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ABSTRACT
SN Fecent mvestlgatwns of the visual evoked potentmi (VEP) and monoptlc
;.mackward magking have found inconsistent results. Dnlg one mvestlgatwn \
: wmch included dh.hoptlc masking found no change in the VEP durmg
masking. '

| Four subjects parf’icipated in the presen‘t study to determine the extent'
to which parafoveal metacontrast shows an mteractmn of target and mask
responses in the VEP, as mdlcated in some of the previous investigations.
-Monoptic and dlChDDth wewmgcondltmns were used in this investigation.
The stimulus conf%gur;{ion consisted of 3 adjacent s'quar"es, the rﬁiddl‘e one
served as the target and the 2 outside ones as the mask. N

Ina pﬂot study, several electrode Ieeatlons were exammed ‘
Placements along the mldhne showed snmlar results, however, veFtex and
frontal locations showed the smallest visual reshonses. Temporal Iocations
 showed no significent visual response. |

The VEPs for the;present study were rec‘orded' from 2 midline electrode
locations 2.5 cm and 6 cm above the inion. VEPs were recorded for 5
stimulds onset asynchrony (SD'A) conditions ranging from simultaneous
target and mask presentation to approximately 220 ms. The YEPs from botﬁ
electrode sites, showed an im"tial negativenﬁehk 100 to 120 ms and positive
peak 168 tp 213.ms following stimulus onset. Separate VEP records we;'e
taken with the target presented alone, the mask presented alone and both
presented together for all 5 S0A condltlons ]

The target alone VEP responses were added by computer to the mask
alone VEP responses for all SOA conditions. This composite was subtracted
from the VEP that was recorded from the scalp-with both stimuli presen‘ted.'

The residual waveform showed a negative component that corresponded to



iv
the ﬁositive t_:ompon‘en‘t occurring in the mask alone response forrafll' SOA
values. Correlations between the lé;encg of the negative componernt in the
residual’and,the l’a-tencg of the positive mask alone component were all
greater {han 966 for both mbhoptic and dichoptic viewing conditions.
| This result }'aises 8 qUesti’on concerning whetherjor not perpeption 18 (
mediated by the occipital cortex, since the masking of the target, apparent

in perception, is not apparent in the bcc’iptalﬁparietal VEP.
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I. Introduction " * -

Recent theories of visual perception have attempted to gain support
from neurological studies concer:ning the processing of visual information.
This notion indicates that, in the development of such theories, there is an
assumption of a prediczta:gler relationship between perception and
psgc’hophgsimogical measurement. However, this relationship is far from
straight-forward.\ stual masking is an example of a perceptual event that
has yet tg'show any consistent relationship between the perception, the
psychophysiological evidence, and the theory. In fact, consistency of the
findings is lacking in the current body of visuavl masking and
psychophysiological literature alone. This is primarily due to t.he
inappropriate grouping of different types of viéualb masking phenomena into
one‘categorg that typically occurs in studies that use psychophysiological
measures. Visual masking orcurs in different forms and shows different
psychophysical characteristic functions‘depending on the parameters
involved. Many backward maskirg studies which use comparable stimuli and.
procedures tend to yield similar results. This thesis will attempt yto
address thefproblems experienced in studies concerned with the
psychophysiological 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 with the

perception of another stimulus. When the perception of the fir‘st stimulus

TN
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subsequent stimulus (mask) , backward masking results. Metacontrast is a
special case of backward maskinﬁ.

According to Breitmeyer, (1984) masking nccurs usmg,a'v}é‘ﬁe’tg of.
stimuli as the target ang-the mask. Masking of light by lig"ht uses targets
and masks wrjir;h are superimposed flashes that consist of spatially um’for;m
fields. Masking of light by pattern employs stimuli that consist ofépatiallg
patterned forms or contours. The typical taf*get and mask configuration
used in metacontrast consists of a small disk as the target and a larger,
nonoverlapping concentric annulus as the mask. However other stimuli that
pf’eserve the spatia_] contiguity of the two stimuli without overlapping have
also been used successfully. An example of this kind would be a square or
rectangle of lighﬂt‘as the target and flanking squares or rectangles as the
mask, respectively. Backward masking functions exist in the following two
forms: a) Type A--the characteristic function is monotonic, in which
optimal masking occurs when the target and mask are presented |
‘simultaneously; and b) Type B--which is a non-montonic or UJ-shaped
runction in which maximal masking occurs when the stimulus onset

asynchrony (SOA) 1s positive, usually somewhere hetween 50-200-ms.
2. Major Paramsters

Even though Stigler is cred\ited as the first to investigate the
phenomena of metacéntrast as early as 1910, Alpern (1953) is usually cited
3s the first documentation of the U-shape function'(Breitmeger, 1984). The
stimuli employed by Alpern consisted of a rectangle as the target and two

flanking rectangles as the mask. Situated above the target was s



comparison rectangle. A fixation point separated the target and the

comparison stimulus. The subjéct‘s task was to change the’intensitg of the

_target so that the perceived intensity was equal to that of the comparisan

stimulus which maintained a constant luminance, for a variety of SOA

values, Alpern _founh that as S0A increased from a negative SOA in which
the target follows the mask, there was a "slight i‘nhibitorg effect” of the
mask on the target, known as paracontrast, however the magnitude of the

r'esulting metacontrast was much greater in amplitude Maximal masking

" occurred when the mask followed the target by 100 ms  After examining the

effects of several parameters, Alpern made the following conclusions

1) The effects varied with the lumir:anr:e of ‘the two contrast inducing
patches (mask). The magnitude of metacontrast increased as the luminance
of the contrast inducing patches increased.

2) As the duration of the térget increased the magnitude of the
masking effect decreased. Conversely 1ncreaéing the mask duraiion resulted
in increasing the magnitude of the masking until an optimal value was
reached. When the mask was S ms in duration, maximal masking occurred
with 8 5 ms. target and corﬁparison. V

3} Certain spatial characteristics were found to be important in o
metacontrast, such as the separation between the target and mask stirmuli
and shifting the fixation point. As the angular separation between the
target and mask increased, the maxima of the curves and the corresponding
area underneath them became progressively smaller Shifting the fixation
point had differing effects. First, when the subject fixated on the center of
the target, no-metacontrast occurred. As the fikation point was shifted to

the periphery of the retina, metacontrast began to occur and the farther the



distance between the center of the fovea and the target,fthé greater the
metacontrast effect. - | |

Alpérn concluded that certain p"arameters are imiportant in.
| metavcohtrast. These results led him to posrt_uiate ;] theo}'g 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 |
subjects manipulate the luminance of the target to maintain a subjective
match with the comparison stimulus. Unfortunately, Alpern did not realize
that the ratio' of the target-to-mask luminance was an important parameter
and that bg changing the target luminance, he was inadvertently changing
the function as well. Since Alpern, other researchers have continued to 1ook
at the major pa’rameters involved in 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 (1972), the primary
determining variable of the func\tion is the target-to-mask (T/M) luminance
ratioc, mentioned previously. when the T/M ratio is greater than or equal to
unity meaning the target is of equal or greater luminance than that of the
mask,_ type B or the U-shaped function is obtained. If, however the-T/M ratio
1s less then unity, the function shifts from igpe B to the type A monotonic

function.

A second variable important in determining the function is the content.

criterion of the task, or the stimulus dimensironﬂ upon which the subject

-



makes his/her perceptual judgement (Breitmeyer, 1984). Type B
metacomrast occurs when the céntent criterion involves the sluppressioh of
the brightness or co;ntraét of the target or of the contour or cﬁont‘our_ detail.

Rélated to the content criterion is the experimental task required oaf_
the subject. This is not unusual since differing tasks require the subject
use differin'g_‘informationbn which to make the judgement or perform the
task. Type Bﬂf}mctions have been obtained using choice reaction time such
as when the subject is required to respond as fast as possible to a8 number
of possible targets using the target's‘ figural properties (Eriksen & Eriksen,
1972) ’ ' |

.When simple detection is the criterion, neither type A or B functions
are obtained, simple detection does not vary as a function of masking
(Ferher and Raab, 1962; Fehrer and Beiderman, 1862). Schiller and Smith
(1966) also examined simple detectioh criteria in separate exﬁveri\méntsk
The first experiment used a target and mask of equal luminance and two
sepa‘rate measures of masking. The first measure was similar to Alpern’s
comparison method. However, instead of manipulating the target’s
lum'inance to match a consiant comparison stimulué, Schiller and Smith
required the subject to change the luminance of the comparisron stimulus to
match the target which was held constant. This modificetion sdsured the
integri'tg of the T/M luminance ratio as constant parameter.‘ At the SOA in
which maximum masking was obtéined Schiller and Smith indicated that the
subjects lost the target sufficiently so that no match could be made. The
target was virtually invisible. However, the other measure of masking was
that of 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.



Schiller and Smith’s method was an attempt to resolve Alpern's
problem uéing 8 variable comparison and constant target. However, a
subsequent investigation by Flaherty and Matteson (1971) directly compared
the two’ methods for obtaim‘n‘g the characteristic functioh of metacontrast.
The results showed that even though changing the luminance of the target
changed the péychophysical function it was, nevertheless, a more s'table and
less variable measure theh changing the compari's_on to match the target.
This occaurred gven when the luminance of the target was bright enough so
that the target was never lost even during maximal masking. |

In 8 second experiment conducted by Schiller and Smith (1966},
subjects were required to respond to the target that appeared randomly in
different locations. Again, RT was generally unaffected by masking.
However, when the luminance of the disk was set low compared to that of
the mask, slight type A masking did occur with maximum maskihg occurring

at the shorter SOAs and decreasing with increasing SOAs.

Several spatm characteristics are important in masking such as the
spatial separation between the target and mask found by Alpern and the size
- of the stimuli especially when retinal location-is taken into consideration.
Bridgeman and Leff (1979) showed that stfong foveal brightness
metacontrast could only be acheived with relatively small targets and
masks. Increasing the dimenvsions of the stimuli showed an inverse
relationship with the magnitude of foveal maéking. Such manipulations
during parafovéal metacontrast showed no such relationship.

A related point is that foveal masking is actually stronger thaﬁ
rparaf'oveal masking when the discrimination to be made concerns finer

contour detsil, however parafoveal is stronger whenithe response is to be



based on brightness suppression. Parafoveal masking also tends to
decrease the apparent motion typically experienced in metacontrast

suppression (Stroper and Banfy, 1977).

The final parameter to be included in this list is that of the viewing
condition. Metacontrast is obtained both monoptically and dichoptically.
Dichoptic masking occurs when the target is presented to one egé’atnd the
mask to the other eye. Alpern has been cited as not being able to obtain
dichoptic masking, in several sources, ( Kolers and Rosner, 1960; Schiller‘
and wiener, 1963; Schiller and Smith, 1966; Lefton, 19’73,— Breitmeyer,
1884). However,' in Alpern’'s original 1953 paper, the only referance that'
may be interpreted as a lack of dichoptic metacontrast is found in one

sentence with a corresponding one sentence footnote:

"Experimental attempts have been made to demonstrate
binocular metacontrast® and, although the data are limited,
gualitative, and inconclusive, under certain conditions such
effects have presumably been demonstrated... *The present
investigation failed to reveal any trace of binocular metacontrast
under g limited range of stimulus conditions.” (Alpern, 1953, p.

- 655). ’

without any details concerning the attempt to show “binocular
metacontrast” it's difficult to conclude that Alpern failed to show dichoptic |
\metacontrast. In spite of this problem with Alpern, other investigaiors '
have successfully demonstrated dichoptic metacontrast, using a variety of
stimulus configurations, (Toch, 1956 Kolers and Rosner, 1860; Schiller and
Wiener, 1963, Battersby, Oesterreich, and Sturr, 1964; Schiller, 1963,
Schiller and Smith, 1968; Weisstein and Growney, 1969; Turvey, 1973).



This is not an_exhaustive_list of the variables that have been
‘examined in the research on backward masking and metacontrast. However,
it is suf-ficient for the purpose of this thesis, which is to _exarﬁin’emthe
relationship between metacontrast and the correqunding visual _evoked

Y

potential that arises.
3. Current Theories -

~ The current theories concerni'ng masking fall into two general
categories; inhibition models versus summation models. -In past literature,
theorieé concerning metacontrast centered, almost exclusively, around some
type of inhibition mechanism because, perceptually, that is what appears to
happen. In some way the presentation of a sqbsequent stimulus (mask)
_affects the perception of the first stimulus (target). The second stimulus
is basi‘callg unaffected. However, as time prOgressed and research
continued to examine the. pakameters 1nvolved in masking,\the basic and

more simplistic theories gave rise to more complex ones.

" One of the earlies theories was based on research conducted by Stigler
(1910, 1913, 1926--see Breitmeyer, 1984), and later modified by Crawford
(1947). The overt‘ake-i-nh'ibition theory proposed that with a given stimulus
with 8 greater intensity than a previously presented stimulus, excitation of
the second may overtake ana suppress that of the first. This however does
not explain type B metacontrast since recent reseéfch has dempnstra{ed
that masking also occurs with targets that are equal and greater in
intensity than the mt_ssk. ~ Earlier theories incorporated other information

which subsequent research eventually failed to confirm. In spite of these
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~ obstacles, inhibition theories are the most p‘revalent and incorporate some

of the mechanisms proposed as early as 1926.

Current inhibition models areg;‘f‘og{nq‘in many different forms; a |
complete and thorough review of t;‘f’ti‘heories can by found in Breitmeyer
(1984, Chapter S, pp 136-161). The inhibition theory that provides
explanation of a majority of the masking research is that of Breitmeger and
Ganz (1976). | | ‘

Breitmeyer and Ganz's theory is neurologically oriented and is heavily

'dependen"t on the notion of transient and sustained channels. Transient and
| sustained channels are made up of X- and Y-cells, respectively, first
-described by Enroth-Cugall and Robson (1966). These cells differ alongf
severdl dimensions such as retinal distribution, spatiotemporal responses,
excitatory and inhibitory interactiqh and cortical and subcortical
projections. | ,
X- and Y-cells have been referred to sustained and transient cells
respectively, because of their differential responses to prolonged exposure
toa signwa\}e grating. The X-cells response is sustained throughout the
duration of the exposure whereas the Y-cells response shows a burst of
activity upon stimulus onset and withdrawal. In géneral, transient cells are
considered to be responsible for signalling location and presence of stimuli,
or their rapid changes of location, while sustained cells primarily signal
aspects such as brightness; contrast and contour.
Given the differences between transient and sustained channels,
Breitmeyer and Ganz make certain assumptions. The first assumption is
that bdth target and the mask stimulation activate sustained and transient

channels, the former channel exhibits a long latency while the latter

i 3



10

axhibits s short latency. A second assumption l} that masking may occur
one ﬁrep ways. The'first way is via intrachannel inhibition. Within a
class of channels (intrachannel); inhibition occurs as a result.of the

center- suri'oundv antagonism of the recppiive fields particularlg in sustained
channels. The second way masking mag occur is through inierchannel
inhibition particularly transient- on susiained channei inhibition The
third wag in which masking may occur is through the sharing of commaon
sustained or transient pathways by neiiral activity generated by the i.arget
and mask when they are §Ea)tiéllg overiapping.

In the case of spatially adjacent stimuli, as in metacontrast,
B,rei)tmeger and Ganz proposé that the transient activity of the mask and the
earliest sustained activity of the targét can-interact via mutual
interchannel inhibition. These are the mechanisms involved in
metacontrast. However, these mechanisms may be used to explain visual
maskingin all forms and as a result Breitmeyer and Ganz have developed 3
comprehensive and formidable theory of visual masking.

" The theory of visual masking that relies on a summation of the the two
stimuli does not share the rich and pervasive historg of that of inhibition.
However, inhibition mag riot be as compiete an explanation as one might
think. A weakness in inhibition theories pointed out by Burr (1984) resides
in the area of the delay of the neural response to the Tirst stimulus. All
inhibition theories incorporate the notion of a delay in the response to ihe
first stimulus that must be sufficient for the second stimulus to be able to
interfere with the first. Summation theories do not propose any such
differeniial in neurological response. Summation theories suggest ihat
perhaps the iarget and the mask become perceptljalig fused so that the two

stimuli are no longer seen as two stimuli (Schiller and Smith, 1966; Stoper
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and Banffy, 1977; Burr, 1984). Burr (1984) used 3 threshold detection

* paradigm and found that the presence of the targe't did increaée and enhance

the detectabmtg of the two stimuli presented together. This enhancement

‘occurred at temporal mtervals which yield the maximum magmtude of ’

mretacontrast masking.

In spite ofA this critical investigation by Bu;'r, more support is
necessar:g for the summation theory. It is unreasonable to generalize s
theory in which support has been demonstrated strictly at threshold levels -
of visual pérception. {n genersal, inhibition still provides the most ~

comprehensive explanation of masking. However, given the amount of time

.+ and research that has been spent on inhibition, summation mey prove to be
SRR ' ’

useful. At this point summation certainly provides a reasonable alternative

to inhibition.

B. Visual Evoked Potentials @

The term “even»t-rrelated potential” was proposed by Vaughan (1969).
This term referred to a ';'arietg of brain'r_'esponses that demonstrated a
fairly stable relationship with the presentation of a stimulus. One
classification according to Vaughan was sensory evoked potentials which
could ﬁe produced by different types of sehsory Stimulati.on,- i.e., visual,
guditory, olfactory or somatosensory. The evoked potential of interest to
the present thesis is the visual evoked potential (VEP).

Several parameters are important in the study of VEPs, suph as the
frequency of stimulation. when the interval between successive stimuli is

short (less than 300 ms) the resulting VEP is labelled 8 steady-state
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~ potential (Regan, 1972). Due to the greater rate of stimulatio'n,v Regan/l\

(1982) states tha?in the steady-state potential, the response to 6ng gi‘ven
stimulus has not "died away’ sufficienjtlg before the response of the
subsequent stimuluus-ocqurs. This meahs that in th; evoked potential
individus! stimulus cycles are not reflected in individual response bgcles,
therefore, the 'respon'ses to consecutive stimuli may not be isoclated. As a

- result, ihe analysis of steady-state evoked potentials has been,
historically, restricted to the frequency-domain. However, there is some
evidencek that time domain analysis is not as inappropriate as once believed
(Di amond\,\‘\i\gﬂ)‘.

Stimuli that are well separated in time give‘n‘se to the transient
evoked potential, which is comprised of several components. The size,
polarity and latency of these components is 8 function of the stimulus type
and onset or offset. These components have been labelled for different .

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

Diffuse Flash Response

The components found in response to a diffuse, unstructured-
strobos’copit flash have been given different label sets by different
investigators. ?igure 1 shows two methods of Iabellihg components; (a), 7
Ciganek (1961) and (b} Gastaut and Regis (1965). Regardless of the label,
theborriponents are similﬁr in polarity, latency and distribution, and are
recorded with a maximum at electrode locations on the midline, generally 6

" cm above the inion (Hallidey, 1982). .



Figure 1. Components of Flash VEPs. Schematic representation of the VEP |

recorded during 8 diffuse, unstructured fl_Esh. The top part (a) shows the
system of labelling used by Ciganek (1961). The periods represented in this
figure are the primary, secondary response and the rhythmic

after-discharge. The bottom part (b} is the system described by Gastaut and

Regis (1965) which shows the VEP to a flash with upward deflection
indicating a negativity recorded from a mid-occipital electrode. The
individual components are labelled in Arabic with the corresponding label of
Ciganek in Roman numerals (From Cigangk, (1971).

(.
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Patterned Flash Respon\se

Corriponents occurring in responses to patterned flashes show
relatively stable peak latéencies which do not appear to vary much as a

etinal locations. Inresearch

function of electrode position or withir

conducted by Jeffreys (1977), three distinct cmpbnents were identified

" with different surface dist/ribution_gh’aracteristics. The peak latencies of

these components, CI, Cll and CllI, occur about 75 ms, 100 ms, and 150 ms,
respectivelg. Thé form and polén‘tg of the amplitude distkibutions of Lhése
components is, however, dep‘e‘ndent on retinal location. Based on the |
results of Jeffreys (1977) as well as Jeffreys and Axford (1972), certain,
basic features are common to the VEP's recorded from the majority of the
subjects. Figure 2 shows the respo‘nses from different electrode
placements for upper and lower half-field stimulation and the following

trends.are observed:

1) There is a reversal of the polarity of each component in the VEP's
obtained to upper and lower half-field stimulation with the lower half-field
showing polarities. for Cl, Cli and CllI that are positive, negative and —

—

positive reéectivelg. :
2) Consistent shépe and polarity differences Detw/;en_upper- and
lower-field vertical‘ distributions of Cll and ClII, where the lower half-field
distributions demonstrate a more symmetrical form of distribution and are
more posteriorly located than those of the upper half-field, with a common

eariobe reference (Jeffregsv, 1971).
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- Figure 2. - Components of Pattern VEPs. This demonstrates the influence of

retinal location on the pattern VEP. In the upper portion of the figure ihe

VEPs were recorded from seversl midline electrodes to both lower (a) and

upper (b) half-field stimulation. (From Jeffreys, 1977). The lower portion

is the pattern VEP recordgd during stimulus onset (left) and offset (right).
(From Kriss and Halliday, -1960).
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“These components are fairly stable over the méjoritg of the
_subjects, however some subjects do show some aberrations. Jeffregs
- associates the deviance with single quadrants of the stimulus fields.

Ot‘her investigators have aléo encountered a certain amount of
variability. VEPs between subjects show this variability as well as VEPs
from the same subject. Jo Ann Kinneg (1977) states that one of the main
problems with transient evoked potentials is the variability. 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 l1atency 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 changeé as ‘a‘function of masking. The results are, at best, -
equivocal. It is possible that much of the apparent discrepancy may be due
to differences in the stimulus configurations used as well as the analysis or
criterion the investigator chooses to examine. It is important to bear in
mind the parameters that are important in backward masking and how these
‘parameter'_s affect-thecharacteristic function involved. |

Many investigators use the global term ‘backward masking' generically,
whether the stimuli were superimposed, overlapping or spatially adjacent,
regardless of the luminances involved. lnvestigators use the results
~ obtained in 2 metacontrast experiment as confirming research for a mas\king |
axperiment with overlapping stimuli. The process involved in type A |

backward masking may or may not include the same mechanisms involved in
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type B metacontrast. At this point in the reéearch there is no reason to
assume either similarity or disparity of process. Other discrepencies may
arise from investigétors using different criteria i?éxamining the VEP.
Some investigat_‘ors look a{‘the initial major components, others look at the
area under the curve, etc. A réview of the findings as well as a comparisoln

of competing methodologies sﬁould help resolve some of the confusion.
1. Backward Masking

Studies completed using overlapping or superimposed stimuli for the
targets and the masks are genera’llg consistent in the results found. The
general conclusion is that somehow the neural response/ toithe target or the
first flash is displaced by the response to thelsecond flash during maximum
masking {Donchin, Wicke and Lindsley, 1963; Donchin and Lindsley, 1965;
Schs&artz and Pritchard, 1981). However, this conclusion depends heavily on

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

Donchin et al, in 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-circie of light which could
be rotated to any of eight positioné. The mask was a complete circle of
light superimposed ,with»the target. Both stimuli were presented to the
fovea. The subjeét's task was to determine the position’of the target.
Perceptually, three events were detected and defined. The first was a “no
interaction” event in which the two stimuli were perceived as two separate
flashes during longer S0A's . The second event was labeled as "perceptusl

enhancement” in which the target was perceived as being more intense or
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brighter than it actual\l’g was using a direct estimation technique for.
assessing brightness during intermediate SOA’s. The last event was labeled
"perceptual Dianking", whigh corresponds s;vith masking, in which the target
was not seen. In this -studlg perceptual blanking occurred at the shorter
SOAs. | |

The procedure used by Donchin et al. tvo examine if and how the VEP
changes in masking is important since 'subseduent investigations in )
masking, and more speCificallg’metacont‘rast, have also used this analysis -
and cited Donchin et al. as justification. To analyze the VEP data Donthin
had to make ceri_ain assumptions about the data.

The first 6ssumption was that of the additivity of the averaged VEP: It
was assumed that the neural response to a pair of stimﬁli'i‘s a linear sum of
the responses to each of the two ihdfvidual stimuli. Furthérmore, it is
. assumed that since the second flash is not influenced ng the first flash
perceptuallg, the corresponding neural response to the sec‘c;d is glso
unatfected by the neural response to‘the first flash. These assumptions
made it ressonable to assume that if the reponse to the second flash was
subtracted from the VEP to the paired flashes that the.residual of this
subtraction would, in essence, De_vthe response to the first ﬂash) Then the
residuals could be co‘mpared ovef all SOA values to detel;mine how the
response to the first flash phanged as a function df_ the perceptual event.

In testing th\it-: assumption the (Donchin et: al.) used computer
synthesized EP's to compare with the obtained VEP. The results indicated
that during the "no jnteraction' and “perceptual enhancement” events, the
synthetic waveforms quite accurately reflected the obtained VEP waveform -
in both amplitude and latency. Howevef, for the “perceptual blanking” event,

the synthetic and recorded waveforms were “discrepant in both amplitude
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and latency of the major components™ (Donchin and Lindsley, 1965;\1.1. 330).
The investigators conclu'de that the brajn operates on the two stimuliin an
additive mannér, within limits. Tha{ is, the single Pésponse to the two
flashes is a sum of the responses to the idividual flashes aé long as th'eg are
percéived as two flashes. According to this conclusion, subtracting the VEP
to mask alone from the response to the paired/ flasnes is appropriate for the
"no interaction” and “enhancement” perceptual evenis but not for tlhe event
of "perceptuél blanking”. Howeyer, the investigators use this subtraction
procedure for all three perceptual events. ‘

Based on the result of the sﬁbgraction'p‘rocess the investigators
conclude that the target response was displabed during the masking stage.
This conclusion was based on the changes'that occured in the residual
remaining after the subtraction of the ma«sk alone response from the
~response to the paired flashes. The results showed that the correlations
between residual and the response to the first flash a?one were quite high
at later SOA conditions indicating that the response to the target was not
influenced by the presentation of the second flash. These correlations also
show & decline as the SOA decreased. At the lower S0A's, hegative
correlations were obtained. The resjduals obtained during optimal masking
found the residual to be quite small and the response to the paired stimuli
at maximal masking resembled the VEP elicited by the mask alone.

The dlscrepanmes betwpen the assumptiong made about the data and
the procedures used to examine the data render the conclusions for the
masking VEP unclear. Regardless of the the-confusion involyed in the
research conducted by Donchin and his associates, the conclusions, at this
point, are still particular to backward masking with superimposed stimuli

presented to the fovea and may or may not have any bearing on the evoked
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potential changes, if any, that oécur during/rﬁhetacontrast,’ foveal or
parafoveal in which the stimuli are adjaceht. in fabt, 8 )atér study used
spatially adjacent stimuli presented to the parafoves to test this a'dditivitg
assumption. Using the synthetic waveforms, Schjner 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 t‘hat of the mask'»s résponse

'was obtained during parafovesl metacontrast suppressidn. |

2. Metacontrast |

- The kesearch c.oncerned with the VEP and metacontrast does not share -
the consistency of results that the previous studies conducted by Donchin
and others have found. The results using ndn-ovérlapping stimuli are
some‘what conflicting. Some studies show support for:changes occurring in
the VEP ss & functi’on of masking (Vaughan and Silverstein, 1968; Schwartz,
Whittiér and Schweitzer, 1979--experiment 1) while others show no
consistent changes during masking (Schiller and Chorover, 1966; Schwartz
et al. 1979--experiment 2; Jeffreys and Musselwhite, 1986).

tarly studies found no consistent changes occurring in the VYEP during
visual masking. Schiller and Chorover used the typical disk and surrounding
annulus as, the target and mask. The stimuli were presented to the
parafovesl retinal region of one eye. In comparing the VEP's recorded during
several SOA conditions, including those st which masking was reported, the’
investigators found no changes in the Iaténcies of the initial negative and
positive components for any of the waveforms, including the ones recorded

during masking.
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One criticism of this study pointed out by Vaughan and‘ Silverstein
(1968) was that by presenting the stimuli to pardfovea using such high
luminances for the targ.e,,t“an‘d- mask (135 ft-1) Schiller and Chorover were
getting foveal VEP's due to scattered light impinging on the 'retiﬁa;
Scatteréd light producing & VEP is not improbable considering that stimuli

focussed on the Dh‘nc_! spot may produce evoked responses.

In an attempt to .address ‘th'e problem of scattered light, Vaughan and ‘
Silverstein compared foveal and parafoveal metacontrast with the same
stimuli but at less intense luminances (5.8 mL). They demonstrated that |
with an adapting field, the parafoveal VEP virtually dissappeared. Without
the adapting fiéld, the YEP's recorded during'paraf'ovea) metacontrast did
not change during masking but the VEP's recorded during foveal |
metacontrast did show distinct changes. These changes took the form of &

reduction in size of the-VER component with a maximum at an asynchrony of

200 ms after the onsef o target.
The conclusion to bg drawn from Vaughan and Silverstein is that

glthough parafoveal métacontrast suppressibn may easily be perceived and
is quité strong, it is not appropriate to use a VEP to examine the
mechanisms involved in metacontrast. The conclusion stated by the authors,‘
however, is that alterations that occur in VEP as a result of metaconirast
brightness suppression can only be appropriately measured during fovea]
metacontrast. If this is true, then there is no way to test whether or not
changes may be found in the YEP during metacontrast when the stimuli are
presented dichoptically. This is the first issue that Schwartz el 81. (1979)

needed to address since they were interésted in dichoptic masking.
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Schwartz et al. (1979) first had to demonstrate that the VEP recorded
during metacontrast suppréssion wés not a result of sca'tteréd light on the
retina. The stimuli used in this demonstration consisted of
srrowhead-shaped spots of light'as the takget with a luminance of 6.5 ft-vL.
"~ The msask was a non-overlapping concentric annulus with a luminance of 10
ft-lam. At(this point it is importaht 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 ratio is less than unity and thus,
has the effect of shifing the function from type B or U-shaped to type A.

The stimuli were presented to the right visual field bf the right eye.
The VEP's were recorded from bilaieral, bipolar occipital-parietal electrode |
placements. These locations were 01-P3 and 02-P4 using the international
10-20 sgstem of EEG electrode placement. The experimental task was a
discriminatidn task. The subjects were required to discriminate the
orientation of the arrows. | ‘

The‘ results of this experiment showed shorter 1atencies for onset and
component peaks on the left side of the head occurring in the VEP as

compared to the right side. These latency differences suggest that the

stimuli were isoiated on the nasal retina with direct projection to the left

hemisphere and transcallosal conduction to the right. The in?estjgators
concluded that these latency differences indicate that stray light was
probably not a factor or at least cannot be explained using stray light.

The psychophysical results showed that op{imal masking occurred , for
most subjects, during interval separations between 7 and 15 ms.during
which the accuracy of discrimination fell to 55% or less. The VEP's were
then ansiyzed using Donchin’s subtraction procedure. The residuals obtained

from subtracting the mask alone VEP from the response to the paired
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stimuli showed the same changes as“ found in Donchin’s earlier studies. The
investigators caﬁcluded that the response to the target was somehow
replaced in the VEP recorded during masking similarly to the results of
Donchin et al. (1963,1965).

‘The conclusion to be drawn from theresults found by Sch‘wart‘z et 8l. is
unclear. The purpose of this experimvent expréssed by the authors was to
examine the VEP during dichoptic masking and to contrést the VEP to that |
found during monoptic masking. Unfortunately due to mefhodological
considerationé'neither of these issues may be addressed directly by
Schwartz and his associates, for several reasons.

First of af/l, the»stimuli used for the second experiment were not the
same as those used in the first experiment because "dichoptically
presented, the stimuli of Experiment 1 did not produce masking” (p. 109).
They consistéd 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 is no longer a type B
metacontrast situation but & type A backward masking situation. In
addition to this modification, the intensities of the stimuli were also
changed. The target's luminance was 8 ft-L and the mask’s was 4 ft-L. This
is the inverse relaﬁ‘onsh'ip‘of the targét and mask’s ratio of the first
experiment (6.5 f1-L/10 ft-L, respectively). According to existing |
literature this change should result in shifting the function from type A to
tgpe B. Given these two modifications it is difficultl then, tvo predict which
function should be obtained. This results in 8 confound. Any dirfferences
found between the VEP's recorded during monoptic;and dichoptic may be the
result of one of the changes-the authors made in the stimuli and/or the

intensity ratio. Or any differential result may indicate a true existing
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difference between-monoptic and dichoptic viewing._

In the dichoptic viewing expériment_ (experiment *#2), only one SOA
value was used. The target and mask were separated by 10 ms for all
subjects. Discrimination of the target was onlgkmoderaielg similar for the
three subijects. Two subjec'ts showed only chance discrimination while the
third subject varied between 61% to 76% accurﬁbg for different sessions.
Regardless of the discrepant psychophysical results among the subjects the
VEP results were amazingly similar. The VEP residual was nea'r'lg as large
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
conclusion made by the authors is that the loss of amplitude in the residusls
| during the monoptic condition is due to ‘etinal interactions between
stimuli. However, the authors do caution the reader concerning this
inference "since the stimuli in these two expeh’ments differed physically as
well as in the monoptic-dichﬁptic dimension” (p. 109). In spite of the
differences that do occur between the two experiments, the second
experiment is the first and only experiment to examine the VEP occurring
during dichoptic masking. The results do indicate that during d1chopt1c
maskmg no changes may be found in the VEP using the subtraction
procedure first.used by Donchin et al.

It must be pointed out that even though Schwartz et al. used the same
procedure to analyze the VEP the two investigations wére not necessarily
comparable. Firét of all Schwartz et al. did not attempt to test the
additivity of the VEP with their data and several variables used in their
study differed from the stimuli used in Donchin's investigations. Schwart2
et al. used sbatiallg adjacent stimuli presented to the parafovea while

Donchin used superimposed stimuli presenteq to the fovea. Schwartz used
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intensities for the target and the mask (6.5 ft-L and 10 ft-L raspactivelg)
that were fairly équal for unequal stimulus durations. Donchin used -
intensities;that‘were quite disparate; the mask was 9000 mL while the
target was ‘ing/go, 9 or 0.9 mbL, depending on the condition, but were equal
in duration. These incongruencies indicate that a test of the additivity of
the VEP should have been performed by Schwj'tz et al. before the
subtraction procedure was used indescrirﬁinatelgl “

n a fol,luw;up investigétion Schwartz and Pritchard (1981) examined
-the VEP’s that occur during a rﬁasking task thai shows the U-shaped
characteristic. The investigation used a;va’rietg of stimuli to obtain such 8
function. The first e’kperiment used a target that consisted of 12 ;’andomlg
arranged squares’of light, one of which was presented for any one trial and
the mask was comprised of the letters "0 and "N" which contained
overlapping contours to that of the target. The second expertment used 8
contoured dis_crete iargét, the letter "A”, rather than the formless spot
target, while the masks used in experiment 1 were maintained for the
second experiment. ’ |

The résults for both experiments were similar in terms of the VEP
changes found and yet the psychophysical resylts Weré somewhat disparate.
To evaluate the results of bath "experirhents, a U-shaped function was
defined using two possible criteria. The first was a decrease in
performance using a sighal detection procedure followed by an incresse as
the temporal interval between the two stimuli increased from a zero point. .
The second indication on the U-shaped function was 8 decrease in the ‘\JEP

residual as the SOA increases from zero to some intermediate interval at

which the residuals begin to increase. Residuals in this case consist of the
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waveform that remains .whenn“thé.resp’onse to mask alone is subtacted from
the response to the paired stimuli as previously described. o
The results va the first experiment showed & U~shaped function
occurring in the psychophysical measure (d) while the VEP residuals show a
monotonic function with small waveforrﬁ‘s occurring at lower SD# intervals
and increasing in size with the increase of the interval. In fact, up to the
intermediaie SOA interval the d’ scores were riégativelg correlated with
‘both absolute amplitude of the residual and t‘heir size relative to that of the
longer SOA. The second exp'eriment showed similar results for the VEP
residuals. The residuals show a monotbm’c increase in size as a function of
the SOA. The psychophysical results are less clear. Out of a total of nine
subjects, three obtained a manotonic function, five obtained the expected
U-shaped ’functionﬂand one subject failed to show any masking at all with g
100 hit rate. |
The conclusion reached by Schwartz and Pritchard, is that using stimuli

that should show a U-shaped rela‘ionship between detection and SOA, the
perception is not paralleled by the VEP~residuaI and therefore, has no
relationship with the psychophysiological measurement of the VEP. This is
not the only conclusion that may be drawn from the experiments condutted
by Schwartz and Pritcharg. -

It appears that although the psychophysiological measure was
consistent for all stimulus conditions, the psychophysical or perceptuél
measure was excessively variable. Such variability is not found in the
majoriytg of the masking literature. It is true that the interval at which
optimal masking occurs, using spatially adjscent stimuli, is slightly
variable and ranges from 60-100 ms. However, there is nothing in the

current literature examined by the present author that shows different
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subjects shlnwing ﬁompletelg different psychophysical functions. Pravious

research indicates.{hat all subjects show the same general function either

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

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

some variability between subjects. This raises the question of Whether ﬁhe

stimuli 'used wer\é'appropriate to evaluate the VEP occurring during masking.
Breitmeyer and Ganz (1976) describe stimuli used in masking as well

as the criteria involved in the stimuli. The authors present typical stimulus

configurations shown in Figure 3, which fall in one of the three following

categories:

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

typical disk and surrounding annulus configuration.

| B) Masking by noise; described as using a mask whose contours overlap |
those of the target. The mask is described typically as consisting of a
random array of black and white areas that bear little or no structural

‘relationship to the target pattern.

C)} Masking by structure; which indicates a configuration in which the
masgk is spatially overlappinig and is structurally related to the target, in
that the mask shares the contour orientation, curvature, and other figural

features of the target. (p. 2).

Given these descriptions of stimulus configurations, it is apparent that

Schwartz and Pritchard's configuration doesn't fall neatly into any one of
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Figure 3. Examples of typical target and mask stimuli used in (a) -
paracontrast and metacontrast; (b) pattern masking by noise; and (r)
~ pattern masking by structure. (From Braitmeyer and Ganz, (1976)).

Ve
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the catégories. The deécription that most closely fits the Btimuli is the
masking by noise category. The masks (‘0" and 'N') are slightly structurally
related to the target ('A’) but not so much in bontour orientation. It is true
that orwi»e feature of the tarAget’ ("\") which appears on the right and serves to
connect one line at the apex of "A” and closes the triangle that appears
between the three connecting lines does have & corresponding feature that
occurs in the “N”, which connects the two verti\cal,‘para]le] lines. Another
similar feature is the sharp angles between the "A" and the N but that's
where the similarity ends. There i’s no figural relationship between the "A" |
and the other mask "0". However, the mask is not a true noise mesk, in tha‘}
it‘hol‘ds‘meaning for the subject and it is readily identifiable.

~Itis unclear exactly how the stimulus configuration figures in a
discussion of th‘e results, excépt as' a variable that has yet to be shown
appropriate for investigations centered on the VEP. This configuration
doesn't show ny consistency in the characteristic function obtained
psgchophgﬁf:fllg. It is possible that the canfiguration alone még be
responsible for the inconsistency between the' VEP and masking. However
this unknown and unprédictable variable is not the only weakness in

. Schwartz and Pritchard's experimenta} design.

The finsl analysis of Schwartz and Pritcherd's investigation falls short
due to the subtraction procedure used to determine changes occurring in the
YEP. The authors made no attempt to test the additivi'tg of the VEPs for the
individusl stimuli, and iherefore, it is possible that the residuals do not
accurately reflact the target's contrib‘ution to the VEP elicited by the pair of
~ responses. Fortunately, the authors dc entertain the possibility of errorin
the procedure. In fact, they offer the three following ways in which an error

may have been committed: ’
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1} The subtraction of the waveform of the mask alone response from

the paired response may consistently overestimate the contribution of the

mask. If this error was operating, the effects of this error should decreass
| with the increasihg SODA. The greatest magnitude of this error shou\‘d occur:
at the Shortér SUA"s. In response to this possibility, the authors state that
gi_‘ven the amplitudes of the VEP's recofded from the mask alone and from
the target-mask combination, it i1s unlikely that the error would result in
changing the monotonic function of the residuals obtained into 8 U-shaped
function.

2} The mask 's contribution is con31stentlg undereshmated and
therefore, not enough is subtracted out. Again the authors "[can not sael how
this assumption could change the data to show a U-shaped function”.

3) Thé final possibility is that across SOAs the mask’s contribution to
the target-mask response varies inconsistently. The authors admit that
there is "no logical way to counter this assumption with the present
data..[however]..the results of the experimehts suggest that it is not

sufficient to account for our result” (p. 681).

Perhaps it is true with the dats obtained by Schwartz and Pritcherd,
that these questions may not'be answered; however, simply testing the
additivity of the VEP's similarly demonstrated by Donchin and his associates
(1965} as well as Schiller and Chorover (1966}, would lend some validity to
the use of the subtraction procedure. This would have been quite simple.
given that the experimental task involved signal detection theory. inthe
procedure used, half of the trials contained both the signal {target} and noise
(mask). The other half of the trials consisted strictly of noise (mask alone).

The VEPs were measured accordingly. No attempt was made to examine the
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' VEP recorded from the target Iavlone. Looking st the combination of the
‘target alone'.and thé 'mask alone’ responses might have indicated some
relationship existing in thg data. This woul'd, in effect be testing the
additivity of the individual stimuli and_determine thp extent 3},0 which the

subtraction procedure was appropriate. |
In any case, it is difficult to determine how the results and conclusions |

‘reached by Shwartz and Pritchard fit in the current body of literature on
masking. The problematic experimental design and analysis renders the

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

~ Sofar, the results concerning the YEP and metacontrast include both -
negative and positive results. However, the positive results use either
foveal metacontrast (Vaughan & Silverstein) or a procedure that has yet to
test the assufnpti_ons that it requirés (Schwartz, whittier & Schweitzer,
1979). The negative result found by Schiller may be incomplete as suggested
by @ more recent metacontrast investigation (Jeffreys & Musselwhite, 1986).

The conclusion arrived at by Schiller et al.is that the VEPs elicited

during metacontrast suppression do not parallel the perception. However, no
examination was made oﬂf the rest of the VEP waveform. No attempt was
made to determine if anything other than the initial components were
affected during masking. Therefore, implicit in this lack of examinationis
the assumption that- the major components that may arise with ihe onset of
the target sre the only components that are expected to change with masking.. |
Now, given that perceptuslly it appears that only the target is affected by
the temporal asynchrony, it doesn't seem reasonable that any response that
may be associited with the onset sf the mask is affected during masking.

This doesn’'t mean that the corhponents founbﬂ'n the response 1o the mask are

{
)
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unaffected. ' - .

The study conducted by Jeffreys and Musselfﬁhite, (1986) does show
that componenlts that are associated with the mask in the VEP are indeéd
affected by the presentation of the first stimulus. Jeffreys and Musselwhite
conducted a metacontrast experiment us'rrig complex pattern stimuli
presented 1o specific locations on the retina. Theg used 8 multi—elementél
version of the flanking squares because these stimmi, when presented to
certain areas in the visual field, produced the distinct onset related
components described earlier. In-addition to predictable peak latencies, ‘7
polarity and form the components show scalp di’stributions which are
consistent with specific source generator sites in the striate and

. extrastriate reg?ons of the visual cortex (Jeffreys, 1971; Jeffreys and
Axford, 1972 They found that the initial onset related components were
unaffected during masking. Asl the tempor-al interval between the target and
the mask stimuli increased a second peak began to emerge that related to the
‘onset of the mask. At shorter SOAs the amplitude of the second peak was .
attenuéted; however, further increases in the S0A resulted in an increase in
amplitude of the second peak, until eventually it reflected the same ‘

amplitude as the first peak.

The guestion that arises in metapontrast 1S no longer, how the response
to the target is affected by masking but can the VEP recorded during masking
demonstrate chanrjes as a function of maakind. These changes may occur in
initial onset related components as well as attenuated amplitudes of |
r:orr"t\povnent-s time-incked with both target and mask stimuli.

A second question that has been given little consideration in the

previous literature is whether YEP changes can be detected during
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metacontrast, and how the VEP elicited during monoptic masking differs

from that elicited during dichoptic masking. _
D. Purpose of the Present Research

Thve purpose of the present investigation is to addreés both of these
questions concerning VEP changes that occur in the VEP during monoptic and
dichoptic metacontrast. One way in which to approach these/ questions is to
determine the extent to which the VEP changes as a function of monoptic
metacontrast and di’rectlg compare these changes with those occurring
during dichoptic metacontrast. This approach is similak to that of Schwartz,
Whittier and Schweitzer (1979}, the only investigation in the literature to
examine the VEPs recorded during dichoptic metacontrast. ‘

© To examine the question of changes occurring in the VEP, as previousiy
stated, several analysis technigues have been used. The technigue used for
the present investigation is similar to a subtraction procedure used
successfully by Kinney, McKay, Mensch and Luria (1972}, and the technique
used D’g Donchin and his associates and subsequent investigators; however no
assumptions about the data, such as additivity, will be necessary. The
purpkosre of the present investigation is to determine the extent to which the
VEP recorded st the parieto-occipital scalp during masking, both monoptic
and dichoptic, reflects an interaction between the responses to the sepérate_

stimuli.
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Il. Methods

-~ Subjects
Four observers (Ss); BLC, DVD, ND and CMT served as subjects for this
investigation. Two of the subjects were female and two were male with an

age range of 23-52. All subjects had normal or normally corrected vision.
Materials and Apparatus

The stimulus configuration was similar to that used by Fry and Alpern
(1946), made up of three flanking squares as shown in Figure 4 (a). Each
square was 1.99 (in visﬁal angle) on a side. The two outer squares {masking
stimdli) were separated from the center square (target stimulus) by a |
border 18 of arc, with a total of 6.39 in/w‘sual angle. The fixation point
presented binocularly was 2.39 directly above the target. A set of points
could be seen 5.99 t'o the right of the center fixation point and served-to
enable the subjects to maintain binocular convergence during the dichoptic
metacontrast measurement. In the monoptic situation, all the stimuli were
presented to the subject’s right eye. In the dichoptic situation the two
mask squares were presented to the right eye and the target to the left.

Figure 4 {b) shows 1he apparatus in which the stimulus was viewed.
The suajects looked into two adjacent boxes which contained the stimulus.
The boxes were 30 cm in length and 5 cm in width. The twg sides and the

bottom of the boxes were made of black plexiglass, the 11d was mads of
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Figure 4. Stimulus Configuration and Apparatus. This figure shows (a)
metacontrast stimulus configuration modified from Fry and Alpern (1946)
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 diffusing surface, glass slide and black cardboard limiting stop, and (L) -
the stimulus board of LEDs. E
The following diopters were used for Ss:
1) BLC +2, both eyes
2) DVD +6right eye; +9 left eye
3) ND -1.25, both eyes ]
4) CMT +2, both eyes
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gluminum. The inside of the box contained grooves the thickness of

photographic slides (3 mm).

The light source for the metacontrast stimulus was comprised of
orange LEDs from Stanley Electric Co., Type * ESAA 5507 with a peak wave
length of 605 nm. The flxatwn pmnts were made up of red LEDs from
General Instrument Ultra bright HLMP-3850 with a peak wavelength of 585
nm. The LED's were situatéd on a fiberglass board that was placed towards

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

Approximately 14 cm from the the Ss ege,/; 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 stability, and the
layer closest to the Ss was a black cardboard limiting stop/which defined
the stimuli and fixation points. One LED defined any given stimulus. The
light from individual LEDs used for the sepa#&}e stimuli was isolated using
2 layers of thin paftitioning cardboard which ?vas attached to the fiberélass

board between two LEDs and was pushed up against the diffusing surface.

Tht; 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 indepehde_ntlg and the'duration
of the stimuli. The duratiorn for both target and mask was 5 ms. The
intercycle interval (ICi) was the interval at which successive pairs of
target/mask pulses occurred. The ICI was 1000 ms. The fixation points
were driven by a DC source and maintained a constant intensity Wthh was

clearly discernible above threshold, dunﬁﬁhe entire session.
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The luminahce of the target Asquaré was 8 ft-L. The squares making up
the mask both had luminances of 14 ft-L. These luminances were used for -
both the monoptic and dichoptic c_onditions. -Luminance was measured by &
‘Pritcharﬂ Sbectra photometer which was 'cah‘hrated using 9 ft-L regulated
light ﬂsoluce. There was, however some drift measured in the LED luminance
which eventually settled to a specific output after about 8 3 minute
warm-up period. ’

The Ss placed their éges against the plastic goggle-shaped devices that
protruded from each box which served to limit the amount of outside light
getting into the box. Fixed directlg behind the goggle attachment with |
respect to the Ss, lenses of varging diopters were individuallg chosen- for
each S. During the dichoptic condition, three of' the four subjects required
the use of prismé to be able to converge the target which was presented to
the left eye and the mask presented to the right. The fixation points
appeared with both stimuli and served to maintain binocular convergence.
The monoptic stimulus configuration was presented to the right eye. An
artificial pupil was not used in either monoptic or dichoptic condition.
Dichoptic viewing made the use of artifical pupils extremely difficult and
since Iurhinahce was not a variablle, but a constant, the artificial pupil was
not used for the monoptic condition either.

The VEPs were recorded using Beckman silver-silver chloride
electrodes positioned in two piaces: 2.5 and 6 cm above the inion. Both
active electro:des were referenced to a silver electrode clipped to the lef!
ear. Another Beckman silver earclip electrode attached to the right ear
served as ground, electrode impedance was never greater than 5000 ohms
for all Ss.

The VEPs were recorded and electronically averaged by a Tracor #3000

L]
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Analyzer rec‘ording two,channelé simultaneously with a bandpass width of .1 |
to 250 Hz. A S00 ms sweep was used and the 64 sweeps: comprised one
waveform measu‘r}erhent. The Tracor sweep was triggered of f the Atat"get,
pulse for all measurements including during measuremehts in which the |
target was not visuallyresented to the S. The VEPs for both electrodg
placements were recorded simultaneously. The individual waveform, which

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

Il Plus for storage and data analysis.
Procedure

Metacontrast Masking Measurement

- The monoptic and dichoptic conditions were run in two separate but
similar sessions. The first session was the monoptic condition, since thi‘ee
of the four Ss had to be trained and the monoptic condition was easier for
training purposes. The dichoptic metacontrast reduired not only training in
masking but instruction and experience regarding the binocular convergence -
as well. Other than the convergence training, the two sessions were the

same.

e ——

Once the Sé arrived at the lab they were asked to read and sign a
consent form. The Ss were then given instruction about viéual masking and
metacontrast and were shown the stimuli and how different SOAs affected
the perception of the middle square. Five separate S0A conditions (labelled
0 - 4) were to be used for the VEPs, these were as followé:

1) The first condition (0) was a simultaneous presentation of the

target and the mask, i. e. SOA = 0.
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2) The second Cbnditioh\(l) was an SOA value that was half-way
between'simultanebus 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 thé interval at which the target
appeared to resume its brightness and bord‘e:; properties.

S) The last SOA (4) was 100 ms greater than the fourth SOA value to
insure a point at which the subject reported two separate flash»ész Only the
‘third (masking SOA) and the fourth conditions required multriple trials to
establish the values. The n‘wethodplgg used to establish both the third and
fourth SDA values was g stepwise forced-choice, discrimination comparison
~ (Coren, Porac and Ward, 1984). The first point to be established was the
S0A in which optimal masking occurred fpr the Ss. The S was given two
choices in which s/he was to indicate in v;rﬁfich of tr{e two cases, the target
appeared as a) the most complete, b) the brightest; or c) the most easily
seen. Although the de’finition appears vague, pilot data indicated that 5s do
not experience masking in the sam2 way. Some may see a perceived
brightness suppression while others see only a degradation of the target's
border and, therefore, the operational definition of metacontrast for the
purbose‘of this éxperiment had to encompass all the possibilities.

The stepwise procedure went as follows: a8 maximum of 20 pairs of
| stimuli comprised one trial and 2 trials were used to establish the SOA at
which optimal masking gscurred. Each pair of values as well as both
members of a pair were-separate’d by 10 ms. The direction of the difference
for any pair was .randdmlg presented; i. e, the 1onger SOA between the two
may be presented as "1’ for one trial and the following trial may have the

Jonger S04 as ‘2. The first trial started at the SOA value of 50

ES



ms. The other choice in this pair would be 60 ms. As long as the shorter

' SDA was‘designated as shrjwing a "better” or "stronger” target, the SOA
w0olld be increased. This procedure continued until ihe S reportied thavt t_he‘ -
longer SOA value demonstrated a more e‘asilg seen target.

The 504 that was chosen as the point of optimal masking was the point
at which a decrease or an‘) increase in the SOA resulted in a brighter or more
easily seen target. The second trial started at the SDA value of 150 ms. and
decraaced as IAong as thealonger S04 was reported as the "better” of the two
'targets. If the SOA chosen as the masking S0A was different for the two
different trials an average of the two served as the masking SOA for the
VEP. To determme the fourth SOA coqdltlon the same general procedure
was used, however the Sg’ task was w\a%termme the point at which one of ~
the targets of the two alternatives returned Lo its original brlghtness
and/or fjgural identifg i. e. a square. wnen the two usgchophgsMJg'
determined SOA values were established, the other two SOA values
(conditifj,n 2 ahd 4) were easily determined. The total amount of time for

this part of the session was approximately 20 minutes.

Evoked Potential Measurement

Once the psgchophgfsical data had been obtained, the electrodes were
‘attached and VEPs ware re’corded. The Ss were dark adapted for
approximately 10 minutes where they sét in a dimly lit room with their
eyes closed. The beginning of a recording trial was marked with a 10 second
stimulus adaptation period during winch the subject was to observe the
stimuli. The VEP was recorded during the next 64 seconds (64 repetitions

of the stimulus which occurred one per second). After the VEP was recorded

R
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Table 1. Evoked Potential Recording Sequence. This sequence was used for
811 subjects, S0A condtions and viewing condtions.
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SOA Condition Stimulus Presented
0 Target/Magk
Mask Alone

Target Alone

! Target/ﬂask'
| ' Mask Alone

2 Target/Mask
~Mask Alone

Target Alone

3 Target/Mask .

Mask Alone
4 Target/Haék

Mask Alone
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for any one condition the subjects were given a 60 second rest period
during which they were asked to sit quietly and relex with their eyes closed.
After the 60 second rest period the adaptation period for the nextrrecording
began. Table 1 shows the VEP recording cond_itions and sequence of
preséntatidn. For two of the»fjve SOA conditions {SOA condition O and 2)
VEPs were recorded from the following:

a) The mask presented algne.

b} The target presented slone.

¢) The target and mask presented together.

For the remaining SOA conditions only the VEP for;a) and c) were
recorded. VEI;'S were also taken with both stimuli presented at én‘ SOA of
100 rﬁs for a between subject comparison, as well »repeated VEPs for the
SO0A of O end the SOA for the Ss' third SOA condifions. These last VEPs
served as 8 tel\t of variablity for the Ss. The total time required to
complete the VEP recording was approximately 45 minutes.

The second experimental session for dichoptic metacontrast was
similar to the first with the inclusion of the following:

1) Training of binocular convergence for the target and mask squares.

2) At the end of the VEP recording period, a VEP was recorded using
the monoptic simultaneous presentation condition which served as a

reliability check for the subjects.
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Results

Metacontrast Masking

Table 2 shows the SOA's used for both the monoptic and dichoptic
viewing conditions for all subjects. During the monoptic measure'meht of
metacontrast optimal masking occurred when the mask followed the target
with SOA values that ranged from 75-95 ms. The S04 at which thé tnarget
resumed its apbearance fell within the range of 120-150 ms. DichoptAic .
metacontrast masking appeared optimai between the SOA values of 65-100
ms. The range of SOA values for the return of the mask was 120-130 ms.
Tr;e SOA values for.all subjects showed the characteristic type B function
although all subjects reported that the target was visible at all times. The

target was never completely lost, even during optimal metscontrast

masking. _ /

tEvoked Potential

Description

Both electrode locations showed similar VEP results, howevér the
electrode at or near the parietal location (6 cm above the inion) showed less
noise and larger amplitudes for all éubjects. For this reason, only the
parietél location will be discussed in the text of this thesis, however,'all
the occipital data can be found in Appendix A along with the parietal data
that are not presented in the text. o :

Due to ex‘ce‘ssivé noise all the VEPs found in this thesis have been filtered

using a running average algorithm. This algorithm uses a certain number of
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Tabie 2. SOAs for all ':‘;s VEP Recordihg. Inciuded in this table are 50As in
‘ms for both monoptic (left) and dichoptic (right) conditions,
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' Dichoptic‘

Monoptic
AN
{2 3 4 o 1 2 3 4
S¢
BLC 40 80 120 220 0 35 70 120 220
DVD 45 90 150 250 O 50 100 150 250
%
ND 47 95 130 230 0 40 80 120 220
CMT 37 75 25 225 0 32 65 120 220
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points out of the 256 found in the VEP, (for alt sUbjacts' this number was 6
points) and comﬁutes 8 Tunning average. The avérage then becomes the value
for'“thbse 3] poihts. The algorithm repests this process a specified number,
ususally 6 or 8 times. | | |

Figure S shows the data for DVD, both mohoptic and dichoptic at the
parietal elec‘trode. The occipital VEPs for DVD can be found in Appendix A
with the data from the other subjects. Both viewing conditions yielded
similer VEP results. However to avoid confusion, both viewing conditions

will be digcussed separately.
Monoptic Condition

The VEP taken du’r.ing the monoptic condition for DVD shows the target
alone, mask alone and the VEP recorded with both stimuli presented. The
‘target alone response sh‘ows a large positive peak with a latency of 180 ms
after the onset of the target. The mask- alone responses for DVD (Figure 5
b-middle) show a pdsitive peak occuring at & latency that ranged between
181-196 ms after the onset of the mask. This positive peak appears to be
| moving out as a function of the interval between the target pulse (VEP k.
trigger) and the mask stimulus. | |

The VEPs recorded from target and mask together show that for the
first 3 SOA conditions, the VEP shows virtually one positive peak occuring
in the range 175-185 ms after the onset of the target. The two bottom
rows in figure S (left) are the YEPs in which the t»(vo stimuli are separated
by 150 ms and 250 ms, respectively, and the subject clearly perceives both
stimuli, a second positive peak emerges, however, -wi% a8 very small

amplitude.
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Figure S. VEP Descriptive Data for DVD. 1:his shows the data recorded at
the parietal electrode location for both monoptic (1eft) and dichoptic (right)
conditions showing: l‘g "

a) the Target alone response

b) the Mask alone response

c) the response to the pair (T/M) of stimuli

The arrows indicate where the stimuli occurred. In all subjects’
waveforms in this thegis, negativity is shown as a downward deflection.
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Dichoptic Condition )

The VEP taken during the dichoptic condition {(Figure Sb) shows a |
positive pgak occurring st a latency of about 185 ms after the tf?igger. The

mask alohe VEPs al§T~show the large postive peak movihg as the interval
between the trigger-targst pulse and the stimulus-mask onset. The positive
peak found in the mask alone responses occurs at latencies between
| 185-193 ms after the onset of the mask. As in the monoptic condition, the
VEPs recorded during the presentation of both stimuli together show one
postiveg peak for the first three SDA conditions and a small/er positive
emerging during the VEPs in which the target and mask are separated by 150
and 250 ms. ’

The ather subjects shbwed similar results. The actual latencies for
the target alone and the mask alone responses can be found in Appendix B.
The target alone responses for the monoptic condition shows the positive
peak occurring with latencies in the range of 162-207 ms. During the
dichoptic condition the Ss’ positive peak occurred a_t latencies that rancjed
from about 148-216 ms. All of the Ss’ mask alone responses for both
~ monoptic and dichoptic stimulation show the positive peak moving out as 8
function of the interval between the trigger-target pulse and the
stimulus-mask onset. All the subjects also Sh;JW one large positive geak
occurring in the VEPs recorded with both stimuli Lpresented for the first

three SDA condition with a smaller positive pesk emerging in the‘ last two

SOA conditions.

Reproducibility of the VEP: Within One Session
Figure 6 graphically displays the reproducibility of the VEP of one subject
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Figure 6. VEP Reproducibility Data: Jne Session for ND. This shows 2
independent VEPs recorded during both monoptic (1eft) with an SOA of 130
and dichoptic (right) conditions with an SOA of 120 ms for a) occipital and
b} parietal electrode locations. . > ’

{
A
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(ND): This figure shows the 2 separate VEPs recorded from the condition in
- which the mask followed the target by 130 ms (monoptic) and 120 ms

(dichoptic). Both waveforms show similar shape and a[nplitudé. The

reproducibilitg data for the other subjects VEPs recorded during one sessioh ,

can be found in Appendix C.

Between subject differenbes were also found. Figure 7 demonstrates the
variability between subjects for stimuli which were separated in time bu
100 ms for both the monoptlc and dichoptic condltlons

Reproducibility: Between Two Sess-ions

The reproducibility of the VEP recorded during two sessions is
demonstrated in Figure 8.4 The figure contains data for two subjects, BLC
and CMT. For both subjects there are two waveforms, recorded from the
occipital and the parietal electrodes. The first waveform was recorded
during the first experimental session and the second recorded during the
second experimental condition. These waveforms were recorded using the
monoptic viewing condition with both stimpgmﬂi presented simultaneously.
The first subject is typical of three of the A’f}our subjects, BLC shows very
similar waveforms over both sessions, and electrode locations. The second
subject, CMT, éﬁhows somewhat less similar waveforms in terms of the
latencies of the large initial positive, as well as number of components,
amplitude etc. However, the responses from this subject typically showed 8
double peak response (see Appendix A) and the larger of the two positive
peaks tends to fall in 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 in Appendix D.



Figure 7. VEP Between Ss Comparison at an SOA = 100 ms. This figure
shows VEPs for monoptic (1eft) and dichoptic (rlght) conditions for occipital
(8) and parletal (b) 1ocations. :
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Figure 8. VEP Reproducibility Data: Two Sessions for BLC and CMT. VEPs
were recorded during the monoptic condition for BLC (upper) and CMT
(lower) over 2 sessions for occipital (a and ¢} and parietal (b and d)
locations. |
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Composite Procedure and Results

Toi determine the extent to Which there is an interaction between the

| target and mask responses which shows up in the VEP recorded with both
stimuli, the VEPs to the target alone and the mask alone were added
together by computer. The responée to the target alone was added with the
response to the mask alone recorded at all the SOA conditions to forrm
computer “‘composites”™ These computer composites represented the
Wavefof'm that wduld result if the responses to the stimuli did not interact
épatiallg or temporally. Figure 9 shows the waveforms which were
combined to form the composites for subject DVD, for bothvthe»monoptic:
and dichoptic conditions and ihe resulting composites. The computer
composites show the initial large posi;tive peak found in both target alone
and mask alone responses. The first two composites (0 and 1) show one
positive peak and the subsequent composites (2-4) show the positive peak ,
that corresponds to the target alone response and a second positive peak
that reflects the mask alone response. This procedure was carried out for
all subjects’ data. Appendix E contains the computer composites for the

remaining subjects and for both monoptic and dichoptic conditions.

Residuals

Once the computer composites were calculated, each composite %;as
subtracted from its corresponding VEP recorded from the brain witn»boih
stimuli presented. Figure 10 shows the data for subject: DVD. The first
waveform is that of the mask alone for the given condition and beneath it

the residual waveform.
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Figyre 9. VEP Composite wWaveforms for DVD. Composites computed for A)
monoptic and B) dichoptic conditions at the parietal location. Waveforms
included: ' | |

1) Target alone response |

2) Mask alone response and corresponding composite waveform for all
SOA conditions. ’ |
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B. Dichoptic DVD -

SOA Condition
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. Figure 10. VEP Residual wWaveforms for DVD. Residuals computed for A)
monobtic and B) dichoptic conditions at the parietal location. Waveforms
include mask alone response and corresponding residual waveform for all
SOA conditions.
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This residual waveform represenis t\g/extant to which an interaction

- between responses of the sebarate target and mask stimuli occurred in the
brain response to both stimuli. If the subtraction 'procedure resulted ina
straight line, this would indic_ate no interaction between the responses of
two stimuli; the extent to which the residﬁal is not a straight line indicates
that an interaction between the responses did occur in theIVEP recorded
from both stimuli.

Figure 10 shows that the residuals computed for DVD were hot straight
lines. There was a negative peak occuring in the residual with a latency
similar to that of the large positive peak occurring in the mask alone
response. Table 3 contains the latencies of the positive peak found in the
mask alone responses and the latencies of the negative peak found in the
residuals.

The latencies of the positive mask alone péak was then correlated with
the 1atencies of the negative in the residuals using an Apple Il Plus
statistics package called 'Statsblus'. Table 4 shows the correlations for all
subjects, both monoptic and dichoptic for both electrode locations. Table 4
shows that the correlations ranged from 986 to 999 for the monop,ticc
condition and 966 to .999 for the dichoptic condition. Also included in table
4 is the r2 for all subjects, or the amount of variance in the latencies of the
negative pesk in the residuals accounted for by the positive péak latencies

in the mask alone response.
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Table 3. Latencies for Positive Peak in Mask Aione Responses and Negative
Peak in Residuals. Latencies inms included o all subjects both monoptic
(left) and dichoptic (right) conditions.



Monoptic Dichoptic
Mask + Residual - Mask + Residual -
BLC ’
Occ 175 183 172 175
218 222 - 207 216
259 264 246 246
292 289 290 335
404 410 398 416
Par
’ 177 181 180 186
218 228 208 216
263 265 253 254
295 3086 300 317
404 462 406 452
DVD
Occ ]
| 183 181 180 177
241 234 240 238
279 275 287 289
339 353 343 347
435 445 446 437
Par - : o
. 161 161 183 179
244 230 240 240
277 275 292 . 289
339 382 341 345

451 433 - 443 440

L%



=

Par

CMT
Occ

Par

Monoptic
Mask +  Residual -

150 166
196 193
237 255
286 252
401 449
160" 169
208 222
269 260
327 341
409 431
200 | 207
240 254
277 2672
322 327
441 452
205 210
244 255
279 292
324 332

423 416

72

Dichoptic

Mask +  Residual -

141 -
192
232
263
379

156
218
250
291
398

205
240
276
333
424

208 ~
242
279
335
425

169

199

235

325
392

177
215
2359
314
400

216
253
299
333
a13

218
246
302
330

420
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Table 4. Correlations Between Latencies of Positive Mask Alone Peaks and
Residual Negative Peaks. Also included in this4able is the r2 and S E. for all
subjects, both monoptic and dichoptic conditions and both occipital (left)
and parietal (right) locations. ATl correlations are based on df = 3

—



Ss:
BLC

SE

DvD

SE

ND

SE

CMT

St

Occipital

996
992
8.037

984
968
20222

986
972
19.604

999
998
4475

Monoptic

Pariets)

.99!

988

11.988

998
996
6.090

985
990
10.675

993
996
9.927

Dichoptic

Occipital

986

972
16.125

999
998
4451

966
933
23985

995
990
7.854

Parietal

997
994
7.375

999
998
2221

992
984
10.862

993
986
9.424
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Discussion
Metacontrast Masking

The masking data show that different subjects d perceive masking -
occurring maximally at different SOA intervals. Although the SOA interval
- at which different subjects indicate maximum mésking is different, all the
subjects reported the target as remaining visible at all times. The masking
data alsn show the characteristic function of type 8 metacontrast. When
the target and ma"sk were presented simultaneously, no masking occurred.
As the interval between the presentation of the target and the mask
increased to some optimal interval, the target appearéd to change in its
appearance, perceived duration and/or brightness. As the interval continued
to increase the target began to assume it original appearahce until the two
stimuli were separated sufficiently so the target appeéred to be unaffected.

The lack of & cdmplete disappearance ofithe target during rriasking has
been reported before. Flaherty and Matteson (1971} in a quasi-replication of
Schiller and Smith (1966),»used fairly High intensities for the sole purpose -
of keeping the ta!’get visible at all SOA intervals.

TheNVisible target during masking is consistent with the reaction time
studies of masking. Several investigators have found that reaction time in
simple detection studies do n%t show the U-shaped function of type B
masking (Fehrer and Beiderman, 1962; Fehrer and Raab, 1962, Schiller arid
Smith, 1966).
| The target's visibility may be related to the stimuius configukation.
The méjoritg of the metacontrast studies have used the typical disk and

¥
annulus stimuli, or a configuration in which the mask borders surround
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these of the target. Other investigators have used svtimuli in which the
area of the target or masked stimulus is small. Stop'ervan,d Banffy (1977),
for example, used 1ong vertical bars 1.80 in length and only 2’ in width. ‘
Alpern (1953), used vertical rectangles 2.50 in_height and only .50 in width.
Since studies in which the target does completely disappear use stimuli in
which the proportion of adjacent border is larger than the area of the
target, perhaps metacontrast masking is more of & border suppression

phenomenon than global suppression.

| There is the question of the validity of the metacontrast measure. The -
"~ operational definition of optimal maéking was less than optimal.l It was |
vague, and difficult to determine for certain subjécts. Most of the subjects
expressed difficulty as well as apprehension in making the judgement
‘between two pairs of SOA intervals especially for pairs in which masking
Was occurring. |

It is also difficult to determine what criterion the subjects actuallg'
used in making the judgement. Although the subjects were questioned as to
how the target was affected, it is not necaess“arilg true that subjects
actually used the criteria expressed. Demand characteristics may also have
affected the judgements of the subjects. All the subjects were instructed
in the U-shaped characteristic of the masking function. Perhaps the
- expectation of the increased masking and the return of the target to its“
original appearance influenced the subjects’ judgements;. This, however,
seems unlikely since the subjects were not always sure of the direction of
the difference batween the two pairs of SOA intervals to be judged.

It is also possible that the strong apparent motion (beta‘} also

influenced the subjects’ choice. Every subject expressed the difficulty of
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the choice because of the amount of motion that was parceived, however
this motion tended to show a monotonic increase with the increase in SOA.
One subject expressed that even though he perceived the complete target at
the longest SOA value, it seemed to him that the target was actual‘lg,
becoming the two a'd;acent masks. The target appeared to be presented to

the center of the field but then split and became the mask squares.

Regardless of the influences exerted by the demand characteristics and
the amount of apparent motion,ri,t isn't really necessary to question the
v>aliditg of the masking judgements concerning the VEP measurement. For
all of the subjects, the r;énge of SOA values used for the VEP ranged from
simultaneous presentation (SOA = 0) to a much longer SOA which was over
200 ms for all of the subjects. There is no previous literature that
demonstrates visual metacontrast masking occurring at SOAs over 200 ms.
So the'TF is some assurance that using the 5 SOA conditions encompass the
metacontrast function for all the subjects. Perhaps some other
bsgchophgsical procedure would result in different SOA values as defined by

the author of the present investigation, but, it is highly unlikely that any of
| the subjects would experience maximal masking occurring at SOAs greater

than 200 ms.
Evoked Potentials

The VEP data in this investigation pregent an.’interesting and yet
perplexing result. According to Figure 10, the residuals for DVD, both
monogtic and dichoptic show a negative pedfk whose latency is highly

correlated with the latency of the large positive peak found in the mask

,
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alone YEPS. Table 4 shows these correlations to range from 966 to 999 for
all subjects. The residuals for all subjétts, both viewing conditions and
both electrbde placements, show this relationship between the mask alone
responses and the residuals. Two conclusions may be drawn from this
result. } |

Firet it is apparent that the VEP, recorded from scau; electrodes
positioned over occipital and parietal areas with both target and mask
©oostimuyli présehfed, is not simply a summation of the responses to the
separate stimuli. The response recorded from the brain is an in{teract’ion.of
the two responses from the target and mask. This conclusion is in
opposition to the conclusion made by Donchin and his associates (Donchin,
Wicke and Lindsiey, 1963; Donchin and Lindsley, 1965) , and similar to that
made by Schiller and Chorover (1966).

Donchin and Lindsley (1965), showed that the additivitg'assumption
could be demonstrated under certain conditions. Donchin and Lindsley usad
superimposed stimuli and concluded upon testing the additivity assumpti'on .
that, within limits, the response to both stimuli was a \s'ummation of the
" responses to the two separate s\timuli, furthermore the VEP recorded witr;'
the paired flashes is a sum of the responses to the two flashes "as long as
they are perceived as two flashes” (p. 330).

During masking, which in Donchin's case occurred when both stimuli
were presented simultaneously, the perception of the masking or blanking
flash completely displaces that of the target or blanked flash. With the
addivity assumption, sutracting out the mask alone response would result in

8 residual that would reflect the amount of the target résponse in the VEP
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a residual that would reflect the amount of the target response in the VEP
{o both stimuli. In the case of the present investigotion, the metacontraét
masking of the adjacent stimuli occurred at some SOA interval within the
range of 65-100 ms, and the target was visible at all times. Percéptuang,
the target was never completely displaced except to the extent of the

‘apparent outward motion of the target towards the mask.

The subtraclion process used in this investigation did not assume the
additivity of the responses but actually tested it. The residuals shﬁwn_ n
Figure 10 and Appendix E, reflect the extent to which the VEP o both
stimuli is not simply the result of the target and mask rasponses /
summating'. This supports the conclusions based on the results of Schiller
and Chorover’'s (1966) investigation. These investigators used the disk and
ahnulus configuration to obtain metacontrast masking. Using the synthetic
EP waveforms obtained by summing the responses to the two stimuh’y,
Schiller and Chorover found little support for the notion that corr{ponents of
the VEP recorded using both stimuli “under metacontrast conditions '
represent a8 summation of evoked responses to the individual stimuli” (p.

153).

A second conclusion may be drawn from the results of this
investigation. Not only is the VEP recorded using both stimuli not & simple
summation of the two individual responses, but what appears to be most
affected is the positive péak that most closely corresponds with the mask
alone response. This conclusion is somewhat paradexical. In perception, the

stimulus most affected is that of the target, however, in the VEP what is



most affected I‘—‘ g component that is related to the mask.

‘This conclusion is not without support Jeffregs and Musselwmte
(1986), found & similar r}esult, Jeffreys and Musselwhite used 3
multi-elemental version of the adjacent squares stimulus configuration.
However, the configuration was designed, a'rtd presented to certain areas on
the retina in the attempt tc evoke specific pattern- related components; 1. g,
Cland CII™ The results showed that the initial positive onset related
component (C1) was unaffected during masking which occurrad between the
SOA range of 50-100 ms. The VEPs showed that for SDAs of 30 ms and
greater a second pos‘itw’e~ peak was clearly detectable which reflected the
Cl cc;mponent to the masking pattern. This emerging component showed an
attenuated amplitude which gradually increased along with the latency as
the SOA increased. At SUASQ‘of 80 ms. or greater, the two peaks had
comparable amplitudes. |

Jeffreys and Musselwhite concluded that the attenuation of the second
positw'e peak was a result of the temporal overiap of a negative peak in the
target-evoked VEP (see Figure 2) as well as a genuine attenuation of the CI
compoéent evokéd by the mask pattern at the shorter SOAs which was
presum‘&glg dus to the adaptation of the Ci sout*ce generators by the
previously presented target pattern. This conclusion may well address tt;e
attenuation of the mask response in the monoptic condition of the current
invéstigatioﬁ, however, it is unclear just how this might work in either of

%

the viewing conditions.

Other explanations also appear insufficient. Schwartz, Whittier and
Schwitzer (1979) concluded that changes in the VEP found in the monoptic

condition were due to retinal inhibition. However, such explanations are
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inadequate for several reasons. First, the investigators made several
changes from the monoptic condition to the dichoptic condition which render
‘any direct comparison between the two conditions invalid. Secondly,
Schwartz, et al. assumed the additivity of the separaste stimuli (as did
Donchin and his gssociates) without testing the assumption using his data
and his adjacent stimuli. Thirdly, Schwartz et al. found conflicting results
between the monoptic and dichoptic conditions, therefore, the conclusion
reflects this discrepancy. The current investigation, however obtsined
similar results for both the monoptic and dichoptic conditions which were

directly comparable in terms of the parameters used.

Conclusion

The general conclusion of the current investi'on 15 that (1) the VEP
elicited during monoptic and dichoptic metacontrast masking is not simpig/a
summation of the responses to the'individual stimuli, and (2) the response
that appears most affected is the reshonse that is more closely associated
with the mask response. There appears to be no obvious explanation for
these results. [t appears that the perception is not reflected by the
pschhophgsiological measurement. However, other VEP investigations have
shown poor cofrelatibns between evoked potentials (EP) an)d sensory
perception as well. Regan (1981) cites many different examples of visual
~ perceptual phenomena that do not correlale with the specific sensory EP,
such as VEPs recorded below subjective flicker thresholds. |

It appears that the pércéption of metacontra&t masking is not a case in

which ‘the psychophysiological measure reflects the perceptual phenomens.
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Either the perception 1s not mediated by the occipital or parietal areas or at
the very least cannot be meésured using scalp VEPs located over these sites.
It may be possible to measure the perception of masking at other locations
but the question is, “Where?” Pilot data revealed that measurements taken
from other placemants along the midline (vertex and frontal) do not vary
from the occipital/parietal placehents nused in this 1nvest1‘gation except in
amplitude. Other likely pla»cements, such as temporal locations (T2 and T4)
d1d not. gfe!d a substantial VEP. Appendix G contains data taken frorh
temporal placements and 1t}is apparent that the waveforms elicited by the

stimul do not vary significantly from those waveforms taken as generasl

noise levels.

The results of this investigation also present certain problems
theoraetically in that it provides no overwhelming support for either
inhibition or summation theories. If s‘ummation had occurred, then the
results would show an increase in the amplitude of the positive peak
occurring in the mask alone rather than an attenuation.

A stronger case may be made for inhibition theory. According to
Breitmeyer and Ganz, the target activates both transient and sustained
activity, and only the earliest of the target's sustained activity is inhibited
by the transient activity of the mask. Theoretically, the transient activity
of the target is not affected by the mask activity. Perhaps, the current
investigation shows the extent to which the target’'s transient activity is
unaffected. |

Unfortunaiely, neither summation of inhibition would predict the change

that occurred in the positive peak in the mask ’alone respdnse. However,



83 | a /

maybe Jeffreys and Musselwhite (1986) are curtect in dssuming that the
attenuation of the response to the mask is due to the adaptation from the
preceding target stimulation. Ina futijre experiment this may be tested by
the examir;ation of the VEP to a stimulus that succeeds another stimulus
without invoking any visual masking. The first (adapting) stimulus may
either spatially overiap the second stimulus or may be presented to another
area of the retind to determine the extent to which t'here 15 adaptation. At
this point in time, howaver, it appears that the’VEP 1S more a sign than a
code (see Uttal, 1965; 1967) with respect ‘to the perceptual phenomena of

visual masking.
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Appendix A. VEP Descriptive Data forBLC, ND and CMT. VEPs for monoptic
(1eft) and dichoptic (right) for occipital (A) and parietal (B) locations. DVD
occiptial (C) data included.
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Appendix B. Latencies for Large Positive Peak in Target Alone and Mask
- Alone Responses. Latencies in ms for both monoptic and dichoptic
conditions for occiptial and parietal locations.
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S
R
S BLC DVD- . ND : CMT
Monop Dichop Monop Dichop Monop 'Dichop Monop Dichop
T Alone : '
Occ 174 185 181 178 - 162 154 203 210
Par 178 187 184 182 166 157 206 212
.
M Alone (0) o .
T/MS0A- O 0 -0 0 o 0 0 0
Bcc 175 172 161 1§0 150 141 202 205

“Par 177 180 - 183 183 160 156 205 208

M Alone (1) - - ,
T/MS0A 40 35 45 30 47 40 37 32
Occ 218 207 244 240 198 192 240 240
Par 218 - 208 241 240 208 '218 244 242

M Alone (2) L ae

T/MS0A 80 70 80 100 95 80 75 65
Oce 259 . 246 277 289 237 232 277 276
Par 265 253 279 292 269 250  279' 279

M Alone (3) ‘

T/MS0A 120 120 . 150 150 130 120 125 120
Occ 292 290 339 343 288 263 322 333
Par 295 300 339 341 327 291 324 335

M Alone (4) .

T/MSOA 220 220 250 250 230 220 225 220
Occ 404 398 451 446 401 379 441 424
Par 404 406 435 443 409 398 423 425
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“Appendix C. Reproducibility VEP Data: One Session. VEPs included:
_ 1) Multiple Target alone responses for all subjects for monoptic (left)
and dichoptic (right) at the occipitsl (8) and parietal (b} locatione
2) Multiple VEPs using Ss' 3 rd condition SOA for occipital (left) and
parietal (right) during both monoptic (a) and dichoptic (b) conditions.
3) Muitiple VEPs of the dichoptic condition for simultaneous stimuli
presentstion at a) occiptial and b) parietal locations.
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Appendix D. - Repmducibﬂ%tg VEP Data: Two Sessions. Monoptic data
recorded during 2 sessions using simultaneously presented stimuli at
occipital (left) and parietal (right} locations for &) DVD; snd b) ND.
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Appendix E. waveform Computer Comaoéites. Waveforms computed for both
monoptic {left) and dichoptic (right) viewing conditions recorded at both
occipital (upper) and parietal (right) electrode locations for 4) BLC; B) ND;
and C) CMT, including D) data for DVD UCClDltﬁ] location for both monoptlc
and dichoptic (:oncntmne ' .
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Appendix F.° Waveform Residuals. Waveforms computed for monoptic (left)
and dichoptic (right) viewing conditions recorded at both occipital {upper)

and parietal (lower) locations for A) BLC; B) ND; and C) CMT, including D)
occipital data for DVD. |

R
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Appendix G. \{EP Pilot Date Recorded at Temporsl Electrode Placements.
Conditions include Aﬁ\‘\) monoptic and B) dichoptic viewing recorded at left
temporal (1eft) and right temporal (right) locations for all Ss.

=
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Appendix H. VEP General Noise Levels for &ll Subjects. Conditions include
monoptic (left) and dichoptic {right) for a) BLC; b) DVD; ¢) ND; and d) CMT
recorded at both electrode locations.
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