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Fif th Ann ual Repor t

I ABSTRACT -

Th is is the f i f th annual  r epor t to or igina te f r om the
Psychophysiology Labora tory of the Psychology Department at

j Baruch College. The research completed over the last 12
months has included a number of studies concerned with
evoked cort ical potential correlates of stimulus processing
in humans. The present report details the results of five
separate experiments. Experiment I examines the visual
evoked po tential (VEP) to a larger stimulus when it is
percep tua l ly  masked by a second stimulu s, and again when
it is disinhibited. The disinhibition occurs when the target
is clearly perceived because of the action of a third stimulus
on the second. There was a significant trend toward a larger
amplitude VEP to the target when it was disinhibited . More
research work is needed in this area since so little informa-
tion is available on the brain response to disinhibited or

i recovered stimuli.

In Exper iment II, the effects of contiguity of target
( initi al)  and mask (la ter)  visual stimul i on backward  mask ing

I and the VEP was examined. However , the area of the mask was
var ied so tha t it was either 68% or 97% of the targe t ’s area.
S ign if ican t VEP amp lit ude decreases  occ ur red  when the targe t
was followed closely in time by either of the masks.

Exper iment III tested the effects of differing numbers
of corner masks on percep tion of , and VEP to , the target
stimuli. Two—corner masks (upper left and lower right) led
to partial masking, bu t no significant VEP amplitude decrease.
Four—corner masks produced more comple te masking in ai.]. sub—( jects , and a corresponding significant decrease in VEP magni—

a tude. The two—corner u.k was only 29% of the target area ,
while the four—corner mask occupied 57% of the area covered
by target stimuli.

In Exper iment IV we asked whether corner masking stimuli
would be more effec tive than non—corner masks with respect to

J e f f e c t s  on perception and the VEP . Both corner and non—corner
masks occup ied less area than the target stimuli (57%). The
two mask types were equal ly  e f f e c t iv e  in p roduc ing  backward
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mask ing and attenuation of the N2— P2 component of the VEP.

The fifth experiment examined the effects of a “randomly ”
genera ted noise pattern on a target. The target was a letter

I T and the mask overlapped and crisscrossed the T at many
po ints along its contour. The random visual pattern proved
to be a very effective mask perceptually and also led to
sharp decreases in VEP amplitude. -A delay was found for P2
la tency a t the C

~ 
(Cen tra l )  loca tion as compared to the O~

(Occipital) area. This was related to the fact that O~ is
the primary projection area for visual stimuli. The general

I finding of VEP attenuation with backward masking was inter—
pre ted in terms of excitatory—inhibitory interactions at
the v isual cor tex which  occur  when la ter pres en ted stimul i
bo und , or spa tial ly  o v e r l a p ,  earlier presented target stimuli.
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I
I Experiment I: The Visual Evoked Potential to a

Disinhibited Stimulus

The d isinh ib ition e f f e c t is a var ia tion of backward

I v isua l  mask ing f irs t rep or te d b y  Rob inson (1966). The usual

backward  mask ing parad igm involves the presen ta tion of a

I stimulus (target) followed after a short delay by another

i stimulus (mask) which interferes with the perception of the

targe t. In Robinson ’s experiment a circular flash of light

(.23 deg diameter) was presented for 20 meec , fo l l owed  af ter

25 m sec by a mask ing stimulus , a flash of light 4 L deg in

d iameter. The target stimulus was effectively masked. However ,

when a th i rd , larger (.92 deg) light flash was presented 20

msec af ter the second f l a s h , the targe t was de tec ted on 80% of

J the trial~~, bu t the second flash was not perceived at all. What

apparentl)~ happened was that the second mask “disinhibited”

I the target~ from the effects of the first mask , thus allowing the

it to be p.~rceived . The luminance and duration of the three

f l a s h e s  w e r e  cons tan t a t 5 mL and 20 msec , respectively.

Dember ’  and Pu rce l l  (1967) ob t a i n e d  s imi la r  r e s u l t s .

D e t e c t i o n  o c  a t a r g e t  s t i m u l u s  was g r e a t e r  when masks 1 and 2

I f o l l o w e d  the~ t a r g e t  as compared to when the target and mask 1

only were Pr
\
esen ted. In their view the target was never com-

ple tely ei im~ nate~ from the visual system by mask 1, but

I remained in s\hort—term memory storage. When mask 2 was pre—

aent ed  it aupkresse d  mask 1 and al lowed the  t a r g e t  to en te r



I
1 

-2-

perce ptual awareness. The disinhibition effect would appear

I to be a reliable phenomenon in view of the number of o ther

I 
investigations in which its occurrence has been reported (viz.,

Mayz ner , 1970; Mayzner , Tresselt & Heifer , 1967; Rob inson ,

I 1968; Sch iller & Gree nf ield , 1969(Tresselt , Mayzner ,

Schoenberg & Waxman , 1970). However , wh ile there have been

studies concernin g the visual evoked potential (VEP) and

backward mask ing (e.g., Andreass i, Mayzner , Beyda & Davodovics,

1971; Andreass i, Stern & Okamura , 1974; Andreass i, DeSimone

I & Mellers , l976a; Donchin & Lindsley, .L965; Donchin , Wicke &

Lindeley, 1963; Sch iller & Chorover , 1966; Vaughan & Silverstein ,

1968) we are aware of only one s tudy in which VEPs to disinhibited

s timuli have been s tudied (Schwar tz , Whittier & Schweitzer , 1977 ,

personal comm unication). Since nervous system mechanisms have

of ten been postulated as playing a role in backward visual

masking it would seem appropriate to use some measure of CNS

response to stimuli involved in both the backward masking and

the disinhibition paradigms .

In th. experiment conducted by Schwartz et a11. Target

stimuli consisted of four block letters. When Targets were

~Targ.t stimuli wire presented for 7 msec and were 7 ftt

1 in intensity. Mask 1 consisted of black bars (20 macc dura tion)
which appeared 10 macc aft.r th. target. Mask 1 was 2.5 ftt
and subt ended th. same visual angl , as the targe t and backgro und

I (40’). Mask 2 was a blank light flash (15 ftL) which spatially
overlapped earlier stimuli (80’), and was presented 10 msec after
Mask 1 for a duration of 50 asic.

1
I I
~ I
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fol lowed by Mask 1, subjects had difficulty in discriminating

them. When Mask 2 was introduced , de tec tion perfor man ce

I improved greatly (80% to 100% correct). The VEPs to Targets ,

however , did no t dif fer for the cond ition in which Targe ts

I were not identified (one Mask) as compared to when discrimi-

nation was very good (two Masks). Or , to phrase it another

way , the VEP to the Targe t was similar regardless of whe ther

it was inhibited or disinhibited. Thus , the perceptual

performance was dissociated form the VEPs.

In our presen t s tudy we endeavored t~~ stud y the VEP to

a disinhibited stimulus with the following specifications:

1 (1) that all stimuli (Target , Mask 1 and Mask 2) be approxi—

mately the same intensity, (2) that all stimuli be patterned ,

and (3) that all subjects be screened to ensure that they

I exper ienced mask ing of the Targe t when only one Mask was

I 
presented , and dis inhibition of the Targe t when two Masks were

presented. Based upon the results of previous studies (e.g.,

‘ 
Vaughan & Silverstein , 1968; Andreass i et al., 1976a) we

hypothesize that: (1) the VEP to the Target + Mask will be

I of lower amplitude than to the Targe t alone , (2) the VEP to the

disinhibited Target will be larger in amplitude than when it

I is masked , and (3) the VEP to the Target alone and the disin—

hibited Target will be the same .

I 1•
I
I
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I METHOD

I Subjects: The subjects were five males and four females associated

with the City University of New York. None had visual system

I defects other than myopia (corrected to at least 20/25).

I 
Apparatus and Procedure: The apparatus used to obtain the VEP

included a Beck man Dynograph , a comput er of aver age trans ients

i (CAT/b OO), an X—Y plo tter and a PDP—8/E computer with its asso-

ciated Teletype. Stimuli were displayed on a VR—l4 CRT (Digital

Equipment Corp.) which was mounted at the subject ’s eye level.

The subject viewed the displays from inside an electrically shielded

and sound—a ttenuated IAC Chamber. The CRT was under program con—

trol of the PDP—8/E computer. A small fixation point , 3mm in

diame ter , was used to maintain the subjec t ’s line of v is ion towards

F the center of the CRT. The fixation point was a dim (0.001 mL) red

neon light source located 6mm above the center of all stimulus

arr ays presented on the CRT . The computer was programmed so that

the total luminous energy appearing on the CRT screen was approx-

imately equal under all stimulus conditions. In no case were

j Masks more intense than Target stimuli.

The EEG of each subject was recorded from O~ (“Ten—Twen ty ”

I System , Jasper , 1958) with Grass silver cup electrodes

i referenced to a silver clip electrode on the subject ’s left

ear lobe. Electrode resistance was maintained at 5,000 Ohms

I or less. The subject was grounded by another electrode

attached to the right ear lobe leading to “patient ground” of 5--.

I th. Dynograph. The filtered (bandpass at 0.5 to 32.0 Hz) and

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I 
amplified EEG signal was sampled by the CAT every time a

stimulus was presented. One hundred EEG samples , each of

I 500 msec duration after the stimulus , were taken for each

averag ed potential. On—line monitoring of the EEC was

I accompl ished w ith a Tek tronix 502A os ci l loscope to monitor

possible artifacts in the EEC record . The vertical electro—

7 oculogram (EOG) was recorded and averaged on a separa te

channel of the CAT to detect possible VEP distortions due to eye

movement or blinking. The averaged EOG trace was examined after

every trial.

a 
The bas is for construction of experimental stimuli was a

5X7 matrix array consisting of 35 yellow—green points of light ,

wh ich could be presented on the CRT under program control of

the PDP computer. Our target and masking stimuli were con—

structed as follows :

Condition A— Two target Y ’s, formed by illuminating the

I appropriate elements of the grid . They

I appeared on the screen for 20 msec.

Cond ition B— Two target Y ’s, followed by two “comple ments ”

I (mask 1) of the letter Va ,, i.e., the

I 
points of light remaining after the removal

of those used to form the Y’s. (See Figure

1 1.) These complements were presented 35

msec after the 2 Vs disappeared from the

I screen .* They were also on the screen

I *0is&ppear~ n~~ was virtually immediate (50 .M sec) with the

t brief persistence P24 phosphor specially installed in the VR—14.

11  
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for 20 msec .

I Condition C— Two Y’s were followed by two complements ,

as in Condition B , but two letter 0’s

I (mask 2) followed the complements after

I 35 msec , and remkined on the scr een for

20 msec . Mask 2 was larger than mask 1

I (see Figure 1).

Th us, all of the stimuli were on the screen for 20 msec ,

and there was an ISI of 35 msec , i.e. , 35 msec intervened

between the disappearance of one stimulus and the appearance

of the next upon the screen. In every instance there was always

1000 msec between each stimulus set. For example , two Y’s and

two complements were presented in rapid succession , followed

by a pause of 1000 msec , and the next set of two Y’s and two

complements appeared. The luminance of the Y ’s was 1.50

niL each (measured at a distance of 2.54 cm with a Tektronix

Jl6 Digital Photometer). The two complements (mask 1) also

measured 1.50 mL each , while the two 0’s (mask 2) produced an

I intensity of 1.30 niL each. The target Vs and the complements

were 3.5 cm across , and at a distance of 137 cm produced a

t 
visual angle of 1 deg 30’ of arc. The 0’s were slightly larger ,

j measuring 3.7 cm in width (a visual angle of 1 deg 35’ of arc).

Each potential subject was screened to ensure that masking

was obtained under Condition B and disinhibition with Condition

C. The proced ure involved devoting a session to obtaining

I
reports based on 100 presentations of each condition. Subjects 4

: 1
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were asked to sketch what they saw on the screen after each

100 presentations. Their drawings indicated masking in

Condition B if they produced only the complements of the

Ys and disinhibition was shown for Conditon C if they drew

I and descr ibed two Y s fol lowed by two Os w ith no indica tion

at all that the complements had been perceived. Condition

I C produced consistent disinhibition reports , since subjects

rel iably sketched a “Y-.O” and “Y—O” in all screening trials.

The three conditions were completely counterbalanced

across the 9 subjects over a period of 3 days. Each subject

was presented with each condition six times during the course

of three experimental sessions , for a total of 18 VEP traces

from 0 , with each trace based on 100 presentations.

- The data analysis was accomplished by computing the

mean amplitudes (uV) and latencies (msec), for each subject ,

for the obtained VEPs. The Ni component was considered to

I be the first negative dip in the trace , from the baseline ,

which ocr~urred 50 msec after the stimulus. The baseline was

de termined by the horizontal portion of the X—Y p lot. The

I N1—Pl component was measured as the vertical distance from

the trough of the Nb component to the first positive peak.

The N2—P2 com ponent was measured as the vertical distance

I between the second depression (trough) and the second peak.

Latencies (or time after stimulus presentation) were measured

I to the midpoints of each positive peak. If the “peak” was

flat and appeared more as a plateau , the midpoint of the

I plateau was taken as the latency measurement.

• . ~~~~~~~~~~~~~~~~ 
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1
RESULTS

The perceptual reports , and diagram s p rod uced af ter

I each conditions indicated that all subjects perceived the

I two target stimuli at all times (Condition A). In addition ,

complete perceptual masking was obtained under Condition B ,

I while the target stimuli were consistently disinhibited in

Condition C. Mean amplitude and latency data were computed

I for all subjects and conditions are presented in Tables 1

and 2. The da ta from Tables 1 and 2 are plotted as Figures

2 and 3.

Table 1

Mean Ampli tude (Microvolts) of VEP

I Componen ts Under Conditions A , B and C
(N~~~~9)

Cond itions
‘IEP

Component A B C

Ni — P1 4.00 3.78 4.87
N2 — P2 6.60 5.71 6.63

The amplitude da ta in Table 1 indica te some d i f ferences

be tween VEP components under the three conditions and this

is graphically illustrated in Figure 2. The latency data

indica ted only small 1.ifferences between conditions (see

Figure 3).

I
I.
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I 
Table 2

Mean La tency (Millis econds) of VEP
Components Under Conditions A , B and C

I 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I , 
- 

Cond itions
VEP

Component A B C

P1 128 136 155
P2 215 220 220

The data for one VEP component* (N2 — P2) were subjected

to analysis by t—tests for correlated data (two—tailed

criterion , 8 df). The results of the t—tests for the N2— P2

componen t: A vs.B, ( t  — 4.13, p <‘ .01); Avs.C , ( t  — .819,

p > .05); B vs. C. ( t  — 2.87, p <‘ .05). The latency compari-

sons yielded no significant findings (p ~ .05 for all). The

super impose d traces for one subjec t , H. L., under each

condition , are shown in Figure 4. The mean N2—P2 amplitude

for this subject was 5.25 )IV for Condition A , 4.00 pV under

Cond ition B , and 6.50 ,iV under Condi tion C. Subjective

descr iptions and drawings indicated similar perceptions for

all persons. For example , under Condit ion A , it was typically

U repor ted tha t “two bright yellow Ys” wer e seen (2 Ys were

ac tually presented). Under Condition B only the complements
r

for Y were seen as , for example , “horseshoes with dark Ys

inside” (i.e., when 2 Ys were followed by two complements).

*Th. N2—P2 component has proved to be the most consistent
and reliable of the VU measures under the conditions described
in this report.

‘ I
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FIgure 4- Superimposed VU traces for one subject(M.L.). Each trace
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The rep ort of a “dark Y” would indicate that the actual

I targets (yellow Ys) were not seen. A typical report for

I Condition C (d is inhibition) was “2 yellow Ys follow ed

quickly by 2 Os.” This indica ted tha t the targe t Ys and

I the second mask only were seen. Thus , through the subjec tive

drawings and verbal repor ts we believ e we have es tablished

a parad igm in which inhibition of a target by a mask occurred.

In addi tion , the subsequent recovery of the target was

ob tained when the first mask was itself inhibited by a second

mask.

DISCUSSION

The resul ts of the prese nt s tudy w it h regard to the

hypo theses proposed show that. all three were supported by

the statistical tests. First , the hypothesis that the VU

response amplitude to the target would be decreased in

amp litude through the inhibitory effects of mask 1 was borne

1 out. It is clear that the VEP5 obtained in Condition B are

to the targe t because the latency and waveform ar e so similar

to those produced when the target was presented alone. This

I amplitude result is s imilar to those ob tained by Vaughan and

Siiverstein (1968) and Andreassi et al. (l976a) in which

I decreased VEP amplitude to target stimuli were obtained in

situations where the target was suppressed or perceptually

masked.

I Andreassi et al. (l976b) found evidence for a functional

relationship between the amount of target—mask contour inter—- I

S 
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I 
action , i.e., the nuiflber of sides on which a target was

bo unded , and the degr E~e of VEP a tt enua t ion (more s pec if ically,

I increasing amounts of contour interaction resulted in pro-

gress ive VEP attenuation). The contour interaction hypo—

I thesis may help explain ~the presen t resul ts since the targe t

letter Y was completely bounded by the complement (see

I Figure 1). It should also be noted that the present results

are no t like those of Donchin et al. (1963), Donchin and

Lindsley (1965) and Fehmi et al. (1969) in which VEP5 were

P found to occur in response to the mask rather than the

tar get. However , in these s tudies the mask was of muc h

grea ter intensity than the target (from 100 to 10,000 times)

wh ile in the present study masks were equal to , or less

intense than , the target stimuli luminance. Also , the S0A*

whichproduced masking in the Fehmi et al. stud y was 20 nisec

compared with a 55 msec SOA in the present study. These

1 dif f e rences  may poss ibly accoun t for the dif f eren t VEP e f fec ts

j obtained.

The second hypo thes is , tha t the response to the disinhi—

I bited target would be greater than that obtained when the

target was masked , was also supported. This result is not

like the results of Schwartz et al. (1977) (personal communi—

I 
cation) who found that VEPs to the disinhibited targets were

1 *Simulus onset asyncrony, or time between onset of the
target and onset of the mask.

~1
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I 
comparabl e to those obtained when the targets were masked.

Some poss ible reasons for the dif fe r ence be twe en the se

I studies are: (1) the type of masks used (i.e., black bar s

and a blank light flash used in the Schwartz et al. study)

I compared with complemen ts and letter “0” used in the prese nt

study; (2) the differences in intensity and SOAs used in

-‘ these two studies; and (3) the fact that mask 2 spatially

U overlapped the earlier stimuli in the Schwartz stud y and

the masks used did not overlap earlier stimuli in the present

study.

Sch iller and Greenfield (1969) have suggested that the

d isinhibition effect may have as its locus the receptive field

in groups of re tinal ganglia or lateral genic u la te nucleus

cells. They suggest further that the effects of mask 2 may

be to reduce the number of discharges in neu ro ns wh ich have

as their receptive fields the borders of mask 1. As a result ,

L the response to the target becomes more pronounced. The result

of the present experiment would seem to indicate that we may

be observing a process at a cortex level similar to the one

suggested by Schiller and Greenfield. That is to say, a

succession of visual stimuli produce excitation , inhibition ,

and dis inh ib it ion which are reflected in the VEP recorded

from over the occipital cortex.

In summary, it is suggested that when a target is pre—

sented alone it produces neuronal responses at the visual

cor tex (reflected in the VEPO and it is clearly perceived.
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I’
q When it is spatially bounded by a later—appearing mask 1,

it is not perceived and the VU to the target is decreased

I in amplitude. It is hypothesized that neurons stimulated

by mask 1 interfere with those in adjacent areas , which

I had already started to respond to the target. If mask 1, in

I turn , is spatially bounded on all sides by an even later-

appear ing mask 2 , the ac tivity of neurons responding to

( mask 1 is reduced by those in adjacent areas now firing

in response to mask 2. Mask 1 is thereby prevented from

I inhibiting the target and is itself masked. The final

I res ult is a clear percep tion of the tar get and mask 2 , and

a restoration of target—produced VEPs to an amplitude level

I similar to that when it was presented alone.

I
I
I
I
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Exp er imen t II: Backward Mask ing Prod uced b y Con tour
Interaction and its Effects on the VEP

I
A number of studies have obtained complete VEP suppression

or amplitu de reduc tion w ith backwa~ d mask ing paradigms in which

the first stimulus (Target) was perceptually blanked by a

second st imulus (Mask).1 These studies include those of

Donch in , Wicke and Lindsley (1963); Donchin and Lindsley (1965);

and Fehai, Adk ins and Lindsley (1969) in wh ich a very intense

• blanking flash complete suppressed the VEP to a less intense

Targe t flash. Metacontrast paradigms were used by Schiller

and Chorover (1966) and Vaughan and Silverstein (1968). While

Schiller and Chorover did not find VEP changes under conditions

of me tacon tras t suppre ssion (where br ightness changes but

‘1 intensity does not), Vaughan and Silverstein found VEP amp li-

tude reductions with metacontrast for foveal , but not parafoveal

st imulation. Vaughan and Silverstein believe that the earlier

failure to obtain VEP reductions by Schiller and Chorover was

due to the parafoveal. stimulation conditions used.

Andreass i et .1. (1976., l976b) ob tained evidence for VEP

reduction when Targets were bounded on two sides by later pre—

sented stimuli , and Target stimuli were perceptually suppressed.

( ~The term Target refers to stimuli which the subject is
asked to identify. In backward masking paradigms it is always
presented first. The Mask is presented after the target and ,
depending on timing, location , duration , and intensity, it may
affec t perception of the Target in some manner. Stimulus onset
asycnrony (SOA ) indicates the time between onset of the Target
and onset of the Mask. The inter—stimulus interval (ISI) refers
to the time between offset of a Target and onset of a Mask.
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They also repor ted that when mask stimuli differed in configura-

tion from targets , the targets were not perceptually suppressed

and VEP was no t attenuated. In the Andreassi et al. (1976b)

study effective masking stimuli bounded the target on two , three

and four sides . Since both targets and masks were 5 X 7 grid

arrays , the effective masks were either two , three or four times

the area of targets. The question we will examine in the present

experiment concerns the perceptual and VEP effects of masks which

are either less , or appr oximately, equal in area , as compared to

targets. More specifically, in one masking condition , the area

of the mask was 68% in relation to the target , and in the secon d

it was 97% the area of the target.

METHOD

Subjects: The subjects were five males and one female. All were

associated with Baruch College of the City University of New York.

None had visual defects otte r than myopia (corrected to at least

20/30).

Apparatus and Equipment: Subjects were seated in an elec trically

shielded sound attenuated room (IAC Chamber). All experimental

sessions were conducted with the lights dimmed. The VEP was

was obtained from 0 and the procedure for obtaining It was identi—

cal to that used in Experiment I, except for the specific stimuli

used . The stimuli were displayed on a Digital Equipment Corp.

VR— 14 CRT which was mounted at the subject ’s eye level outside the

Chamber at a distance of 49 inches (124.5 cm). The VR—l4 CRT was

controlled by the DPD—8/E digital computer which was programmed

to deliver stimuli at specific times and locations upon the CRT .

_ _ _ _ _ _  - —
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There were three conditions , each comprised o f grids and lines:

Cond ition A— One grid on the screen for 30 msec (ON

time of 20 msec)

Condition B— One grid for 20 msec , followed by fo ur

surrounding lines 60 msec later (ON time

20 msec , OFF time 60 msec)

Cond ition C— One grid for 20 msec , f ollowed by six

surrounding lines 60 msec later (ON time

20 m sec , OFF time 60 msec)

In every ins tanc e, there was always 1000 msec between each set of

stimuli. For example , a single gr id w ith fo ur lines was presen ted

in rapid succession , followed by a pause of 1000 msec before the

next set of stimuli. The spatial arrangement in which the stimuli

appeared upon the screen is represented in Figure 1. The unfilled

dots indicate target stimuli while solid dots represent masking

stimuli. All dots were identical in diameter.

The single 1.0 cm square grid produced a visual angle of 28

mm of arc in Condition A. In Condition B , the target plus mask

produced a visual angle of 42 mm of arc. In Condition C , the

target plus mask produced a visual angle of 46 mm of arc. There-

fore , the s t imuli in all cases were p resen ted foveal ly, since

foveal extent is 2—2.5 deg of visual angle (Ruch , 1965).

The intensity of a single grid was 2.2 millilamberts (mL) as

measured from a distance of 2.54 cm (one inche) with a Tektronix

Digital Photometer. The masking stimuli (lines) had an intensity

in Cond ition B of 1.6 mL and 1.9 mL in Condition C. The stimuli

appeared in location at the center of the 7” (17.8 cm) high by 9”

(22.9 cm ) wide CRT screen. A small luminous fixation point 1/8”

f (.32 cm) in diameter , placed 1/2” above the center of the s timulus

- - - _______________ -
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I Figure 1 - Spatial arrangement of stimuli in Experiment II.
The target stimuli (unfilled circles), always

I appeared first , followed by the masks (f illed
circles). All circles of light were solid
greenish-yellow points of light (equal size) in
th. actual CRT displays .
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ar ray, was used to give subjects a position upon which to focus

their eyes between presentations. The instructions asked sub-

jects to focus directly below the fixation point between and

prior to the start of presentations . The were asked to silently

count the number of presentations. The counting procedure was

used to help insure subject concentration in this tedious task.

The recording from 0 should cancel the possible influence of

language functions (counting) upon the VEP since it is over the

juncture of left and right hem ispheres. The subjects were asked

to avoid excessive movement or eye blink during presentations of

stimuli. In the experiment proper , 100 presentations were given

at the end of which subjects were asked to draw a diagram of

what they saw in any single presentation .

The three conditions were completely counterbalanced across

the six subjects , over a period of three days , using a Latin—

Square design. Each subject was presented with each condition six

times during the course of three experimental sessions , for a total

of 17 trials and 18 VEP traces from 0 .  This method proved useful

in reducing fati gue while also increasing the amount of data

collec ted on each subject.

RESULTS

A summary of the percep tual repor ts indica tes the following

for each of the conditions:

Cond ition A— All six subjects saw one grid (one grid presented)

Condition B— Five subjects did not see the grid at all while

one subject saw fragments of the Target grid

(one grid and s ix lines pres ented)

Cond ition C— Five subjects did not see the grid , wh ile

I i~
—~~~ — 
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one subject saw fragments of the Target

Gr id (one Grid and six lines presented)

Th us , all subjects saw what was expected in Condition A , while

f ive of s ix sub jec ts exper ienced comple te mask ing in Cond itions

B and C. Did the perceptual effects observed have VEP corre—

lates? This question can be answered through an analysis of

the VEPs with respect to both amplitude and latency. The mean

amplitudes and latencies for each of the major VEP components

(Nl , P1 , N2 and P2) were computed for each condition for each

of the six subjects from the X—Y tracings , as outlined in Exper-

iment I. The mean amplitudes of thevarious VEP components

obtained for each stimulus condition , across the six subjects ,

are shown in Table 1 for 0 and are illustrated in Figure 2.

Table 1

Mean Amplitude (~iV) for Major VEp
Components , Conditions A , B and C

(N — 6)

Conditions
VEP

Component A B C

Nl 1.80 1.70 1.50
P1 4.20 4.50 4.60
N2 5.10 4.92 4.82
P2 6.30 4.70 4.59

The mean latencies for the various VEP components are presented

[ in Table 2 and illustrated in Figure 3.

The data in Table 1 indicates greater amplitude VEPs to

! 1  
_ _  _ _ _  _________________
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unmasked (Condition A) than masked Targets (Conditions B and

C ) ,  espec ially for the P2 component. The amplitude for the

two major comp on en ts , N2 and P2 , were tes ted for dif fe rences

be tween cond itions , using t—tests for correlated data (two—

tailed criterion). For N2 amplitude , A vs. B, A vs. C, and B

vs. C, none of the comparisons were significant (p ) .05,

5 df). For P2 amplitude: A vs. B (t — 2.81, p <  .05, 5 df);

A vs. C (t 2.63 , p ( .05, 5 df; B vs. C (t .24 , p) .05,
5 df). Thus , the major VEP component P2 showed significant

amplitude attenuation under Conditions B and C when compared

with Condition A , i.e., backward visual masking was accompanied

by VEP attenuation.

Table 2

Mean La tency (msec) for Major VEP
• Componen ts , Conditions A , B and C

(N — 6)

Condition
VEP

Component A B C

Ni 87 89 70
P1 133 135 134
N2 177 179 179
P2 230 227 224

The latency data were also analyzed by t—tests for correlated

• da ta , two—tailed criterion , and none of the compar isons resul ted

in significant values (p ) .05 , 5 df).

Figure 4 shows the superimposed traces of one person (J.L.A.)

•
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Figure 4 - Superimposed YE? traces for one subject. Each trace
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ward).

— 
‘—



-28-

for one day. The mean P2 amplitude for this subject under

I Condition A was 9.O8 yV , 5.33jiV under Condi tion B, and

5.08 jiV under Cond ition C.

I
DISCUSSION

I
The results of the present experiment indicate that when

backward masking occurred , there was a s ignif icant decre ase in

VEP amplitude. These results are similar to those of Vaughan

± and Silverstein (1968) and Andreassi et al. (l976a) who ,

resp ec tively, reported attenuation of VEP amplitudes to foveal

s timulation dur ing me tacon t ras t suppress ion and a backward

masking paradigm using successive sets of like stimuli (Grids).

On the other hand , our f indings dif fe r  fr om those o f Schiller

and Chorover (1966) who did not find VEP changes under condi-

tions of metacontrast. Vaughan and Silverstein (1968) have

previously pointed out that this was possibly due to para—

foveal stimulation which gave rise to VEPs generated largely

by stray light impinging on the fovea.

The results of the present experiment are not like those

F of the visual masking experiments reported by Donchin et al.

(1963). Donch in and Lindsley (1965) and Fehmi et al. (1969)

[ in which VEPs were found to occur in res ponse to the Mask , ra ther

than the Target stimulus. However , in these s tudies the Mask

I was of much greater intensity than the Target (from 100 to

1 10,000 times) while in the present experiment , Masks were

lower in intensity than the Target stimuli. Also , the SOA

~~~~ ~~. ~~~~~~~~~~~~~~~~~~~ 
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wh ich produced visual masking and complete VEP suppression was

20 msec or less in the Fehmi et al. (1969) study compared to

a 60 msec SOA in the present stud y. These d ifferences may

poss ibly account for the different VEP effects obtained.

Fehmi et al. (1969) showed that co~np le te suppress ion of the

evoked potential to the first stimulus occured at the retinal

as well as the lateral geniculate and visual cortical areas.

Fehmi has no ted , and the results of the present experiment may

support the finding, tha t masking e f fec ts have been observed

with SOAs which were long enough to preclude the possibility
4

that the masking stimuli could overtake the target at the

retinal level. The VEP attenuation in the present experiment

could have been completely due to inhibition at the retinal

level since the receptors there would have had time (60 insec)

to respond to the initial stimulus before the second arrived.

The present experimental findings would be more consistent with

reports that metacontrast suppression becomes maximal at SOAs

be tween 40 and 100 msec. It is possible that a certain amount

of inhibition took place at various subcortical sites (e.g.,

lateral genic u late body, ascend ing reticular formation) as

well as at the visual cortex. Andreassi et al. (1976b) found

ev idence for a functional relationship between amount of target—

mask contour interaction and degree of VEP attenuation. That

is, increasing amounts of con tour interac ti on resul ts In

progressive VEP attenuation.

A possible explana tion for the VEP ampli tude changes

‘
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which occurred as a function of degree of target—mask contour

I interaction is that varying amounts of excitatory—inhibitory

activity between groups of neurons take place at the level of

I the visual cortex. Thus , we suggest that when a stimulus is

presented to the visual system it results in excitation

be ing produced at a given location in the visual cortex.

When similar stimuli follow the initial one closely in time

and space , adjacent areas of the visual cortex are stimulated ,

resulting in a reduction in response to the first stimulus.

This inhibitory activity is not sufficient to eliminate the

VEP completely, but enough to reduce it significantly, and ,

it would appear from the results of the present experiment ,

that the degree of VEP reduction might be related to the degree

of bounding of the first stimulus by later ones. This

exc itatory—inhibitory hypothesis may explain the VEP attenuation

and the visual masking observed in the present experiment , and

the earlier ones of Vaughan and Silver st e in (1968) and

Andreass i et al. (l976a). The results of the present experi—

1 ment emphasize the importance of closely adjacent contours in

prod ucing masking and VEP attenuation. Previous studies

have shown that masks of greater area than targets , spatially

I removed , do not have significant masking or VEP effects (e.g.,

I 
Andreassi et a1. 1976b , Experimen t II).

There are a number of lines of evidence which would seem

to lend support to a cortical excitatory—inhibitory interaction

hypo thesis. For example , retinal projections are topograph—

II

1’ 
_ _ _ _ _  
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ically organized a t the level of the visual cor tex , suggesting

that patterns of light at the retina are translated into

impulses at the visual cortex with elements of each pattern

holding the sa me spa tial rela tionship a t the two areas (Ruch ,

1965). Also, lateral inhibitory activities take place at the

retinal level since impulses from a receptor are reduced in

rate when neighboring receptors are simultaneously stimulated

(Har tline , 1969). That lateral inhibitory effects can take

place at the visual cortex is suggested by Hubel and Wiesel ’s

(1959 , 1962 , 1968) s tudies in which they have iden ti f ied

cor tical cells of a s imple , comp lex  an d h y p e r c o m plex var iety

wh ich are involved in both inhibitory and excitatory activities.

Finally, experiments to test the feasibility of visual cortical

prostheses with blind patients provide some suggestive evidence

that lateral inhibition can take place in the human brain

(Brindley & Lewin , 1968 ; Dobelle & Mladejovsky, 1974).

Ele ctrically produced phosphenes , or sensations of light , seemed

to interact when two adjacent portions of the visual cor tex

were stimulated (Dobelle , Mladejovsky & Girvin , 1974).

Simultaneous or sequential stimulation of two adjacent areas

resulted in reports by patients of one phosphene instead of

two .

It is possible that the kinds of excitatory—inhibitory

processes proposed at the visual cortical level also occur at

• other locations of the visual system such as the lateral geni—

cula te nucleu , or the visual radiations , but we lack record ings

_ _  
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from these areas. The results from our study using surface

I electrodes indicate that increasing amounts of target—mask

I 
contour interaction results in increased amounts of VEP

ampl itude attenuation and subjective backward masking.

I .
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I

Ex per imen t III: Backwa rd Mask ing Prod uced by Cor ner
Con tours and its Effect on the VEP

This experiment will examine the effects of two mask

sizes upon perception and the VEP. 
- 

The mask sizes will repre-

sent 29% and 57% of the target area as compared to 68% and

97% in Experiment II. Another difference involves the mask

locat ion , i.e., they appear in such a manner that they border

either two or four corners of the target. Thus , the basic

quest ion here concerns the effectiveness of mask area and

or ientation on perception and the VEP .

METHOD

Subjects: The subjects were three male and three female

students and faculty associated with Baruch College of the

City University of New York. None had visual defects other

than myopia (corrected to at least 20/30).

A~ppara tu s and Proced ure: The appara tus and proc edure f or

ob taining the VEP and BOG were the same as in Exper iments I

and II. The stimulus conditions , however , dif fered in the

follow ing manner: the stimuli were displayed on a Digital

Equ ipment Corp. VR—14 which was mounted at the subject ’s

eye level ou tsid e the Chamber at a distance of 51 inches

(129.5 cm). The VR—l4 CRT was con trolled by the PDP—8/E

digital computer which was programmed to deliver stimuli at

spec ific times and locations upon the CRT . There were three

F

_ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _  
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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conditions comprised of (5 x 7) Grids and Lines that bounded

I the Grids at the corners:

I 
Condition A— One Grid on the screen for 20 milli-

second s (msec) (ON time of 20 msec)

Cond ition B— One Grid on the screen for 20 msec

fol lowed by Lines that bo unded the

Grid at two corners 60 msec later (ON time

of 20 msec , OFF time of 60 msec)

Cond ition C— One Grid on the screen for 20 msec

followed by Lines that bounded the

Grid at all four corners 60 msec

later (ON time of 20 msec , OFF

time of 60 msec)

In every instance , there was always 1000 msec between

each set of stimuli. For example , the Gr id and fo ur corne rs

were p resen ted in ra p id success ion, f o l l o w e d  by a pa use of

1000 msec before the next presentation of the Grid and corners.

The spatial arrangement in which the stimuli appeared upon

• the screen is represented schematically in Figure 1. The

I empty circles represent the Target stimuli , while the f illed

circles show the form of the Masking stimuli presented after

1 the Target.

I The single 1.0 cm square Grid produced a visual angle of

28 ’ of arc in Condition A. In Conditions B and C the visual

I angle of the corner masks was 40’ of arc. Therefore , in all

cond itions the presen tations of the Targe t and Mask were

I
I
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Figure 1 - Sch..stic of tar gets (open circles) and masks (closed circles)
as they app eared under the thre e condition.. The targets were
always presented first , followed by the masks in th. spatial
orientations ind icated .
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f o v e a l .  A single  Gr id produced an intensity of 1.39 mL

when measured at a distance of 2.54 cm from the CRT screen

surface with a Tektronix J—l6 digital photometer (with the

display intensity control set to maximum). The intensity of

the masking corners in Conditions B and C were .93 mL. Thus ,

in Conditions B and C the Target intensity was greater than

th at of the mask.

The stimuli appeared in locations at the center of the 7”

(17. 8 cm) high by 9” (22.9 cm) wide CRT screen. A small luminous

fixation point 1/8” (.32 cm in diameter), placed 1/2” above the

center of the stimulus array, was used to give subjects a

position upon which to focus their eyes between presentations.

The subjects were asked to focus directly below the

fixation point between and prior to the start of presentations.

They were  ask ed to silen tly count the number of presentations.

The subjects were asked to avoid excessive movement or eye

blink during presentations of stimuli. In the experiment

prop er , 100 presentations were given, at the end of which

subjects were asked to draw what they saw in any single presenta—

tion.

The three  condi tions were co mple tely co unt e rba l anced

ac ross  six subjec ts , over a per iod of three  days , using a

Latin—Square design . Each subject was presented with each

condition six times during the course of three experimental

sessions , for a total of 18 trials and 18 VEP traces from 0 .
z

Th is me thod proved u s e f u l  in reduc in g fa tigue wh ile also
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increasing the amount of data collected on each subject.

RESULTS

A summary of the perceptual reports indicates the

following for each condition :

Cond ition A— All six subjects saw one Grid (one

Gr id p res ent ed)

Cond ition B— Three subjects saw two corners plus

fragmen ts of a Grid and three subjects

saw two corners only (one Grid and two

corners presented)

Condition C— Two subjects saw four corners and frag-

ments of a Gird and four subjects saw

f our corne r s  only  (one Gr id and f o u r

corners presented)

Th us , all subjects saw what was expected in Condition A ,

wh ile three subjects experienced complete masking under

Condition B and three reported partial masking. The reports

~.r Condition C indicated complete masking in four individuals

and par tial masking for the other two.

Did these perceptual effects have VEP correlates? This

ques tion must be answered through an analysis of the VEPs with

respect to both amplitude and latency. The mean amplitude

was computed on the peak from N2 to P2. Latencies were

compu ted for the P2 peaks. The N2 and P2 components

were identified as described previously in Experiments I and II.

• • 
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r Table 1 shows the mean amplitude for the N2—P2 component

I across six subjects for Conditions A , B and C. Figure 2

depic ts the amplitude data for N2—P2 .

Table 1

I Mean Amplitude (pV) for the VEP Component
N2—P2 , Cond itions A , B and C

(N — 6 )

Cond ition
VEP

Com ponen t A 2.

N2—P2 8.50 6.75 5.82

Table 2 shows the mean latency for the N2 component

across  six subjec ts fo r  Cond itions A , B and C. Figure 3

dep icts the data in Table 2.

Table 2

Mean Latencies (msec) for P2 Component
Cond itions A , B and C

(N — 6)

I
• Condition

I VEP
I Component A 8 2.

P2 205 207 204

I The mean amplitude and latency data for the P2 component

were tested for differences between conditions using t—tests

for correlated data.

r The results of the t—tests for P2 amplitude were : A vs.

( I
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B (t — 2.42 , p > .05, 5 df); A vs. C (t — 3.39 , p4 .02, 5 df);

B vs. C (t • 1.98, p) .05, 5 df). Thus , the major VEP com—

I 
ponent P2 to the target stimulus showed significant attenuation

when it was followed by a four—corner mask. The results of

I the t—tests for the P2 component o~ the latency data showed

tha t none of the comparisons were significant (p ) .05, 5 df).

Figure 4 shows the superimposed traces of one person (M.L.)

for one day. This subject had a mean P2 amplitude of 9.OO 1zV

under  Cond ition A , 6.33 /ky under Condition B, and 6.75~,~aV

F under Condition C.

• DISCUSSION

The res ults of the p r e sen t ex per imen t show tha t a mask

wh ich is 57% of target size can produce perceptual effects and

VEP amplitude attenuation (Condition C). In Condition B, where

the target was bounded at only two corners , mask ing was no t as

eff ective and the VEP to the target did not decrease signifi—

• cantly. (In Condition B the mask was 29% of the target area.)

These res ults are similar  to those of Va ughan and Silvers tein

(1968) who repor ted attenuation of the VEP amplitudes to foveal

stimula t ion dur ing me tacon tras t suppress ion , to Andreass i e t

al. (1976a) who repor ted VEP amplitude attenuation using a

backward  mask ing parad igm , and to Ex per imen t II of the presen t

repor t.

The major d ifferences in the present experiment when

compared to Exper imen t  II  are t h a t  (1) the  mask  was placed at

I I the  co rne r s  of the  t a rge t  s t i m u l u s  as opposed to the mask

•
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1

bounding the target along the length of its contour , and

1 (2) the masks were 292 and 57% of the target area while in

‘ 
Experiment II, the masks were 68% and 97% of the target area.

Th us , it is not only possible to achieve perceptual masking with

masks which cover less area than targets , but it is also

possible to obtain significant VEP attenuation associated with

such perceptual effects.

A poss ible explana tory  me ch an ism pro pos ed f o r  ear l ier

findings (Andreassi et al., 1971, 1974 , l976a) may at least

par tially account for the findings of the present experiment.

That is, when a stimulus is presented to the visual system , it

results in excitation at the cortex. When similar stimuli follow

the initial one closely in time and space , ad jacen t are as of

the visual cortex are stimulated , resulting in a reduction in

response to the first stimulus. This inhibitory activity is

not sufficient to eliminate the VEP completely, but enough to

V 
reduce it significantly. Thus , in Condition B the inhibitory

ac tivity produced by the two masking corners was not sufficient

to significantly decrease the VEP . The two—corner mask , there—

I f o r e , may not have produced sufficient contour interaction in

I 
the visual system to significantly reduce the yE?. In Condition

C the con tour in terac tion produced  by the fo ur cor ners was

I sufficient to decrease the VEP to the target stimulus. We

propose that this inhibitory activity occurred at the level

of the visual cortex in a manner outlined in our discussion

of Exper iment II.
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‘ 
Experiment IV: A Comparison of Corner and No Corner

Con tours as Masking Stimuli

In the previous experiment (Experiment XII) we

examined the effects of two corners versus four contours

as mask ing stimuli. The two—corner masks (upper left and

lower r igh t ) led to par tia l percep tual mask in g ,  but no

significant VEP amplitude decrease. However , four—corner

masks produced perceptual masking in all subjects and a

• correspond ing decrease in VEP magnitude. The two—corner

L mask was 29% of the targe t area , while the four—corner mask

occ upied 57% of the target stimulus area. Thus , the area of

the mask , or amo un t of con tour in terac tion be tween targe t

and mask , was related to both degree of perceptual masking

and VEP decrement.

- The question to be addressed in the present experiment

concerns the relative effectiveness of similar area corner

and non—corner stimuli as masks. That is , if a mask is

I constructed to interact with four corners of a target will

I it be mo:e or less effective than a mask which interacts with

V the target at points other than the corners? Both corner

I masksand non—corner masksare designed to occupy an area

equ ivalent to 57% of the target area. Thus , in no case is

the mask greater in area than the target ,

S
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I METHOD

Sub jec t s: The sub jec t s were three  male s and thr ee f emales

1 associated with the City University of New York. None had

any visual defects other than myopia (corrected to at

I least 20/25).

Apparatus and Procedure: The subjects were seated in an

elec trically shielded sound—attenuated room (IAC Chamber).

The VEP was ob tain ed f r o m  0 and the proced ure f o r  ob ta in ing

it was identical to that used in the previous experiment ,

except for the specific stimuli used. The stimuli were

V displayed on a Digital Equipment Corp. VR—1 4 CRT which was

• mounted at the subject ’s eye level outside the IAC Chamber

at a distance of 129.5 cm (51 inches). The VR— 14 CRT was

c o n t r o l l e d  by the PDP 8/E dig ital comp ut er and was p r o g r a mmed

to deliver stimuli at specific times and locations upon

the CRT . There were three conditions:

• Cond ition A — One grid on the screen for 20 msec

(ON tim e of 20 m a cc )

I 
Cond ition B — One gr id on the scree n fo r  20 msec ,

fo l lowe d by f o u r  s u r r o u n d i n g  lines ,

40 msec af ter the grid disappeared.

(ON time 20 msec , OFF time 40 m sec)

1 Cond ition C — One gr id on the screen f o r  20 msec ,

I 
followed by lines tha t bounded the grid

a t all f o u r  c o r n e r s,  40 msec af ter

I the grid disappeared (ON time 20 macc ,

OFF tiem 40 msec)

-5, 
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In every  ins tance , there  was a lways  1000 msec be tween

each set of stimuli. For example , a gr id and four corners

we r e pre sen ted in rap id succession , fo l l owed  by a paus e of

1000 macc before the next presentation of the grid and

corner comb ination.

The spa t ial a r rangemen t in wh ich the stimuli appeared

upon the CRT screen is represented schematically in Figure

1. The empty circles represent the target stimuli , wh ile

the f illed circ les  show the f o r m  of the mask ing stimul i

pr esented after the target.

The single 1.0 cm square grid produced a visual angle

of 28’ of arc in Condition A. In Condition B the visual

angle of the masking corners covered an extent equal to 42’

of arc while non—corner masks covered 40’ of arc in Cond ition

C. Therefore , in all cond itions the presen tation of the

targe t and mask did not exceed foveal extent , since the

foveal is estimated at 2.5 degrees of arc (Ruch , et al.

1966). A single grid produced an intensity of 1.39 mL when

measured at a distance of 2.54 cm from the CR1 screen

surface with a Tektronix .1—16 digital photometer (with the

V display intensity control set to maximum). The intensity

of the masking corners in Condition B and C were .929 mL.

Thus , in all conditions the target intensity was greater

than the mask intensity.
I ~~~

-

-

The stimuli appeared in locations at the center of the

7” (17.8 cm) high by 9” (22.9 cm) wide CRT screen. A small

I
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luminous fixation point 1/8” (.32 cm) in diameter p lac ed

1/2” above the center of the stimulus array, was used to

give subjects a position upon which to focus their eyes

be tween presentations.

The instructions asked subjects to focus directly

bel ow the f ixa tion po in t be tween and pr ior to the star t of

presen tations. They were asked to silently count the number

of presen tations. The counting procedure was used to help

insure subject concentration in this tedious task. The

r e c o r d i n g  from 0 sho uld cancel the poss ible in f l u e n c e  o f

language functions (counting) upon the VEP since it is over

the juncture of left and right hemispheres. The subjects

r were asked to avoid movement and eye blinking during presenta-

tions of stimuli. In the experiment proper , 100 presentations

wer e given at the end of which subjects were asked to draw

what they observed in any single presentation.

The three cond itions were completely counterbalanced

across six subjects , over a per iod of three days , us ing a

Latin—Square design. Each subject was presented with each

cond ition six times during the course of three experimental

sessions , for a total 18 trials and 18 VEP traces from 0
I

his method proved useful in reducing fatigue while also

increasing the amount of data collected on each subject. V

I

.•
~~~ 

- -

— - 
—‘

~~ 
T~ . .  V



—49—

RESULTS

A summary of the perceptual reports indicates the

follow ing for each condition:

Cond ition A — All six subjects saw one grid

(one gr id pres en ted)

Condition B — All six subjects saw four lines

(one gr id and f o u r  line s p resen ted)

Condition C — All six subjects saw four corners

(one grid and four corners presented)

Thus , all subjects saw what was expected in Condition

A , and all subjects experienced complete perceptual masking

under Condithns B and C.

The mean amplitude and latency data were computed as

in the previous experiment. These data are presented in

Tables  1 and 2 and are gra ph ica l l y  re p r esent ed in Figures

2 and 3.

Table 1

Mea n Ampl itu d e (M icrovol ts) fo r  the
VEP Componen ts Nl—Pl and N2—P2 Under

Conditions A , B and C

I
Cond itions

VEP
Com ponen t s A B C

Nl—Pl 5.30 5.70 5.60 V

N2—P2 11.38 7.87 7.47

1
I

P t

_ _ _ _ _ _ _  

_ _ _ _ _ _ _
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Table  2

Mean La tency (M ill isec onds )  of VEP
Componen ts , P1 and P2 Under

Cond iti ons A , B and C
(N — 6)

Cond itions
VEP

Comp onen ts A B C

P1 128 138 132
P2 225 217 216

The data for one VEP component (N2—P2) were subjected

to analysis by t—tests for correlated data (two—tailed

criterion , 5 df). The results of the tests for the

ampl itude da ta , N2—P2 component were: A vs. B (t 2.85,

p .05); A vs. C (t 4.05, p < .01) and B vs. C (t .73,

p > .05). The latency comparisons yielded no significant

findings (p > .05).

The sup er imposed t r aces fo r  one sub jec t , R. K., are

shown in Figure 4. This subject had a mean P2 amplitude of

15.25 MV under Conditon A , 10.80 1V under Cond ition B , and

10.90 pV under Condition C.

DISCUSSION

The resul ts indicate that the non—corner and corner

stimul i were  equa l l y e f f e c tive in p roduc ing pe rcep tu al mask ing

and attenuation of a major VEP component (N2—P2). This

componen t (P2) occurred at approximately the same latency

fo r  all three cond it ions (200 macc )  ind ica t ing tha t response

latency to the target stimulus was not affected by the mask ,

V __ -~~~ 
~~~~~~~~~~~~~ - V - 

V • 
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even though the VEP to the target was attenuated. The

I fact that there was no significance in N2—P2 amplitude with

the corner vs. non—corner mask also attests to the similar

effec t which both had on the decrement in N2—P2 amplitude.

Th us , con tour in terac tion be tween targe t and mask a t

the non—corner location is as effective as the corner

location in producing perceptual and VEP effects. The

bas ic explana tion fo r  the VEP and perce ptu al change is the

same excitation—inhibition hypothesis proposed in explication

of prev ious experimental results.

I
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I Expe r imen t V : Targe t Mask ing by V isual No ise and
VEP Attenuation

The backward  mask ing pa rad igms  stud ied to da te in

th is laboratory have involved patterned targets and masks.

The ques tion to be addressed  here is the e f f e c t of an

unpatterned mask* upon percept ion of , and VEPs genera ted by ,

a p a t t e r n e d  ta r g e t .

A brief enumeration of the target—mask stimuli which

have produced perceptual masking of and VEP attenuation to

L the targe t stimulus is as f o l l o w s :

[ 1. Disc—ring paradigm (Vaughan & Silverstein , 1968).

2. Single sequential stimuli (Andreassi et al., 1971,

1 1974).

I 3. Multiple sequential stimuli (Andreassi , et al.,

1976)

I The findings from these studies led to the conclusion

tha t var ia tions in the type of mask ing stim ul i u sed prod uce

I d if f e r e n tial e f f e c ts in terms of the st reng th of backward

masking. The purpose of the present study was to determine

the effect of an unpatterned mask on the perception of a

I t a r g e t  s t i m u l u s .  Ther e are  two bas ic  r e s e a r c h  q uestions:

1 *The usage of unpatterned mask as used here refers to
a random arrangeme nt of elements as shown in Figure 1.

I
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(1) Wha t effect will the unpatterned mask have on the

perception of the target? and (2) How will the event

I re la ted v isual po ten ti al , r ec ord f r o m O~ (occ ip it a l )  C
~

(cen tra l )  sc a lp loca tio ns , be a f f e c ted?

I METHOD 
-

I Subjects: The subjects were eight males and two females

associated with the City University of New York. None had

visual system defects other than myopia (corrected to at

least 20/25).

Apparatus and Procedure: Subjects were seated in an electri—

r cally shielded sound—attenuated (IAC Chamber). All experi—

LV 

men tal sessions were conducted with the lights d immed.

t In order to obtain the averaged cortical evoked potential ,

V 
the elec troence pha logra m (EEG )  of each sub jec t was r ecorded

f r o m  O~ and C~ (“Ten—Twen ty ” Sys tem , Jasper , 1958) wit h

Grass silver cup electrodes referenced to a silver clip

electrode on the subject ’s lef t ear lobe. A Beckman Type

V 

RM D y n o g r a p h  R e c o r d e r  was used to r eco rd  the EEC and a

V 
Mnemotron Computer of Averaged Transients (CAT 1000) was

used to obtain the averaged evoked potential. The subject

was grounded by means of an electrode attached to the right

ear lobe lead ing to “pa tient ground” of the Beckman Dynograph.

The 9806A coupler of the Dynograph was used to condition

the EE C s ignal  (ban dpass  set at 0.5 to 32.0 Hz). The

1 filtered and amplified signal was then fed into the CAT .

g A “start ” signal from a PDP—8/E digital computer triggered

IV 1(
p .  ___________________________________________ ____________________________________________
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‘I

P 
the CAT to take EEG samp les every 0.5 msec duration following

the presentation of each stimulus to the subject. After

I 
100 stimulus presentations , the summa ted VEP respo nse s f r o m

CAT memory were plotted by a Hewlett—Packard X—Y Plotter.

The electro—oculogram (EOG) was measured by a separate

chann el of the Beck man D y n o g r a p h  and averaged  by the CAT as

a check on pos8ible distortions of the VEP due to excessive

V eye movement or eye blink. None of the trials had to be

repea ted because of VEP contamination by EOG.

The stimuli were displayed on a Digital Equipment

Corp . VR—1 4V ’wh ich was mounted at the subject ’s eye level

t. outside the Chamber at a distance of 54 inches (137.2).

The VR—14 CRT was controlled by the PDP—8/E digital computer

wh ich was p rogrammed to de l iver  stimul i a t spec if ic times

and locations upon the CRT . There were two conditions:

Condition A — One target letter “T” on thep 
screen for 20 milliseconds (msec)

Condition B — One target letter “T” followed

by an “Unpatterned Mask.” (See

Figure 1.) The “Unpatterned Mask”

- was presen ted 40 macc af ter the

ta r get “ T” d i sappea red  f r o m  the

screen .* V

Thus ,  all of the stimuli were on the screen for 20 msec ,

*Dj sappea r an ce  was v i r t u a l ly  immedia te  (50 sec) w i th
the brief persistence P24 phosp hor spec ia l ly  ins tal led in
the VR— 14.
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Figure 1- Sch~~~tic of conditions A and 1. In.~c.ndi tton I the unp.tt.riwd
1 .k always followed th tar get CT) and overlapped it spatially.
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and there  was an ISI of 40 msec , i.e., 40 macc in tervened

be tween the d isappea r an ce of one s timu lus and the

appearance of the next upon the screen. In every instance

there was always 1000 msec between each stimulus set. For

example , a ta r get T and it s accom pany ing Unpa tt erned Mask

were p resen ted in rap id success ion , fo l lowed by a pa use of

1000 msec , af te r wh ich the nex t se t o f T and Unpa tt ern ed

Mask appeared. The luminance of the 1 cm square T was

2.04 mL (measured at the distance of 2.54 cm with a

Tektronix J 16 Digital Photometer) and produced a visual

angle of 26 mm of arc. The Unpatterned Mask measured 2.32

V 
mL ai~~prod uced a v isual ang le of 39 mm of arc in he igh t

and 1 deg 31 mm of arc in length.

The stimuli appeared  in loca tions a t the cen ter of

the 7” (17.8 cm) high by 9” (22.9 cm) wide CRT screen. A

small lum inous fixation point 1/8” (.32 cm) in diameter ,

placed 1/2” above the center of the stimulus array, was

used to give subjects a position upon which to focus their

eyes be tween presentations.

The instructions asked subjects to focus directly

below the fixation point between and prior to the start of

presentations. They were asked to silently count the number

of presen tations. The counting procedure was used to help

insure subject concentration in this tedious task. The

record ing from O~ should cancel the poss ible in f l u e n c e  of

language funct ions (counting) upon the VEP since it is over

¶ V 
V V V ~~~~
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the juncture of left and right hemispheres. The subjects

were asked to avoid excessive movement or eye blink during

presentations of stimuli. In the experiment proper , 100

presen tations were given at the end of which subjects were

asked to draw what they saw in an5r single presentation.

The two cond ithns were counter—balanced in an ABBA—BAAB

sequence in one experimental session. With the single

exper imen tal sess ion each subjec t was p resen ted with each

condition four times for a total of eight trials and eight

VEP t races f r om 0 and Cz z

V RESULTS

The perceptual reports and diagrams produced after

each cond ition ind ica ted tha t in Condi t ion A all subjec ts

saw the target letter “T” and in Cond iti on B all sub jec ts

saw the unpatterned mask only. These results indicate that

comple te perceptual masking took place under Condition B.

The question now arises as to whether these perceptual

results have VEP correlates. This question can be answered

through an analysis of amplitude and latencies. The mean
V 

amplitudes and latencies for each of the major VEP components

(Nl—Pl , N2—P2) were computed for each cond ition over all

subjects from the X—Y traces , as outlined in Experiment I.

) The mean aeplitude of the various VEP components obtained

fo r  each stimulus , ac ross the ten s u b j e c t s , are shown in V

Table 1 for 0 and C and are illustrated in Figures 2 and 3.
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Table  1

Mean Ampl itude (uV) for Major VEP
Componen t s , Conditions A and B

(N — 10)

VEP 0z
Components Conditions Conditions

A A I
Nl—Pl 7.5 5.8 4.3 3.9
N2—P2 9.9 6.3 7.9 6.6

V 

The mean latencies for the various VEP components are presented

in Table 2 and illustrated in Figures 4 and 5.

Tabl e 2 
V

Mean La tency (m ac c)  f o r  Ma jor VEP
Componen ts, Cond itions A and B

- I. ( N— b )

VEP Oz C
~Com ponen ts Cond itions Condi tions

A I A I
P1 130 140 154 176
P2 223 227  259 269

The data in Table 1 indicate greater amplitude VEPs

to the unmasked target (Condition A) than to the masked

target (Condition B) especially for the N2—P2 component.

Th e da ta  fo r  one VEP component* (N2—P2) were subjected to

*The N2—P2 componen t has proven to be the most consistent
and re l iab le  of the  VEP measures  under  the  cond i t i ons  descr ibed
in th i s  r e p o r t .
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analysis by t—tests for correlated data (two—tailed

I criterion , 9 df)). The results of the t—test s for this

I component were: for the N2—P2 component at 0 A vs. B

(t — 5.98, p ~ . .001). This same comparison at C~ was no t

I significant (p ) .05). The t—test comparisons between

and C for the N2—P2 component (A vs. A , B vs. B) were nota
significant (p ) .05). The latency data for both O~ and C~

did not yield significant values (p~~ .05). However , the

vs. C~ compar ison f o r  the P2 componen t d id prove

} significant. Specifically, A vs. A (t = 2.88, p < .02) and
V 

B vs. B (t — 3.86 , p < .01).

‘ Thus the major VEP components N2—P2 showed significant

VEP ampl itu de a tt enua tion under  C.ond iti on B (when the targe t

was f o l lowed by a no ise mask) , when compared to Cond iti on A

(target presented alone). Therefore , backward  perce ptu al

masking was accompanied by VEP attenuation. Also , the P2

com pon en t o f the la tency da~ a showed that there was a

significant delay between 0 and C
~ 

f o r  the time taken to

process the stimulus information (i.e., the P2 compone nt

t. at C occurred later than the P2 component at Os).

Figure 5 shows the superimposed traces for one person

1V (JAG) for one day at both O~ and C~~. The mean P2 ampl itude

for this subject at O~ for Condition A was 11.38 JIV , and

6.25 j~V under Condition B; at C for Condition A , 9.75 jiV

f and Cond it ion B , 5.88 pV.

V t .
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D I S C U S S I O N

I
The results of the present experiment show that the

N2—P2 (response to the target) component did occur at both

and C .  Even more importantly, the res ul ts show tha t the

response  to the targe t under  Cond itio n B was sign if ica nt ly

attenuated in amplitude as compared to Condition A at O~~•

For Cond ition B at C the response to the target did notz

show a sign if ican t de crea se in amp litude. These results are

simi lar to those of Va ughan and S ilverstein (19 68) who
V reported attenuation of VEP amplitude t, fovea], stimulation

and Andreass i et al. (l976a) who reported VEP amplitude

attenuation using a backward uasking paradigm . An ’reassi

et al. (l976b) found that the amount of VEP attenuation was

rela ted to the amount of contour interaction between target

and m ask , i.e., the greater the amount of contour the larger

the decr~ ase in VEP amplitude.

Pos5- ible explanatory mechanisms of the present results
(

come from the exc itatory—inhibitory action of the stimulus

at the cortex. When the target stimulus was presented to

the visual system it resulted in a certain amount of neural

excitations (Condition A). When the target stimulus was

followed by the noise mask (Condition B) adjacent as well

as overlapping areas of the visual cortex were stimulated.

The e f f e c t  of this later coming stimulation was to reduce

V the amount of excitation to the target stimulus , i.e.,

V 
V 
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V 
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inhibition was produced. This inhibitory activity is not

enough to eliminate the VEP entirely but enough to signifi—

cantly red uce it. In fact , the am oun t of VEP dec rease

shown here was greater than that observed in prior experi-

ments in which other types of masking stimuli were used.

For example , compare the VEP attenuation produced in the

present experiment with that produced in Experiments III

and IV of this report. The reason for this may be that

the unpatterned mask not only bounded the target spatiall y ,

but also overlapped it at many points. The combination of

bound ing plus overlap probably accounted for the very

effec tive mask characteristics demonstrated in terms of

both perceptual reports and VEP amplitude decrease. V

~ The finding that the N2—P2 component at C
~ 

d id not show

significant amplitude attenuation may be explained by the

fact that the primary visual projection area is located at

(over the occipital cortex) and that the responses at C~

are more diff use in nature (i.e., responses  to aud ito r y ,

vis ual , and soma to~~nsory  stimul i can be recorded  f r o m  th is

site). At the present time the authors are not aware of

any othe r studies of visual masking and the VEP correlates

of this phenomenon that have recorded the VEP from the C~

scalp loca tion. The fact that the primary visual response

is recorded at O~ and that the response at C~ is more

f diffuse may also explain the delay in the P2 component

(
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at C
~ 

for Cond itions A and B. The longer P2 latency may

reflec t additional or later information processing of the

stimuli at C as compared to O
~~
. This speculation as to

the reas on f o r  the de lay  a t C can onl y ga in suppor t by

I 
Z

f u r ther stud ies of backward  visual mask ing us ing scalp

I loca tions tha t include  0 and Cz 2

In summary ,  the findings of the present experiment

answer the research questions asked . Namely ,  the unpatterned

V 
mask did produce masking of the target. This was evidenced by

V the significant decrease in the N2—P2 component at 0~ when

/ the target was followed by the unpatterned mask. These

1. 

findings were discussed in relation to an excitatory—

inhibitory interaction hypothesis. The delay in P2 at C~

compared to O~ was rela ted to the f ac t tha t 0
2 is the

primary projection area for visual stimuli. It was specu—

lated that delays at C2 may reflec t further information pro—

cess ing a t th is cen tral area  compared to tha t accompl ished

V V~~ at the primary projection site.
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p.,

I NOTE

I
Schwar t z , M., Whittier , 0. N. and Schweitzer , P. K. AERs

and perc epti on:  AERs to re t roac tively  masked stimul i do
no t corre la te with d iscr imina tion p e r f o r m a nce (personal

f commun ica tion , 1977).
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disinhibited.\ The disinhibition occurs when the target is clearly per-
ceived becaus14 of the action of a third stimulus on the second. There was
a signific3.zrt trend toward a larger amplitude VEP to the target when it was
disinhj~b.tted. More research work is needed in this area since so little
infor~ation is available on the brain response to disinhibited or recovered
stimuli. -

~I In Experiment II, the effects of continguity of target (initial) and
mask (later) visual stiimili on backward masking and t~b~e Y  examined.
However, the area of ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ it was either 687. or
of the target’s area.S~ Significant VEP amplitude decreases occurred when
the target was followed closely in time by either of the masks.

Experiment III tested the effects of differing numbers of corner
tnasks on perception of , and VEP to, the target stimuli. Two-corner masks
(upper left and lover right) led to partial mas , Ut no significant
VEP amplitude decrease. Pour-corner ~~ska produced more complete masking
in all subjects~,,-afld a corresponding significant decrease in VEP mag-
nitude. - Thi two-corner mask was only 297. of the target area, while the
fou~-Corner mask occupied 57Z of the area covered by target stimuli.

‘-~~ln Experiment IV we asked whether corner masking stimuli would bemore effective than non-corner masks ‘with respect to effects on perception
and the VEP. Both corner and non-corner masks doccupted less area than the
target stimuli (5Th)~) The two mask types were equally effective in pro-
duc backward malking and attenuation of the N2-P2 component of the VEP.

The fifth experiment examined the effects of a ~“randomly’~~~enera ted
noise pattern on a target. The target was a letter T and the mask over-
lapped and crisscrossed the T at many points along its contour.. The random
visual pattern proved to be a very effective mask perceptually and also
led to sharp decreases in yE? amplitude.) A delay was found for P2 latency
at the C5 (Central) location a~ compared to the O,~ (Occipital) area. This
was related tø ~~~ fact that O~ is the primary projection area for visual
stimuli.’~ Thé general finding of VEP attenuation with backward masking
was interpreted in terms of excitatory-inhibitory interactions at the visual
cortex which occur when later presented stimuli bound, or spatially overlap,
earlier presented target stimuli.
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