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The present set of experiments inves}igated the
proposed sustained and transient mechanisms in the human
visual system. Experiments .l and 2 ésseifed Reaction Times

(RTs) to different spatial-frequency sinusoidal gratings as

a function of contrast. For moderate spatial frequencles,
b

4 ‘ -
biphasic RTs were produced as a function d}\con:rast. The

results were interpreted as providing evidence that
sustained and transient mechanisms may differentially

mediate RT, depending on the duration, contrast and locatjon

)

‘of the grating. It was hypothesized that if the same

mechanisms mediating RT are also.involVed in producing
metacontrast, then - by usi;g the same foveal and‘peripheral
,rating stiqui as employed in Experiments 1 and 2,
metacontrast could be investigated whiléadifferentially
manipulating the involvement of the sustained and transient
systems. Type B metacontrast functions were not p{oduced in
Experimeﬁtéﬁ. Experiments 4 and 5 inéestigaﬁed various
parameters in the metacontrast paradigm in an attempt to

produce U-shaped metacontrast functions., The low contrast
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and luminance levels of the gratings may have accounted for

the absence of type B functions. *Uéing a higher—energy mask

in Experiment 6, type A monotonic functions were produced.

»

Maximum wetacontrast occutred when the target and mask

shared the same spatial frequency. This was interpreted as

4

¢
. .

.giving evidence for either sustained-sustained or

transient-transient intrachannel inhibitlonis, .

v

-y
.
L N
A 3

- pnied

. - .
¢
. . * -
s . f .
R ” ~ .
-
A w
N
K \ \
N \
N = \
4
\
L] T
[N v 3
« e - i_‘~
[} e : N
N
N i
. !
\ ! ,
.\\ , ' -
S \
\ o
\ ~ - . N ’ i
. . ’
1 j \ -
1’ \‘ A ,
N . 1
!



‘Acknowledgements o
M& work as a graduate student was supported by a
graduaté fellowship from the Bourse de doctorat, D’Etuﬁés de

L’Education Superieures du Quebec;

The¢ completion of this thesis wis made possible ;ith
the help of many individuals. I would like to thank William
J. Mundl, whose Cechnica} asslistance was invaluable,

Special thanks go to Dr. Melvin Komoda who gave a great deal
of ﬁis fime helping me with technlical problems experienced

in the laboratory ;nd giving me feedback on an earlier draft
of this thesias. I wish to also ?xtend thanks t¢/ Dr. Charles

White for the times he spent discussing the results of these

experiments with me.

I would 1like to express my sinmcere thanks to Dr. Edward
Brussell, who encouraged me throughout my graduate career.
His help in the laboratory, in reviewing this thesis, and

support in developing my post-doctoral career was much

‘appreciated.

I am grateful to Patrica Baker for her phrticipation as
¥

£

an observer in these experiments and for4ﬁer*omg£all

—
~—

encouragement during the rough times. I would also like to

extend my appreciation to Pardo Mustillo and Johanne Proulx, |,

»

X

i

- B R et

R

3




4
e -
Ta Q
o
. . - .
r v 3 e - A fren N B W oy o -t o
A/ r B
T !
'
' 1 v
o 14
- il '
}
;

[§
H

v
4

whose hélp with "Superscribe" proved to be invaluable

©

ysteriously purged.
[} ] “

i
i
)

whenever a file was m
in my ltfe,'génaa,‘hﬁa

The most important person
greatly helped me throughout these sometimes trying pg&iods

'

Her.encouragement anhd support'duridé

no "light in the tunnel" was

as 4 graduate student.
thosge_times when there was
Al
{
deeply appreciated and enabled me to continue on. !
. y if
. 4’
B ' . !
A / .
S / g4
[ / ‘ 'CXf/
/
. / A i
. / !
lA . f:' .
¢
- X A s
. 4. .
- \\\ ’
' !
v . N
] 4 ‘]
L] L
' ’ , 24
(i e . .
¢ 1
* I3
L] Q - ' i
- i
|

EE e



fr——— e .

'

\

v

/

<

TABLE OF CONTENTS

'

GENERAL INTRODUCTIOCN

L 4

Multiple Channe}. Models of Visual Processing ....

-

Single and Multiple Channels D U I N B R I

(

Fourler Theory

Grating Stimuli €06 9 8 @ 400 ET B U EIITEIL O PITELE S O RO

4 4B 8 % 8 6P 0 ¢S P G 4L eIE S O S IO B G

Psychophysical Evidence for Multiple Channels ...

.

Neurophysiological Evidence for Sustained and

Tranglent Processing Systems ..ccvemavos

« ® 9 00 b0

Evidence for Sustained and Transient Neurones in the

Human Visual System

Contrast Thresholds . ......l........

”~

Subthreshold Summation ...ceceseene

Reaction Time Experiments “..ereeas

Metacontras.t
Independené
Theories of

STATEMENT OF THE

EXPERIMENT 1 ...
.Method i..
Results ...
D.:LSCuSSion

EXPERIMENT 2 ...
Method .,...
Results ...

Discussion

EXPERIMENT 3 ...

.

-
3

and Dependent Variables
Metacontrast ...
PROBLEM ® 8 ¢ 0 ¢ 8 O & 8 ¢ 40 00N
e s s r s st o P B s e st e s st s .
® % 8 5 0 8 0 B & & ¢ 4 4 0 8 8 s 9 e @

® 8 PP Ut e e Rt E N ¢ B0

* s v
e * s 20 e

» a0 0
e« ot 2 o0
LI B R I
LR I )
e pa e
« as e
40000
LI B B A )
LIRS )
e m oo
llll‘ll

LRI B

* & 9 6 000

e & s 8t

® o s s s

e a4 0048 40

e s a0 a0

o » s 0t e e

* s 00000

»

13

17

33
39
53
55
35
63
74
84
86
88
88

99

wat RO

R R

= o oS R 011

«

[N

- R . peiny



O

Me thod

Results and Discussian

EXPERIMENT 4

]
S 0 ® PRI EEC O BSOS

o

“

1y
s & 8 00485 e 422

Results and Discuss'ion

EXPERIMENTS *® & ¢ 62008 @ 80000

Me thod

¢ @ o s 800 0f0 0 e a0

Results and Disceession

EXPERIMENT 6 « ovtvens

Results

Discussion ....

‘GENERAL DISCUSSION .

REFERENCES

APPENDICES

s e o e 0 b0

L A R

LR R I

s v anve e

LR BRI

-

L]

s ces v

NN

R

® 0000

« "8 e e

LRI A T

L A ]

CRCRCRE I

-
.

® e s v

. st e e
® vsrs e
.l-opﬁn-
e e
® o000 e
s csss e
;-lo-o-
s err e
e s st 0 e
e s0 00 0
s s 0000 0

e pmse e e 0

.

a v e 0

s 1e e

s eer @
.

¢ ¢ e

0 8

LI I

LI )

LI

o4y

LI B A R

L

. b
0.../.4..'1
.

/

107

110

120

120 .

129
129
131
141
143
147
149
160

171

"

e s

) N L PP VISP DA
s e e e

k.

B T B it F sty e ania



. >
GENERAL INTRODUCTION
~ 4
. Multiple Channel Models of Visual Processing

One of the ultimate goals of scientists studying human
visual proéésses is to determine how information is encoded

from the 1nitial stimulation of the photoreceptors, to at

‘least the visual areas of the brain. 1In this pursuit,

theorists have studied many aspects of perception and
proposed various model( in the hope of specifying the nature
of visual processing. In recent years, the manner in th'ch
the form and size bf a visual stimulus (l.e., spatial
vision) is processea, has been studied in the context of
specifying whether gpatial ir;formation is processed via a ,
single channel or along multiple "independent™ channels,

each responding to a dlifferent aspect of the visual

L)

s t imulus.

&r

The discussions below will describe how most of the?®
results of recently reported psychophysical and
physiological studies support cher\ie. that spatial
information is pf/o*cessed by mul‘tiple channels rather than in
a single channei. Before this discussion begins, however,
it is first necessary to present .s‘ome basic
neurophysiological findings, as well as ’Qxfine’ some of the

¥

concepts that will be used throughout this discussion.
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Receptive Fields o 5

\

Kuffler (1953) condgcted one of the most important
iﬁvestigatﬁons%n1che spatial characteristies of the retina.
By implagting é microelectrode into the éat’s optic narve
fibres, he was able‘co record the action potentials ;f cells
in the cat’; retina. When pr;jecting a small spot of light

onto 5p6/;at’s eye, Kuffler found that each retinal.ganglion

cell would maximally respond when the spot of lIth was

(.

i
projected onto an area in close pro;imity to it. However,
. , .

he also reported that the ganglion cell would respond'when
. A

lightéwas projected within a circular area around the
optimum position. This region was labeled a; the "receptive
field" of the ganglion cell being studied. Kuffler reported
that the response of the iells-were of two kinds. 1If the
probe was projected okco the center of the receptive field
of one type of cell, fts spoutaneous firing rate‘would
increase, Howévér, if a light projecting onto the center of
the géceptive field of another type of cell was turned off
after having belng on for some time, the spgntaneous firing
rate of that cell wbuld only then increase. From this
study, Kuffler suggested that’there were at least two types
of ganglion cells: on-center and off-centef cells, N
Furthermore, Kuffler found that when the ‘peripheral area
(surround) concentric to the receptive fields of these cells
were stimulated, the response of each ganglion cell’was in

opposition to the way in which it responded-to a stimulus

n ‘
presented in the middle of its receptive field. Thus, an

A\l
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oﬁ—center cell would éiye an off response when its receptive

. fielé surround was stimulated, while an off-center cell

* would give an on response when It/was stimulated in the
. ) .

[——

periphery.

// ! -~ ° /, . | .Q\
1

Single and Multiple Channg{s

The mechanisms outlined above, may help define in the

-

| ) following discussion, the concept of a visual processing

\ \

channel. The definition of a "channel" can vary from one

theorist to another., For instance, a channéel can be defined
4 .

as that which elicits a singlg neurongl output, or viewed as
g% a collection of Ceils with idenfical receptive fields (supﬁ

as in their'size or response property) except with respect
I+, to retinal location. It seems thatjthe most useful
definition would be flexible in its application to ghe
various models of visual perception. The following
definition taken from Graham (1980),.seems to have this
characteristic: "A channel can be viewed as a single qéurom
(receptive field) or set of neurons (receptive fields)
responding to a particular aspect of the visual stimulus,

which may or may not produce a distinctive perceptual

u
- »

effec&".

0

; ‘%§e single channel view. assumes that processing,
- ‘£ ’ )

involves an array of cells which have receptive fields that

°

are identical in shape and size. These receptive fgelas“

. oy LY
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overlap-and cover differéhtvportions~of~the visual field.;
" When a.stimulus is préqented to the eye, this array responds
by transforming the spatial information in the optical array

into neural activity, which is tragsmitted yia pathways to

B

the cortex. The magnitude of the response at any point in
the single channel’s response profile (}.e., the response
] = . ’ :
characteristics of a channel to visual stimulation), cdn be
‘ , :

L _8pecifiea by a wéighting‘function, which indicates to what

!
extend light falling on different parts of twé“retina, adds

\
or ﬁubtracés to form the final output of this channel,
Yy ' . ' .

f

. (Graham, 1980). .

'
»

In order to best understand the nature of the multiple

, P . .
channel view of visual processing, i& may be helpful to

T ) review how other theorists have envisioned multiple channels

.

mediating thg processing of other aspects of vision, such as

\

» colour perception'or'feature detection. The Young §&
- .

; . .
Helmholtz theory of colour vision for instance, proposed

.

that there are three types of comes in the retina; #red",

"green" and "Blue", corresponding -to the physical gdlodr

~—

primaries. Each type of cone is’aroused by all waveleng%hs

N , R N
. But 1is maximally? excited by only omne wavelength. The theory

went on to describe a nd’-primary colour being processed by

i

all three sets of colour cones which would each be

';differentially sensitive to that colour. - The different

‘“* stimulation combigﬁfions of the primary cblour cones could
. account for perception of the spectrum of coloursae

L]
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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 . ‘ "

.

A
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Figure 1. Luminance profiles of typical square~
' wave (a) and sinusoidal-wave (b) gra-
ting stimuli as a function of spatial
position.
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While the change from a light to a dark region is

abrupt in a square-wavé grating, it is more gradual in the

sinusgidal grating. As can be seen in Figure 1b; the g ot
luminance of this grating ?arieé sinusoidélly across space.
: ] .

The image appears to consﬁst of alternating, blurry, light .
] .

. ¢
and dark bars. ,
I
j
{ s

Fourier Theory

Fourier demonstrated that any periodic waveform can be
. 1
analysed into a series of sinusoids made up_of the

fundamental frequency and of integer multiples (h&rmoniés)

]

of that frequency, each harmonic having a partidular .

amplitude and phase. For example, consider the simple

square~-wave depicted in Figure la. Fourier theory suggests

]

that there are an infinite number of odd harmonics
E

(sinusoidsl that may be combined to synthesize {t. As an
example, 1f one combines only the first, third, fifth and
seventh ?armonics of this square wave, it results 1in the
formatio; of a”" an approximated square wave (Figure 24 from

%
Kaufman, 1974). As more harmonics are %dded, the

synthesized wave becomes more defined. The process of

analysing a particular waveform Iinto its sinusoidal

frequency cdhponents is“called power spectrum analysis.

Incorporating Fourier’s theory into a model of visual

processing, Campbell & Robson (1963) proybsed that the

ISR RN
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Figure 2. This illustrates how a square-wave may be ap~
proximated by summing a finite number of simple
sinusoi}»s (taken from Kaufman, 1974} pp. 105),
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visual system performs a power spectrum analysis on visual

10
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. A
information, The visual system was depicted as coataining :

rcells which.are differentially sensitive to spatial
frequency. They proposed that a visual stimulus 1is
decomposeg into fts fouriler tomponedts due to Lhe . . %
differential stimulation of separate neural units.

| | !
Since Campbell & Robson’s proposal/ﬁf a multiple
chaanel Fourier-analysing visual system, sinusoidal gratings '
have been,more frequently used as stfhuli in |
neuréphysiological and psychophysical studies. Within the

context of a "Fourier description” of visual processing,

these types of stimuli are ideal, for any spatial

- distribution of luminances across the retina can be expressed

as a sum o0f 1ts sinusoldal components, Since, according to

Fourier’'s thecrem, a sinusoidal grating coansists only of one
frequency ~ the fundamental, it is a useful stimulus 1in .
assessing the spatial frequency sensitivities of neural

cells. Even if-one does not subscribe to the fourier view,
sinusoidal gratings have proven to be valuable stimuli in

‘mapping out the size of receptive fields in

neurophysiological studies. For instance, Figure 3 shows .
how a neural cell might maximally respond to a grating if

the peak stimulates the center of its receptiye field, while

the tLough overlaps with the inhibitory surround. Using \

gratings with different spatial frequencies, the

neurophysiologist can differentially stimulate neural cells.



| 4
11
I\ ”
on-center, off surround s
receptive field ‘
o
. o
\ [~
1‘ "
grating luminance ‘
rofile’
\\ \ _— 4
3

receptive field\if its peak overlaps with the on-
center and the roughs wigh the surround. '

o

\
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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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Paychophysical Evidence for Multiple Channels

ﬁg}gﬁq{hysical evidence for the existence of multiple
channels inlitially came from a number of grating "adaptation

studies"., Gilinsky (1968) and Blakemore & Campbell (1969a), N

for instance, found that prior observation (adaptation) of a
high contrast grating attenuated the perception of a
subsequently pfesented grating of the same spatial
freduency. Test gratings which differed in orientation from
»
the adapting grating, however, were not affected by prior
adaptation. The authors suggegted that this aftereffect
could have been due to Fhe selective adaptation or fatiguing
of 4 particular population of orientation sensitive neurons,
responding to the adapting grating. Once these cells were
fatigued, their subsequent stimulation by the test grating

would result in reduced stimulation and hence, degraded
/ .
perception. Iﬂ{this interpretation is correct, then the

visual system would consist of at least, separate
1 4

independent channels which are sensitive to orientation.

Pantle &'Sekuler (1968) and Blakemore & Campbell
(g969b), however, presented data which suggested that there
may also exist cells, which are frequency selective. They
found for instance, that adaptation to a éuprathreshold
square-wave (Pantle & Sekuler) or sinusocidal grating
(Blakeaore & Campbéll) of a particular spatial frequency,

resulted in an elevation of - the contrast threshold for

AN
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detecting a subsequently presented gratiFg of the same
spatial frequency. This thresﬁold elevation occurred for
test gratings with spatial frequencies within approximately
on; and a half octaves of the adapting frequency. These
data seemed to give evidence for the selective fatiguing of
neural cells responding to the spatial frequency of the

”

adapting stimulus.

These adaptation experiments supported the idea of
cells independently responding to different qualitativé
aspects of a visual§;timulus. Studies using other paradigms
have further supported this multiple-channel view of wisual
processing., Gralam & Nachmias (1971), for instance, used a
novel approach in an attempt to answer this question. In
their stgdy, they comparéd the contrast thresholds of simple
versus complex gratings. The latter were formed by
superimposing t%% simplg sinusoidal g;atings (one grating
had atlow spatial frequency, while that of the other was
three times higher), such that their peaks overlapped
("pea#s add" condit{on). The authors argued that since a
single channel {s generally viewed to be linear, one would
expect that a single channel’s response to the compound
grating would merely be the sum of the response; to the
simple gratings which make it up. That 13, one might have
predicted that the compound grating should have been more
visible than either of the simple gratings presented aioné.

(
The data however, showed that the compound grating was not

o
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more visible than the simple ones, suggesting that a sing}e
channel model of the visual system 1is not sufficient in
explaining these daga. A multiple chaunnel modél however,
seems ts have less difficulty in accounting for the data.
According to the multdple channel view, the high and
low spatial frequency channels would have both been
responding when the compound grating was presented to the
observers. The contrast threshold of the compound graffhg
would have been reached when either of the channels beg;n

~N

firing. This should not have differed from the gase when
elither of the simple gratings were presented aloﬁeﬁ That
is, the cont;;st threshold for the complex grating should
not have differed from:the minimum éontrast threshold of
either of the simple gratings presented alone, a prediction
which was sdpported by the data. ‘

Campbe{l and Robson’s (1968) *notion of a multiple
channel model of the human visual system was based on a
contrast sensitivity study. 1In their.experiment, they
assessed the "contfast threshold" (i.e., the minimum
‘light-dark contrast necessary to detect the presence of a
grating) for various sinusoidal, square-wave and saw-toothed
spatial freﬁuency gratings. They found that thresholds for
sinusoidal gratings varied as a functién of s;;tial

, : b U
frequency, producing what-is now known as the "contrast ,

sensitivity function" (sensitivity belng defined as the

.
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.

reciprocal of threshold). They also found that observers

could discriminate a square-wave grating from a sine wave
.

grating only when the third harmonic (of the square wave)

exceeded its own detection threshold. This they claimed,

gave evidence for independent multiple channels of

processing. They mqintainéd that "... a modei of this kind

A

could accounc‘for (the ginding) that the contrast at which a
square wave grating.can be distinguished from sine-wave
ératings is that at which the'hig?er harmonics reach their
own threshold, since the mechanismg detecting th;
fundamental and the harmonics are assumed to operate more or

less indepen&ently". They envisioned that the "visual

»

system behaves not as a single detector mechanism... but as

a number of independent defector mechanisms each... “tuned’

[

to a different frequency."’

’

ad

In summary, the results of the psychophysical y
. experiments reviewed above, suggested that visyal

information may be processed along multiple ¢hannels

N "
“

consisting of'cells which differentially respond to visual
stimulation, Many;qeurophysiological studles have been

conducted in an attempt to find out whether cells

independently respounding to visual stimulation, exist in &’

mammalian visual systems. The following reviews studies

which have found évidence for the existence of: tWo Qypgs of

'

neurons which ‘respond differentially to stimulation.
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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

than transients. They also majintain
responding until the stimulus is turned
off, as opposed to the transients which
respond mainly to the onset and offset
yoﬂ a stimulug’ o
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Since this study wasg ﬁublished, other investigators have
found these two types of cells not only in the retina (Ikeda
& Wright, 1972, for example), but also in the Lateral,
Geniculate Nucleus (L.G.N.) (Clelend, Dubin & Levick, 1971),

as well as in the visual gnammalian cortex %Dow, 1974; I®edd

,& Wright, 1974). Furthermore, it has been shown that

sustained retinal ganglion cells project onto sustadned
L.G.N. éeurons which in turn project onto sustained striate
(cortical) neuroﬁs gﬂoffman & Stone, 1971; Hoffman, Stone &
Sherman,il972). As well, transient ch;nnels originating at
the retina ;nd projecting to the L.G.N. and onto .the cortex
Nave also been reported. The resul s of these experiments

suggested that at least two neural channels exist in the

mammalian visual system.,

. Oth;; physiological studies have been conducted in an
attempt to elucidate the different characteristics of these
two'21a5§es of cells.‘ For instdné;, Dow (1974) reported
that X type cells responded in a sustained manner to
stationary stimuli; while Y type cells respondé& only to the
onset and offset of stimuli and were most sensitive to rapid

motion. pBothwtypes of cells showed orientation and motion

direption selectively in the cortex, but they differed in

transmission time. For instance, a number of studies have
reported that in cats, transient cells have faster

transmission rates (50 msec) than sustaipned cells (100 msec)

A
Y

(Fukuda{ 1973; Dow, 1974; Ikeda & Wright, 1975).

-
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1)

These two groups of cells have been further delineated.
Hoffman &t al. (1972) and Fukuda & Stone (1974), for

instance, found that the receptive fields of transient cells

~

are larger than those of sustained cells, however the sizes

of both types of receptive fields increase in the periphery.
Fukuda & Stone (1974) also showed that the concentration ;f ot
sustained cells {5 maximal in the fovea ang drops off when
measuring out into_uhe perigheryﬁ while the humber of

transient cells is sﬁarse in the fovea and progressively

increases in the periphery.

3

In other neurophysiol&gical sﬁudies; cells selectively
responding to spatial frequeﬁcy gave Seen f?und in the /
retina, L.G.N., as well as in the cortex of cats.
Enroth-Cugel& & Robson Ck966) as well as Maffeil & Fiorentini
Y1973; 19%7; for instance?%Lsed sinusoidal gratings in a
neuropﬁysiologi&al study. 1In the attempt toxexamiﬁqﬁche
neural properties in afea‘17 of céts, Maffei & Fiorentini
’(£973) presented to'the'cat'eye, a sinusoidal grating which
could be varied i; spatlial frequency as well as orilentation.
They found that cells which. had the same preferred L
orlentation were‘maximall§ sensitivelto different spatial

frequency gratings.

The Maffei & Fiorentini'stﬁ&y showed that sugéained

cells are more reéponsive to higher spatial freqdencies than
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!
transient cells. This finding has not only been supported .

by other studies of the cat’s visual system (é.g., Cleland,

\\4
Dubin & Levick, 1971; Ikeda & Wright, 1975; Hochstein &

Shapley, 1976), but also with monkeys (e.g., Campbell, '
Coobex, Robson & Sdchq, 1969; De Valois, Morgan & Snodderly, ,

1974; Fukuda & Rodieck, 1976).

/ ' 1. N
In sudmary, glnumber of psychophysical studies have

]

reported data . suppotting the proposal that visual

* information is p&ocessed along more than one channel. Many
!

prhysiological investigations have isolated two types of

' !

cells which differ in many aspects, such as their response

profiles, sensitivities, transmission times, etc. It is

® \

proposed that there may exist two broad charnnels 'in the

visual‘system, sustained and transient and within each,

there are independent channels processing different

attributes of thé stimulus such as spatial frequency. A
' number‘of psychophysical studies reviewed below, @ave

‘rbrovided evidence for the existence of these sustained and

transient channels in the human visual system.

w
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Evidence for Sustained and Transient Neurons in the

Human Visual System

1. Contrast Thresholds

Psychophysical eviderce for the existence of sustained
and transient channels was first reported by Kulikowski
(1971). 1In that study, grating‘stimuli were presented to
observers at various spatial and temporal frequencies as-
well as different contrast levels. For spatial frequencies
above 4 clp.d., the perception of flicker or movement of the
temporally modulated stimulus was only apparent when the
contrast of the grating was elevated\much aﬁove its

detection threshold. However, for lower spatial frequency

gfatings (below 4 c.p.d.), the perception of flicker or

movement, occurred consistently at the Jetection threshold
ot !

of the grating. This seemed to imply thatthere may exist

two mechanisms, each sensitive to different aspects of the

' visual stimulus. Specifically, these results suggested the

existence of two types of channels, one processing spatial
informagion and the‘othex processing information about"
flicker. The nmec aqisms responding t; flickér were also
sensitive to low 3¥atial frequency gratings, while thqse
responding tp spatial information per se, were most

H

sensitive to higher spatial frequency gratings.

‘“‘

h

Subsequent studies have supported these findings.,

Keesey (1972) and Kulikowski & Tolhurst (1973) for example,
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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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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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horizontal and vertical gratings, showed the same dependency

on spatial and temporal frequency as did detection alone.

The Derrington & Henning study has, however, has been
criticised on methodological grounds. Burbeck (1981)
pointed out that subjects in that study had to discriminate

vertical gratings from horizontal ones, in 'a two-alternative

-

forced~choice ;r/ocedure. These data were compared with
detection dat;a obtained in a two-altermnative. f’orced—.choice
procedure in which a test séimulus had to be discriminated
from a blank field. Derrington & Henning found that the
discrimination and detection threshold curves. had ‘the same-

shape, and concluded from this that pattern sensitivity must

be responsible for detection thresholds (i.e., they are

mediated by the' same mechanisms)'. Burbeck argued that in
this sltudy, two se‘p‘ayiate measurements were made. In the
discrimination experiment, the 'observers had to make
decisions regarding orientation, while in the detection
task, they had to detect the presenc/e: of any spatial
variation, Burbe;:k viewed these two measurlements as being
incomparable, since they were measuring two separate
mechanisms, Agcgrding to Burbeck, the comparison of the
shapes of the threshold c;rves for these measurements
therefore was not valid. Burbeck furthe'r argued that the
methodology employed may have resulted in the artifactual

lowering of .discrimination thresholds. 1In the
) t

discrimination experiment, a test stimulus varying in

S I A
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l

orientatien was pregented in, two separate‘intervals.

R RS

%etermining the orientatioﬁ of one of the test stimuli .was
sufficient to reach the criterion. Thus, the subject had
two ch'ances to make that decision., In the detection task,
however, a test vlras presented ‘in one interval, while a blank
field was presented in the other. The obs;erver, in this
,task had on{y one oppol‘tunity in two to detect the presence
of the test stimulus. Therefore, it was suggested that
having two opportunities in the discrimination task, as
opposed to one in detection, would have biased the data
prc;ducing artifastually lower pattern discrimination
thresholds. This controversy may continue, but that
notwithstanding, many‘o>ther studies seem to have implicated

sustalned and transient-like multiple processing mechanisms

in the human visual system.

, -
Derrington & Hennning and Burbeck were testing the idea

that separate spatial and temporal channels exist in the
. [}

human visual system. This may or may not be associated with

. <

sustained or transient pathways. The following studies,
however, asked whether there are sustalned and transient
pathways in the human vIsual system, without placing much

emphasis on their functions.

Breitmeyer & Julesz *(1975) investigated contrast

.sensitivities to sinusoidal gratings of variable spatial

Al b e

frequencies, when their onsets and ocffsets were either

-

samm

Nt

o R it Fen

i b

|
@
3
I
{




28

abrupt or gradual., It was found that etimuli which were
presented with abrupt on- and offsets as opp.osed to’;raduai
ones, 1ncreased the contrast sensitivity for low spatial
frequency gratihgs E\.\S\-\ 5 c.p.d.). This mode of
presentatién, howvever, did not alter the contrast
sensitivity of the higher (5 - 15 c.p.d.) 'spatial frequency
gratings, further supporting the idea that low spatial
%thannels are particularly sensitive to detecting

freque nc‘y,

temporal transients.

.

The results of this study were further- supported by .
Arend (1976) and‘ more recently by Breitmeyer & Ganz (19'77),
who presented sinusoidal gratings to their observers at
var.iOus exposure durations. The‘data from,these experiments
‘s“uggested that contrast sensitivity for moderate to high
épatial frequency gratings benefits more ffrom‘incréases in
exposuré duration than it does for low spatial frequency
gratings. These results w‘ei'e consistent with the view that
low spatlal frequency stimuli are processed' by channels that
are ;ensitive to short lasting presentations, while higher
spatial frequency stimull seem to be mediated by channels
most se;lsitive to long durations, To further elucildate

these differences a number of studies have used other

approaches to this problem.
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2., Subthreshold Summation

Tolhurst (1975b) employing a contrast sensitivity
par‘adigm,'superimposed a subthreshold 4 msec grating
(target) up<;n another subthreshold 800 msec grating. He
f'ou\nd that for low spatial frequency gratings (approximately
2 c.p.d. or lower) the detectal?ility of the target was only
affected for 100 msec following the onset or offset of the
longer background grating.‘ That 1is, the sensitivity to the
mixture of gratings 'seemed to have a transient prof’ile.
However, when a target with.a spatial frequency of 7.6
c.np.d. was presented', ;he background grating (of the s.ame
spatial frequency) seemed t.o-have a deleteriousleffect ;)n
target threshold for its entire 800 msec, This suggested

the action of a sustained-like mechanism that could be
sensit;ve to stimuli for the length 6f\cheir exposure. From
these results, Tolhurst suggested that 2 c.p.'d. gratings
seem to involve channels that have transient regponseé while
gratings with spatial f'regquencies of 7.6 c.p.d. seem ‘to be
mediated by other mechanisms that have sustained responses. °
In an accompanying paperA,dTolhurst (1975a) used another
paradigm which has since become popular in the investigation

of sustained and transient mechanisms in the human visual

sSystem. ’ .

3. Reaction Time Experiments

-

The use of reaction time (RT) to measure the extent to
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which a visual stimulus affects visual processing has its

. roots in experiments conducted by Eerger (1886) and Cattell

11886), both of which showed that RT is inversely related to
the intensity of the visual stimulus. More recently, a

number of investigators (e.g., Talhurst, 1975a; Breitmeyer,
A Y

1975; Lupp Hauske & Wolfe, 1976; Vassilev & Mitov, 1976;.
Harwerth & Levi, 1978; Harwerth Boltz & Smith, 1980) have '
used RT in an attempt to differentiate between 3ustained and

transienf‘activity“in human and animal visual systems.

N

Rai S

Breitmeyer (1975), Lupp et. al. (1976)‘§nd‘Vassilfv &
Mitov (1976) for instance, all found that RT increases as a
function of spatial frequency. This was inte{;reted as

,
suggesting that lower spatial frequency gratings may be
processéd by "quick" transient cells while higher sph£1a1

frequency gratings might be processed by "slower" sustained

cel¥ls, -

Tolhurst (1975a), however, presented dé;;,which showed

that both sustained and transient mechanisms méy respond to

' the same spatial frequency grating. He measured reaction

times to low contrast (near threshold) sinusoidal gratings,

presented for long durations (500 - 2000 msec). The resulfs

of his experiment suggested.that the 2 c.p.d stimuli could,

under the "right conditions"“(in this case, ioﬁg durations)
N -

be processed by sustained mechanisms. This led the author

(Tolhufst, 1975b) to later suggest that there are probably

30
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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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contrast suggested that "... at hifh contrast levels the °

transient channels, which have a shorter response latency

‘ than the sustained channels, are the host sensitive channels
... at lower contrast levelg, the sustained channels become
more effective". - Further manipulations of target duration

and field size were congistent with predictions that were

—~ -

made in the context of a sustained-transient model of the
~human visual system. In summary, similar to Tolﬂurst's’

, (1975a) conténtion, Harwerth & éevi maiﬁtained that "eQen
high spatial frequenty stimuli may be detected by the
transient channels", under the right stimulus bonq;tions,

and conversely low spatial frequency stimuli may be detected

by the sustained channels. These results were replicated by

Harwerth et al. (1980) using a‘!ombination of behavioural -

and psychophysical procedures with rhesus monkeys.

Both Harwerth & Levi (1978) and Harwerth et al, (1980)
did not offer a description of a neural model that might

account for the differential sensitivities of sustained and

\

transient mechanisms to varying levels of stimulus contrast,
Siube éhe procedures uggd by these studies are of critical
importance to this thesis, a model incorporating their

N ‘ 4

findtngs will be presented in gthe discussion section of the :

; first experiment. N

s
/
/
N v [

N /
One of the major points that was brought out in the

Harwerth & Levi (1978) study, was the £laim that RT is a
R . \
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» very sensitive measure of the processing of supréthresholq
gratings, which "allows one to independently observe the

system". ' If that contention is indeed correct, then RT

studies offer an:idial vehicle for 1uvest1§ating other

psychophysical phenomena which seem to implicate these two

classes of cells,

34

function of sustained and transient channels‘zf the visual-
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Metacontrast

1.'Inde§endent and Dependent Varia;T:;LP

Under certain conditions; .the perception of a briefly

presented stimulus (target) may be degraded or occluded by

another stimulus (mask), whiph'shortly follows it in time.

Thié'effecc is generally known as masking. However, with
spatially non-overlapping stimuli, it is conventionally

referred to as metacontrast. Metacontrast stimull have

* -

consisted of letters (Schiller & Smgth, 1965), geomeéric

forms (Alpern, 1952), flashes of ligﬁt, (Alpern, 1965) as

well as square-wave (thte“and Lorber, 1976) and sinusoidal

(Growney, 1978) gratings.

In a typical)metacontrast‘éxperiment, some measure of,

-

the effective visual impact of the target, such as

brightness, contrast clarity, or detection threshold may be
assessed as a function of such variables as the temporal,

3

spatial or energy relationship between the target‘aﬂ& mask.
Changes if the dependent measure, which reflects variations
in the perceptual effectiv;ness of the target, can be used

as an index of the amount of metacontrast,

In all masking conditions, the temporal relationgh}p

between the target and mask is often used as an independent

.variable. The interstimulus interval (ISI) refers to the

bbb
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r
temporal intervél, usually expressed in milliseconds {msec),
B, .between the presentation offset of the first stimulus and
onset of the second, while the stimulus onset asynchrony
(SOA)'refers to the interval separating the‘ogsets of the
two stimuli. The ISI would generally be used 1{f the
concurrent presentation of theot;d stimuli proéices a
+ physical contrast reduction in the.target. Masking would
not be an interesting phenomenon if it were merely\ﬂesctibed
) L by a physical reduct;on in the contrast of the target.s In

4

fact, masking studies are i&variably interested in target
suppression in the absence ; cohéurrently presented
overlapping stimuli. S{Pce physical superposition 1is not a
‘problem iﬁ metacontrast, thils paradigm usually involv;s the
use of S0A as an independent variabie, while other |
‘ndn—metacontrast masking experiments, usually employ the ’
ISI.
L)
', The temﬁoral o?der in which the targetgand ma§k are
presented have Heen sem;ntically distinguished in the
literature. When the presentation of the target precedes

LY
that of the mask, the paradigm has been conventionally

defined as metacontrast, however, w;en it follows the
presentation of the qask,lit has been referred to as
paracontrast. Vgrigus ietacontrast studies have assigned
positive and negative values of SOA to distinguish

metacontrast from paracontrast. For instaunce, Raab (1963)

used negative values of SOA to represent metacontrast, while

v L]
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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
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et
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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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functions are usually produced (Fehrer & Smith, 1962;

Kolers, 1962).

2. Theories of Metmcontrast

Throughout the years, many theorists have attempted to
describe the perceptual, cognitive or neurophysiological
mechanisms that miéht be responsible for this retroactive
effect. Kahneman (1967) for instance, believed that
metacontrast was the result of the visual system suppressing
a form of "impossiﬁle motion" that waslbein; created by the
stimuli. “Averbach & Coriell (1961), Lindsley (1961) and
Séerlfng (:;60) all argued that the mask, which i; presented
after the target, somehow interferes with any ongoing
processing of the target, so that its’percéptual
representation is degraded. This "interference" approach
developed more credence with the introduction of other more
recent th?ories (Purcell, Stewart & Dember, 1968} Stewart &
Purcell, 1974; Weisstein, 1968; Weisstein, Ozog & Szoc,
1975; Matin, 1975; Breitmeyer & Ganz, 1976) which have
incorporated\some of the neural mechanisms that have been
recently repérted in the neurophysiological literature. Thg
theories that have received the most attention and are in
addition, crucial to this discussion are those proposed by
Weissteln (1968), Weisstein, Ozog ; Szoc (1975) and

Breitmeyer & Ganz (1976). The following reviews these

theories.
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a.) The Weisstein Models.

‘While investigating the compound‘e;e of the Horseshoe
Crab (Liﬁulus), Hartline, Wagner &.R;tliff (1956)Ireéott%d
that there are conditions in which the firing rate of cells
is attenuqted éue to the activity of nelghboring ones. They
‘termed this suppression effect, '"lateral inhibition”". Since
metacomfrast is a pefceptuai phenomenon which 1is the rgs§1£
of one visual stimulus degrading a neighboring one,
Weissteln (1968) prOpps;d a single channel m;del of
metacontrast which was b;sed on the principles of lateral

inhibition. )

. .
Her theory depicted a model of five neurons which

knteraet in a manner producing metacontrast. The
description of these meurons are based on the Rashevsky
(1948) two-factor neyron which 1s a "responding element that

-

combines both excitatory and inhibitory processes" having
the following characteristics: If the sum of the inhibitory
and excitatory influences to a neuron is above zero, it will

respond in proportion to its excitation. However, 1f the

degree of inhibition exceeds excitation, the neuron will not ’

fire.

2]
o~

Twa of these neurons are identical "peripheral neurons"

which transmit information about the stimuli: one conveys

h
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messages about-the target, while the other processes
information ab;uc the mask. The three other "centrally
located" neurons are responsible for the interaction between
the target and mask. One neGron is a second-order neuron
which continues procesi}ng excitatory messages about the
target, while the other 1is an inhibitory collateral coming
- " from the peripheral neuron excited by the mask. The
Y

’ excitatory and inhibitory influences from the stimuli

converge upon the fifth or "decision neuron”.

One assumption of this model 1s that maximum
metacsntrast occurs ﬁhen\¢here is a large overlap in time
between the inhibitory response of the mask and excitatory
response of the target, which both‘converge on the "decision
neuron”. Another important assumption is that with equal
~energy stimuli, inhibition and excitation develop at
different rates. With these assumptions, a U;shaped
metacontrast function can be explained.

With equal-energy stimuli, the model asssumes\that the

" rate constant for the build-up of excitation forlthe tirget
is slower thah the rate constant for the_build-up of
inhibition from the mask. Th;refore, at an SOA of 0, there

- "would be a quiék build-up of inhibition coming from the
mask, and some time after the onset, the excitation from the
target would begin to grow. Figure 7a illustra;es this

temporal relationship. It shows that there is minimal
N
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transient resﬁonse
" to mas
‘ sustained response {
‘ to _larget

Neural Response

Time
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' Figure 7. Weilsstein's (1968) model depicts (a) the tran-
‘glent cells responding quicker than the sustained
cells. In_order to produce metacontrast the tran-
sient response to the mask must temporally over-
lap with the sustained response to the target, In
order to accomplish thisg, the mask must be delayed
in time (b) with the introduction of a positive

SOA. i v;"_‘m
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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
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!
transient response - .
, ~to mask \ S '
. "} ‘ - »
sustained : response «
to target _
Tox TL % ‘
i st .
., . U . * '
Time 7 '
' \' f ué‘

- Weisstein et al " (1975). suggested that with high*‘
er' energy masks, the transient cells respond with
a greater magnitude and "smeared' oyt over -tihe.
‘That 1s, in order to produce metacontrast, the -
mask does not have to be delayed in time for its

transient responge to overlap with the sustained’
regsponse to the target.

a

. 'S .
R - -
.

N SN




BN

IR}

9

B3

would have to be delayed i;itime in order to maximize the
neural overiép between the excitatory and inhibitory’
'Lnfluénces at the "decision" neuron. Tﬂe
sustained-transient view of meéacontrast has g;ined further

{

"support from a model proposed by Breitmeyer & Ganz (1976).

-

'b.)'The ﬁreifmeyer 8 Ganz (1976) Model, :

A Breitmeyer & Ganz (1976) described iphibitory
/ /

/ interactions between sustained and transient classes of

"cells in a similar manner to Weisstein, Ozog & Szoc (1975).

Their theory differs, however, in their description of the

nedral mechanisms mediating paracontrast, and type A

e

metacontrast functions. In describing metacontrést,

Breitmeyer & Gagz do not basically differ frbm.that of °

Weisstein. et al. They portray the mechanism of interchannel

"{nhifition producing metacontrast. This consists of the )

transient celis responding to the mask inhibiting ihe
sustained cells responding to the target. Similar to the
Weissteln model, the authors also maintained that inhibition
is the résult of the temporal ovgrlap of the respons;s of

t he sqstained and trénsient channels, When'g stimulus. is
presénted, theVCransient“response immediately results "with a
burst of activity. The sustained respohse to that

o

stiimulation occurs sometime between 50 - 100 msec later (as

a result of the differert rWse 1(atencies\‘o,f the two -

-channels). When two stimuli are presented in rapidx)
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succession (with a 50 - 100 msec delay), the delayed faster

‘transient activity produced by the mask presentation

¥

overlapping between the two channels, result¥yin the

proauction of metacontrast at some SOA greater than 0.

o,

., Weisstein et al, (1975) proposed that paracontrast is

the result of the inhibition of transient channels by

/

sustained ch?hnels. Breitmeyer & Ganz however, cite

“

Fiorentini Maffei’s (1970), study which showed that stroné

paracontrast existed between a disk and annulus’ which were

channells are usually not operating. This gsuggested to

Breitmeyer & Ganz, that paracontrast may be mediated by

both modulated at low temporal frequencies, where transient

intvYachannel inhibition rather than interchannel inhibition

as/ proposed by Weissteln et al. More specifically, the

uthors suggested that%

paracontrast arises in thq

¢ . :
antagonistic center-surround orgamization of sustained-type

visual receptive fields., This suppression, in the form of

lateral inhibition {s exerted by the antagonistic surround

on the excitatory center of the recéptive field.

Since it

i8 known that the response of the receptive field’s

' R
antagonistic surround of the cat retinal ganglion cells is

: " ‘slower than that of the'center, (Maffei, Cervetto, &

Fiorentini, 1970), the model proposes that in order to

¥
. generate maximum inhibition (paracontrast), the center

excitatory stimulus (target) must be delayed i:ktime after

ﬂF "the onset of the inhibitory surround (mask).
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interaction would predict U-shaped paracontrast functions.

The model also differs from that of ﬁeisstein et al’s
in the cgnceptualization of type A mgtacontrast functdions.
Rather than envisioning a "smearing out" of the higher
energy transie;t response of the mask, Breitmeyer & Ganz
suggested that as gPe energy of a stimulus is'increased, the
sensitive transient neurons would saturate sooner than the
sustailned neurons: This implies that as the mask energy is
raised relative to that of the target, the mask sustained

—

cells voulduptodﬁce a relatively greater response, while the
mask transient neurons would show little if no increase ;;
response rate, If,the‘tgansient neurons saturate, then as -
the’energy of the mask is increased, the/gétivity of the
sustained cells would be éreater than that of the transient
cells. It was propgsed that because of this greater ?
acFivity level, more inhibition d;velops if the susEaine&
neural respongses of the target and mask summate rather than

if the transient and sustained response; combine. As the
autﬂors suggest: this would result in "larger intrachannel
inhibition prevailingf while the model predicts "a shift of
the peak hetacontras;.effect toward lower SOAs, as the
target-mask energy ratio increases"”, .ot
L
In summary then, Welsstein et al. (19?5)‘and Breitmeyer

& Ganz (1976) have proposed that the yisual syStem contalns

multiple channels which have different temporal and spatial

S TN Sy i vz gk Rk S TR



;™

?

W

<

49

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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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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than the gaté (low spatial frequency) target. Since
suygtained cells have a longer iatency, the onset of their
excitation would have to be delayed in order to praduce
maximum overlépping of the sustained and transient

responses.

In summary, then, the Growney experiment was not
successful in elucidating the interaction of sustained and
transient neurons. The failure of th;s experiment to do so,
may be found by looking at the stimlus contrasts levels
used. All of the stimulil used by Growney had a Michelson
contrast ratio of .64. Harweth & Levi (1978) presented data
which implied t£at sinusoldal gratf%gs presented at this
contrast level are processed solely by transient cells.

This would 1mply,that if metacontrast involves the
interaction of sustained and transient neurons, then Growney
eliminated the possibility of thfs occurrence by using high
contrast stimuli. It must be pointed out however, tgat the

Harverth & Levi investigation involved reaction times to

¢
\

‘<suprathreshold gratings, while the Growney experiment

~

consisted of brightness and clarity magnitude estimates of
sinusJ;dal gratings in a metacontrast study. It is possible
-that these two paradigms are mediated by separate neural.
mechanisms that have little or ﬁo common properties.

However, before enterfaining this possibility, it is first

necessary to study these two methods of investigating

sustained and transient mechanisms and attempt to evaluate

v
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their relationship, if any.
-, : N

Statement of the Problem

The main impetus of this thesis is to attempt to
elucidate the characteristics of sustained and transient
channels in the human visual system, The approach fs to
first replicate Harwerth &‘Eivi's experiment with two types
of stimuli.” In Experiment f; the RT to a foveally presented
l6-msec stimulus 1s assessed for various spatial frequency
gratings. In Experiment 2, RT 1is measured to a l6-nsec

stimulus also varying {n spatial frequency preSented in the

periphery. Using an interpretation similar to Harwerth &

s 'v ~

Levi, sustained and transilent channel activity is inferred
for the different spatial frequency'stimuli as ; function of
contrast. Using these inferences concerning the conditions
under which sustained and transient activity dre‘observed, a
metacontrast experiment is conducted in Experi&e&t 3. Using
" the same foveéz and peripheral stimuli as used in
Experiments |l and 2, metacountrast functions are obtained
under different conuRSSC conditions of the target and mask.
Based on the Weisstg.n et al. (1975)‘and Breitmeyer & Ganz
(1976) models of metucontrast v;rious predictions about the
shape of the metacontrast function are made as a function of
the spatial frequenc&,and contrast of the target and mask,

M T

o

The pﬁysical ch\racteristics of the stimuli in this

&
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" to replicate Growney’s metacontrast results within a

- contrast stimuli, then these same stimulus conditions should

G

experiment (and 'tha\t’/of Experiments. 1 and 2) were similar to
those employed by Growney (1978) (in both studles the
stimuli were presented for 16 msec and were of similar

size). The rationale of using these stimuli was an atten‘zvpg

condition of Experiment 3. That is, if the data from the:

Growney experiment were produced as ' a function of the high ' ‘

i
a

ggnerate similar metacontrast functions as those reported .by

Growney., .

P




o

B o S

Experiment 1|

Harwerth & Levi (1978) found that RT to a sinusoidal

'grating varied as a funcﬁion of spatial frequency as well as
Pl

contrast level. As was discussed earlier, this relationship

_was complex. For targets presented at 50 msec., the
biphasic relationship between RT and contrast was evi\c}ent
for'spati;ll friequencies of 1 - 12 c.p.d\. , and was mono?hasic
for a .5 c.p.d. stimulus.: In this study a shorter 16 msec
target was used. It was hypothesized that if RT to a

, 1
stimulus presented at this shorter duration is more likely

N\

-

to be mediated by tra,nsient cells '(since these cells ,have’
been found to be involved in thé processing of brief
stimuli), then these cells may be involved in the p;:ocessing
of higher spatial frequencies. Thus, 1t was predicted that
for\Exp‘eriment 1, a monophasic RT function would occur for
higher spatial frequency gratings than that found by

r

Harwerth & Levi. .

Method

Subjecta. Three observers, all with normal or
corrected—-to-normal vision (Keystone School Vision Screenihg
Test)l participated in Experiment 1.

Apparatus. Sinusoidal.gratings were produced using a
»

method similar to that employed by Campbell & Green (1965).

The stimuli were presented on the face of a Techtronix 5403
r“\ N :
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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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Figure 9.
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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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into "analog gates" which could each be independently '
"gated" by signals from a Coulbourn logic system. The
output from these analog gates then converged onto a summing

amplifier which produced the final output to the Z-axis.

One of the artifacts produced by the wave-form

»

. generator, were two narrow bright lines which occurred at,

the transition points between the stimuli. These lines
1

v

varieq;in intensiiy as a function of contrast, spatial ’

frequency and phasg of the stimuli. In order to eliminate
the pogsibilfty that these varying artifaACual lines, would
influesce the results df the eXp;riments, two thin 1€“85P3
of "phart-tape"; which each had widths of less than one min.
of visual angle, were affixed to the ;sc1110300pe‘such that
they superposed the bright lines,. "As a result, the display ’
was physically divide&.int; th;ee perceptible sections.

\ ' . \

As mentioned‘;arlier, the contrast of a grating is

‘measured as a functioﬁ\of the luminance at the peak and

t.rough. Sincé the absolutg peak or trough of a grating i3
merely one pgint on the display,vic is impogsible to taye
photometric readings with a conventional photometer. Thus,
in order to measure the luminance at these points, a full \\
screen of uniform luminance was created by driving the

Z-axis with a steady voltage set to that of the peak or

trough of the sinusoidal waveform. In this manner, for

"different Z-axis voltages, the luminance level at the peak

!

ot B

R i




"

AT e
W 4 o g -

(R T RS

59

n
-

and trough of the sinusoid was adjusted and measured using a
Spectra Spotmeter Photometer (Photo Researih; model UBD
-1/2). Using these ﬁeak and trough lumihance values,hthe
MCRs were assessed as a function of the Z-axis voltage

L

level. @ !

This proceduée revealed, that as “the contrast of the
grating was increased beyond a critical amount, the mean
1uminan;e (i.e. the luminance at the peak plus the luminance
at the trough divided by 2) of the display tended to,
increase, Pilot work revealed that /two alternating blaqk
fields differing in luminance level by more than 3 percent
rQSulted in perceptual differenceg. Therefore,\an apriori
Iﬂecision was made, limitﬁqg the use of stimuli yhich had
mean luminance increases .of not more thant3 percent. This

precluded the use of gratings having MCRs more than

approximately .41, 2

A Coulbog$n logic system was used to control the
N v ‘
experimental parameters. Reaction t/ime was measured with a

Lafayette Instruments (1l msec resolution) timer.

/

/

Procedure. In'order to avoid difsiculties arising with

binoccular fusion, all the observers monocularly viewed the

stimuli. A timing schematic for the experimental procedure
is illustrated/ianigure 10. Prior to the beginning of .the

| .
experiment,'t%e observers dark adapted for 5 minutes. They

|

for -
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- : P

then,freely viewed the three ad jacent 10 cd/m2 blank fields

(ligﬁt adapted) for another 5 minutes. [

£

duration foreperiod to the onset of the central target. At

.

the/warning tone, the observers were instructed to fixate in

o L thie middle of the central target area. The durdtion of the
ofgperiod varied between 500 - 2000 msec in 100 msec steps.
Duiing this time, the target could occur with a .0625

x
»

any 100 msec period. The end of

probability at the end of
the foreperiod triggered both the presé%tation of the
l6-msec. target, as well as the reaction time clock.

Reaction timé»was measured fr6a\the onsét of this clock to /
its offset, which was initlated with a lever press by the
. . ~— .

obsarver. 1f tP£ observer did not press the- lever within 1.

i

second from the onset of the stimulus, then data from this

"trial was eliminated because it was assumed that he -not

see the stimulus. Following each target presentation, there

PRYIRE FWETRIEC RV

was a 10 second interval, at which tiﬁé'the observer freely
r = ‘.
viewed the lit fields. When the target was presented, the

luminance level in the adjacenﬁ peripheral areas did:pot . -

vary from the mean adapting luminance level. . ' . ' J

. = f
¢ . .
8| ) 1

. _Five (2, 4, 6, 8, &'10 c.p.d.) centrally lotated

spatial frequency targets were used. For each target, 20

-

e

\ .
‘. ... reaction times were taken at each contrast level in blocks

1

o

;
. i ' ) ' E
o . ) 4
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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
.

-~ ~

f

\
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This illustrgtes how the discontinuity in the RT
function (a) §ccurred at different contrasts for »
2 replications (b). TIf the curves in (b} are
collapsed, the resulting RT curve (c) "washes-
out" the discontinuity.

t

KJ ‘ . \

N

P




65

Tesulting correlafion coefficients between the predicted and
optaine@ data. As an~example, consider the RT points above
the discontinuity. Through successive iterations, power
functions were assessed (beginning with the values assessed
at the lowest contrast level), each taking into ;ccount
another data point. 'Correlation coefficients between .95 -

.98 were commonly found prior to the discontinuity.

However, at the "break-point" in the curve, the correlation

coefficients would drop indicating the need for assessing

another pbwer function to describe the data beybond the

break. , ‘

4

-
i

PFigures 12a and 12b each displays subject BK's mean
reaction times‘ﬁpr the 5 target spatial frequenqies,_for one
block of 10 replications each,. for,each spati#l frequency,
the longest RT was to a grating, approximately .05 log units
above the contrast threshold. For all of the spatial
frequencies, RT decreased as a function of contrast. The
standard errors for the points near threshold were greater
than those at the higher contrast'levelé, reflecting f more
difficult task ne%F threshold. The standard errors, which
are displayed in BK’s data, did not exceed 25 msec for.any
of the obgservers. BK’s data typlfies those of the other
obhervers..:RT seemed to increase as a function of spatial
frequency, for gracings_having a frequency of less, than 8
p.p,a. For both BK and PB, standard errors revealed that

RTs did nft differ in magnitude for the 8 and 10 c.p.d}

.
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~-- - - Figure 12b.
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Reaction Time as a function of target contrast for
Observer BK (Replication 2). Target frequency:
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grating in both replications. However for SS, standard

errors revealed longer RTs for the 10 c¢c.p.d. grating than

for the 8 ¢c.p.d. stimulus.

Discontinuities were evident in the data., In Figure
12a, breaks occurred f;r all gratings with spatial
frequencies greaﬁer than 2 c.p.d. With increasing
frequency, the location of the break varied as a function of
contrast. These discontinuities occurred at contrasts of

.20, .24, .29 and .32 for spatial frequencies of 4, 6, 8,

and 10 c.p~d., respectively. For the 2 c.p.d. gfating, RT

varied monotonically with contrast. That is, a break in the

RT curve did not occur. Figure 12b also demonstrates that
the discontinuity occurred at different contrasts for
another replication of the same stimulus ;onditions. For
these data, the breaks occurred at contrasts of .15, .18 and
.26 for spatial frequencies of 4, 6 and 8 c.p.d.,
respectively. An ab;ehce of the discontinuity was also

evident at 10 c.p.d., in this replication,

Similar results can be seen in Figures 13 and 14 which
reflect the data of subjects PB and 5SS respectively. For
both subjects, RT varied as a function of both spatial
frequency and contrast. That is, RT seemed to increase with
spatial frequency and decreased with contrast. Similar
discontinuous curves wére evident for all of the targets

except the 2 c.p.d. stimulus where a monotonic .curve was
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-described.

contrasts with increasing spatial frequency. Similar to
BK’s data, RTs to the 8 and 10 c.p.d. gratings did not
differ in magnitude, for subject PB. However, like the data

depicted in Figure 12a, breaks in the function occurred ai

" different contrasts for the 8 and 10 c.p.d. gratings. ﬁ”

Subject, $3°'s data were similar to those of the other
subjects in \most respects. 'As noted above, unlike the data
of the other\observers, RT differences occurred between the

8 and 10 c.p.d. gratings for both replications.

¢

For both subjects, the break occurred at highef

L
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Discussion

. !

. i} ,
O

/ .

.Thé data tepoftéd in this experiment replicated

. Harwerth & Levi’s (1978) findings. Biphasic RT curves were

reported for all observers at the mid to higher spatial

frequency gratings., . Harwerth & Levi suggested that the
discontinuities found in their RT curves were the result of

the sustained and transient ¢hannels dSperating within

-

dlfferent contrast ranges.  The game inferpretatibn of the

dat eported in this experiment may fléo be made. To help
N AN

1llﬁstrate this, refer to Figure 12a. For the 4 c.p.d

w

9
grating, ‘BK’'s reaction times decreased as the contrast of

“

the grating was increased from threshold until a contrast of

.16. RT seemed to asymptote from this point until a grating

c

contrast of .21 ‘was reached. &Further increases in the

“

.contrast of the grating, resulted in further lowering RT,

[
until an)asymptotic level was reached at about a contrast of

«27. The "sustained-transienﬁ" explanation of the data N

o

suggests that at the lower contrasts, the "slower" sustained

system mediated RT. At the first asymptote, the response of

P’y

~the sustained system seemed to be maximum, with no further

»
L1

influence on RT. However, at higher contrast levels (be;ond
.21 in this case), 1t was proposed that the "gquigcker"

transient system became inv6lved in mediating RT. This

AN

,fesylted with an abru#t reduction in RT., With further

e

increases in contrast, RT decreased until the transient

respohise reached its peak, producing the second asymptotic

level. L !
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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
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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

’

LA

-

T o o 2k

s SRR Stz i AR K e ek PSR



Neural .Response

s :
» ¢ .
- - //7
'f# = -
: T N
‘\\\\ \
g a3 b\ &\ & ) !
| 1 1 -\ \ _
transient 4 6
activity

Spatial Frequency (cpd )

t
Figure 15. A model is proposed to account for the results

of Experiment 1. (See the text for a descrip-
tion.) ‘ ‘
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i

active, have low firing rates. As cont;;st ia raised (b),
not only does the {iring rate of these cells increase in
frequency, but other cells begin responding. If probability
sunmation operates in the RT paradigm for individual teils
and given that RT varies inverseiy with the magnitude of
ngural activiy, we would expect a\arop in RT with this

contrast increase. As. contrast is further inecreased, this

would result in the stimulation of other neurons, however,

- the response rate of the previously résponding cells, may

0 / ) R
stay the same (asymptotes). Evidence for<;symptotic firing

v .

rates of neurons responding to increases in grating contrast

+ was demonstrated by Maffel & Fiorentini (1973). 1If at this

point, RT is most sensitive to cellular activity level, we
might not expect a drop in RT due to the asymptotic firing
rate of the previously responding neurons ;nd low firing
rate of the newer responding cells. With even further
increases in contrast (c), the new cells which begin to
respond, may include both the sustaiged (tuned to higher
frequencies) and transient (tuned to lower frequencies)

classes. As the transient cells become implicated, their

<

faster transmission times may produce , dramatic decreases in

RT. As contrast is again fncreasgd (d), RT_continues to-
%
decrease due to probability summation, and increased firing
- ~ab
rates of the transient cells. This continues until the

transient cells reach fhei; asymptotic level. It can be
seen from this description, that a biphasic RT curve would

result from the exposure of the 4 c.p.d. grﬁting, as a '

PR
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\f\
function of contrast.,
}

’ s

This model may account for other aspects of the data as
Qell. For 1instance, Ehe discontinuitygiﬁ the data occurred
at‘higher contrasts as spatial frequency was increased. In
this model, it is proposed that as.thé spatial frequency of
the stimulus increases, the sustained cells maximally

responding, are tuned to higher frequencies. As a result,

‘thOQe cells which are tuned to higher spatial frequencies

are further separated from the low transients. As depicted
in Figure 15, the model suggests that for higher spatial
frequency gratings, one would need greater contrast levels
to stimﬁlate the transient cells, thereby requiring greater

~

contrasts to produce the discontinuity. ~

The data suggests that oyeréll, RT increased as a
funccion of spatial frequency. The model would account for
this, by suggesting that at the lower frequencies, transient
involvement 1is gfeatest, producing the quickest RTs. As .
spatial frequeuncy increased, transient involvément and
activity level decreésed, resulting in longer RTs. To
further investigate this hypochesi;, the,A, 6 and 8 c.p.d.
biphasic RT curves were analysed by comparing the RTs of the
stimqli above as well as below the break. That is, 1if the
fact that,RT increased as a function of spatial frequency

was due to the reduced involvement of thf transient system,

we would expect this to be so for the transient portion

s
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(below the breék) of the curves only. Therefore, when
comparing the RTs above the curve, where it is hypothesized
that sustained cells were mostly operating, we would expect
no differegces'in RT, as a function of contrast. One-way
analyses of variance (ANOVA) tests were cogputed for each
observer and repliction for the seperate portions of the RT
curves obove and below the discontinuities, "collapsing”
across concrast: Thé results of these analyses are depicte%
in Table 1. Th§ ANOVA tests revealed in every comparison,
significant differences (p<.0l1) in the "“transient¢ portions”
of the curves. However, 1in every analysis except one
(p<.05), significant differences were not found for the
"sustained portions" of the curves. These data thus support
the hypothesis that transient activity accounted for the RT
differences found as a function of sp;tiél frequenéy.

One of the most consistent results produced iby this
study were the variations that occurred between the
replicaﬁions. For instance, if BK’s RT curves are compared
across trials for the 6 c.p.d. grating (Figures 12a & 12b),
it is clear that the break 1n‘the’Cprve occurred‘at
different contrasts fo? the two replications. For instance,
in the first replication, the break occurred at a contrast
of .23, while in the second, it occurred at .18. It is
possible that factors, such as fe&igue and alertness could ‘

have varied across sessions, influencing the impact of the

stimulus on the visual system. For instance, 1f BK was more
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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




Experiment 2

One of the eventual goals of this research is to
invest igate metacontrast in the context of understanding
sustained~transient interactions. Experiment 2 was
conducted to assess RT to the peripheral stimulus which 1is
eventually used as the mask, 1n a metacontrast paradignm.
Thus, this "peripheral” stimulus will henceforth be referred
to as the mask stimulus. As was pointed out earlier,
transient cells have been shown to be more -concentrited in
the perif;hery than in the lfovea of animals (Fukuda & Stone,
1974) . Harwerth & Levi (1978) suggested that if this is
also true in the human visual system, then RTs tested in the
periphery, may reflect enhanced activity of the transient
system over the sustained. They found that for a 590 msec.
stimulus for instance, RT increased with degree of
eccentricity. This however, seems to be incc;nsistent with
the prediction that translent cells are more invoved in
medigting RTs; one would expect shorter rather than longer
RTs. The authors failed to address this problem. They
seemed to have puﬁ m;ore emphasis on the discontinuity break
in the data, which they claimed to have occurred at higher
contrasts with degree of eccentricity. This they felt, was
"evidence" of differential manipulations of the two systems,
Howevear, the basis for haking this statement is not clear.
The figure Irepresenting their data 1s presented in Figure
16. 1t seems to be quite evident, that variations in the

occurrence of the break as a function of contrast, is not as
l - .
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Data from Harwerth & Levi (1978). ©Effect of field
size and retinal location on reaction time data
for a 4 c.p.d. stimulys with an exposure duration of

500 msec, (A) Data for a 1° field viewed centrally .

(circles), 2.5° eccentrically (triangles). and 5°
:Acent_rically (squares). The solid line 1is the curve
rawn through the data (of a previous experiment) to
serve as a reference. (B) Data for a 6° field viewed
centrally (triangles) compared to data for the 3 field:
(solid line). (From Harwerth & Levi (1978, pp. 1582).
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obvious as the authors hgd claimed.

[

N

, Another interpretation of these data is necessary. If
it is assumed that in the human visual system, transient
activity increases in the periphery and is not sensitive to
long durations, we may be able to exﬁlain thelr data, If
the 4 c.p.d. target was processed mainly by sustalned
neurons (the brgak occurring as a result of the influence of
a small number of transient cells), then as it was presented
in the periphery, less sustained neurons would be available

to medlate the processing. To the extent that the amount of

’
’

cellular activity is associated with RT, we<y©uld expect
overall, longer RTs with this long exposure duration, due to

the overall decreased activity level,

/‘
If this interpretation is correct, then it 1is proposed

that with short duration stimuli, RT to peripheral

‘stimulation may decrease, since the highly concentrated

transient system will be implicated to a greater degree.

i

Procedure. The same observers, apparatus and p;ocedure
used in Experiment 1 were employed in this study. The only
variable to change were the stimuli, This time instead of‘
presenting the foveal target, the mask stimulds, consisting
of the two 1.5 X 1.0 areas adjacent to the<£;iget, was
used. These stimuli were each 1oc§ted .5 peripherally from

the fovea. The two adjacent areas to the target consisted

{
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+0f the mask stimulus. Just ﬁrior to the foreperiod, the
observers were signalled to®*fixate in the middle of the

target mean luminance area. At the end of this periodv/the

Jmasks were presented for 16 msec, at which time the RT clock

" ,

A N ' !
commenced. The observers were instructed to depress the RT

.
v 9 . M} .
1 ¢

3 . M
lever as soon as they noticed any perceptual changes in the

-

mask area. The luminance of the target arip did not alter
E VA
from the mean level during the time of the mask

presentation. Three spatial freﬁuency masks were presented

in.random order (2, 6 and 10 ¢.p.d.).

o
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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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i

p;edi;tions concerning the 6 c.p.d. peripherally pregented
mask. That is, generally the RTs for the mask were faster
than those for the foveally présented target. As discussed
earlier, these data seem to be consistent with the idea that
whep the peripheral area of the retina is stimulated, there
ié a greater likelihood that transient cells are involved in
visuai processing, The data from this expgriment éuggésted
&hat in this case, RT seemed to be mediated by these cells.
. R} .
The 2lc.p.d. grating produced short RTs for both the
foveal and peripheral stimuli. RT, however, did not
app£eciably decrease in the Eeriphery, suggesting tha£
,/)impl}cating more transient cells did not offer more
information (i.e., quicker procgssing'time) to the visual
system. This interpretation is consistent with the idea
that transient cells were already processing the 2 c.p.d.
grating ‘as quickly as possible and further stimulation of

other transients made little difference,

If RT to a 10 cop.d. stimulus is mediated mostly by
sustained cells, one would expect that when presenting the
grdating dn the pefiphery, fewer sustained cells would beh
dvailable  since their numbers generally fall off in this
area. Du; to the reéuéed populatidn of sustained cells, we
would eipect that a 10 c.p.d. grating presented in the
periphery would result with ‘an increase in the RT (1f we

assume that RT is associated with neural activity). This

[ R
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was evident in the results of this experiment for all

sub jects. . - ¢

& ' /

'

1

attempt to ilnvestigate sustained and tranmsient actiﬁity_with

a RT procedure. The results generally supported Harwerth &

"

Levi’s (1978) proposal that whether sustained or transient

‘deurons mediate RT seems tolbe‘determined by .many Variables,

including the spatial frequency, duration, contrast and

location of a sinusoidal grating. I

™ . /

vt . °

[P 1 . .

In concigsion, E%periments 1 and 2 were conducted in an

s
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//// ‘ ;. ' Experiment 3

Oneé of the main direction of this thesis is an attempt

~

tq understand the mechanisms that mediate metacontrast.
Specificall;, a number of-invest%gators have recentl&
proposed that ghe interaction of sustained and transieht
neurons, may be responsible for the p:oduction of thi typé
of mask;ng. In the firstlexperiment,_it was proposed that
the RT paradigm offers a way to measufe the action of

sustained and transient neurons. It was found that the

activity of these two channels may Ve differentially

manipuiated, by varying stimulus parameters. If this

inteiyretation of the data 1is correct, them a direct

investigation of the influence of sustained and transient

mechanisms in the production of the metacontrast function

-

may be possible.. Specifically,'if the same mechanisas
mediating RT are involved in metacontrast, then by using the
1 : :
same gratings' as in Experiments 1 and 2, the sustained and
transient cells mediating these stimuli may be
diffefentially manip;lated. For instance, the results from
Experiments 1 and 2 suggested that varying contrast, aund
spatial frequen;y of the grating stimulil, will aff;ct~thé
céntribution of suscained‘and transient activity. Based od
. o
at least tliree models (Weisstein et al., 1975; Breitmeyer &
Ganz, 1976; White & Lorber, 1976) of metagoﬁtrast,
pregictions about the shape of the metac;ntrast function may
s

be.maQe, with respect to the proposed interaction of the

sustained and transient mechanisms, mediating the processing

B P
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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

[
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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 sustained and transient systems. By manipulating the

contrast variable, it was suggested that the activity of

4

‘sustained and transient cells could be differentially

manipulated. The 10 c.p.d. grating mainly produced slower

\
monophasic RT curves which was interpreted as reflecting-.the

o AN —

In order to diffé}entially involve the sustained and

operation of the sustained system.

transienf systems, a high and:low ébntrast level was used
for all Eargets. High contrast masks, were employed to
maximize the'effe;tivené§§ of this stimulﬁs. The congfast
level of the target%zwas determined - from the results of
Experiment 1. These contrast.levels are found.in Table 3.
The data showed. for instance, that for the 6 c.p.d. target
grating,Aquaks in the curve for all observers, occurred at
or beyond a target contrastéﬁﬁ .18. Thus, for this
stimulus, the low contrast condition was set at a contrast
of .16, while the high contrast condition was set at Al
Using these different contrast levels, it was proposed that
in the low contrast conditions, sustained cells were being
implicated, while at the high contrast conditioﬁs, transient
éells’were mostly involved.. As control conditions, high and
low contrast targets were used for the 2 ;nd 10 c.p.d.
stimuli, since at éhese spatial frequenciles, it is argued
from the data of experiment 1, that the implication of

; g
sustained and transients was determined by spatiallfrequency
;lone, and not contrast. However, 1f the degree of neural

/1 ‘

W -

o
s
- AN

ol SR nef V9 7 v

!:

SRRV

[0 SN m’n.:‘v'.ad.ﬁiiaﬁfﬁﬂ‘w‘{/ S N

L



T+ s )

‘\ - 104

Table 3

Contrast Levels (MCR) Associated with Breaks in

thé RT Curves in Experiment 1 for All Three Observers

Observer

B.K.

ot

Replication

1

b

_—

Frequency - . MCR
No, Break
-, 20

«23
.29
.31

O 0o~ N

No Break
15
.18

.25
No Break

»
[om Be = = N S (V]

No Break
19

L

V18
.31
.31k

P
[ R« B« N S 8 4

No Break
.18
W21
W25

33

b

© ooy PN

No Break
I18 N
24 o
.31
- .28

Qoo N

No Break
22
.24 ;

‘P oSN

v33

P T——
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activity is critical in metacontrast, contrast may servg to
. /

increase the impact oft the stimuli. That is, the higher

contrast, 2 and 10 c.b.d. targets may evade masking more

effectively than when presented at the lower contrasts. All QN\\ r
masks were presented at the higher contrast in order to | N
N i \\
maximize their masking effectiveness. T s
Subjective rating methods have often been employed to ?
mfasure the metacontrast effect (Werner, 1935; Kahneman{ E

1967; Weisstein, 1970, 1971; Growney, 1976). Brightness,

clarity of contours, as well as degree of motion have often- ,

a
[

M

3f

been the basis for which subjects have made their magnitude

estimates. Stober (1977) hdwever, demonstrated that

-

agemesbodian g

subjects may have a tendency to confuse perceptual qualities
in their estimates. For-inséance, brightness and clarity \§\\
eség;ates were éonfounded in his iﬁvestigatiqn of

metacontrast. ﬁe a4lso argued that subjects ﬁsing mégnitude

r

estimates, would often use the same numbers as a result of

hablt, rather than accurately reflecting their perceptions-.
As a result of these criticisms, a more objective dependent

measure was employed in this study. Subjects wera -.

v

- wf -
instructed to”dgthh the contrast of a comparison.stimulus to

v
'

the target grating. - -

-

BT

Predictions.  From the theoretical based predictiqﬁﬁ, .
—t N g

made- earlier, thg foliowing cutlines the exﬁected results

. -

for these stimulus conditions. If the White & Lorber :
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‘spatiai'frequeﬁcy and contrast. According to the Weisstein

. data reported by Harwerth & Levi and  that of Experiment 1, .o

that the 2 c.p.d. target, would evade masking due to its ~a

™

, 106

hypothesis is correct, one would expect maximum metacontrast

to occur when the target and mask share bdth the same 1

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

%t would be predicted that maximum metacontrast would occur

with a 2 c.p.d. mask and a 10 c.p.d. low contrast target.
As well, the theorieg would also prediét that the high

contrast 6 c.p.d. target would evade %ftacontrast, since the
/

O

suggested that this stimulus 1is mediated by transient

neurons. According to these theories, it is also predicted

A

“ .

!

implication of transient cells. As well, the 10 c.p.d.
"

amits e

stimulus might not be seen Qs\dn effective mask, since it is

believed that this stimulus is mediated by sustained cells.

AY
\

ol R Lot 1

“«

According to the Breitmeyer & ‘Ganz molel, paracontrast

a

would have been predicted to occur, with the higher 10

v i

-

. . }
c.p.d. f%rget and mask condition. According to Weisstein

et al. however, paracontrast might be most effective when a

low contrast, 'low sﬁatial,frequency target (2 c.p.d.) is k0

presented with the high spatial frequency (10 c.g.d.) mask.

. o /
v .
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Method ™ .
. ‘ N 1

Subjects. The three observers, BK, PB and SS from

-

Experiments 1 and 2 'were .also employed in this study.

&

Apparatus. The same apparatds from the earlier
expe&iments was used in this study. An additional function
gene;ator (Tektronix, FG 501) provided ; sinusoidal waveform
for the comparison stimulus. 1Its sgatiai frequency and
contrasg could be independently adjusﬁed. bThis signal was
fed into an analoé g;te, which could Be triggered by the
Coulbourn logic system. The output from this analog gate
.converged onto Ehe summing amplifier, which fed into the™.__
Z-axis of the oscilloscope. When triggered, the perceptual

result was a full screen sinusoidal grating. The subject

controlled an external 10-turn potentiometer which

~

manipulated the amplftude of the sinuéoiﬁ, therby affectiné

its contrast. The contrast of the comparison grating was

)
measured using the same procedure as outlined in Experiment

1. All the stimuli were presented for 16 msec.
] ' ";\

o

Procedure. For each session, one of the 18 conditions
was randomly selected for each observer. Within each

condition the stimuli were separated by li\SdAg of varying

4

. - \
durations. They were:; -50, -25, 0, 20, 40, 60‘380, 100,

P

/
-120, 140, 180, and 250 msec. The luminance remained at the:

~

mean level during the ISI,
R}
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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
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/ three turns to reach maximum contrast, while on the next
trial, it could have gaken 10, On the averaée,
approximately eight contrast manipulations were r?quired by
the observers to reach contrast equality between the farget
and comparison stimulus. It would take approximatély one
and a half minutes to make a match.,
™~

For each of the lgsznditions, the SOAs were randomly
presented within each block. Three replications of SOA were
ladministered. Prior to each block, the observer was
presented with two replications of a target-alomne condition.
These six replications consisted of the baseline measure of
the perceptual impact of{the target, in the absence of the
mask. The'observer was instructed to adjuét the contrast of
the comparison grating to maFch that of the target, in a
similar faskion as when the target was presented with the

mask. The trials were separated by 10 second intervals at
which time the observer freely viewed the lit‘s;reen. Each
‘.session, which consisted of the three SOA replications and
six baseline measurements, required approximately one hour

to complete. The observers practised this task for at least

five hours prior to collecting the data.
Results and Discussion

The data were averaged across the three replications

for each SOA. The baseline measurements were also averagéd
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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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_ Comparison Grating Contrast (MCR) as .a function of

Figure 22.

SOA (msec), for observer B,K, Each function repre-
sents 1 conditibn in Experiment 3. @®=2 c.p.d. high
contrast target; 2 c.p.d. mask. ® = 6 c.p.d. low
contrast target; 2 c.p.d, mask, ¥ = 2 c,p.d. low
contrast target, 2 c.p.d. mask. The baseline match-
ing contrast values (with standard error bars) are
displayed on the right-hand side of each function..-
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.Figure 23,

- |
Comparison”Grating Contrast (MCR) as a function of
SO0A (msec) for ohserver BE,K, Each functilon repre-
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sents 1 condition in Experiment

high contrast targetq; 2 c.p.d. mask;
low contrast target, 2 c.p.d. mask;

low contrast target, 6 c,p.d. mask, Te baseline matchiang
contrast values (with standard error bars are displaye

®+~ 6 ¢c,p.d.
e 10 c,p.d,
Y= 2c,p.d,

on the right~hand $ide of each fuPc:ion.
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Comparison Grating Contrast (MCR) as a function of

SOA (msec) *for observer BE.,K, Each function repre-
sents 1 condition in Experiment 3, @ = 1Q c.p.d.

high contrast target, 6 c,p.d, mask; M ® 6 c,p.d. @
high contrast target, 10 c,.p.d, mask; v=® 2 c,p.d.

low contrast target, 10 c.p.d., mask, The baseline match-
ing contrast values (with standard error bars) are
displayed on the right-hand side of each functi?n.
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Figure 25. Comparison Grating Contrast (MCR) as function
i of SOA (msec) for observer B,K, ‘Each |function

represents 1 conditfon in Experfment 3|, ® = 6

6 c.p.d. low contrast target, & c.p,d} mask; v
= 6 c,p.d, low .contrast target, 1Gc£ . mask,
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dibkplayed on the right-hand side of each function.
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Figure 26. Compariaon Grating Contrast (MCR) as a function
of S0A (msec) for observer B.K. Each function re-
) presents 1, conditfion in Experiment 3, ® = 2 ¢,p.d.
- high contrast target,’10 c.p.d, mask; ® = 2 c,p.d,
high contrast target, 6 c,p.d, mask; Y= 10 c,p.d. ;
- low contrast target 10 c.p.d. mask: The baseline ¢
matching contrast values (with standard error bars) are
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Figure 27. Comparison Grating'Contrast (MCR) as a function

’

of 80A (msec) for observer B,K, Each func¢tion re- -
presents 1 condition in Experiment 3. @® = 10 c,p.d,
high contrast target, 10 c,p.d, mask; ¥ = 310 c,p.d.
high contrast target, 2 c,p.d, mask; v = 10 c,p.d.
low contrast target, 6 c.p.d, mask. The baseline
matching contrast values (with standard error bars) are
displayed on the right-hand side of each function.
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variable. In this experiment, the maximum contrast used,
was .41; In the Growney and White & Lorber studies, the A

stimull had contrasts of .64 and .78, respectively. Since

it has been shown that grating contrast level directly

" affects neural stimulation (Maffei & Fiorentini, 1973), it

is believed that in this study, the cells responding to the
mask were not effectively stimulated in order to produce

/
masking. The use of the Tektronix 5403 (P-32 phosphor)

\
‘the

oscilloscope limited the contrast range of the gratings;
higher contrasts were accompanied with luminance
distortions.

u

One recent study has shown how important a variable

contrast is, in the productlion of metacontrast. Looking at

the effectiveness that mask contrast manipulations had on ‘\\\

the metacontrast effect, Ims (1980) reported th;t the effect
was strongly influenced by mask contrast level. Using a
letter-orientation identification task, Ims employed masks
with 3 contrast levels; .35, .55 and .75. It was evident in
the data, that errors in the identification task oniy bégan
to occur when the annular mask was at its highest contrast
level (within the range of contrasts used by Growney and
White & Lorber).

It seems from this divcussion, that one possible

explanation for the absence/ of metacontrast may haveibeen

~due to the low contrast levels used. Due to the limitations -

}
f
]




B »
-

119

("N

-

of this‘:apparatus however, it appears that if metacontrast.

was goﬁng to be generated with these types of stimuli, ~ 7

factor§/other than contrast may have had to be manipulated. -
‘3

It has been argued (Boynton & Kandel, 1957) that light

adaptaﬁﬁon may~reduce a mask’s effectiveness by reduéing the

b
. v

magnithde of the neurological response i{ produces, In
fact, the results from Enroth-Cugell & Shapley (1973),
Enéogh-Eugéll, Hertz & Lennie (1977) as well as Harﬁigglb
Enroth-Cugell (1978), fndicated that transient cells found
in'the'cat’s retina lose their responsiveness to stimulation’
as the efa‘becomgs more light adapted. Psychophyéically,

L i
Boynton & Kandell (1957) as well as Purcell; Stewart &
Brunner (1974) reportea that' light aaaptacion could reduce
the effectiveness of a masking\stimulus. White & Lorber
(19765 using dark adapted observers in their Etuay

' : .

successfully produded‘metacontrast with grating stimuli.

Although Growney used light adapted observers, they adapted

‘to a relatively low luminance'(17cd/m2) compared to the peak

luminance of the grating stimuli (78 cd/m2). Thus, it is
concelvable that in this study, not only did low Eontrast_

masks contribute to the results, but possibly, so did the

N "

state of adaptation of the eye. ) >
N ) .

K ’ '

vy
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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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sents 1 dark adapted condition in Experiment &4,

®x 2 c.p.d. high optrast target, 2 c¢.p.d. mask;

@= 6 c.p.d. low contrast target, 2 c,p.d, mask; ?
v=2c¢.p.d. low contrast target, 2 c,p.d, mask.

The baseline matching contrast values (wifh stan-

dard error bars) are displayed on the right -hand
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Figure 29, Comparison Grating Contrast (MCR) as a function of . 3
SO0A (msec) for ohserver R,K, Each function repre-
sents 1 dark adapted condition in Experiment 4,
, ®~ 6 c.p.d., high contrast target, 2 c,p.d, mask; .
M= 10 c.p.d, low contrast target, 2 c,.p,d. mask; ;

v= 2 c¢.p.d, low contrast target, 6 c,p,d. mask.
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presents 1 dark adapted condition fn Experiment &.
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figure 32.

Comparison grating contrast (MCR) as a function of

S0A (msec) for observer B.K. Each function repre-

sents 1 dark adapted comdition in Experiment 4,

®= 2 c.p.d, high contrast target, 10 c.p.d, mask;

B~ 2 c,p.d. high contrast target, 6 c,p.d, mask,

Y= 10 c.p.d, low contrast target, 10 c.p.d, mask,
v -

i

S— PPN [ - o~




T S A S

A

“»

126-
4 ! .
;o
. V“J : -
.30 + . . o )
; Al
.25 - -
’ a
20 = ‘
a5 - ' .
P ‘l= [} f
A0 - ¥
N
.05 -
1. ] ! 1 i 1 i 1 i 1 i 1 - | - .-
-50 -25 . O 40 80 120 g 180 - 250
SOA [msec]) \ .

Figure 33. Cowmparison grating c dtrase (MCR) as a fumction g?gu‘
P

S0A (msec) for observer B,K, Each function repr
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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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that ghey consldered to be perceptually equivalent,.
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. 3 Experiment 5,
b

This study was similar to Experiments®*3 and 4, |except '

[
for a change in the dependent measure, and a reduction in

g'g number of conditions and S0As. Table 4 dispkdays the 12
T . .

condi'tdons that were used in this experiment. Since the

main thrust of this study was to trylto maximize the effect

of metaq?%trasty the™>.and 10 c.ﬂ.d{ high target éontrast

. v
conditions were eliminated, since it wass/believed that these

v Al

; ¥
"targets would P% e a high likelihood of evading masking. .
4 . -

Dependent and Independent Variables
i

« . ' ¢ . &

In drder.td assess the effective perception 6f the

v

target stimulus, the duration of the comparison grating was

'

adjusted{;yntiL,the observer matched it to the effective

perception of the.target, Because of the physical outlay of

" the Coulbourn logic system, it was necessary for the
' A

- .
experimenter fﬁ manipulate the duration variable as

j ;
ébserver. Prior to an SOA block, the
. X é
duration’' of the comparison stimulus would be adjusted by the
[

experimenter to 0 msecs. After the first trial, the

instructed by the

observer wouid indicéte to the experim%ntér, that he should
n

increase the duration of the'iomparison (if>*he saw the -

targ;i). The experimentgr would then iicreaselthe duration

by a variable amount. During the]following trials, the

observer instructeikthe experimenter as to the, direction of

the duration manipulation, until he was satisfied that a

- ) AN
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match had occurred.

PB and SS were exposed to the 12 conditions for SOAé of
0, 30, 60 and 90 msecs. The state of adaptation of the eye
was manipulated .by presenting these conditions to both the
dark and light adapted eye (using the same parameters as in
the previous expgriments)f

-

Results and Discussion

The data were averaged across the three replications
within each adaptation condition. PB’'s light and dark “
adaptation data are presented in Figures 34 - 37, and 38 -
41, respectively. They are representative of Sé’s results, i
which are presented in appendix C. Again, in all

conditions, metacontrast was not observed. The variability

remalned very low for both observers in all conditions,.

It was becoming quite evident from these studies, that
f

due to,the low contrast level of the mask, metacontrast
& .
might be unobtainable using these stimuli. If however, the

e - 3
effect of contrast was to minimize the neural activity of
the mask, it is posi;ble to increase this activity using

i

another variable,

It is well known that below a critical duration,

decreasing' the duration of a stimulus will lead to decreases

ER LRy

-
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Comparison grating duration (ﬁsec) as a function
of S0OA (msec) for observer P,B, Each function
represents one lighteadapted condition of Experi-
ment 5. 'The baseline matching durations are shown
on the right~hand side of each function. - Standard
errors ranged between .2 =~ 1,5 msec. Target con-
dition = 2 c,p.d, (low contrast). .
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Comparison grating duration (msec) as a function
of SOA (msec) for observer P,B, Each function
represents one light-adapted condition of Experi-
ment 5.° The baseline matching durations are
shown on the right<hand side of each function,
Standard errors ranged between ..2 « 1,5 msec,
Target condition = 6, c.p.d, (low contrast),
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represents one lightwadapted condition of Experi-
ment 5. The baseline matching durations are
shown on the right<hand side of each function,.
Standard errors ranged between .2 = 1.5 mgec.
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Comparison duration.Cmsec) as a function of SOA

(msec) for observer P,E,.
one dark-adapted condition of Experiment 5.

Each function represents

The

baseline matching durations are showa on the right-

hand side of each function.
ranged between
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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.

G o o R roBare | bRt e MR e & Aot
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Experiment 6 B

Pilot work indicated that varying the duration of the <

'
\
e e e e e

stimull affected whether metacontrast was‘prodqced, only if
the energy (defined as the product of duratiqgn and

luminance) of the mask increased relative to/ that of the

ht i A hn e

target. It was found for instance, that wh n higher ene%éy
targets and masks were employed (when they were presented
.for 50 msec. each) metacontrast was still not pfoduced. !

’ l
(the target and mask were presented for 16 énd 32 msecs.

HoweVef, when the mask energy doubled that of thL target o

respectively), metacontrast became evident, yet only in the

dark adaptation condition. \ ' s .

! i
! +

¢
)
'

\

Experiment 6 was conducted to thoEoughl& investigatg
this sole situation, which could produce metacontrast with
these stimull, Table 5 presents thQ nine stimulus conditions
that were used. Pilot work,indicated thaﬁ the higher
contrast 6 c.p.d. target evaded masking.' Therefore, this
stimulus condition was not used in the eiperiment. The
target and mask were presented for l6"and 32 msec
Q‘spectively, to the dark adapted eye. Each condition was [
replicated 3 tihmes for SOAs of -60, -40, -20, 0, 20, 40, 60,

80, and 100 msecs, The dependent variable‘ygs %he 4

comparison duration manipulation. PB, §S and LL served as :

the observers.
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. fhe most apparent finding was ‘the production of
draX
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Results

The data were averaged acn?ss'the three replications.
LL’s data are presédted in Figures 42 - 44 and are
consistent with the data of PB and SS, whose data are

presented in appendix D. In these figures SOA is represented
v \

‘on the abscissa, while the matched durations, are shown on

the ordinate. 1In each figure the ‘effect of the three masks
. o

' ' 1
(2, 6 and 10 c.p.d.) are depicted for each target (2, 6 and

10 c.p.d,). The‘%verage baseline measures for the »

target-alone cohditién, are found on the right-hand side of

"the functions. The displayed standard errors, represented

L]

¢ . ‘
the low variability found for all 'observers.

N -

L
atlic metacontrast monotonic functions. Figure 42
“ N

%@gplays'LL‘s results for, the 2 ¢c.,p.d. grating. Magimum-
métacontrast appeafed to occur at'an SOA of 0 for the 2
c.p.d. mask an&ition. As well, in Figuresl43 ;;d 4?\whicﬁ
diéplfy‘LL’s data for target frequencies of % and 10 c.p.d.
respecively, the same trends were evident. That 1is, maximpm
masking occu:red botﬁ,‘zt'an’SOAlof 0, and" in the conditions
1n which the target and mask shared the same spatial
frequency. This trend was also eviJent in PB and §5°s data.
In summary, these data showed metacontrast to vary as a

function of the spatial frequency similarity between the

target and mggk.
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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

\

Bl i e dmads e
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create megisontrast. If metacontrast 1s strictly a function
of the transient system inhibiting the sustained, with lower
spatial frequency gratings maximaily stimulating‘the
transient system? then we might‘ﬁEVe\expected maximum

masking to have occurred at both an S0A of 0 and with the

low spétﬁal fredquency mask. Although maximum masking did

°

oécur at an SOA of 0, it was:evident that the low spatial
. , 7
frequency mask condition did not produce more masking when

compared to the other conditions.

Breitmeyer & Ganz envisioned monotonic functions‘
occurring due to intrach;nnel inhibition, whéreBy sustained:
cells fesponding to the mask, inhibit sustained cells
reacting to the target, From their theory, one wpuld have
expected greatest masking to occur with the 10 c.p.d. target

and 10 c.p.d. mask. The results however d{d not show this.

To summarize, White & Lorber’s (1976) "similarity
,hypothesis" seems to have accurately predicted the data.
The sustained-transient view of metacontrast, as it has
been conceptualized by Weisstein et al, (1975) and
Breitmeyer & Ganz (1976) however, is not adequate in
describing the neural mechanisms th&t produced these data.
In the General Discussion section, an attempt to explain the

mechanisms mediating the results of these experiments 18 .
4 1

discussed.
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'GENERAL DISCUSSION

Swn

¥ 4 N
The inital aim of this thesis was to elucidate the
characteri;tics of the proposed sustained and tran;ient
channels in the human visual system. Experiment 1 was
conducted in light of a study coenducted by Harwerth & Levi
(1976) where they claimed that a RT paradigm to grating
siimuli, offered a way to observe Fhe results of sustained
and transient activity. This study was conducted both as a
replication of their RT data, as well as an investigation of
how these two processing channels may be affected by shorter
stimulus durations. Similar to Harwerth & Levi’s
interpretation of their data, the results of Experiment 1
were interpreted as giving evidence for the existence of
sustained and transient mechanisms mediating RT to gratings.
Specifically, 1t was proposed that the spatial frequency and
contrast level of a grating was associated with the |
differential involvement of these two processing channels.
Consistent with the neurophysiological research cited
earlier, the results supported the proposal that low spatial
frequency gratings maximally involved the transient”system,

while higher spatial frequencies implicated the sustained

gsystem,

The shape of the RT curves were seen to be an important

variable in the assessment of sustained and transient

£
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activity., It was argued that the biphasic RT curves
produced with the middle spatial frequency gratings, gave

evidence that for a givsn spatial frequency, RT may be

'mediated by either the sustained or transient channels. RTs

[
to high contrast gratings were seen to be mediated by

transient cells, with RTs to lower contrast gratings being

mediated by sustained tissues.

A model accounting for these RT functions was

described. Three neural properties were viewed as being
critical to this model. It was proposed that RT was o
sensitive to neural transﬁission time, neural résponding
rate as well as the number of tissues responding to the
stimulus. Overall, the model explai;ed the data, by
assuming Fhat contrast manipulations affected these three
variables. The model acéounted for the shape of fhe RT

curves as well as for the effect of varying the spatial

frequency and stimulus duration of the gratings.

Experiment 2 was conducted to further describe the
characteristics of the sustained and transient channels.
Gfatings which varied in spatial frequency and contrast were
pregsented ih the ﬁefiphery. The results were consistent
with predictions that were extrapolated from the
neurophysiological literature, which described an increase
of transient activity in tHe periphery. These results

suggested that sustained and transient acti&ity can also be

2 L i
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‘differentially maﬁipulated by varying the location of the
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stimulus.,

In an attempt to describe the interactive
chargcteristics of the sugtained and trans&ent channeié, i
further stdéies investigated the paradigm of metacontrast.

In recent years, a number of theorists have implicated the

sustained and transient systems in accounting for this

-

| . - '
phenomenon. Specifically, Weisstein et al. (1975) as well"

as Breitmeyer & Ganz (1976) proposed that these channels

interact in a way, such that one chaﬁnel (transient)

}nhibits the other (sustai&ed)‘in a nonmonotonic mannér, to ) ( a

produce the'degradatioﬁ of the target stimulus. é
Exéeriment 3 was cond;ctqd with two important

assumptions in mind. From the results of the first two

experiments, it was proposed that RTloffered a sensitive way

to ﬁeasure the action of sustained and transieﬁt activity.

It was assumed that if the same mechanisms mediating RT are

also involved in the production of metacontrast, then from

the results of Experiments 1 and 2, it may be possible to ;

diffgrentially manipulate the sustained and transient

influences on the production of metacontrast. If the

Weissteln et al. and Breitmeyer & Ganz descriptions of the

neural interactions underlying metacontrast were correct, .

then it was assumed that by using the same foveal and

peripheral stimuli as in Experiment | and 2, various degrees
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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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low contrast levels (.15 = .50, as depicted in the Maffei &

Fiorentini study), sustained activity is relatively stronger

>

than the transient response, then sustained—sustained

A\

"inhibition may be more likely to occur than that of

sustained-transient inhibition, In fact, this}type of
inhibition 1s what Breitmeyer & Ganz described as mediating
monotonic metacontrast functions. The criticism made about
this interpretation of the data however, was that {if
sustalined-sustained inhibition mediated the monotonic
metacontrast effects of Experiment 6, then it would be
expected that‘the higher frequency stimuli should have
produced maximum inhibition, since it has been shoqn bofh
physiologically and psychophysically that these stimuli are
most likely to be processed by susgained cells: However, as
was pointed out earlier, the high frequency condition did
not prod;ce maximum metacontrast. This leads to another

description of the neural processes that may have mediated

these results.

© As shown by Haryérth & Levli dnd the results of
Experiments 1 and 2, RT measures seem to indfcate that there
exists both sustained and transient cells which may respond
to most spatial frequency gratings. Using a 50 msec
stimulus duration, Harwerth & Levi presented evidence
suggesting that sustained activity may have been mediating
RT for their 1 c.p.d. grating. 1In Experiment l, it was

shown that the short 16 msec stimulus only produced biphasic

3

-
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RT functions for gratings above 4 c.p.d., suggesting that

sustained cells were not involved in mediating RT for the 2

[P S

c.p.d. gratihg. However, the results of this experiment and
that of Harwerth & Levi, demonstrated that sustained cells
become implicated in mediating RT as duration i% increased. . !

Thus, it 1s possible that the 2 ¢.p.d., 32-msec mask used in -

Experimeﬁt 6 could have produced a biphasic RT curve,
-indic#ting the presence of sustained cells; Inasmuch as -
sustained-sustained inhibition médiated metacontrast in
Eyperiment 6, this would imp&y that sustained cells were

»
involved in the processing of the 2 c.p.d. ‘target. The

results ;f Experiment 1, however, suggested that for all

observers, sustained activity was not evident in'mediating
RT for the 2 c.p.d. grating. This result presents a problem ) §
in describing sustained-sustained inhibiton mediating the

.

results of these experiments.

In order to support the explanation that this type of

>
inhibition underlied the metacontrast results, the data from
Experiment 1 and 6 must be reconciled. In order to do so,
the first proposal presented in this sectipn must be \

addressed: That is, whether or not the cells mediatiné RT
are efclus;vely involved in the product;on of metacontrast
seems tg be questionable. It i% possible.thac the only
important result of the RT experiments, was that they éhowed

both sustained and transient activity involved in the

processing of most spatial frequency gratings. It is
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intdraction of transient cells responding -to the two
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[

xcogséivable then, that metacontrast may be mediated by other

cells not involved in the processing of RT. Thus, the RT
measure may not be sensitf%e to all of the sustained or

trangient activity medidting the perception of a grating.
1

3

|
t is proposed that for each of the spatial frequency
L H !

gratings, both sustained and transient cells respond. The

» ALY
monotonic metacontrast functions may have been the result of -

intrachagpel inhibition. Inhibition may have 1nvo}vé

-

either sustained cells frofythe mask inhibiting the
. Y i

¥ .
sustained cells processing the target :or implicated the

"

stimuli. : ! A
P - S
s
The above:description of low energy intrachannel
inhibition supports White & Lorber’s (1976) "similarity"
hY

hypothesis as well as‘Breitﬁeyer & Ganz’s (1976) portrayal

e 'l

.0f mignotonic metacontrast functions. However, 1it- is

¥

possiblé‘that wlth higher energy stimuli, tran‘¢§§§?

3 ' !
inh®bition of sustained cells may become implicated.

' -
Whether or not the sustained-transient interactions

describéd by Weisstein et al. and Breitmeyer & Ganz can

- -

adedquately dccqunt for the metacontrast functions produced

< : ’

with these higher energ} stimuli, is a;quést19n that remains

o

to be answé;ed. Although Ims (1980) mbst recently
investrgatéd qhe role mask contrast played in the

metacontrast and

’

backward maskfng paradigms, he did not

> :
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\
investigate this, matter in the confext of differentially
=~ v
manipulating sustained and transient involvement. This is a

¥
necessary step in further reconciling the different theories

of metacqptrast.

. Y 4 N
\ .

\

' 3
In conclusion, the RT and metacontrast paradigms. may

both involve gustained and transient activity. However,

from the results of these experiments, it seems unlikely
that the data from one paradigm can be used to prqgict
varfations in the other.
. ' . t A
. \ ° R ‘ ¢

Metacontrast‘wiih low'energy stimuli produced monotonic

-

metacontrdst functions, which was interpreted as being the

result of sustained-subtained or 'transient-transient

intrachannel inhibition. If-tragsiéntdinhibit?on of
sustaf%ed responsés describes the mechanism that mediates
type B metacontrast, then the occurrence of this cellulgr
inter;ction ma? not represent ;~;obust(9henomenon in tzéqi
visual ;yélem: That is, the results'of this investig;tion
suggest that this type of inte:%ction may only¥ occur under

\!’4‘
limited experimental conditions %uch as those consisting of

high energy stimulation presented to the ‘dark adapted eye.

e

In retrospect, this general limitation of a luménance

i

e~

-
“differential during and betweén trials has also

characterised metacontrast paradigms .using conventional |

p ' R .
stimuli. For example, dark intertrial iiﬁervals !re usually
agsociated with the presentation of 1lit stim&li, whereas 1lit

Ay
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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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S $.5.'s Data from Experiment 3. Mean Contrast (MCR) of
[ 4 o ~ . -
g Comparison Grating for each Condition and SQA
L - ' > . v
| Target Spatial Frequency (c.p.d.)
¢ : ) .
* 2 6 7 10
, T . : CONTRAST
4 . . -
v ‘) SOA Low High Low, High Low High
- T .10 .36 .16 .33 .13 .40
~25 . .10 .38 .15 .34 +15 .40
R (—" . ‘\0' 4 oll '38 tl7. .35 014 -40
b ) ‘ . . 20 - Y12 .39 .16 .34 .15 .41
| C p 40 .13 .38 .16 .34 .16  -.40
: , 60 . .13 .37 .16 .32 .15 42
- 2 80 .13 , <39 .18 v 32 .17 .40
100 .12 00w 17 31 .14 39
. . 120 - .11 .38 .17 .33 177 .38
» 140 . ©.10 .37 .17 e .35 .14 .38
~ . " 5180 W12 2 .36 .18 .36 .15 .40
¢ -
. . s 25Q, .13 .37 .18 35 .16 A4l
, . Mask Baseline ,12 .35 .18 .35 .17 W42
¢ + Spatial: . -— : .
Frequency ) 3 .
Sc.p.d.) <50 .13 .37 M5 34 .17 40
©«25 - .15 .36 . .15 .35 .16 41
- Q .14 7 .38 .16 36 18 40
: 20, .13 + 36 .17 37 .18 .38
) 40 .l?{ .35 .18 .36 .16  -,38
P . e 60 14 36 .18 .35 (17,37
‘ o "6 8a 14 35 .18 37 .18 36
100 13" 3,38 .19 .37 .18 35
, "120 ‘12 7,37 .19 .36 ,16 i34
C - 140« ,10 .37 C.17 .35 15,34
K - : , ‘180 10 .36 0 .17, .33 14 .32
. L ‘ 250 .10 35 .16 32, 14 30
‘ ‘ ) Baseline 11 35 7 (16 . *37' 17 W32
K} - _' ~ - . e
;
\ T ,
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“Appendix A - ﬁ .
Targét Spatfal Frequency (c.p.d.)
. 2 6 . 10
' CONTRAST
-
S0A Low High Low  High  Low High -
-50 .08 .35 .16 .35 .16 .40
~25 . .07 .36 .16 v 34 .17 . 4Q
! a .10 .37 .17 36 .18 .41
o 20 11 .36 .17 .36 .17 42
40 . .12 .35 .17 .35 .18 .40
60 .12 34 .18 .34 .18 42
10 80 11 .33 .18  ,33  ,18 .40
100 11 .33 .19 32 .16 .38
120 12 31 .19 0 (32 .17 .38
. . 140 .12 36 .19 31 .18 .37
.f 180 13 .35 .20 .30 (17 .38
250 .13 .36 .20 29 .17 .36
Baseline 13 «35 .21 32 17 .+ 35
*
- [ ]
.
- '
I“ 1
¢ N —
€
1]
\ s . Ty
% ) ‘
/
0, ) ~
N




. \ v 175

Appendix B
-  PB's data from Experiment 4. Mean Contrast (MCR) of ;
- Gomparison Grating for each Condition and SOA
Target Spatial Frequency (c.p.d.)
s 2 6 10
CONTRAST
1
'SOA Low High Low High Low High ;
1 -50 .15 41 .17 42 .25 .38 :
P -25 .16 b2 0 17 W43 .26 .38 .
) i 0. .15 NV .18 b4 .26 .39
> ’ - . 20 16 ™~ 43 .18 v 44 .26 .38
. 40 .16 W43 17 W41 .25 .39 ’
9 60 14 41 w17 W42 .24 .36
80 W15 42 .19 7-,41 .26 . 38
100 .15 43 .16 42 .26 .40
& J 120 .16 .39 17 .45 .29 .39
140 .16 4l .18 44 .25 .39
180 16 o .41 W17 4l .26 .39
Mask . 2’50 .16 .39 <16 42 .26 .40
‘Spatial : Baseline .14 A2 . 17 .44 .23 417
Frequency ) - )
(C.pkd_.)
’ s -50 .15 .38 17 .41 .21 .39 ;
X -25 .10 .37 .18 240 . .22 .38 i
v 0 16 .39, .18 .42 $22 .40 :
20 .15 .43 A7 - .42 .23 .39 ¢
-~ 40 /15 43 19 44 W24 L 481 i
. 60 .15 W41 .17 4l 22 .42 {
{ , 6 80 "/ .15 41 .18 V44 W24 .43 i
i 100 .16 41 .19 44 .23 .41 R
: - 120 4 400 L1745 .22 .42 i
140 15 .39 .16 .43 .24 .46 !
180 15 .43 17 44 .25 .43 4
4 250 15 L4277 17 .41 .24 4G !
PN ’ Baseline A5 .39 .15 42 .23 A4l o
1
[ ~
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\ Appendix B -~ 2
Target Spatial Frequency (c.p.d.)
CONTRAST
SOA Low High ‘Low High Low High
~50 L1440 16 .42 .26 .43
-25 A5 L4l .17 .43 .27 L42
0 .15 40 .16 44 27 .43
20 15 L4641 17 .43 .25 .38
40 15 .39 .(% .39 25 .39
60 L1441 ) W41 25 .41
80 15 42 JA5 0 .39 25 .41
10 100 14 .38 .18 .38 .25 .40
120 .16 .41 16 .39 26 .40
140 14 .39 .16 43 24 Ja4
180 16 .42 16 42 24 W43
250 15 W44 - 17,42 25 T L 43—
Bageline 14 40 17 .40 .26 42
A\
(\
\ A ¥
7 . '
&
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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

22-f
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Mask Spatial Frequency

*——e 2 c.p.d
m - -m B c.p.d
e V——.--q 10 c.p.d.

, S S L1 1 1 1
.- -60-40-20 O 20 40 60 80 100

!

SOA [msec]

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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Appendix D - 2

22—
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Comparison- Grating Duration (msec)
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- \\\ I'l . ] 1\{-- 6 c.p.d.
-\_ ,l A I 4 10 c.p.d.
6_ \\\ ,'
\ _,l .
L1 1 W ] | I | |

-60-40-20 O 20 40 60 80 100

SOA [msec)

Figure 2. Observer PB's data for 3 conditions in Experimen{_ 6.
'Comparigon grating duration as a functiofftef SOA for
\a 6 c.p.d. target.
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Appendix D - 3
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1

Observer PB's data for 3 condition8 in Experiment 6.
Comparison grating duration as a function of SO0A for
a 10 c.p.d. tayget.
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Appendix D - 4 : "
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Observer SS's data for 3 conditions in Experiment 6.

Comparison grating duration as a function of SOA for

A 2 c.p.d. target. . i \
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Appendix D - 5
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Appendix D - 6
\ v

target. i

e

Observer SS's data for 3 condit
Comparison grating duration as a function ‘of S0A for
"a 10 c.p.d.
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