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(Helmholtz, 1909). : f

-

- »

The work of Hubel & Weisel (1959, 1962) alluded to

mGltiple channel processing of spatial informatione. They

~ found for instance, that peural cells in the cat and monkey

-

cortex responded differentially to bé} widths, orientation

. )
and direction of movement. These results seemed to provide

~

the first nedrophysiological evidence for the existence of

independent detecting mechanisms'(i.e.,'multiple channels)

* /

procegging visual information. .

»

»

In the attempt‘to describe, whether visual information

is processed along single or multiple channels in humans,

*

theorists qéve designed models of visual proceséing that

have taken into account both the data from animal .

v

neu;ophyslological sﬁudies,'as well as the results of ,

psychophysical invesé}gations: One model proposeq by"
Campbell & Robson (1568),lhas gained much attention 1in the
past decade. The authors extrapolated from the work of a
mathematician, J.B.s Fourler, in their model of a
multiple-channel visual-processing system. This theory not

-

qnli attempts to degcribé how visual information is s

P
processed but it also describes how a visual stimulus mag be
b §
physically decomposed inlo its basic.sinusoidal compon@hu .
N = ’ ) ‘I
Although this theory has been criticised in its application

y : ~
to human visual proJessing, it has has been- useful in its

concise mathematical description of the visual stimulus.’

L4
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Because of its impact, the Fourier theory of visﬁal
processing will be presented below. " Before describiﬁg this

Four}er view, however, it is first nécessary to introduce °

B

the concepts of gpatial frequency, sipusoidal and

&
square-~wave gratiﬁgs.
e A

\ . - \\

Grating Stimuli

Figure la displays a spatially periodic<§1¢ggﬁus3(i.e.,
grating) with a square-wav luminance profile. It consists
of a repetitive pattern ofq\ight and dark bars. Bar width
is usually defined in terms of spatial frequepcy, which is
the nuﬁber of cycles in a gr;ting per degree of visual angle
(c.p.d.). Wnless oéherwise specified, the luminance of the
light m%d dark bars modulyte around a constant mean
luminance level. The deéiee of -modulation is defined as the
contrast of the grating, which is expressed as a function of
the luminance at the peak and through of the display.

Conventionally, this is termed the Michelson Contrast Ratio

(MCR) and is defined by the following formula:

Contrast = Lum(max.) = Lum(min.)

5 ‘ Lum(max.) + Lum(min.) (1).

~
where Lum(max.) = the luminance at the . peak of the grating,

._and Lum(min.) = the luminance at the trough of the grating. -
a . ‘ "

.
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\
As well, these stimuli may be used to aid the psychophysical
-

theorist im modeling human visual processing. d
{

~

’

There have been a number of criticisms of ghe Fourier
model.A For example, one of the major criticisms is this
model’s inherent assumption of a linear visual system. A
linear system would envisibn that éhe response of a ganglion
cell for instance, would be directly related’to its input
(e.g., luminance). However, not all ganglion cells have _
been shown to pehave in this linear fashion. As will be
reviewed below, Enroth-Cugell & Robson (1966), as well as
Maffel & Fiorentini (1977), reported that one type of
ganglion cell (Y or transient cells) does-not behave

linearly.

Whether or not the Fourier model is a valid description
of visual processing, the results of many psychophysical and
neurophysiolegical studies strongly support the view that

v ) .
the visual system contains many separate channels tuned to

~

¢
discrete frequenciles, which may or may not be independent

and linear. The results of many recent studies have also

demonstrated that channels may be divided idto two

- processing systems, sustained and transient, which process

> -

different aspects of visual stimulation. , The discussions
below review how theorists have arrived at these

conceptualizations,

~
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Neurophysiblogical'Evidence for Sustained and Transient

-Processing Systems

3 [

3

Kuffler’s techniques of mapping out the receptive
fields of the cat retina have"been useful in these .
investigations. Using -similar procedures, Enréth—pugell &
Robson (1966) investigated the recept;vé fteld properties of
rerinal ganglion cells. Théy found that the gécepcive ’
fields of both on—centef and off-center varieties,‘poss%ssed
different spatial-summation properties, Using gratiny
stimuli, they founq khat one type of cell (X-cells) -

"responds to the sum of g\number of signals from different

parts of (its) receptive fiels, each proportional to the

local retinal illuhination. That 1is, in the_initial

4
processes of photoreception, signal transmission and signal
x

summation are linear". However, the behavior of another
§

.type of cell (Y cells) was described as non-linear, in that

these cells would respond to any change +n the light
distribution ovef its receptive field without regard to_ghe
overall stimulation. Cleland, ngin &(Lévick (1971) further
characterzed these two classes of cglls. Thelr results

-
shodéd'{hatsﬁ cells, charaeteristica?iy reSpdﬁBed to the |
continuous presence of a stimulus (see Figure 4a), whiie Y

cells, responded with a burst of firing to the onset of a

stimulus and then mimimally responded to its offset (see

_Figure 4b). 1In view of these characteristic firing

responses, these cel?? have been referred to by many

v

.investigators as "sustained" and '"transient'", respectively.

s o Pt
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This 1is the typical résponse profile of
oncenter, sustalned (a) and transient
(b) cells. Sustained cells have a lon-

. ger latency to respond to stimulation
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measured conttast-sensitivity functions for two separate

criteria. At thresﬂold, observers in tte‘Kulikowski &
Tolhurst experiment were asked whether or not they
considered the temporallydmodulating stimulus to beﬁﬁ
flickering. If it did not, they were required to increase
the contrast untii the flicker was just apparent ("flicker
threshold"). A "pattern recpgnition threshb}d" was assessed
;or flickering and statfionfry gfqtings;by inc}easing the
contrast of the grating‘until the "in\ividual bars were
evident"”. Kulikowski & Tolhurst repor‘ed that the results
of this experiment seem to indicate thit there.are two

e N !
distinct detection thresholds for a temporally modulated
spatial frequency grating. These two thresholds vary
independently with changes in temporal or spatial fréquency.
They went on to suggest that: "The simplest explanatioh is .
that the two thresholds" are mediatgﬁ by two independent sets

of neurons with different spatlal and temporal

~ [3
properties". ‘\ .

Thesewfhtestigators named these two sets ot neurons as
"tovément analysers" and "form analysers", The movement
analysers were optimally respon;ive to gratings of about 2
c.p.d., while the highest spatial frequency to which they
would respond was about 30 c.p.d. . Form analysers, howeQer,‘

were optimally sensitive to spatial frequencies of about 3.5

&

of about 50 c.p.d. The movement analysers were also

c.p.d. and may hagé\;till responded to spatial frequencies

=
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[RUSOR

s i o st

B



24

optimially re;ponsive to stimull temporally modulating at 5 -
6 Hz., while the form anal&gers, "preferr;d" stationary .
gratings. Although'Kulikowski & Tolhurst admitted that
there are similarities betw;en their "anglysers" and the,
sust;ined and transient cells found in the
neurophysiological literature, they were hesitant to say
that their data could have been readily explained by the
sustained-transient godels proposed by the
neurophysiologists. One reason, they claimed, was that, "At

present, the human form-analysers seem to 'be too sustained

to be completely consistent with the neurophysiology".

%he Kulikowski & Tolhurst study has recently come under
some criticisg. Burbeck (1981) for instance, suggested that
the method of adjustment employed by Kulikowski & Tolhurst,
may have produced methodological problems. In their

procedure, the subject set his own criteria for flicker

‘detection and pattern recognition. Burbeck claimed that in

using this procedure, the data become dependent on the
observers” conception of what constitutes pattérn
recognition and flicker detection. She also maintained that
a subject in a method-of-adjustment study 1is reguired to
detect flicker and recognize pattern. It‘may be argued that
since detection of flicker is a simpler task than the

recognition of a particular pattern, it may require less

'%wjhformacion to perform the task and might therefore have

resulted in the lower flicker thresholds reported in the

popa
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Kulikowski & Tolhurst experiment. In the pu;uit of
obtaining a leps subjective dependent measurement, Burbeck
agsessed two "independent" thresholds. A "pattern"
threshold was defined as the lowest contrast at which a
flickering grating_:ould be reliably distinguished from anf :
flickering spatially uniform stimulus. The "flicker"
threshold on the other hand, was‘;ssessed by agking an
observer to differentiate a flickering grating from a
non—-flickering one. Burbecﬁ céﬁimed‘thdt these ﬁwo
dependent measures were '"criterion free" since the subject’s
task was to merely discriminate between pattern and spatial
uniformity and between‘flicker and temporal uniformity.
Using{che;e dependent measur ;, Burbeck produced results in
some. disagreement with those of Kulikowski & Tolhurst. For
instance, she showed that pattern sensitivity was always
greater than or equal to flicker sensitivity for all
temporal frequencies,pwhereas Kulikowski & Tolhurst showed -
that flicker §ensitivity was alwa}s greater tlan pattern
sensitivity. That notwithstanaing, Burbeck could not
disaéree with Kylikowéki & Tolhurst’s contention tha't
flicker 'and pattern may be detected by differen;
physiological mechanisms.
™

Derrington & Henning (1981), however, argued against

the 1dea of two independent processes mediating flicker and

pattern perception. .They found for instance, that the

contrast at which subjects were able to discriminate between )
p ' ' !
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sustained and transient channels which&both respond to
gratings at moderate spatial fréquencies. However, hé
continued, "gratings of .25 c.p.d are detected solely by
franaﬁgnt channels at all flash durations, while gratings of
10 c.p.d are detected solely by sustained channels at all
%&ratibns". . - _ ’
Y .

Harwerth & Levi (1978) also maintained that both )
su;Qained and transient mechanisms méy beth resp;ﬂd to a .
single spatial freq.uencyr For each 6f their supra{hreshold
épatial frequency gratings, they assessed RT as a function o
of contrast, They discovered a complex relationshiﬁsbetweqn
spatial frequency, contrast and reaction. time. FigureKS
depicts a sample of their findidgs. For low and high
spatial frequencies (.5 & 12 c.p.¢.), a monophasic
relationship‘between RT and contrast was evident, ﬁoquer,
for middle spatialnfrequency gratings, a biphasic
relationship between RT and contraét existed. For instancey

for a 4 c.p.d grating presented at 50 msec, RT decreased

monotonicélly as contrast was increased from threshold until -

approximately a contrast ﬁ? .10. A further increase in

contrast, however, resulted in a rélative drop in RT,

producing a break in the smooth, monophasic curve. According
P

to the authors, this "break”in the curve" is consistent with

thelhypothesis that sustained and transient chHannels were

: operaEing within different contrast ranges. More

gspecifically, the biphasic relationship between RT and

3

)
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Figure 5. 'This is an idealized biphasic RT+curve depicting
. ) the results of Harwerth & Levi (1978), It was
' propogédfthat the top portion of the curve repfre-
sented the involvement of sustained cells, while
s the bottom portion of the curve reflectdd the
operation of transients.’
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Weisstein, Jurkens & Onderisin (1970) employed negative SOAs
to refer to paracontrast an& pésitive SOAs to denote
met;contrast. ‘In being cgnéisient with Weissteln et "al,,
positive and negative values of Ssg will be used throughout
this thesis‘to‘refer to metacontrast and paracontrast

>

conditions, respectively.
¢

Two general types of metacontrast functiogé have been
docu;2qted in the literqure. Kolers (1962) has referred to
these as type A and type B functions. Type A functions
(Figure 6a) usually depict maximum masking as occurring at
an SOA of 0 msec. Paracontrast as well as metacontrast is
evident and the masking effect tapers off as‘the SOA departs
(eitﬁer positively or negatively) from 0. Type B functions .
(ﬁ;gune 6b3 usually reflect little or no paracontrast, while
peak ﬁasging'occurs at some SOA (positive) greater than O,
usually between 30 - 100 msec. Type A functions have been
referred to as being monotonic, while type B functions are
known as non-monotonic or U-shaped. The salient parameter
which seens t} be related to the shape of the metacontrast
fﬁnction is the energyrrelationship (energy being defined as
the product of luminance and duration) between the target :
and mask. It has been shown repeatedly that when the target
to mask energy ratio approaches 1, the metacontrast function
becomes U-shaped (Alpern, 1953; Matteson, 1969), and when
the energy of the mask is greater than that of the target; -

7
« that is, as the energy ratio approaches 0, monotonic

e . ' ’\B
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et

L : |
-100 0 100 -100 0

SOA (msec)

100

Function (a) depicts the typical type A or momno-
tonic function found in metacontrast. The mask-
ing effect is maximum at an SOA of Q0 and tapers

off with a departure from 0. Function (b)
trates the typical type B or non-momnotonic
where little or no paracontrast is evident
maximum masking occurs at some SOA greater

<
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overlap of these two neural response functions, which

according to the theory, would result in an absence of
L)

N masking. However, if the mask was delayed in time, by :
introducing a.longer SOA (Figure 7b) then it is possible to ’ 2
obtain maximum o;erlapping of inhibition and excitation at
the "decision" ngﬁron, resulting in maximum metacontrast,

As the‘SOA i¥/f3rther increased, the excitation response to

the target might build-up and terminate before the onset of

- the mask, resulting in little or no masking: Weisstelin,

0zog & Szoc updated this model in 1975. in response to

criticiams by .Bridgeman (1971). -

|

R Wk s b, 2

According to the authors, this revised theory seems to
be able to fascribe metacontr;st, paracontrast as well as
predict when to expect U-shaped and monotonic metacontrast -
functigﬁs. As opposed to the earlier single-ch;nnel modei

of metacontrast, this modified model assumes multiple

spatial and temporal channels, In addition, this model was -
o . .
one of the first to address the possibility that
-
metacontrast was the 'result of the interaction between

. -

sustained and.transient cells. The authors maintained that:

"A high spatial frequency response may be thought of as a

Gk % e Mt K e (e

response to edges, and a low spatial frequency response may

be thought of as a response to non-edges-blobs, or‘large,~

blurred shapes...”". They continued to say that "... both an

edge response and a non-edge response may be tied to the

accumulating evidence for the presence in the visual system




of channels that respond to transient, low spag;al frequency
"stimuli and channels which respond to sustained, high
spatial frequency stimuli.” At‘was suggested~that
metacontrast consisted of thg "blob" (transilnt) response of

the mask inhibiting the edge (sustained) response of the

-

target,

2

\
Thefeisstein, Ozog & Szoc.model also addxx\essed type A

metazﬁntrast functions, They ™ maintained that as one

. '
incrlasei'the enargy of a stimulus, there is a resultant

‘ R 1
spreading out in time, .or "smearing" of the neural response

to that stimulus. That is, with high energy masks, the

response ‘of the inhibitory neuron would belso great (in
P
response time and firing rate seg'Figurq 8) that "one will

Y

not have to delay presencacion of the masak, ¥s much, as its

energy fﬁcreaées, in order to have 1t inter%erq with the
|

. \ '
target, and thus the metacontrast functions inl shift their

~

minima toward the origin".. \

To account for paracontrast, this versioh describeigzn'

inhibitory collateral coming from the target ﬁnd excitatory

- component emafating from-the mask. That is, Qhe model
proposed that the sustained response from the mask inhibits
the translient response from the target, which Produces

. - J
minimal (because of the limited role transientp play in
i

mediating form perception) paracontrast functions. This

function would normally be U-shaped, because the target

- N o mckte M e e, v - . P T R o Ta
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tharacteristics. These channels process visual information
\
in a2 manner that results . under certain conditions, in the
production of met*a2 and paracontrast. Critic&l to these
theories is the interaction of suskained and transient
cells. TIf it was possible to differentially manipulat; the
activity of these two groups of cells in a ﬁetacontrasf
paradigm, then one might not only be able to test the

validity of these theories, but it would be possible to

examine how these two groups of cells interact.

3. Recent Experimental Approaches g .

One method of varying the activity level of sustained
or tran;ient cells was discussed earlier. That is, there 1is
evidence :hat lﬁw spatial frequ;ncies maximally ;ﬁimuiate .

transient cells; whereas highexr spatial frequencies mostly

stimulate‘sustained cells.

A number of studies have used sinusoidal and ,
square-wave gratings as metacontrast stimuli. White &
Lorber (1976) for instance, using high contrast square-&avé
gratings.in 8 metacontrast paradigm, irfdvestigated how~ :
metagoné&ast vﬁried as function of taiget and mask spatial «
frequency. Using targets of 6 and 12 c.p.d. and masks of
1.5, 3, 4, 6, 12 and 24 c.p.d. they found maximal

metacontrast when the spatial frequencles of the target and

mask weretapptoximately equal, while masking decreased as .

e Lo

f
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A}
the spatial frequency of the stimuli diverged. The results
led White & Lorber to speculate that. the magnitude.of the
metacontrast effect’depends on the spatial’frequency
similarity of the target and mask. This proposal is in
contradiction with predictions that the Welsstein et al. or
Breitmeyer & Ganz theories would have made. These tgeories
wouid have predicted that if metacontrast is mediated by
transient cells responding to the mask, inhibiting sustained
cells reacting to the target, one would predicft that maximum
hetacontrast would be produced by low spatial frequency
masks (involving mostly transiemt cells) i;hibiting higher
spatial frequency targets (which involve mainly sustained

“

cel} activity).

7

. Although the results of this experiment do not support
{the sustained~transient models proposed above, the paraﬁigm
may not have truly been a test of these theories, for two

reasons. Firstly, the authors employed square wave gratings

. which can be analysed into a fundamental frequency and many

other higher sinusoidal spatial freqﬁency comfonents
(harmonics)., Thus, the extent to which sustained and
transient cells were responding to che,differegt spatial
frequency gratings, 18 not clear. Secondly, the autAors
employed high contrast stimuli (.78). Accqrding to the
results of Harwerth & LFVi (1975) these high contrastl
stimuli may have primarily stimulated the transient system,

such that transient rather than sustained cells medjiated the

)’ ¥

%
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processing of the target and mask. This would have

\brecluding any sustained-trans}ent interactions.

- e

v

Growney Si978) a;oided one of these problems bf

=

conducting a metacontrast experiment using sinusoidal

gratings as the stimuli. 1In thi; study, metacontrast
effects were agsessgd on a blank field (gate target) and a 5
c.p.d. spatial frequencf ir;cing (5 c.p.d. target) as a
function of mask modulation frequency, ISI, and spakial
separation between the target and mask. The results of this
study were similar to tho;e obtained with nonmodulated
stimuii. That is, the metacontrast effect was shown to vary
as a nonmonotonic function ofilsI and was maximal when the
target and mask were sgpatially adjacent. The effect of mask

modulation, however, was not as clear. The perceived

‘contrast of the 5.c.p.d. target was maximally'attenuated by

magks having spatial frequencies of 3 - 5 c.p.d., a finding
in support of the ?similarity" hypothesis proposed by White
and Lorber. However, the perceived brightness of the "gate
target" was highl& degraded by most of the masks. For one
observer it was beét masked by a 5 c.p.d. stimulus, while
for the other observer, a blank field mask (gate mask) was
most effective. The sustained-transient descéiption of
metacontrast found suppert in the result that the ISI at

g

which maximum masking occurred, was lénger for’the 5 c.p.d.

' target than that of the gate 'target. Presumably, thé’S

cep.d. target Qeuld have stimulated more sustained/éells
i

~-
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oscilloscope having a P-31 blue~green phosphor. A Tektxronix

FG 501 waveform generator fed 4 100 kHz. triangle wave to

the vertical amplifier (Y-axis), which resulted in the

screen being entirely filled witﬂ a uniform luminance (10
cd/mzj. Ehe grating pattern was created by modulating this 2
raster with a sinusoidally-varying voltage 1input %
(synchroni?ed‘to the X-sweep of the oscilloscope) to the I
intens ity igput (Z-axis) of the oscilloscope. A sine-wave
generator specially designed for this study (Mundl, 1982) ;

ey, . i
provided this voltage input to the Z-axis. . :

The face:- of the oscilloscope was masked by a piece of

A

black paper. A rectangular hole was” cut out, producing a
stimulus of three degrees in widthe by one and a half

degrees in height (viewed from a distance of one metre).
. \

The Z—axis was modulated in such a way as to produce

sinusoidal waveform patterns’ containing two abrupt

transitions in frequency and amplitude. The two transitions

AP WA i Do

divided the stimulug into three horizpntally adjacent
sections of equal area (see Figure 9). The centre*section \ ;
contained the target stimulus. 1Its onset, éffset; contrast ’
and sptatial frequencylwere independently adjusted. The ¥
adjacent areas to the target consisted of the "ﬁeripheral" - g
stimulus. As well, its onset, offset, contrast and spatial
frequency were independently controlled.

§ -
lThe target and "“peripheral” stimulus signals were fed
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A3
‘peripheral stimulus B
target
/! .
1.5
5 ) . \
o 3°

The stimuli used in these experiments are illus-
trated. The central area measures 19 x 1,59 and
consists of the target stimulus. The peripheral
stimuli measure 1© x 1.59 each., The lines divi-
ding the sections corresponded to the "chart tape"
which physically divided the screen in the experi-

ment . « ‘ . N
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of ten trials. Contrast varied in approximate .05 log unit

intervals, between the individually determined thresholds

-

and a contrast of appréximately .41, On a given session, a
‘ .

.target spaiial frequency was randomly selected.\‘For each

’ <

randomly selecte& contrast level, 10 RTs werevtaken, each

1

preceded by a randomly determined foreperiod. This required

10 experimental sessions of one hour duration for each

\

v

observer, *-

{\The observers practiced at this task for gt\least.f;ve
sessions prior to collecting the data. jhe contrast |
thteshgld for each grating was determined at this time., It
was defined a; the lével,‘at which aﬁprbximatély twenty
trials were required to obtain ten reaction time
Measurements of less than l second (Harwerth & Levi, 1978).

v

Data was collected on three observers, two of whom were
v s/

naive with respect to the purposx\of the experiment,

o

\

°

)
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\ . Resﬁits

The figures presented in this section each represent

one block of replications (10) for each spatial frequency

grating, instead of the collapsed average over both

-

replications. The rationale for doing this, 1s demonstrated

by.referring to Figure 1l. Figure lla shows a RT curve

plotted as a function of grating contrast. The idealized
|

discontinuity (or break) i% the curve reflects some of the

typical data revealed in this study. Figure 1llb shows how

this break ﬁhy occur at different contrasts, for two

i

"replications. As will be dgicussed below, this occurrence

was not unusual in the data. That is, these bre;ks would
occur at different contrasts for the same spatial frequency
grating in both repli&ations.‘ﬂ?igure l1lc displays, what
happens to the brea# in the curve if .two functions @ith
discontinuities occurring at different contrasts are
collapsed; the break "“washes out". Pogsible explanations‘of
these replicatioﬁ”ﬁ&fferences~1s outlined in the following
discussion section. }n order to eliminate the possibility
of "washing out" the effect being looked at, the data is
presented in blocks of 10 replications each,

\
’

;

. ' ,
or all‘sub{ECCS, mean reaction time was plotted as a
\ A

functi of contrast level. The curve fitting procedure
.

-~ ~
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. )
-explanation of what may have occyrred to produce this S

\ f .
The pre&iction that bfphasic RT curves may beginJat .
' /
higher spatial frequencies with shorter durations, was

supportied in these data. Using 500 msec. stimuli, Harwerth

& Levi reported that breaks in the RT curves occured with .5
c ' i
cep.d. stimuli., For 50 msec. stimuli, their data revealed

.that dicontinuiti!q occurred for gratin%ﬁ not below 1 c.p.d.

In this experiment, the use of 16 msec. stimull, resulted in
’ »
the production of biphasic RT curves only beginning at 4

-
cepsde The sustalned transient view seems to offer a viable

result. Since transient cells are more likely to gediate
b;lef stimuli, 1t is more likelf that these, rather than
sustained cells may have been responding not only to low '

spagfal frequencies, but also to moderate omnes. Therefotﬂ,

at 2 c.p.d., translent cells alone, may have mediated the RT

R Rt

measure. This was reflected in the production of monophasic

RT curves at 2 c.p.d., for all obse:ﬁers. Beyond this

14

spatial fréquéncy, the sustained system seemed to be ‘ o

oPera:ing, as the biphasic RT curves imply. For most

4

B L T

observers, biphasic RT cu%ves occurted with 10 c.p.d..

i

gratings, suggesting that even at high spatial frequenciles,
A
where transient activityﬂis’purported to be rare, high ) N .. q

contrast stimuli may activate the transient system. o

Although Harwerth & Levi made implicatiops about the

activity of sustained and translent neurons in their RT




w

B

study, they never described a model that could have
accdunted for their data. In order to do so, it may be

hypothesized that RT is determined by maﬂy factors. For

\

instance, Teichner & Krebs (1972) suggested that neural

-
transmission time, neural activity level (which they

describe as the intensity or energy level) and cognitive

t
s

factors; such as motivation and attention seem to mediate
RT. If cognitive féctors ire assumed to be held constant, a
model using Teichner,& Kreb’s proposals, may Ge offered in
order to accoupt for the data produced 1in thi; experiment.

' Given that RT reflects neurﬁ} transmissjon time, we

-

.would expect that tissues having quicker transmission times,
I

shoqid produce quicker RTs when compared to slower neyrons

mediating RT. This suggests that {he implication of quickér
{~ - 1
. [

tﬁfnsient cells would produce faster RTs than the slower

‘gustained cel¥s.

)

i .

It ﬂés]been well documented since the work of Pieron
(1920); that RT decreases with increases in the intensity of
a stimulus. On a cellular ievel, 1t is8 well known that '
increases in the intensity of a stimulus are accompanied by

increases in the firing rate of 2 responding cell. Thus, it

) may be argued that incteases in the firing rate of a

v 1

responding cell or résponding cells may be assoclated with

,decreases in RT. As well, Maffel & Fiorentini (1973).found

sustained and transient cells whose activity level increased

\ r ‘ A
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) ~N
as a finction of sipusoidal grating contrast., With this in
mind, it is hypothesized that RT zs inversely related to
cellular. activity, which can vary as a function of the
¥

energy (duration or luminance level) or contrast of a

stimulus (grating).

A third comporfent mediating RT, may be related to the
number of cells E at respond to a stimulus. It may be
ar§ ed that as more cells respond td a stimulus, the more
11k{1y it is, that the stimulus will be detected. Graham
(1980) defines this as "Probability Sum;ation" which refers
to "...the increase in the detectabllity of a pac:;tn that
results when two or more uncorrelated channels rather than

PRt g
A i

-

one respond to the pattern”. Y

-k
B
T.

: i
Given the influence that differential response tlmes,

firing rates, and cellular activity level have’on RT, a
model accounting for the these data is ptoéoseé in Figure
15, Consider what happens when a 4 c.p.d. g}acing is
displayed. -The abscissa represents neurons that are
maximally sensitive to individual frequency gratings. The
ordinate reflects the response rate of these different
cells., Each cur;e represents the activity level of the
responding cells. At a low contrast (depicted in a),

neurons maximally sensitive td spatial frequeﬂches near &

c.p.d. respond to the grating. This may be reflected in

;iong RTs, since few cells are responding and those that are

’
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82

One-Way Analysis of Variance qults for the Separate

Portions of the RT curves above and below the Discontinuity

Break for the 4, 6, and B c.p.d. Gratings.

"Above" Discontinuity fn RT Function

Observer Replicatioﬁ . + 4f
B.K. - 1 (2,19)
B.K. 2 (2,8)
P.B. 1 (2,20)

®B. T T T (@2
S.S. "1 ’ (7,14

$.S. 2 (2,139)

B.K. 1 (2,22)
B.K. 2 ‘ (2,29)
P.B. R S (2,24)
P.B. 2 . (2,23)
s.s. 1 (2,24)
$.8. ' "2 S 2,19)

F

.97
58
1~.87
2.52
1,55

‘ 4-00

25,97
14,90

3.64
31.64
51,35

25.91

>:.05 ‘
> 05
> 05
>.05
>,05

<.05

<, 01
<,01
<, 05 -
<,01
<,01

<.01

e obtmae ! . ro b A

Sig. Level

A

“Below" Disconti’nuiﬁ& in RT Function
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fatigued in replication 1, we might expect that the target
had a reduced impact, thus producing both an overall slow;.'r

RT curve and a shift {n the breaking point to a higher

contrast, when compared with the RT curve from replication

2. This.in fact, occurred not only for BK but also for PB

at 2, 6 and 10 c.p.d. and at 4, 8, and 10 c.p.d. for S8,

»

N

N

Altl‘iough Harwerth & Levi did not report these type\s of
ir;consistencies across replications, this phenomenon was
consistent enough in this study to make stateme;xts about
collapsing RT data across replicati‘ons. As was pointed out
earlier, since the collapsed data night have "washed out”
the break in the RT function, these data were presented per.
sesslion; It seems that in the ;uture, other studies |
sengitive to the shape of the RT function, would also be

-

best served by presenting RT data in a similar fashion,

-

e
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TR Results,

Figures l17a and l7b represent BK’s data for teplicatioﬂ

.

one and Cwo,“respeétively. The most apparent aspect of

o
hd » »

these dataff; the absence of the discontinuity break for

spatial frequencies of 6 c.p.d. and the longer‘RTs for tﬁe '
10 c.p.d. gratiﬁg. Figures 18a*énd’18b compare BK’s RIs to\
.the central target and peripheral masksy, for replicatian one,
and two, respectively. The standard errors ranged between 5

. M D ‘ .
and 22 msec for all of the observers. Overail, for BR, RTs

to the 6'c.p.d. grating were fagter when it was presented in
the periphery. RTs to the 10 c.p.d. grating however, were

slower. PB’s data are presented in figures 19a and b where

comparisons between the central and peripherai stimuli are

presented for both replicatibns. In only one replication
were faster RTs evident at 6 c.p.d. However, as with B,
the 10 c.p.d. gratinglproduced slower RTs. §S’s Aata’are

similarly presented in figures 20a and b. The data were

- [}

consistent with those of the other; two subjects, with faster
RTs to the 6 c.p.d. mask and longér RTs to the 10 c.p.d.
peripherally presbnﬁed g;ating. ‘It was also evident for all
three observers, thaF‘RT‘did noc\differ between the 2 c.p.d.
fovea}Iy presented target and pef{pheral mask.

"
& v

Discussion

The fesults of this experiment seem to support the

-
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Figure l7a.
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of ‘the target and mask. YO
v - N Lt : a
AN . . /-b
White & Lorber proposed that maximum metacontrast !
. — b “ v

sho&ld occur when the target aﬁd mask are of tbe_Eame
spatial frequency. They suggested that neurons maximall&

: ; .
inhibit each other, if they are similagy in spatial

“and close to each othef in proximity. That is,

frequency,

within  the context.of spatial frequency sensitive channels

’

mediating metacontrast, White & Lorber would predict tha}

£

péﬁrons responding to the same spatial frequency may greatly

.

inhibit each other, producing maximum metacontrast effects.

Weigstein et al. (1975) and Breitmeyer & Ganz (1976),
.

however, disagree with this &e;oriptioh. They believe that-

/

metacontrast is the result of sdqiained neurons being
'1nhibited by’ transient ones. Bqth models woul& predict that,
maximum metacontrast effects, would occur when low spatial ?
freqﬁéncy gratings (mask), which éreSumably stimulaée the

transients, would inhibit higher spatial frequency gratings

3

(target) which is believed to implicate sustained neurons,

Furthermore, Weisstein et al, and Breitmeyer & Ganz differ

Y

as to what mediates paracontrast, As reviewed earlier, o

Weisstein/ et al. argue that‘parécontrast is Ehe result of
transient cells responding to the target, beiné 1nh£bitgd by
sustaiﬂbdjcell; reacting cohthe nask. Breitmeyer & Ganz
however, argue that para;ontrast 1s the result of

‘ .

intrachannel inhibition, whéreby sustained cells respénding .

to the target, are inhibited by sustained cells responding

2

[

ETR o A

i
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*

t%'thelmask. Thus, Weisstein et al. would p;édict that
a :

.max\{mum paracontrast effects sQould occur with lower spatial

“
frequgncy targets (in which maximum transient cells are

. ' involved®™apnd higher spatial frequency masks (where

0 "y

sustained cells are mostly operating). Bfeitmeyer & Ganz

- . )
P however,-would predict that maximum paracontrast might occur
N ’ N 'Y : ”

when both the target and mask wereiof higher spatial

~ frequency, thereby predominantly implicating the sustained
* 3
system, ,providing a basis for sustaihed intrachannel

. inhibition. - .
e ; - : . 4’ <

»
- LN

Independent and Dépendéqt Vafiakies.

~ -

-

\ v e A \

& N "' “Table 2 displays the 18 conditions that were used in

. - -’ A%

. " this experime'nt{ Target and mask spatial frequencies of 2,
. K i

¢ 6 and 10 c.p.d«w were employed. High contrast masks were

. uged, while both high and low contrast targets were

)

implementéd. The rationale for using these stimuli, is

“

[ .
described below. .

b) . -

v '

”

Tﬁese'stimuli'were derived from the results of

. Experiments | andy2. For all observers in those '
experiments, fast monotonic RT functions were produced for

“».. the 2 c.é.d. grating. It was s;ggested thgt these results

N reflected the‘action p;'the t:an;ient s;stgm. Foér ail three
h .pbservérs, the 6 c.p:a. grating produced biphﬁsic RT curves,
L whigp was interpretzz as reflecting the oﬁeration of both
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. The timing schematic for the experimental procedure is
depicted in Figure 21. Prior to the beginning of thg
ex%eriment, the observers dark adagted for 5 minutes. .They
theﬁ freely viewed (monocularly) the three adjacent 10‘
cd/m2. blank field; (light adapted) for another five
minutes., The beginning of each trial was signaled tJ the -
observer with a warning tone. At this signal, the observer
was told to fixate in the middle of the central target area.
The target‘and mask combination was then presented with a
random Sd; separation. 500 msec foliowing the offset of‘the
last stimulus, a comparisén grating set at the same spatial
ffequency as that of the target, was’presented; vIts
contrast had been previously adjusted by the observer via an
external potent}ometer, to its lowest position priér co‘each
SOA block. As soon as the subject saw the target, he was
“instrucfed to adjust the potentiometer such that the
comparison stimulus contrast matched that of the target. &

For the first trial, the subject would move the

-

o

potentiometer dial Iin an upward direction, thereby

-~

increasing the contrast of the comparison grating. During

the next trial, the dial would remain in the same position,
and after the presentation, the obhserver yould move the dial
in ‘the dtgired direction. In order ‘to reduce the possibilit}
Fhat the observer would extract information fr;m gﬁe
position of the potentiometer dial, the gain of the sinusoid

was randomly adjusted from trial to trial by the

experimenter. For iqgtance, on one trial, it may have taken

v P

e
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for the six replictiéns. Figures 22 through 27 represent
BK’s data for three of the 18 conditions each. SdA is ‘
presented on the abscissa, while the comparise?'mhtching
contrast, depicted in Michelson contrast ratioEuqft§, is-
shéwn on the o;dinaté; The baseline matching conirast is

displayed on the right-hand side of each graph. ' Standard

error bars are shown.

BK’s data were representative of the other observers..
Tables depicting PB & SS’s data fo;‘these conditions can be

found in appendix A. The most prominant feature of these

-
[

data i{s the absence of the metacontrast effect. Ouly in one '

condition (6 c.p.d. mask and a 6 c.p.d high contrast target)
was metacontrast evident, and even in this case, the effect
was not large and was not described}by the typical U-shaped
or mopotoﬂic metacontrast functions. This conéition
however, did not producé metacontrast for the other*'
observers. For the other two observers, variability was
minimal, with average standarﬁ errors ranging between
contrast valugs of .01 and .02. The remainder of this
discussion will be addressed to those parameteré that might

have accounted for these results,

\ N
Growney (1976) and White & Lorber (1976) employing
metacontrast paradigms using grating stimuli, were able to

produce typlical metacontrast results. The main difference

o

between this experiment and théirs, was the conttrast

\
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Experiment %

This study, was identical to Experiment 3, except for a
change in the the state of adaptation of the eye. After
initially dark adapting for 5 minutest the' observer viewed a

dimly 1it (1 cd/m®) fleld for an additional 5 minutes. This

luminance level was maintained for all of the fields, except
during the stimulus presentations, at which time, the

gratings modulated around a mean luminance level of 10

cd./m? BK and PB were used as the observers.

"

Results and Discussion
o : As 1n Experiment 3, the data were averaged across
replications. PB’s data are presented in Figures 28 - 33

and are representative of BK’s results, which are presented

"in appendix B. Similaf to the results of Experiment 2,

e d

metacontrast was not produced in any of the conditions. The

»h variability, as indicated by the standard error bars was

»

generally very small for both observers.

¢

Since the state of adaptation of the eye was the only

A
variable to change from Experiment 3, it seems from these
tesuits, that the state of adéptation of the eye alone, was
not the significant variable precluding the metacontrast

effect. 1In furthefing the attemptfto understand wh

v

metacontrast was not proﬂuced,,;he dependent measure was

scrutinized.

t
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Pilot work indicated that the dependent peasﬁre, may
have not been sensitive to perceptual changes in the target.
.In these preliminary studies, ;nifotm high luminance (88
cd./m2) nonmodulated stimuli were éresented as masks.

b Metacontrast was produced, reducing the perceptual
effectiveness of the .target. However, the observers in th;
pilot work all reported that adjusting the contrast of the
comparison stimulu§, was not effective in reducing its
perceptuai‘impact to match that of the target stimulus.
They'claiméd that although the comparison contrast may have

. matched the apparent contrast of the target,” the brighfness
' w;s not the same. It may be possible that in Fxperiments 3

- and 4, the brightness of the target was attenuated due to

metacontrast, yet its perceptual contrast remained the same.

In the pursult of fin@inglanother dependent measure
that would be sensitive to all perceptual variations of the
target, we may turn to the White & Lorber study. 1In their
investigation, a comparison stimulus was presented to the
Th;'observers made

’

comparisons based on "the apparent contrast between the

observers, which varied in duration.

light and dark bars of the gratings, the shd;pness of the
contours, and whether ény bars or pieces of'bars appeared to
missing from the TSQ(targeg étimulus).". Using a similar
dependent measure as White § Lorber, pilot work using phe

high luminance masks was conducted. The observers

[T SRV,
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participating in this

confident in matching

®

masked target.

e eep .

: ~
work indicated th&t they

> 3
were

the perceﬁtual effectiveness of the

’

That is, they were now able to make matches’
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represents one light-adapted condition of Experi-
ment 5.° The baseline matching durations are
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2

in the firing rate of a responding neuron (Ganz, 1975).  If
the aciivity level of neurons responding to the mask is
related to its masking effectiveness, then it is possible

e

that changes in mask duration may be as effective on -

“masking, as changes in its contrast. Alpern (1953),
:_Kinsbourne & Warrington (1962), Kahneman (1966), Dochin
(1967) and Turvey (1973) all reported that masking effects

L]

were attenuated a¥9the duration of the mask was decreased.

s

P *

- Since dutafion manipulations have been shown t? affecé
the magnitude of masking, it was expected that similar
variations i? target and or mask duration with these grating
sfimuli,_would hdve an influence on the prodﬁction of

metacontrast.
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.energy mask smears-out its tranasient response, necessltating
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Discussion

From the data of experiment 6, it is clear that

monotonic metacontrast functions may be generated using
these low energy stimuli. It was not suprising that these

types of functions were produced, since as

as indicated

i
/i)

ear}ier, this is an expected finding with rglatively higher
energy masks and lower energy targets., It seems that these
overall low.energy stimull are marginally effective as

masking stimuli, Not only are they unable tg produce

U-shaped metacontrast functions, but they require dark !

adapted conditions to produce monotonic curves. \

Py

The White & Lorber (1976), Weisstein et al, (1975) and

i f
Breitmeyer Ganz (1976) models have placed great importance
in describin% what may be mediating U-shaped metacontrast
functions,. fhat notwithstanding, differential predictions -

about the conditions which produce monotonic functions may

be extrapolatea from their theories.
\

White & Lorber (1976) for instance, predicted that
maximum masking (whether it be monotonic or U-shaped) should
occur when the target and mask share the same spatial

frequency.* This predickion was confirmed by/;he data.

-
1 1

.

Weisstein et al. (1975) however, suggested that a high ///

Y

less temporal seperation between the target and mask to

\
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of the metacontrast effect may be observed under the

different stimulus conditions. It was proposed that by &~

v

varying the spatial frequency and contrast of the stimuldl,
" the implfcation of sustained and transient cells would be

"differentially manipulated. That 1is, according to these

theories, .the strongest metacontrast effect would be

s

expected under conditions which created maximum stimulétioq

of the transient cells and therfore, maximum inhibition of

¢
v

the sustained system. :

- 1

o .

The data.however, did not bear this out. In fact,

/'metacontrast was not observed for all of the conditions in

the experiment. ‘Two possible explanations of these.results
became apparent, Firstly, if the mechanisms mediating RT
and metacontrast were different, then using the spatial
frequency and contrast parameters derived froﬁ Experimfnts 1
and 2, might not have had any bearing on manipulating the
cells which normally produce metacontrast. Secondly, it was
possible that RT and metcontrast are mediated by the same
neurons, however the stimulus parameters were not ideal for
producing strong metacontrast effects. This latter
possiblity was experimentally investigated before the first

possible explanation was considered.

Experiments 4 and 5 were conducted in an attempt to
, assess why metacontrast was not produced in Experiment 3.

Factors which have been known to strongly affect the

» —
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metacontrast function were investigated. It was found that

the state of adaptation of the eye (Experimeﬁt 4) or the

b Bembies e o meae

dependent measure (Experiment 5) alone, were not resgponsible

for the absence of metacontrast., Pilot work indicated that i

P

increasing the energy of the mask relative to that of the

target however, would produce metacontrast in the dark

adapted eye.

Experiment 6 was conducted to investigate this

condition, In this study, masks with twice the energy of

-

the targets Qege used. Stimulus conditions with spatial

. frequency manipulations similar to Experiment 3 were

o

employed. Monotonic metacontrast functions were produced in

(SR

all conditions. From the rgsults of all the observers, the
most salient aspect of these data, was the fact that maximunm
metacontrast varied directly as a function of the spatial
frequency similarity between the target and mask. This
finding 1s consistent with the White & Lorber contention
that maximum metacontrast should occur when metacontrast
stimuli share the same spatial-frequency. However, these
findings are in conflict with Weisstein et al.’s prediction ‘ k
that monotonic metacontrast should be maximal with the low
spatial frequency mas#. As well, Breltmeyer & Ganz's
description of sustained-sustained inhibition achounging for‘
monotonic functions was not fully supported, in that maximum
&

. |
metacontrast was not found in the higher spatial frequency

target and mask condition.
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These data may be explained by first considering the
results of Maffei & Fiorentini (1923). They conducted .a
study which showed that sustained neurons found in the cat

LGN were not as sensitive to changes in stimulus contrast as

transient cells. Specifically, as the contrast of the

grating stimulus decreased, the response of the transient

cells grew weaker, while that of ‘the sustained cells
remained relatively constant, If this evidence typifies the
activity of sustained apd transient cells in the human
visual system, then i1t may be possible to describe what may

have.occurred neurologically, to account for these data.

3

It is possible that in Experiment 3, the low energy .

masks were not stimulating either the sustained or transient

o)

neurons to a degree sufficient enough, to foster inhibition.

-t
.

In ExperimenE 6 the energy of the mask was increased

¢

relative to that of the target. However, ghis stimulus was
still weak (considering that it was presented for 32- msec,
while‘the stimuli used by Maffel & Fiorentigi were presented
for 250 msec). As well, Maffei & Fiorentlni showed that a
grating with‘a contrast of apﬁroximately..ﬁo (a contrast of
.41 was used 1in %xperiment 6) resulted in the somewhat ‘
reduced activity level of a transient cell, They showed: that
the respons; rate of the sustained cell however, was not
affected by lowering contrast, until a level of

}
approximately .15 was reached. It 1is possible that if at
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intertrial tntervals accompany the presentation of dark

A}

stimuli (Purcell, Stewart & Dember, 1969). This seems to
indjcate that' those conditions prodﬁcing metacontrast in

general are experimentally contrivea, since this type of

~

stimglation does not ‘characterize events that occur during

-

normal visual experience. Therfore, although

. f
sustalned-transient imteractions may be involved in type B

metacontrast, they may not play an important role in normal

.

visual processing.
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Appendix C

‘ §S's Data from Experiment 5 (light A&daptation
Condition). Mean duration of Comparison Grating
"for.each condition and SOA.

Target Spatial Frequency (c.p.d.)

2 6 ' 10

A}
CONTRAST -
S0A Low': Low High Low
y .
‘ 0 16.3 15.3 16.3 17.0
30 17.0 17.0 17.7 16.0
2 60 17.3 17.7 14.7 16.3
90 16.317.7 15.7- .17.3
Baseline 16.0 15.7 15.0 17.3
Mask 0 15.7 17.3 15.7 17.7
Spatial b 16.0 17.3 16.3 16.7
Frequency 6 60 15.7 18.0 14.7 16.7
(c.p.d.) 90 . 16.7 17.7 15.0 15.7 .
Baseline 16.3 16.Q 16.7 16.7
0 16.3 14.7° _17.3 16.7 .
30 16.3 16.7 - 16,7 *15.7
, 10 60 "17.3 16.7 16.7 18.3
90 15.7 14.0 15.7 16.3.
0

Bageline 16.0 16.0 17.0 17.
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. {.~
'Appendix C - 2
SS's Data from Experiment 5 (Dark Adaptation

Condition). Mean duration of Compariscen Grating
for each condition and SOA. !

& -«

Target Spatial Frequency (c.p.d.)
2 6 10
7/ ) ;
CONTRAST
/
SOA " Low Low High Low
0 15.7 14.3 17.0 17.3
. - 30 4.7 14.7 17.0 16.7
. 60 14.7 15.3 17.3 “16.7
\ ~ L 16.7 15.0 16.7 17.3
Baseline "15.0 15.0 16.7 16.7
sask 0 17.7 16.7 16.7 17.0
e 6 30 16.°3 15.3 16.7 17.0
(z q“§“§y 60 © 15.7 16.7 16.0 '16.7
*p.c. : .. 90 16.0 15.3 16.0 17.0
Baseline 16.7 16.0 - 16.3 16.3
. 0 , 16.0 16.7. 17.3 16.7
10 30 16.0 16.3 16.7 15.7
- 60 17.3 17.0 17.0 15.7
© 90 17.7 16.0 17.0 17.6

‘Baseline 16.7 16.0 16.7 15.7
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Appendix D
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Observer PB's data for 3 conditions in Experiment 6.
Comparison grating duration as a function of SOA for
a 2 c.p.d,_target, .
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