptic situation, a i l  the s t imul i  were 

presented to the subject's r ight  eye. In the dichoptic si tuat ion the two 

mask squares were presented to the n g h t  eye and the targ.et t o  the l e f t  

Figure 4 (b) shows the apparatus i n  which the stimulus was viewed 

The su@j?ct.s looked into two adjacent boxes which cont.sined the stimulus 

The boxes were 30 cm i n  length and 5 cm i n  width. The two sides and the 

bottom o f  the boxes were made of black plexiglass, the l i d  was made of 



Figure 4. Stimulus Conf iguratlon and Apparatus. This figure shows (a) 
metacontrast stimulus configuration modified from Fry  and Alpern ( 1 W6) 
including fixation points (f), and (b) the apparatus into which the stimulus 
was viewed including (d) diopter lenses, (s) the three layer slide containing 
a dlffuslng surface, glass s l ide and black cardboard l imi t ing stop, and (L) 
the stimulus board of LEDs. 

The following diopters were used for Ss: 
" t 1 BLC +2, both eyes 

23 DVD +6 right eye; +9 le f t  eye 
3) ND - 1.25, both eyes 
4) CMT +2, both eyes 
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aluminum. The inside of the box contained grooves the thickness of 

photographic slides (3 nlm). 

- - 

The light source for  the metacontrast stimulus was comprised of 

orange LEDs from Stanley Electric Co., Type * ESAA 5507 w i th  a peak wave 
, * 

length of 605 nm. The fixation points were made up of red LEDs from 

General Instrument Ultra bright HLMP-3850 w i th  a peak wavelength of 585 

nm. The LED'S were situated on a fiberglass board that was placed towards 

the end (away from the the Ss) of the black box. 
I 

Approximately 14 cm from the the Ss eye, a three layer slide was 

placed between the LED board and the Ss. The three layers were made up of 

diffusing surface closest to the LEDs, a glass slide for stabil ity, and the 
I' 

layer closest to the Ss was a black cardboard l imi t ing stop which defined 

the st imuli  and fixation points. One LED defined any given stimulus. The 

light from individual LEDs used for the sepamte st imul i  was isolated using 

2 layers of thin partitioning cardboard which was attached to the fiberglass 

board between two LEDs and was pl~shed up against 'the diffusing surface. . 

The LEDs were connected to interval timers which were accurate to 

200 nanoseconds. The timers controlled the temporal interval between the 

stimulus onsets of the target and the mask independent1 y and the duration 

of  the st imuli .  The duration for both target and mask was 5 ms. The 

intercycle interval ( ICI )  was the interval at which successive pairs of 

ta rge thask  pulses occurred. The IC I  was 1000 ms. The fixation points 

were dcjven by e DC source and maintained a constant intensity which was 

clear1 y discernible above threshold, duri@he entire session. 



The luminance of the target  square was 8 f t -L .  The squares making up 

' . the mask both had luminances o f  14 f t-L. These luminances were used for  

both the monoptic and dichopt ic condi t ions. ,Luminance was measured by s 

'P r i t chard  Spectra photometer which was cal ibrated using 9 f t - L  regulated 

l i g h t  souce. There was, however some d r i f t  measured i n  the LED luminance 

which eventually se t t l ed  t o  a speci f ic  output a f te r  about a 5 minute 

warm-up pedod. 

The Ss placed t h e i r  eyes against the p las t ic  goggle-shaped devices that 

protruded f r o m  each box wh ich  served t o  l i m i t  the amount of  outside l i g h t  

ge t t ing  i n t o  the box. Fixed d i rec t l y  behind the goggle attachment w i t h  
- 

respect t o  the Ss, lenses of varying diopters were ind iv idual ly  chosen f o r  

each S. During the dichopt ic condition, three of the four  subjects  required 

the use of p r isms t o  be able t o  converge the target which was presented t o  
I the l e f t  eye and the mask presented t o  the r ight .  Thtebfixation points  

appeared w i t h  both s t i m u l i  and served t o  mainta in binocular convergence. 

Ttie.monoptic s t imu lus  conf igurat ion was presented t o  the r i gh t  eye. An ' 

a r t i f i c i a l  pupi l  was not used i n  e i ther  monoptic or  dichopt ic condi t ian. 

Diehoptic v iewing  made the use of a r t i f i c a l  pupils extremely d i f f i c u l t  and 

since luminance was not  a variable, but a constant, the a r t i f i c i a l  pupil  was 

not  used f o r  the monoptic condit ion ei ther.  

The VEPs were recorded using Beckman s i l ver -s i l ver  chlor ide . - 

electrodes posit ioned i n  t w o  places: 2.5 and 6 cm above the inion. Both 

'\ ac t ive  electrodes were referenced t o  a s i l ve r  electrode cl ipped t o  1-he l e f t  

ear. Another Beckman s i l v e r  earc l ip  electrode attached t o  the r i g h t  ear 

served as ground, electrode impedance was, never greater t-han 5000 ohms 

f o r  a l l  Ss. 

The VEPs were recorded and e lect ronica l ly  averaged by a Tracor *3000 
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Analyzer recording two channels simultaneously w i th  a bandpass width of . I  

to 250 Hz. A 500 ms sweep was used and the 64 sweeps comprised one 
I 

waveform measurement. The Tracor sweep was triggered of f  the target 

pulse for al l  measurements including during measurements i n  which the 

target was not visual ly)hm?nted ,to the S. The VEPs fo r  both electrode I 

placements were recorded simultaneously. The individual wav,eform, which 

consisted of a 256 digit  array, was transferred from the Tracor to an Apple 

I I Plus for storage and data analysis. 

- Procedure 

Me tacontrast Masking ~ea&rement 

- 

The monoptic and dichoptic conditions were run i n  two separate but 

similar sessions. The f i r s t  session was the monoptic condition, since three 

of the four Ss had to be trained and the monoptic condition was easier for 

training purposes. The dichoptic metscontrast required not only training i n  

masking but instruction and experience regarding the binocular convergence - 
as well. Other than the convergence training, the two sessions were thei 

same. -- 
Once the Ss arrived at the lab they were asked to read and sign a 

consent form. The Ss were then given instruction about visual masking and 

metacontrast and-Kere shown the st imuli  and how different SOAs affected 

the perception of the middle square. Five separate SOA conditions (labelled 

0 - 4) were to be used for  the VEPs, these were as follows: 

1 ) The f i r s t  condition (0) was s simultaneous presentation of the 

target and the mask, i. e. SOA = 0. 



2) The second condition (1)  was an SOA value that was half-way 

between simultaneous presentation and maximal masking. 

3) The third SOA ( 2 )  was the interval that indicated maximum masking 

for individual Ss. 

4) The fourth SOA condition (3) Was tho interval at which the target 
i 

appeared to resume i t s  brightness and border properties. 

5) The last SOA 14) was 100 ms greater than the fourth SOA value to 

insure a point at which the subject reported two separate flashes. Only the 

third (masking SOA) and the fourth conditions required mult;ple t r ia ls to 

establish the values. The methodolgy use&to establish both the third and 

fourth SOB values was 0 stepwise forced-choice, discrimination comparison 

(Coren, Porac and ,Ward, 4984). The f i r s t  point to be established was the 

SOA i n  which optimal masking occurred for the Ss. The S was given two 
-. 

choices i n  which s/he was to ipdicate i n  w&ch of the two cases, the target 

appeared as a) the most complete, b) the brightest; or c) the most easily 

seen. Although the ddfini t ion appears vague, pi lot data indicahd that Ss do 

not experience masking i n  the sam? way. Some may see a perceived 

brightness suppression while others see on1 y a degradation of the target's 

border and, theref ore, the operat ional definition of metacontrast for the 

purpose of this kperirnant had t o  encompass al l  the possibilities. 

The stepwise procedure went as follows: a maximum of 20 paws of 

st imuli  comprised one trial and 2 t r ia ls  were used to establish the SOA at 

which optimal masking occurred. Each pair of values as well  as both 

members of a pair were-separated by 10 ms. The direct-ion of the difference 

for any pair was randomly presented; i, e., the longer . SOA between th0 two 

may be presented as ' 1 ' for one t r ia l  and the following t r ia l  may have the 

4onger SDA as '2'. The f i r s t  t r ia l  st'arted a t  the 5OA value of 50 



rns The other choice in th ia  p a i r  would be 60 ms. As long as the shor ter  

SrJA ~ a s ' d e s i ~ n s t e d  aS showing a "better"  o r  "stronger" target, the SOA 

w o l ~ l d  be increased. Th is  procedure cont in l~ed u n t i l  the S reported tha t  t-he - . 
longer SOA value demonstrated a more easi ly seen target.  

The 50k tha t  was chosen as the point  of  opt imal  masking &as the point  

st. which a decrease o r  an increase i n  the SO& reslrl ted i n  a b r igh ter  o r  more 

easl l y  seen target. The second t r i a l  s ta r ted  a t  the SOA value o f  1 5 0  ms. and 

decraased as long as the longer SO& was reported as the "better"  of  the t w o  

targets.  I f  the SOA chosen as the masking SOA was d i f f e r e n t  f o r  the t w o  

d i f fe ren t  h- ials gn average of the t w o  served as the masking 504 f o r  the 
- - 

VEP. To determine the four th  SOA copdi tion, the same general procedure 

$-, b - - 
was used, however the Ss' task w a B t o  termine the point  a t  wh ich  one of 

t.he targets of the t w o  a l ternat ives returned t o  i t s  or ig ina l  br ightness , 

and/or f igura l  i den t i t y  i .  e. a square. When the t w o  p s y c h o p h y s M  
-3 

determined SOA values were established, the other t w o   SO^ values 

( c o n d ~ t i b  2 and 4) were easi ly determined. The tots1 amount of  t i m e  f o r  

t h i s  par t  of the session was approximately 20  minutes. 

Evoked Potent ia l  Measlrrement 
I 

- 
Once the psychophysical data had been obtained, the electrodes were 

attsched and VEPs x z r e  recorded. The Ss wefe  dark adapted f o r  

approximately 10 minutes where they sat i n  a d imly  l i t  room w i t h  the i r  

eyes closed. The beginning of a recording t r i a l  was marked w i t h  a 10 second 

imulus adaptation per iod during Which the subject  was t o  observe the 

i m u l i .  The VEP was recorded during the next 64 seconds (64 repet i t ions  

the s t imulus wh ich  occurred one per second). A f t e r  the VEP was recorded 



Table 1. Evoked Potent ia l  Recording Sequence. This sequence was used fo r  
a l l  subjects, SOA condtions and v iewing condtions. 



SO& Cond i  t i  on S t i m u l u s  P resen ted  

T a r g e t  /Mask 

.Mask Alone  

T a r g e t  A1 one 

Mask A lone 

Mask A lone 

T a r g e t  A lone  

T a r g e t i M a s k  . 

Mask ~ l o 6  7 

Targett 'Mask 

Mask A lone  
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f o r  any one condit ion the  subjects  were given a 60 second r e s t  penod 

dur ing which they were aske& t o  s i t  qu iet ly  and re lax w i t h  the i r  eyes closed. 

A f t e r  t.he 60 second r e s t  per iod the adaptation period f o r  the next recording 

began. Table 1 shows the VEP recording condit ions and sequence of 

presentation. For t w o  of the, f i ve  SOA condit ions (SOA condi t ion 0 and ~ 2 )  

VEPs were recorded f r o m  the fo l lowing:  
?! 

a) The mask presented alone. 

b) The target  presented alone. 

c) The target  and mask presented together. 

For the remaining SOA condit ions only the VEP f o r d  and c )  were 
.1 

recorded. VEP's were also taken w i t h  both s t i m u l i  presented a t  an SOA of 

100 ms f o r  a between subject comparison, as w e l l  repeated VEPs fo r  the 

SDA of 0 end t.he SOA f o r  t-he Ss' t h i r d  SOA conditions. These l a s t  VEPs 

served as a t p t  of var iab l i t y  f o r  the Ss. The to ta l  t i m e  required to 
--% 

complete the VEP recording was approximatei y 45 minutes 

The second experimental  session f o r  dichopti c m e t a c ~ n t r a s ~  was 

s i m i l a r  t o  the f i r s t  w i t h  the inc lus ion of the following: 
a 

1 )  Tra in ing of b!nocular canvergence f o r  the target end mask squares. 

2) A t  the end of the VEP recorckng period, a VEP was recorded using 

the monoptic simultaneous presentat ion condit ion which served as a 

r e l i a b i l i t y  check f o r  $.he subjects  



Results 

Metacontrast Masking 

Table 2 shows the 5-used fo r  both the monoptic and dichoptic 

viewlng conditions for  a l l  subjects. During the monoptic measurement of 

metacontrast optimal masking occurred when the mask followed the target 

w i t h  SOB values that ranged from 75-95 ms. The SOA at which the target 

resumed i t s  appearance fe l l  w i th in  the range of 120- 150 ms. Dichoptic - 

metacontrast masking appeared optimal between the SOA values of 65- 100 

ms. The range of  SOA values fo r  the return of the mask was 120- 150 ms. 

The SOA values for.al1 subjects showed the characteristic type I3 function 

although a l l  subjects reported that the target was visible at  a l l  times. The 

target was never completely lost, even during optimal metacontrast 

masking 

Evoked .Potential 

Description 

, Both electrode locations showed s imi lar  VEP results, however the 

electrode at or near the parietal location (6 cm above the inion) showed less 

nolse and larger amplitudes for  a l l  subjects. For th is  reason, only the 

parietal location w i l l  be discussed in the text'of th i s  thesis, however, a l l  

the occipi tal  data can be found i n  Appendix A along w i t h  the parletal data 

- tha ts renotpresented in the tex t .  ro 

Due to  excessive noise a l l  the VEPs found i n  th is  thesis have been f i l te red 

using a running average algorithm. This a lgor i thm uses a certain number of 



Table 2. SOAs f o r  all Ss VEP Recording. Included in  t h i s  table are SOAs i n  
ms f a r  both monopSic ( l e f t )  and dichopt ic ( r ight )  condit ions. 

+ 



BLC 0 40 

DVD 0 45 

CMT 0 37 



points  out of  the 256 found in the VEP, ( f o r  a l l  subjects t h i s  number was 6 

points) and computes a running average.   he average then becomes the value 

fo r "  those 6 points. The a lgor i thm repgats t h i s  process a speci f ied number, 

usual ly 6 o r  8 t imes.  

Figure 5 shows the data f o r  DVD, both tnonoptic and dichopt ic a t  the 

par ie ta l  electrode. The occ ip i ta l  VEPs f o r  DVD can be found i n  Appendix A 

w'it-h the data f rom the other  subjects.  Both v iewing condit ions yielded 

s i m i l a r  VEP resul ts.  However t o  avoid confusion, both v iewing  condit ions 

w i  11 be discussed separately. 

Monopt i c Condition 

The VEP taken during the monoptic condit ion f o r  DVD shows the target 

alone, mask alone and the VEP recorded w i t h  both s t i m u l i  presented. The 

target  alone response shows a large pos i t i ve  peak w i t h  a latency of 180 ms  

a f t e r  the onset of  the target .  The mask- alone responses f o r  DVD (Figure 5 

b-middle) show a pos i t i ve  peak occuring a t  a latency t-hat ranged between 

1.8 1 - 196 m s  a f t e r  the onset of  the mask. This  posi t ive peak appears t o  be 

moving out as a funct ion of the in te rva l  between the target pulse (VEP 

t r igger)  and the mask s t  i mu1 us. 

The VEPs recorded f r o m  target  and mask together show that  f o r  the 

f i r s t  3 SOA conditions, the VEP shows vir!uslly one pos i t i ve  peak occuring 

i n  the range 175-185 ms  a f t e r  the onset of the target  The t w o  bot tom 

' rows in f i gu re5 ( l e f t ) a re theVEPs~nwh ich the twos t imu l i a resepa ra t .ed  

by 150 ms  and 250 ms, respectively, and t-he subject c lesr ly  perceives hot-h 

1 s t imu l i ,  a second pos i t i ve  peak emerges, bowever, w i t  a very smel l  

amp1 i tude. 



F ~ g u r e  5 .  VEP Descr ipt ive Data f o r  DVD. This  shows the data recorded s t  
t.he par ie ta l  electrode 1oca.tion f o r  both rn&optic ( l e f t )  and dichopt ic ( r ight )  
condi t lons showing: 1 

a) the Target alone response 
b)  the Mask alone response 
c)  the response t o  the pa i r  (T/M) o f  s t i m u l i  

The ar rows Indicate where the s t i m u l i  occurred. In all  subjects '  
waveforms i n  th is  t h e ~ i s ,  negat iv i ty  i s  shown as a downward def lect ion. 





Dichoptic Condition + 

. .- 
- .  

The VEP taken during the dichoptic condition (Figure 5b) shows a 

1 positive peak occurring a t  a latency of about 185 ms after the t igger. The 

mask alone VEPs a1 how the large postive peak moving as the interval F 
between the trigger-target pulse and the stimulus-mask onset. The positive 

peak found in the mask alone responses occurs a t  latencies between 

185- 193 ms after the onset of the mask. As in  the monoptic condition, the 

VEPs recorded during the presentation of both st imuli  together show one 

postive peak for the f i r s t  three SOA conditions and a smaller posi l i ve  
P 

emergmg during the VEPs i n  which the target and mask are separated by 150 

and 250 ms. 

The other subjects showed similar results. The actual latencies for 

the target alone and the mask alone responses can be found i n  Appendix 8. 

The target alone responses for the monoptic condition shows the positive 

peak ocourring w i th  latencies i n  the range of 162-207 ms. During the 

dichopt ic condition the Ss' positive peak occurred at latencies that ranged 

from about 148-2 16 ms. A l l  of the Ss' mask alone responses for both 

monoptic and dichoptic stimulation show the positive peak moving out as a 

function of the interval between the trigger-target pulse and the 

stimulus-mask onset A l l  the subjects also show one large positive @3k 

occurring i n  the VEPs recorded w i th  both st imuli  presented for the f i r s t  

three SOA condition w i th  a smaller positive peak emerging i n  the last two 

SOA conditions. 

Reproducibility of the VEP: Within One Session 

Figure 6 graphically displays the reproducibility of the VEP of one subject 



Figure 6. VEP Reproducibi l i ty Data:  Qne Session f o r  ND. This shows 2 
independent VEPs recorded during both monoptic (left.) w i t h  an SOA o i  130 

and dichoptic ( r ight )  condit ions w i t h  an SDA o f  120 ms f o r  a) occ ip i ta l  and 

) b) par ie ta l  electrode locations. 





(RID). This figure shows the 2 separate VEPs recorded from the cundi tion in  

I which the mask followed tne target by 130 ms (monoptic) and 120 ms 

(dichoptic). Both waveforms show similar shape and amplitude. The ." 
reproducibility data fo r  the other subjects VEPs recorded during one sesslon 

can be found i t ~ p p e n d i x  C. 

Between subject differences were also found Figure 7 demanstrates the 

variabil ity between subjects for st imuli  which were separated i n  time by 

I00 ms for both the monoptic and dichoptlc condl tions. 

Reproducibility: Between Two Sessions 

The reproducibility of the VEP recorded during two sessions i s  

demonstrated i n  Figure 8 The figure contains data for two subjects. 8LC 

and CMT. For both subjects there are two waveforms, recorded from the 

occipital and the parietal electrodes. The f i r s t  waveform was recorded 

during the f i r s t  experimental session and the second recorded during the 

second experimental condition. These waveforms were recorded using the 

monoptic viewing condition w i th  both st imuli  presentgd simultaneously. 
W 

The f i r s t  subject i s  typical of three of the four subjects, BLC shows very 

similar waveforms over both sessions, and electrode locat-ions. The second 

subject, CMT, shows somewhat less similar waveforms in  terms of the 

latencies of the large in i t ia l  posi t-ive, as well as number of components, 

amplitude etc. However, the responses from this subject tgpically showsd a 

double peak response (see Appendix A) and the larger of the two positive 

peaks tends to fa l l  i n  the range 200-210 ms after stimulus onset, for  both 

records. The reproducibility data over two sessions for Ss: DVD and ND can 

be found i n  Appendix CJ. 



Figure 7. VEP Between Ss Comparison a t  an SOA = 100 ms. Th is  f igure 
shows VEPs f o r  monoptic ( l e f t )  and dichoptic ( r igh t )  condit ions f o r  occ ip i ta l  
(a) and par ie ta l  (b) locations. 

,- 





Figure 8. VEP Reproducibi l i ty Data: T w o  Sessions f o r  BLC and CMT. VEPs 
were recorded durlng the monoptic condit ion f o r  BLC (upper) and CMT 
( lower)  over 2 sessions f o r  occ ip i ta l  (a and c) and par ie ta l  (b and d )  
locations. 



BLC 
-2 

OCC a ~7 t 



Composite Procedure and ~ e s u l  t s  

To determine the extent t o  which there i s  an in te rac t ion  between the 

target  and mask responses which shows up i n  the VEP recorded w i t h  both 

s t imu l i ,  the VEPs t o  the target  alone and the mask alone were -added 

together by computer. The response t o  the target alone was added w i t h  the 

response to the mask d o n e  recorded a t  a l l  the SOA condit ions t o  f o r m  

computer "composites" These computer composites represented the 

waveform that  would resu l t  i f  the responses t o  the s t i m u l i  d id not int-eract 

spat ia l ly  or  temporal ly.  Figure 9 shows the waveforms which were 

combined t o  fo rm the composites f o r  subject DVD, f o r  both the monoptic 
' and dichoptic condit ions and the resu l t ing  composites. The computer 

- .- 

composites show the i n i t i a l  large pos i t i ve  peak found i n  both target  alone 

and mask alone responses. The f i r s t  t w o  composites (0 and 1)  show one 

posi t ive peak and the subsequent composites (2-4) show ,the pos i t i ve  peak 
6 , 

that  corresponds t o  the target  alone response and a second pos i t i ve  peak 

tha t  re f l ec ts  the mask alone response. This  procedure was carr ied out f o r  

a1 1 subjects '  data. Appendix E contains 4he computer composites f o r  the 

remaining subjects and f o r  both monoptii and dichopt ic condit ions. 9 

Residuals 

Once the computer composites were calculated, each composite was , 

subtracted f rom i t s  corresponding VEP recqrded f r o m  the bra in w i  tt(both 

s t w u l i  presented. Figure 10 shows the data f o r  subject:  DVD. The f i r s t  

wsveform i s  tha t  of the mask alone f o r  the  given condit ion and beneath i t  t 

the residual wavef o m .  



F i g y e  9. VEP Composite Waveforms f o r  D V D  Composites computed f o r  A)  
monoptic and 8) dichopt ic condit ions a t  the par ie ta l  locat ion Waveforms 
included: 

1 ) Target alone response 8 

21 Mask alone response and Gorresponding composite waveform fo r  a l l  
SDA condit ions. . 4 %3 



A. Monoptic DVD 

v. T alone 
I 

S ~ A  Condiiton 



B. Dichoptic DVD 

T alone , 

C 
I 

SOA Condition 

M 

0 

C 



Figure 10. VEP Residual Waveforms for D V D  Residuals computed f o r  A) 
monoptic and 8) dichoptic condit ions a t  the par ie ta l  locat ion. Waveforms 
include mask alone response and corresponding residual waveform f o r  a l l  
SOA condit ions. 
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This residual waveform represents t lP e extsnt to  which an interaction 

. between responses of the separate target and mask s t imul i  occurred i n  the 

brain response to both st imul i .  I f  the subtraction procedure resulted i n  a 

straight line, th is would indicate no intera'ction between the responses of 

two  st imul i ;  the extent to which the residual i s  not et straight l ine indicates 

that an interaction between the responses did occur i n  the VEP recorded 

f rom both st imul i .  

Figure 10 shows th'at the residuals computed for DVD were not straight 

lines. There was a negative peak occuring i n  the residual w i t h  et latency 

s imi lar  t o  that-of the large posit ive peak occurring i n  the mask alone 

response. Table 3 contains the latencies of the posit ive peak found i n  the 

mask alone responses and the latencies of the negative peak found i n  the 

residuals. 

The latencies of  the posit ive mask alone peak was then correlated w i t h  

the latencies of the negative i n  the residuals using an Apple II Plus 

s ta t is t ics  package called ' ~ ta t sp lus ' .  Table 4 shows the correlations for  a l l  

subjects, both monoptic and dichoptic for  both electrode locstions. Table 4 

shows that the correlations ranged from ,986 to ,999 for  the monop,tic 

condition and ,966 to  .999 for  the dichoptic condition. Also included i n  table 

4 i s  the r2 for  a l l  subjects, or the amount of variance i n  the latencies of the 

negative peak i n  the residuals accounted for by the posit ive peak latenCies 

i n  the mask alone response. 



-* +F' 

Table 3 Latencies f o r  Posl t i v e  Peak i n  Mask Alone Responses and- Negative 
Psak I n  Residuals Latenclas in  ms  Included fy a l l  subjects  both monoptic 
( l e f t )  and d~chop t i c  ( r i g h t l  condit ions 



BLC 
Occ 

Par 

DVD 
Occ 

Monopt i c 
Mask + Residual - 

Dichoptic 
+Mask + Residual - 



Mask + , Residual - 

150 
2 198 

237 
288 

40 1 
Par 

. CMT 
Occ 

200 

240 - 

277 
322 
44 1 

Par 

Dichoptic 
Mask + Residual - 



Table 4. Correlations Between Letencies of Posi t ive Mask Alone Peak's and' 
Residual Negative Peaks., Also included i n  th i s  -table i s  the r2 and S. E. f o r  a l l  
subjects, both monoptic and dichopt ic condit ions and both occ ip i te l  ( l e f t }  

and par ie ta l  ( r ight )  locat ions. A l l  correlat ions are based on df = 3. 
, 



5s: 

ELC 

r 

f r 2 

SE 

DVD 

r 

r2 

SE 

ND 

r 

r2  

SE 

CMT 

r 

r2 

SE 

Monopt i c  

Occ ip i ta l  

,996 

,992 

8.037 

,984 

,968 

20.2922 

,986 

.9 7 2 

19.604 

.999 

,998 

4.475 

~ a r i e t  a1 Ucci p i  t a l  Par ie ta l  

,997 

.994 

7.575 

.9g9 

,998 

2.22 1 

,992 

.984 

10.862 

,993 

.986 

9.424 
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. Di scussi on , 

Metacontrast Masking 

\ 

'4 The masking data shDw that  d i i f e ren t  subjects do perceive masking ,. 

occurring maximal ly  a t  d i f fe ren t  SOA interva ls  A1 though the SUB i n te rva l  

- a t  which d i f fe ren t  subjects  indicate maximum masking i s  d i f ferent ,  a l l  the 

subjects reported the target  as remaining v is ib le  s t  a l l  t imes.  The masking 

data also show the character is t ic  funct ion of type 8 metacontrast.  When 

the target arid mask were presented s i  mu1 taneousl y, no masklng occurred 

As the in terva l  between the presentat ion of the target  and the mask 

Increased t o  some opt imal  in terva l ,  the target  appeared t o  change I n  i t s  

appearance, perceived durat ion and/or brightness. As the in te rva l  continued 

to  increase the target  began to  assume i t  or iginal  appearance u n t i l  the t w o  

st- imuli were separated su f f i c i en t l y  so the target  appeared t o  be unaffected 

The lack of a comp1et.e disappearance of the target during masking has 

been reported before. Flaherty and Matteson ( 197 1 ) i n  a quasi-repl icat ion of 

Sch i l le r  and Smi th  ( 19661, used f a i r l y  high in tens i t ies  f o r  t-he sole purpose a 
- 

of keeping the target v is ib le  a t  a l l  SOB intervals.  

The v is ib le  target  during masking i s  consistent w i t h  the react ion t ime  

studies of masking. Several investigat-ors have found that  react ion t i m e  i n  

s imple detect ion studies do n t show the U-shaped funct ion of type B !! 
masking (Fehrer and Beiderman, 1962; Fehrer and Raab, 1962; Sch i l le r  arid 

Smi th  , 1966j. 

The target 's  v i s i b i l i t y  may be re lated t o  the s t i m u l l ~ s  conf igurat ion. 

The m a j o r i t y  of the metscont.rsst sthdies have lrsed the t-ypical disk and 
L. 

annulus s t imu l i ,  or  a conf igurat ion i n  which the mask borders sur ro l~nd 



these of the target. Other investigators have used st imuli  i n  which the 

area of t.he target or masked stimulus i s  small. Stoper and Banffg ( 19771, 

for example, used long verticel bars 1.8O i n  l e ~ g t h  and only 2' i n  width. 

Alpern ( 1953, used vertical rectangles 2S0 i n  height and on1 y .SO i n  width. 

Since studies in  which the target does completely disappear use st imuli  i n  

which the proportion of adjacent border i s  larger than the area of the 

target, perhaps matacontrast masking i s  more of a border suppression 

phenomenon than global suppression. 

There is  the question of the validity of the metacontrast measure. The * 
8 

operational definition of optimal makking was less than optimal. It was 

vague, and di f f icul t  to determine for certain subjects. Most of the subjects 

expressed di f f icul ty as well  as apprehension i n  making the judgement 

between two pairs of SOA intervals especially for pairs i n  which masking 

was occurring. 

, It i s  also d i f f icu l t  to determine what criterion thc! subjects actually 

used i n  making the judgement. A1 though the subjects were questioned as to 

how the target was affected, i t  i s  not necessarily true that subjects 
B 

actual1 y used the cr i ter ia expressed. Demand characteristics may also have 

affected the judgements of the subjects. A11 the subjects were instru'cted a 

i n  theU-shapedcharacter ist icof themaskingfunction. Perhapsthe , .  

expectation of dhe increased masking and the return of the target to i t s  
i 

original crppearance influenced the subjects' judgements. This, however, 

seems unlikely since the subjects were not always sure of t!le direction of 

the difference between the two pairs of SOA intervals to be judged. 
a 

It i s  also possible that the strong apparent motion (beta) also 

influenced the subjects' choice. Every subject expressed the d i f f icu l ty  of 



the choice because of the amount of mot ion  that  was perceived, however A 

t h i s  mot ion  tended t o  show a monotonic increase w i t h  the increase i n  SOA. 

One subject  expressed that  even though he perceived the complete target  a t  
I 

the longest SOA value, i t  seemed t o  h i m  that  the target  was actual ly 

becoming the t w o  adjacent masks. The target appeared t o  be presented t o  
, 

the center of the f i e l d  but then s p l i t  and became the mask squares. 
I 

' Regardless of the inf luences exerted by the demand character is t ics  and 

the amount of apparent motion, .it i sn ' t  rea l l y  necessary t o  question the 

va l i d i t y  o f  the masking judgements concerning the VEP measurement. For 

a l l  of  the subjects, the range of SOA values used f o r  the VEP ranged f rom 

simultaneous presentat ion (SOA = 0) t o  a much longer SOA which was over 

200 m s  f o r  a l l  of  the subjects. There i s  no previous l i t e r a t u r e  that  

demonstrates visual metacontrast masking occurring a t  SOAs over 200 ms. 

So t h e y  i s  some assurance tha t  using +he 5 SOA condit ions encompass the 

metacontrsst  funct ion f o r  a l l  the subjects.  Perhaps some other 

psychophysical procedure would resu l t  i n  d i f fe ren t -  SOA values 8s defined by 

the author of the present invest igat ion, but, i t  i s  highly unl ike ly  that  any of 

the subjects would experience maximal masking occurr ing a t  SOAs greater 

Evoked Potent ia ls  

The VEP data i n  t h i s  invest igat ion pre ent an in te res t ing  and ye? I 
perplexing resul t .  According t o  Figure 10, !he residuals f o r  DVD, both 

monoptic - and dichopt ic show a negative pe$k whose latency i s  highly 

correlated w i t h  the latency of t he  large posi t ive peak found i n  the mesk 

7 



alone VEPc, Tsble 4 shows these correiations to range f rom .966 to .999 fo r  d 

both electrode placements, show f-his relationship between the mask alone 

responses and t.he residuals. Two conclusions may bs drawn from th is 

rssul t 
I 

Ftrst, i t  i s  apparent thaf t-he VEP, recorded from scalp electrodes 

positioned over occipit-a1 and parietal areas w i t h  both target and mask 
4 - 

s t imul i  presented, i s  not simply a summation of the responses to  the 

separate st imul i  The response recorded from the brain i s  an interaction of 

the two responses from the- target and mask. This conclusion is i n  

upposi t ion to the conclusion made by Donchin and his associates (Donchin, 

Wicke and Lindsjey, 1963; Donchin and Lindsley, 1965) , and s imi lar  to  that 

made by Schi 1 l e r  and Chorover ( 1966). 

Donchin end Lindsley ( 19651, showed that the addi t iv i ty  assumption 

could be demonstrated under certain conditions. Donchin and Lindsley ussd . 
. . 

superimposed s t imul i  and concluded upon testing the addi t iv i ty  assumption 
4 

that, w i th in  l imi ts ,  the response to both s t imul i  was a summation of the 

responses to the two  separate st imul i ,  furthermore the VEP recorded w i t h  

tha paired flashes i s  a sum of the responses to  the two  flashes "as long as 

they are perceived as two  flashes" (p. 330). 

During masking, which i n  Donchin's case occurred when both s t imul i  

were presented simultaneously, the perception of the masking or  blanking 

f lash completely displaces that of the target or blanked flash. With the 

addivi t y  assumption, sutracting out the mask alone response would result  i n  

s residual that would re f lec t  the amount of the target response i n  the VEP 



a residual tha t  would re f l ee t  the arf~ount of the target  response In the VEP 

to  both s t imu l i .  In the case o f  the present investigotion, the metacontrast 

masking of the adjacent s t i m u l i  occurred a t  some SOA i n te rva l  w i t h i n  the 

range o f  65- 100 ms, and the target  was v is ib le  s t  a l l  t imes  Perceptually, 

the target  was never completely displaced except t o  the extent of the 

apparent outward mot ion  of the target  towards the mask. 

The subtract-ion process used in, t h i s  invest igat ion d id not assume tha 

add i t i v i t y  of the responses but actual ly  tested it. The residuals shown In  

Figure 10 and Appendix E, r e f l e c t  the extent t o  which the VEP t o  both 

st ' irnul i  i s  not s imply the resu l t  of  the target  and mask rasponses 

summating. This  supports the conclusions based on the resu l ts  of Schi l ler  

and Chorover's ( 1966) invest igat ion. These invest igators used the disk end 

a annulus conf igurat ion t o  obtain metacontrast masking. Using the synthet ic 

EP waveforms obtained by' summing the responses t o  the two s t imu l i ,  

k Sch i l le r  and ~ h o r o v e r  found l i t t l e  support f o r  the ndt ion that  components o f  

the VEP recorded usirig both s t i m u l i  "under metacontrast condit ions 

represent a summation of evoked responses t o  the individcrsl st-imuli" (p 

A second conclusion may be drawn f rom the result-s of !his 

invest igat ion. Not only i s  the VEP recorded using both s t i m u l i  not a simple 

summation of the t w o  indiv idual responses, but what appears ?o be most 

af fected i s  the pos i t i ve  peak tha t  mbst  c losely corresponds wit-h the mask 

alone response. Th is  conclusion i s  somewhat paradoxical. In percept ion, !he 

s t imu lus  most  a f fec ted  i s  tha t  of the target, however, i n  t-he VEP what. i s  



most af fected ~ s , a  cclmponent that i s  re la ted to  the mask. 

This conclusion i s  not w i thout  support. Jef  f reys and Mussel wh i  t e  

( 1986),'found a s i m i l a r  resul t .  Je f f rays  and Mussel whi t e  used s 
f 

. mu1 t i -elemental  verslon of the adjacent squares s t imu lus  configuration. 

However, the conf igurat ion was designed, and presented t o  cer ta in  areas on 

the retin'a i n  the a t tempt  t-c evdke specif,ic pat-tern-related components; i e, 

O I  and ~ ~ ~ ' ' f k l e  resul-ts showed that  the i n i t i a l  pos i t ive onset re la ted 

component ( C l j  wss unaffected during maski-ng w h ~ c h  occurred between the 

SOA range of SOLlOO ms. The VEPs showed tha t  f o r  SOAs of 30 ms and 
-- 

greater a second p o s i t w e  peak was c lear ly  detectable wh ich  re f lec ted  the 

C I  component to  the masking pattern. This  emerging component showed an 

attenuated amp11 tude which gradually increased along w i t h  the latency as 

the SOA ~ncreased A t  SO AS%^ 80 ms. .or greater, the t w o  peaks had 

comparable amplitudes. 

Je f  f reys and Mussel wh i  t e  concluded that  the attenuat ion -of the second 

posi t ive peak was a resu l t  of  the temporal overlap of a negative peak i n  the 

target-evoked VEP (see Figure 2) as w e l l  as a genuine attenuat ion of the CI 

compo ent evoked by the mask Pattern a t  the shor ter  SOAs which was 4 
p r e s u m ~ l y  due t o  the adaptation of the C I  source generators by the 

* 
previously presented target pat tern. Th is  conclusion may w e l l  address the 

attenuat ion of the mask response i n  the monoptic condit ion of the current 

investigation, however, i t  i s  unclear j us t  how th i s  migh t  work i n  e i ther  of 

the v iewing condit ions. ?a 

Other explanations also appear insu f f i c ien t .  Schwartz, Whi t t i e r  and 

Schwi t ze r  ( 1979) concluded tha t  changes i n  the VEP found in  the monoptic 

condit ion were due t o  re t i na l  inh i  b i  tim. However, such explanations are 



f 
inadequate f o r  several reasons. F i rs t ,  the invest igators made several 

changes f r o m  the monoptic condit ion t o  the dichoptic condit ion which render 

any d i rec t  comparison between the two c m d i  t ions inval id.  Second1 y, 

Schwartz, e t  al. assumed the add i t i v i t y  of the separate s t i m u l i  (as did 

 onc chin and h is  associates) w i thout  tes t ing  the assumpt~on using h is  data 

and h is  adjacent s t imu l i .  Thirdly, Schwartz e t  a ] .  found conf l i c t lnq  resu l ts  

between the monoptic and dichoptic condit ions, therefore, the conclusion 

reflects t h i s  discrepancy. The current invest igat ion, however obtamed 

s i m i l a r  resu l ts  f o r  both the monoptic and dichoptic condit ions which were 

d i rec t ly  comparable in  te rms of ths parameters used. 

Conclusion 

The general conclusion of the current inves t i  n 1s ?hat ( 1 )  the VEP 

e l i c i t ed  during monoptic and dichopt ic metacontrast masking 1s not s imp iyG 

summation of the responses t o  the indiv idual s t imu l i ,  and (2) the response 

that  appears most a f fec ted  i s  the response that  i s  mare closely associated 

w i t h  the mask response. There appears to  be no obvious explanat.ion fo r  

these resul ts .  It appears tha t  the perception i s  not re f lec ted  by the 

psychophysiological measurement. However, other VEP invest igat ions have 

shown poor corre lat ibns between evoked potent ia ls  (EP) a n i  sensory 

perception as we l l .  Regan ( 198 1 ) c i t es  many d i f fe ren t  examples of visual 

perceptual phenomena tha t  do not corre late w i t h  the speci f ic  sensory EP, 

such as VEPs recorded below subject ive f l i c k e r  thresholds. 

It appears tha t  the percept ion of metacont-rast masking i s  nbt  a case in  

which t h e  psychophysiological measure r e f l e c t s  the perceptual phenomens. 



E i  t.her the percep!lon i s  not rnerl~at-sd by !he o c o p ~ t a l  or  parietal areas o r  a t  

t-he verq leost cannot be measured usmg scalp VEPs located over these s i t es  

i t  may be possible two measure the perception o f  masking a t  other locat ions 

but the question is, "Where?" P i l o t  data revealed that  measurements taken 

f rom other placements along the mid l ine  (vertex and frontal)  do not vary 

f rom ?hs occlpi t a l l pa r ie ta l  placements used i n  t h ~ s  invr lst igst ion except i n  

~ m p l i t u d i  Other 11 kely  placements, such as temporal locat ions (Ta and T4) 

did not y ie ld  s subst-sntial VEP Appendix G contains data taken f r o m  

temporal placements and it i s  apparent that  the waveforms el icit-ed by !he 

s t rmu l i  do not vary s ign i f i can t ly  f rom those waveforms taken as general 

n o w  levels 

The resu l ts  o f  t h i s  in.destigation also present cer ta in  problems 
C 

theorat ica l ly  i n  that  i t  provides no overwhelming support f o r  e i ther  

inh ib i t ion  or  summation ' theories. I f  summation had occurred, then the 

reslrl t s  wou'ld show an increase i n  the amplitude of the pos i t i ve  peak 

occurring i n  the mask alone ra ther  than an attenuation. 

A stronger case may be made f ~ r  inh ib i t ion  theory. According t o  

Brei  tmeyer and Ganz, the target act ivates both t rans ient  and sustained 

ac t iv i t y ,  and only the ear l iest  o f t h e  target 's sustained a c t i v i t y  i s i n h i b i t e d  

by the transient a c t i v i t y  of the mask. Theoretical ly, the t rans ient  a c t i v i t y  

of the target  i s  not a f fected by the mask ac t i v i t y .  Perhaps, the current 

invest igat ion shows the extent t o  which the target 's  t rans ient  a c t i v i t y  i s  

unaffected. 

Unfortunately, rlei ther  summation o r  inh ib i t ion  would predic t  the change 

that  occurred i n  the pos i t i ve  pe'ak i n  the mask alone response. However, 



maybe Jeffreys and Musselwhi te ( 198'6) are L U ~ - r  e z t  in  sssummg that the 

attenuation of the response t o  the mask is  due t o  the adsptat~on from the 

preceding target stimulation. In a future experiment this may be tested hy 

t.he examination of_the VEP t o  a stimulus that succeeds another stimulus 

without invoking any visual masking. The f i rs t  (adapting) stimulus may 

either spatial1 y overlap the second stimutus or may be presented + o  another 

a r m  of the retina! to determine the extent to which there i s  adaptation. A t  

this point in  time, howwer, i t  appears that the VEP i s  more a sign than a 

code (see LitAal, 1965; 1967) w i th  respect t-o the perceptual phenomena of  

visual masking. 
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Appendi-x A. VEP Descr ip t ive Date f o rbLC ,  ND and CMT. VEPs f o r  rnonoptic 
( l e f t )  and dichopt ic ( r igh t )  f o r  occ ip i ta l  (A)  and pa r i e ta l  (8) locat ions.  DVD 
occ ip t ie l  (C) data included. 
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Appendix 8. Latencies f o r  Large Pos i t i ve  Pedk in  Target Alone and Mask 
Alone ~ e s ~ o & k  Latencies i n  rns f o r  both rnonoptic and dichopt ic 
condi t ions  f o r  occ ip t ia l  and par ie ta l  locations. 



Ss: BLC 
Monop Dichop 

T Alone 
Occ 174 185 
Par 178 187 

M Alone (0) 
T/M SOA * 0 0 

Occ 175 
* -  - 172 

Par 177 180 

DVD + 

Monop Dichop Monop Dichop Monop Dichop - 

M Alone ( 1 ) - 

T/MSOA 40 35 45 50 47 40 37 32 
Occ 218 207 244 240 198 192 240 240 
Par 21&- 208 241 240 208 '218  244 242 

N Alone (2) - 

T/M SOA 80 70 90 100 95 80 75 65 
Occ 259 246 277 289 237 232 277 276 
Par 265 253 279 292 269 250 279 '  279 

& 

'\ 

M Alone (3) 
T I M  SOA 120 120 1 50 1 50 130 120 125 120 

Occ 292 290 339 343 288 263 322 333 
Par 295 300 339 34 1 327 291 324 335 

H Alone (4) 
T / t l  SOA 220 220 250 250 230 220 225 220 

Occ 404 398 45 1 446 40 1 379 44 1 424 
J +.? 

Par 4b4 406 435 443 409 398 423 425 



Appendix C. Reproduci b i l i  t y  VI_P Data: One Session. VEPs included: 
1 )  Mu1 t ip le Target alone responses fo r  a l l  subjects f o r  monoptic ( le f t )  

end dichoptic (right) a t  the occipi+tal (8) and parietal  (b) location? 
2) Mu1 t ip le  VEPs using Ss' 3 r d  condition SOA for  occipi ta l  ( le f t )  and 

parietal (r ight) during b61h monoptic (a) and dichoptic (b) conditions. 
3) Multiple VEPs of the dichoptic condition f o r  simultaneous st imul i  

p resen ta t iona ta )occ ip t i a landb)par ie ta l  locations. 1 













Appendix D. *. ~ e ~ r - u d u c i b i l k ~  VEP Data: Two Sessions. Monoptic data 
recorded during 2 sessions using simultaneously presented stimuli at 
occipi tal  ( le f t )  and parietal  ( r ight)  locations for  a) DVD; and b) ND. 

- 
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Appendix E. Waveform Computer ~ o r n h i i  tes. Waveforms computed fo r  both 

monoptic ( l e f t )  and dichopt ic ( r ight )  v iewing condit ions recorded a t  both 
occ ip i ta l  (L 
and C) CMT, 
and dichopt 

~pper)  and par ie ta l  ( r ight )  electrode 
including D) data f o r  DVD occip i ta l  
i c condit ions. 

locat ions f o r  A)  BLC; 6) ND, 
locat ion f o r  both monoptic 

. - 
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Appendix F.' Waveform Residuals. Waveforms computed fo r  monoptic ( le f t )  
and dichoptic (r ight) viewing condi l ions recdrded a t  both occipi tsl (upper) 
and parietal ( lower) locations for A) BLC; 8) ND; and C) CMT, including D) 
occipital data for  DVD. d 











AppendixG. YEP P i l o t  Data Recorded a t  Temporal Electrode ~ l a c e m e n t s .  -- 

Conditlans - - include A) monoptic and 8) dichoptic v iewing recorded a t  l e f t  

temporal ( l e f t )  ancL r i g h t  temporal ( r ight )  locat ions for  al l  Ss. 
- - 







Appendix H. VEP General Noise Levels f o r  all Subjects. Condi t ions  include 
monoptic ( l e f t )  and dichoptic ( r ight )  f o r  a) BLC; b) DVD; c)  ND; and d) CMT 

recorded a t  both electrode locations. 
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