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« The following experiments were designed to examine the role of

spatial and temporal parameters in the incremént threshold edge effect.

As a first step Experiment 1 investigated the role that spatial
) . ]

parameters play in the edge effect. Sensitivity to a test stimulus was

‘investigated for a number of test flash and background sizes. The

results of this experiment sugest that the edge effect is' “specifiec to

4
the combination of a small test flash and a large background.

. . L
The second experiment addressed the hypothesis that several reports

.

of failures to find an edge effect could be accounted for by exposure

3
size. An effect of background exposure duration upon edge effect

] *

magnitude was demonstrated in Experiment 2.

The third and final experiment examinéd the relation between edge

éffect mag‘ri\wn/&e and the temporal separation between the onsets the test’

£ [l
flash and backgroun?ip stimuli. This relation was examined for .a number
of background sizes.

‘The combined results indicate that the magnitude of the edge effect

is dependent upon an dnteraction of s&tial and temporal backgrotund
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parametérs. An increase in the size of a briefly exposed background

stimulus will give rise to an edge effect where one was not observed

previously. ‘The background duration -below which one will not }ind an

edge effect decreases as tk;e background size increases. In addition,

’

when the bz;.ck'gr‘ound size and/or duration were insufficient to produce an’

edge effect with simultaneous onsets of the ‘stimuli, ne threshold

«

elevation was evident at the edge even when the sensitivity was assessed

a

’ 'af‘ter the cessation of the background stimulus.
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The basic problem for any sensory system is to detect the presence

of en‘er-gy changes in the environment. The problem of detéction is one

¢ 0

which is- centered around how much stimulus energy 1s necessary for an

observer to‘ say it has been seen with some cer£ainty. Classically, the

-

minimum amount of energy necessary for detection has been called the
. ) ’ N
threshold. Gustav Fechner defined the threshold stimulus as one that

A

" {fted the sensation or sensory difference over the threshold of
consciousness™ (Fechner, 1860). William James speaks of thresholds in

the following manner: "There is a real sensation of diff‘erence, aroused

.by the shock of transit;on from one perception to another which is

f

a
.

unlike the first". (James, 1890, p.495).

, Visual Thresholds

'

It is conver}tional to speak of two kinds of detection thyresholds:
absolute th?eshglds ~and difference threshoids. The absolute threshold
is defined as the smallest amount of stimulus energy necessary to
p:r'oduce a sensation. The difference threshold is defined as the amount
of change in stimulus intensity re;quir'ed to préduce a Jjust noticeable
difference ( jnd) in the sensation. Absolute thresholds are merely a
special case of difference thresholds that involve.a "detection of‘ change

n

from zero to some finite intensity. Di’.f‘f‘er'enc:e thresholds involve a
. . .

discrimination of one finite value from another. The stimulus
;;arameters that have been shown to influence absolute threshglds vield
similar effects on dif‘fe‘r'ence thresholds.

The ability of the human visual system to detect a spot of light
varies with a number of factors. The most important of these are the
st‘:j.mulus intensity, stimulus duration and stimulus area. One measures a

j .

different type of threshold depending upon which O‘X these variables is

/
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manipulated. 1In general the greater t‘he magr;itudeiof any of ‘these, the
lower is the thres'r'::ld. Within a photopic range of intensities a lawful
rel;tionship exists between the intensity level of a stimulus and the
size of the threshold. This relationship is known as Weber's law. The
si;e of an increment that has to be'added to a given sf;imulus to allow
aqne to detect a change.is a constant proportion of the original stimulus
intehsity. There is a trade-off between stimulus duration and i.nte'nsity
.in vision, at least for periods of .1 sec or less. That is, the product
of luminance -and exposiire duration needed for detection ‘is constant.
This relationship is described by Bloch's law. Thus, for a given
stimulus we m!y increase the likelihood of detection ,by either
increasing the intensity or by incréasing its duration. However, beyond
the critical duration the probability of stimulus detection is not
affected by stimulus duration, but depends only upon stimulus intensity.
Target area is linearly r'elated"w ﬁhreshold up to a critical area.
There is a direct r‘elationship‘between area and intensity. This is
known as Bicco’s law. Thﬁ likelihood of stimulus ‘detection c,an'hbe
increased by either increasing its intenslity or increasing 1its area.
For stimulus ﬁsizes beyond the critical point, i;qcreasing the area has a
'somewhat reduced effect. The effect of area on detection beyond the
critigal point is described by leper"s Law. A greater increase in area
is needed to achieve the same reduction in threshold. In addition it
has been shown by Owen (1972) that duration and area interact to
determine se‘nsitivity.

Thrieshold detection is also dependent wupon a number of other
stimulus properties. The stimulus wavelength and retinal location are

two. The energy required for .a response depends on the locus of the

retinal field upon which 1light impinges. Experimental data on the

-
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relation b‘etweex.'x detect’ion a;xd retinal locus reveal a marked drop in
threshold fr;om. the fovea to the periphery ‘(e.g. Crozier & Holway,1939).
The threshold fgr- white light' is much higher in the fovea than in the
periphery. The dark adapted eye 1is most sensitive to 1light of a
wavelength of 510 nm. A considerable inérease in energy howe:er is
required 'at.the short énd long wavelengths. Spectral sensitivity curves
showing the absolute threih?ld as a function of stimulus wavelength have
been . obtained for cone (photopiec) and rod (scc;topic) vision. The

periphery of the retina is most effectively stimulated by light with a

wavelength of appr‘oximate'l\y 500 nm, and the fovea is most sensitive when

the wavelength 1s about 560 nm (e.g. Wald, 1945). Much less energy is

required at threshold for peripheral stimulation than for . foveal
stimulation. This indicatées that rod receptors are considerably more

i

sensitive than cones (this is true at all but the longest wavelengths).

| Adag"tation

The state of adaptation of the eye is also an important determinant
of thresholds. A decrease 1in sensitivity f‘ollowi'ng stimulation
accompanies the process of light adaptation. The process of dark
adaptation‘ is accompanied by an increase 1in sensitivity following
periods of nonstimulation. There exists a- mass of experi;nental data
which reveal a marked change in the thresholds during the course of
adaptation (e.g. Aubert, 1865; Hecht, Haig & Chase 1937).

Crawford (1947) pioneered invest.iga.t;ion into the changes during the
first few seconds of 1light adaptation in a study in which foveal
detection thresholds were assessed. He examined the wvariations in the
threshold to a test gstimulus immediately preceding, during and

immediately following the presentation of an adapting stimulus by

.
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,méasuring the detectability of a 0.01 sec test flash from épproximately
0.3 seconds before the onset 01%‘ the adapting stimulus to 1 sec after
cessation of the adapting luminance.. Data reported by Crawford confirm
the rapid rise and fall in threshold but algo suggest 't;hat visual
sensitivity undergoes a complex sequence of 1losses and gains during a
brief intense 1light flash. These sensitivity changes are illustrated in
a figure adapted from Crawford in Figure 1. An initial rise 1in
thr‘eshold_ is evident while the test stimulus precedes the adapting
stimulus. It rises rapidly fo a maximum that occurs -a‘pprc‘aximétely at
the point representing the simultaneous presentation of the test and
adapting stimuli. From -this maximum the threshold decreases rapidly at
first, then more slowly, reaching a new steady level while the

;

adaptation stimulus is still present. In a similar manner the threshold
begins to rise when the'v test flash Jjust precedes the cessation of the
adapting stimulus, reaches a maximum at a time which com;esponds,
approximately, with the. temporal coincidence of the test flash and the
end of adaptation. After the second maximum the . threshold decreases
rapidly, then slowly, to the resting level of the dark adapted
threshold. The amour{t of the initial threshold rise is a function of

v

the intensity of the adapting light. Dim adapting lights yield small

threshold rises Qhen extinguished, especially in the scotﬁopic range.

The response to intense stimulation occurs rapidly. This rapid response
occurs at the termination of stimulation as well a‘s to the onset of
stimulation.

Following the brief and rather s;nall threshold rise, the threshold
drops. The .thr'eshold curve falls' very abruptly at first, then levels

off into slower 'dar-k adaptation rates. Later research has since shown

that a rapid fluctuation in the ability to see the stimulus spot is not

e e e b
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Figure 1. Crawford’s mcasurements of the threshold during brief light-
adaption to flashes. The duration of the conditioning flsh was 0.5
sec in cach case and each flash began at time zero. (From Craw(ord,
1947.) ’
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- a special case peculiar to short flashes

[y
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’

which give incomplete light

. adaptation. Fluctuations éccur whedever dark adaptation or light

adaptation begins, implying that "Crawford effects" are. quite general
(e.g. Baker, 1949),

The'general question about the effect of adapting Iuminances on
thre;holds has b%een reindesﬁigated‘ extensively. Boynton & Treidman
(1953) determined the time course of the change in threshold - from 0.4

<

seconds preceding .to 1 second following the onset of the adapting

n

)
A o . - - . ER T 6 A e I R — ey AR DN

stimulus. The data. in general are very similar to the early data -

reported by’ Crawford (1947). Qo&nton,,Bush & Enoch (1954) have reported

thdt a depression of sensitivily with indirect adaptation (peripherally

presented adapting stimulus) shows the same time course as direct foveal

1

adaptation. The extent of their. effect can be predicted on the basis of
direct adaptation’ effects from ééattered light from the indirect

stimulus.
%

Baker (1949) studied the long term changes in the threshold during

the course: of adaptation to Oarijps luminances. He measuréd the time
,course of change in threshold rfom 5 to'1000‘msec after the onset of

the adapting stimulus to 4 retinal adapting luminances between 5 and

5000 trolands. Baker (1963) also otollected more detailed data on’
[ ‘ - ,

changes that occur at the time of cessation of the'adapting stimulus and

confirmed the initial results obtained by Crawférd. Threshold

’ L .
. measurements were taken at various intervals relative to the extinction

of .a large adapting field. In this manner, Baker collected data for
different adaptation luminances and, with the image of the test flash
positioned in the fovea and periphery. N In both regions he found that

the threshold began to rise just before the adaptation field was

~
]

extinguished. It reached a\ﬁeak at about the instant of extinct'ion, and

'
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p . .
declined with incbéasing slope after’ ex;inction. The higher the

preadaptation luminance, the slower was the subsequent recovery. In

addition, the elevation of threshold immediately preceding the adapting.

field is more proncunced the higher the luminance of the preadapting

field.

Threshold changes over time have also been investigated under
conditions where the onset and cessation of the adapting luminance
represent a change from one suprathreshold level to another. In these

cases we are dealing with classic difference thresholds rather than

transitions from absolute to difference thresholds. A detailed séudy of

this problem has *been reported by Hattwick (19%4). - Using a |,

preadaptation stimulus of .3.83 log trolands and a test field of 1 degree

exposed in the fovea for 0.02 ]sec he determined the changes in the
incremént threshold durigg the process of adaptation tog four lower
luminance levels. Hevalso measured the time course for the absolq#e
threshold in the dark. The curves .showing adaptation to the four lower
luminance levels were all of similar form, bt displaced along the
y-axis. But the curve répresenting adaptatioﬁ to complete ‘darkness
crossed the early portions of,of the otherv curves and finally terminated
at the lowest levél. In é similar experiment Baker (1963) investigated
the changes in threshold when Lhe onset of the adapting stimulus
represented a change from one finite luminance to another higher
luminance. The functions obtained are similar to those obtained by
Baker when the increment thre#hold (ATI) was meaéured for adapting
luminances beginning with a value of zero luminance. ’Thé maénitude of
the dip in threshold depgnds on the magndtude of the difference between

the preadapting and the adapting luminances.

As well as considering the  influence of adapting field luminance

j
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and duration on increment thresholds, it is necessary to consider what
role might be played by the size and shape of the adapting fileld.
Blachowski (1913) has shown that as the size of the surround stimulus is
increased, increment threshold (4 I) decreased: More recently,
Westheimer (1967) has cshown that the threshold for a superimposed test
spot could be raised by inecreasing the area of surround illumination and
could be decreased by decreasing the surround illumination. This is.a
manifestation of gxcitatory and inhibitory interaction of adaptation
stimuli. Illumination of retinal regions in the immediate néighbourhood
of the area tested acts to raise the adaptation level, and illumination
of those furthur removed acts to lower it.

The relative spatial positicn of the test flash with- respect to the
background has also been studied ekxtensively. The results of sevéral
experiments indicate that the threshold is increased in the region of a
boundary which exists in a nonuniform field (eg. Fiorentini, Jeanne, &
Toraldo di Francia, 1955). This particular phenomenon'of a decrease in
sensitivity near a border has been termed edge accentuation.

Kruger & Boname (1955) brovided evidence that a constant
relationship holds between the log increment threshold ahd its distance
from the center of the adapting field. The increment threshold was
lowest in the center and was highest‘near the border. Such diffqrences
are nét due to diffgrences in absolute retinal sensitivity in as much as
when absolute thresholds wére measured the threshold remained constant
across the backgrpund‘area. In an interesting examination of the
nonuniform field on tﬁresholds, Yénemura (1962) had subjects move a test
spot towards an adapting field border until it was no longer visible.

The higher the luminance of the test spot the closer it could be brought

to the edge of the adapting field before 1t disappeared. Harms &

a e LEga,
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Aulhorn (1955) and Fiorentini, Jeanne, & Toraldo di Francia (1955)

measured discrimination thresholds for small test spots as a function of

their location in relation to boundaries in the background field. A

sharp decrease in sensitivity was evident on the light side of a

boundary. This change 1in sensitivity was found to be greatest at high

luminances, for longer stimulus durations, and at locations further

1

4

.removed from the fovea. l
. N
The decrease in sensitivity measured 'near a background edge is
found whether one approaches the edge from the high or low luminance
side. Wildman (f@?&) studied the edge effect on both sides of the edge
r;*»
by varying its spatial position with reference to a fixed test flash.
He found that the test flash threshold rose the closer it was to the
edge of an illuminated area and that 1t also gradually fell the further

it was moved into the darker region. It was determined that the

threshold rise on the illuminated (high) side was dependenﬁ upon the

. intensity of the illuminated field. Threshcld elevation was absent at a

low intensity (0.6 log troland). In a further investigation of the low.

.

side edge effect. Wildman attempted to determine the contribution of
light scattered from the hiéh side of the edge on threéhold
determinations made on the low side of the edge. Wildman reasoned that
if the rise’in increment threshold at some point on the low side of ah
edge Has due entirely to scattered light then the equivalent veiling
luminagce that raised the thr‘esholdA as much will also bleach the
receptor photopigments as much. The equal bleach would be ;eflected in
identical subsequent dark adaptation rollowing scatter-light bleach and
equivalent-veil pleach. Dark adaptation curves following scatter-light
bleach and equivalent veil bleach were similar. The reéults indicated

that low side edge effects are merely due to stray light in the eye.

!
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The rise in threshold that is of interesat is that which is observed when
sensitivity is measured dn the high side of the edge. '

It has been postulated that eye movements may contribute to this
edge effect (Teller, 1965). When a subject views a nonuniform field
sucb as a luminance edge, abrupt changeé in luﬁinance ét retinal ﬁegioné
stimulated by the edge occur constantly as a result of small eye
movements. These iﬁtensity changes at an edge could then give rise’'to
the .higher increment thresholds in the vicinity of the edge by giving
rise to local rapid light adaptation effects. In order to determine the
role of eye mgvements in the edge effect Lukas, Tulunay-Keesey, and Limb
(1980) ﬁeasured increment thresholds for a small, briefly presented test
line as a function of distance from a high-contrast luminance edge under
both stabilized and unstabilized viewing conditions. In an unstabilized
condition normal motions of the retinél image were * allowed whereas‘for
the stabilized condition the effect of eye movements were compensated,
rendéring the image stationéry relative to the retina. It was found
thgt the edge effect was reduced by about 50% under stabilized
conditions. Little difference was found between stabilized and
unstabilized conditions when the background was briefly presented.
These data indicate that edge effects observed under unstabilized
conditions might be attributed to eye movements. Similar data has been
reported by Teller (1968) and Tulunay-Keesey and Vassilev (1974). The
general conclusion is that eye movements, :although not necessary for an
edge effect appear to enhance the effect. It should be pointed out that
although it is not . clear from phese particular experiments, the effect
of eye movements is iikely. to be a peripheral rathér than a cortical

one.

While the phenomenon of edge accentuation is well documented, there

LN 52
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is a discrepancy in the literature related to the magnitude of the edge
effect in the fovea. On theione hand, there are several reports that
threshold elevations present near a border measured in the fovea are in
the range:of 0.3-0.5 log units (Fiorentini et al,1955; Fiorentini, 1957;
Fiorentini & Zoli, 1966; Matthews,1966; von Bekesy, 1968; and Vassilev,
1970a). On the other hand, Aulhorn & Harms (1956), in an experiment in
which they presented the background edge at differeqt.distances from the
fixation point, reported that the edge effect was quite diminished near
the fovea. An edge effect was observed, however, 5 degrees from the
fovea. A very small foveal edge effect was also reported by Pa&ne
(1970).

Two hypotheses have been put forth to explain this discrepancy in

, )
the literature, -one pertaining to psychophysical methods employed and
]

‘another pertaining to the actual stimulus parameters employed in the

experiments. The explanation which is of interest here " is the latter,

For an evaluation of the psychophysical methods employed see ‘Teller

(1965).

Test Flash Parameters N
A study of the stimulus parameters that influence the magnitude of
the edge effect was conducted by Vassilev (1973). He noted that a

comparison of the results from different experiments revealed that those

investigators who did not find a significant edge effect used small test

stimuli. In the experiments where a foveal edge effect was clearly
demonstrated the bgst stimuli were several spots or a bar parallel to
the boundary. ﬁowever, no direct comparison could .be. made with
reference to the stimulus parameters since different/ psychophysical

methods were employed in the various experiments.

[

Vassilev (1973)
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1
investigated direcply the dependence of the foveal edge effgct upon test
" stimulus form, size and duration and the results of this iqvestigaticn
will be summarized below. 0

Vassilev (1973) measured increment thresholds as a function of the

~distance to a light-dark boundary for a .small circular test stimulus
N )

(3.9 min diameter) and for a rectangular bar stimulus (6 min x 47 min).
The threshold curve for the bar stimulus showed a typical edge effect
with the threshold at the boundary teing 0.3 log %nits higher than that
measured at the: center. The threshold curve for'/the circular stimulus
was much less influenced by its proximity to the boundary There was very
little difference between the thresholds obtained at the cgater and at
the edge. On the dark side of the edge, thle both curves were elevated
near the boundary, the increment threshold for the bar stimulus was more
elevated than that for the disk.

Vassilev (1973) also investigated the role of stimulus size. These
data suggest that manipulating the size of a target stimulus keeping the
form unchanged, might influence the magnitude of the edge effect. For
circular stimuli a 5 min diameter seemed to be optimal for producing an
edge effect. Wﬁen the target stimulus.was a bar, a target of U4 min
width showed maximum threshold elevation. Threshold elevation with disk
stimuli was only observed aﬁ distances smaller than 7 min from the
boundary. The threshold elevation with bar stimuli could be seen at
féngéffgz;tances as well. In an 1investigation of bar length he found
that a marked increase in the edge effect could be found when the length
of the test bar was iﬁéreased.

Vassilev investigated the importance of target duration withfwo

test stimuli: a U4 min disk and a 6 min x 47 min bar. They were

presented for either 10 or 100 msec. No significant differences in the

’
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forms of the curves for‘ 10 or 100 msec were found. For the disk
stimulus, however, an increase of duration seemeéd to enhance the edgé
effect. The threshold for a 100 msec duration is more elevated near the
boundary than the threshold of a 16 msec’ disc. Vassilev notes that
incréasing the duration makes the results with the disk comparable to

the results with the bar.

The data of Vassilev (1973) do suggest that the usé of different

test stimuli is one of the sources of the contradictory results in the
literature on thé‘edgq effect. Test stimulus form, size and duration

appear to be important determinants of the magnitude of the edge effect.

‘A similar systematic investigation into the background parameters has

-not been carried out. There are some indications that variations in

these parameters may élso play a role in the determination of the edge

effect.

Background Parameters

We’ have already seen that test flash duration is an important
determinant in the increment threshold edge ‘effect. The effect of the
duration of . edge presentation has been explored by Novak & Sperling
(1963) and Matthews (1966). The data indicate that the largest edge
effects are, seen with continuously presented background edges.“ Novak &
Sperling r::éht no edge effect with a background duration of 10 msec but
they do report a small change in senéitivity at the edge when its
duration is increased to 50 msec. Mat%hews compared increment
théesholds at varioué distances from a boundary when the edge duration
was either 2 msec, 100 msec or continuously presented. A sharp rise in

the increment threshold was observed when the test flash was adjaeent to

the continuously presented boundary. However, when exposure of the edge
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1

‘was brief, the increment threshold no longer exhibited this peakt\

*Matthews reports no change in sensitivity near an edge for a 2 msec
=

background edge, but does report a small edge effect with.100 ‘msec
background presengation. Wildman (1974) also investigéted the role of
the background duration parameter on the magnitude of the increment
threshold edge effect. He flashed both tﬁe target spot and the adapting
field in his experiment for 2 msec. There was a complete absence of the
high side edge effect at all of the adapting luminances used. The data
on background duration sugéest that the neural effect of the edge on the
tést flash takes 3some time to develop. With briefly presented
bagkground edges the neural effect of the edge stimulus 1is too
incomplete to influence the increment threshold: It is important to
note that although these data indicate that edge effects are difficult
to observe at brief background or edge durations, there are some reports
in the literature of edge accentuation with briefly presented edge
stimuli. For example, Petry, Hood & Goodkin (1973) observed an edge
effect in an experiment in which the background edge duration was as
brief as 18 msee. In the typical edge effect experiment, an edge is
presented continuously which idealizes t:% conditidns for the
development of the neural effect.

Petry, Hood & Goodkin (1973) noted that the absence of a relative
increase in increment threshold for Dbriefly presented edge stimuii
reported by Novak & Sperling (1963) and Matthews (1966) was in apparent
contradiction with the appearance of Mach bands under similar
conditions. Mach bands’are a perceptual phenomenon traditionally cited
as as an example of the effect of lateral inhibition in the human visual
system. The presence of Mach bands is not limited to short exposu;e

durations. Matthews (1966) reported the appearance of Mach bands under
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the same 2 msec exposure duration condition thgt did not yield an
incremental threshold edge effect, Petry et al (1973) iooked for a
buildup in time of the edge effect in order to account for its absence
with short edge presentations. They suggest that it is not "the short
exposure duration per se which is responsible for the absence of an
effect in such conditions but rather that it is necessary to present the
increment;l spot subsequent to the cessation of the brief duration edge.
They suggested that pgégéhting the test flash simultaneously with the
edge does not allow the necessary inhibition to develop. 1In looking at
the time course of the development of the edge effect Matthews (1966)
showed that the increment threshold does not asymptote until the edge
stimulus has been presented for 500 msec. Petry et al measured the
inerement threshold for a spot at different distances from an edge with

both the test flash and edge presented for 18 msec. Their relative

onsets were varied from -50 to +50 msec. When the test flash was -

presented 10 msec before or after the edge, no relative increase in
threshold was observed at'the edge. This result is consistent with the
Matthews (1966) and Novak & Sperling (1963) data. As the incremental
spot was presented after the offset of the edge stimulus by 30 and 50
msec, the data clearly revealed an increase in the increment threshold
at the edge relative to its value at the center of the background. The
magnitude of the edge effect under these conditions was comparable to
that found with longer duration stimuli. On the basis of these
findings, Petry et 7al argue that the important variable for thaining an
edge effect _is the time relative to background onset of the edge at
which the test flash is presented (stimulus onset asynchreony or SOA).
The implication is that in those conditions 1in which an edge effecé was

not found one might have been evident if the thresholds were measured at
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a positive stimulus onset ésynchrony (i.e. Dbackground onset precedes
test flash onset).

In an experiment which did employ positive SOA'S Limb and
Tulunay—Keeseyl (1981) examined <changes in  threshold at onset
asynchronies of 0, 50, and 200 msec., with briefly presented edges. In
this particular experiment the maximum edge effeét was found near an SOA
of zero.

Burkhardt (1966) also attempted to determine the time course of an
edge effect. He measured increment thresholds over a wider range of SOA
values in 100 msec intervals. He comparedﬁphreshold sensitivity to a
target at the center and at the edge of the background. The results
indicated 1little change 1in the magniﬁude of the edge effect as a
function of the SOA of the test flash and background stimuli. Over a
range of SO0OAs the threspold function at the center and the threshold
function at the edge were similar. Although threshold measures were
dependent upon SOA; edge effect magnitude was not. The notion that edge

effects take some time to develop doés not, in light of Burkhardt's
data, appear to be sufficienht to explain the background duration data.
Although Burkhardt measured increment thresholds over a wide range of
SOA values, he did so in 100 msec intervals. It is difficult then to
determine whether or not the maximum edge effect might have been found
at some SOA value between 0 and + or - 100, had thresholds been assessed
within those intervals.

Petry, Hood & Goodkin (1973) reported a maximum edge effect with
brief duration stimuli only if the probe was measured after the offset
of the background. Petry & Hood (1978) alsc compared center and edge
thresholds as a function of SOA. ‘They used a range of SOA values from

-30 to +50 msec. An examination of <their SOA functions at the center

!
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and edge does not %eveal differences of the magnitude reported by Petry,
Hood & Goodkin (1973). The results from the experiments }nvestiéating
edge effect magnit}de at various SOAs do not indicate clearly the role
that this parameter plays in the.determination of incremeﬁt threshold

Although the role of @arget parameters in the determination of the
increment threshold edge effect is well defined, the role of the
background parameters is not as c¢lear. The literature %o date points‘to
an importance of both spatial and temporal background factors in the
magnitude of the edge efect. When edge effects are examined with a
brief duration background some authors report the presence of gdge
effects (e.g. Petry, Hood & Goodkin, 1973; Limb et al, 1981); while
others report an absence of threshold elevation near an edge when the
background is brief (e.g. Novak & Sperling,1963). Petpy et al (1973)
have suggested tﬂat with briefly presented background stimuli the
erucial variable for finding an edge effect is the time relative to
background onset or offset aP which sensitivity.is measured. The
present thesis is an attempt to further our understanding ‘of ;he
determination of increment threshold edge effects. In particular the
experiments were designed with an aim of delineating the role.of spatial

and temporal parameters which are responsible "for edge effects on brief

+
-

backgrounds.
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Experiment 1

The magnitude of the increment threshold edge effect appears to be
dependent upon both spatial and temporal parameters. These dependencies
have not been thoroughly investigated and as such can only be inferred
from .the data 'of a number of different studies. Investigations of the
effect of background preseﬁtation .indicate that the magnitude of the
edge effect decreases as the exposure duration of the background is
reduced. The largest edgé effects gre observed with' continuously
presented backgrounds (Novak & Sperling,1963; Matthews,1966), but edge
effects can be observed with backgrounds presented as briefly as 18 msec

(Petry, Hood & Goodkin,1973)."

A study conducted by Petry & Hood (1978) is one which points to the

importance of these parameters. There were two differences between °

their paradigm and typical edge effect studies. The first of these was -

the size of their background field. Petry & Hood measured the increment
threshold for a small test flash (1 min diameter) on a relativély smail
background field of 36 min diameter. Typically oge éssesses the
threshold for a small test flash against a large background stimulus.
The second difference was their background exposure duration. The ideal
cohditions for finding én increment threshold edge effect employ a
continuouél& presented background. Petry & Hood exposed both the test
flash and the background for 8 msec in a metaconérast paradigm.

The purposes of Petry & Hood's (1978) experiment were to compare
sensitivity to a probe at the center and at the edge of a stimulus

during metacontrast masking and also to determine the relation between

brightness and sensitivity during metacontrast masking. Mepacoﬁtrast

masking refers to the situation where the brightness of a target’

stimulus is reduced when its presentation is followed by that of a mask

stimulus to an adjacent area. Petry & Hood's metacontrast paradignm
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involved a target disk which was masked by a surrounding annulus ring.

Since masking has been characterized as a contour interaction they

o

3

reasoned that . a measure of the sensitivity to a test stimulus at thé
center ahd the edge of 4 disk which was being hasked by a ring would
provide aﬁ‘indication ~of‘ contour effects. If metacontrast did involve
contour interactions sensitivity differences at the center and edge of
tke disk would be expected.

One of their control conditions is of partfcular interest in the
present context. This was a conditi;n in which only the disk stimulus
was present and as such allows comparisons with standard edge effect
data since, in this condition, there was no metacontrast. In short, it
comprised an edge sffect experiment. The thresholds were obtained at
the center and at the edge of the béckground stimulus. There was no
evidence of threshold elevation at the edge with respect to the

-

threshold assessed at the center. A comparison of the Petry & Hood

study with others would suggest that the absence of an edge'effept was

“due to either their atypical spatial or temporal parameters. It should

be emphasized, however, that these are atypical for .an edge effect

.paradigm but not for a metacontrast paradlgm.

The following:experiments to be reportgd in this thesis represent
an attempt to determine " the contribution of spatial.- and temporal
parameters involved in edge’ effects. As a first step, Experiment 1
investigated the role that spatial parameters alone play in the edge
effedt. It was desigggd to examine the spatial paramters for briefly

presented backgrounds. The question specifically addressed concerns

whether the presence of an edge effect is dependent upon background size

when the SOA between the test flash and the background stimulus is zero.

ﬂ
Sensitivity to a test stimulus exposed at the center and edge of a

background was iﬁvestigated for several test flash and background size
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tcomblnations which were presented at an SOA df zero. If the edge gffect.
is depegﬁent upon bgckground size .whbn the ; onsets are simultaneous,
“differences in the magnitude of the effect would be expectéd .in these Y\ -
conditions. Thrgg background stimuli were employed in combination with
two test stimuli. The exact stimulus conditions for Experiment 1t are
iklustrated in.Table 1. a

~

. Method v ¢

Sub jects

Five adult observers, one male and four females, participated in
this experiment. Each observer had uncorrected or corrected acuity to

20/20 (contact lenses) as measured with the Keystone Visual Skills

tests. . '

Apparatus and Stimuli . -

All stimuli were présénted in a convent;onal three-channel !
Maxwellian view oﬁtical ‘system to the right eye of} the §ubject. A %
general plan of the apparatus is jllustrated in Figure 2. An observer's
head wés fixed with Aﬁhe use of a-<bitebar and viewing ‘was through a 3mm
antifigial pupil. All but the smalles;)stimulus in this experiment were o $
‘made by drilling h;le§ in metal squares. The smailest‘ stimulus used, |
which sﬁbténded S min in diameter, was' constructed by drilling an : f
appropriately sized hole through two layer? of black film. A}l gtimulus
field siops were positioned‘one focal lepgth behind the final 1lens in

the system. %

The test flash stimulus was inserted in one channel of thF optical i

N

system. The second channel contained the, background disk stimulus, and

' .
the third contained the fixation stimuli. The light sources in all but

LU
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Figure 3. Basic configuration of stimuli employed .i»n these erxperiments.
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one channel were Sylvania glow modulator tubes (R116§). Thé source in
the fixation stimulus channel was a tungsten lamp. Two red fixation
points were vertically aligned-and were separated by \110 min of visual
angle. Observers werellasked to fixate between these points. A motor
driven neutral density wegge in the test flash channel was used to
control the test flash in;ensity. The wedge was controlled by the
experimenter and its position was monitored on a digital voltage meter.
The retinal illumidance in the background channel was 3.0 log trolands
as measured with a Spectra spotmeter and calculated acco.rding to the
procedure out';lined by Westheimer (1966).. '

Small mirrors were mounted in the stimulus channels just ‘beyond a
ligﬁt source such that reflections from each stimulated a photocell
mountgd in th.e background disk channel. The output of the photocell was
fed into the vertical amplifier of an oscilloscope. In this manr;ér' all

T stimulus fldshes could be monitored so that trials in which any of the
\ temporal waveforms were aberrant. would be‘discounted. All  stimulus

events in the experiment and their timing were programmed with Coulbourn

Instruments 'logic circuitry.

5
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Table 1-.

Y

Test and Background Conditions of Experiment 1

Test Flash Diameter Background Diameter

5 min 20 nin
5 min 3 degrees ’
5 min- 6 degrees n
45 min 3 degrees
45 min 1 . 6 degrees
AN .
N\
] \\\ 5 1
\.
\
\
bl
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Procedure

The observer's task was to report whether the test flash was
present on a given trial. An ascending method of 1limits modified by the

addition of catch trials was used. Increjent thresholds for the test

flash were measured at two spatial positions, at the center and at the

edge of the background disk. At the edge the target spot was positioned
so that it abutted the edge of the background stimulus. The test flash
stimulus was positicned adjacent to the edge of the background stimulus

.

when edge thresholds were assessed. An illustration of the basic

stimulus conflguration of Experiment 1 can be seen in Figure 3. The

bl
%

onsets of the test’'and background stimuli were always simultaneous. All

stimuli were flashed for U0 msec.

‘ The main manipulation involved the background and test flash
‘diameters. Sensitivity to a 5 min diameter test stimulus was assessed
either on a 20 min, a 3 or 6 degree diameter background disk. The

sensitivity to a 4% min test stimulus was assessed on a 3 or 6 degree

background. .

Observers were dark adapted for 10 minu‘tes' at the beginning of each
experimental session and there was a 10 second dark interval between
tr'ials“l On f’or"tj per cent of the trials no test flash, was presented.
These catch trials were assigned randomly within each session. There
were four replications f‘or" each data point. Data collection was blocked
by stimulus size and test flash position.

®

Results and Discussion

The false alarm rates in Experiment ! ranged from 2-3% of all blank
trials presented. This indicated that tl;lg criterion used by the
ob‘sei‘ver's' remained conagistent throughout the experiment. Similar false

alarm rates (2-6%) were present for all of the experiments reported in
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this thesis.
P In only one condition was there an elevation of the increment
threshold near an edge. The increment threshold for the 5 min test

flash assessed. against the 6 degree diameter background disk was
reliably elevated at the edge as compared to the center (minimum ¢t
(6):3.93;p(.05). The ci;ta from this condition are plotted in Figure 4.
No significant change in the threshold as a function of spatial posdtion
was evident for any of the other test and background stimuli (maximum
t(14)=1.94 p.05). Increment thresholds assessed at the center and at
the edge for the other coﬁditions are plotted in Figures 5 to 8.

The present results replicate those of Petry & Hood (1978), in that
an edge effect was n'ot found when the increment threshold for a small

'

test flash stimulus (5 min) was assessed at the center and edge of a
small background stimulus (20 min) presented simultaneously. However,
with more conventional spatial parameters, a large background (6
degrees) and a'small test flash (5 min), an edge effect was present.
This indicates that when stimuli are flashed for a brief period one can
still find an edge effect if the size parameters are appropriate. These
data glso suggest that Petry & Hood's failure to find threshold
elevation near an edge may, in part, . have been a consequénce of their
choice of test flash and background disk diameters. ,

A comparison of the increment thresholds for the’ two test flash
diameters (5 min and 45 min) assessed against the 6 degree baqur‘ound

disk indicates that the magnitude of the edge effect ' is not determined

by background size alone. There was no evidence of threshold elevation

near the edge of the 6 degree background field when sensitivity was

assessed with a U5 min test flash. A marked elevation ’of‘ threshold near
the ed‘ge‘ of this 6 degree background field was present when sensitivity

was assessed with a 5.min test flash.
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However, a comparison of the thresholds obtained with the 5 min

test flash indicates that the magnitude of the edge ‘effect is not
determined by test flash size alone either. An edge effect 1is found
'when the sensitivity to the 5 min test flash is assessed oh the 6 degree
diameter backgraund. However, when the sensitivity to the same 5 min
test flash 13 assessed against the 20 min or 3 degree diameter
background there 1is.no evidence of a decrease in sensitivity near an

edge. Whether one will observe threshold elevation near an edge appears

to depénd upon both the background and test flash sizes. Since

threshold elevation was only evident in one condition of Experiment 1,
the effect appears to be specific to a small test flash and a large

background stimulus. ' ©

Although the absence of an edge effect with the small background -

stimulus at an SOA of zero of this experiment replicates the finding of

Petry & Hood (1978), it is also true that neither of these results is

compatible with those of Burkhardt (1966). Bur'léhar'dt, did find threshold’

elevation near an edge with a small (44 min) background stimulus. A
crucial difference betwe#n these studies and Burkhardt's was the
exposure duration of the background stimulus. While in the present
study and that of Petry & Hood the background stimuli were flashed
briefly (40 a;'ld 8 msec respectively); Burkhardt employed a background
duration of 1 second. A comparison of the three experiments suggests
that with a small background stimulus one will fail to find threshold
elevation near an edge unless the background duration 1is long. The
present data from the 20 min condition in conjunction with the data from
Petry &‘ Hood show that for small, brief background stimuli there ."Ls no
threshold elevation near an» edge with simultaneous onsets of the

" stimuli.

i
3
!
«




25
It is interesting to note, héwever, that the abser;ce of threshold
. elevation near an edgev.in Experiment 1 was not restricted to the
smallest background stimulus. No change in the increment threshold as a
f‘ur;'étion of spatial position was evidént in the 3 degree background
condition either. This 1is particularly surprising since a 3 degree
background has been employed previously and has yielded an.edge effect
(é.g. Wildman, 1974). Although Wildman reported an edge .ef‘f‘ect for a3
degree background stimulus presented continucusly, none was evident when’
the background was exposed for 2 msec. This suggests that in this
experiment arrx‘ edge effect in the 3 degree Dbackground condition was
missed by choosing too short a background duration (40 msec).

I%‘ the results of the 3 degree condition of Experiment 1 are a
consequence of the backéround exposure duration then it 1is clear in
light of the 6 degree finding of Experiment 1&,- that the increment
threshold edge ¢effect is dependent upon both spatial and temporal
pa.rameters. By manipulating background ,sﬂze, an edge effect can
apparently be produced under tl}e particular temporal conditions of

Experiment 1. When the 3 degree disk is flashed briefly (40 msec) and

simultaneously with a 5 min test flash, threshglds at the center and

)
| \mai

edge were similar. The same brief, simultaneous pr‘:genta}tion of ab
degree disk with the 5 min test flash yields sensiti‘v'j:ty dif‘f‘ere‘nces a't
the center and edge. It is clear that if either a manipulation of the
spatial or temporal parameters in a condition where no edge effect was
otherwise present results in an edge effect then there exi.sts a spatial
and temporal interaction in the determination\ of the magnitude/ of the

increment threshold edge effect.
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Exger‘imerft 2
An edge effect was absent 'in a condition of Experiment 1 where one

might have been expected on the basis of previous results (e.g.
5

e

Wildman, 1974). Although Wildman (-1974) r'eepor'ted an edge effect on a 3

3 .
degree diameter, none was evident for lgzhe 3 degree background of

Experiment 1. As argued earlier, this finding might be accqunted for on

the basis of the background exposure duration.

The idea that background exposure diration is an important variable -

is reinforced by the following points. Firstly, edge ef‘f‘eqts on the
high sfde of an edge are often explained as resulting from neural
interactions such as lateral inhibition. Lateral inhibition is a neural
interaction that operates between regions that are separated spatially
on the eye. The frequency of neural firing is r‘educed by inhibitory
input from a neighbouriné cell which exhibits a High level of f‘iring‘.
Lateral inhibition has been dgmonstrated in the Limulus eye by Hartline
(1949); and also in the mammalian eye by Kuffler, (1953). For the high
side edge effect, lateral inhibition is assumed to be :responsible for
increased activity levels near an edge. Neural firing is thought to be
higher for those elements at the edge since they recéive less in'hibitionJ
from neighbouring units which are responding to tk;e ad jacent area of:
lower luminance. The high side edge effect reflects a relative lack of
inhibition at the edge as compa‘r'edtwith that at the center. At the
center the neighbouring units are responding to areas‘ of higher
luminance and thus these units exert more lateral inhibition ‘upon the
central area where thresholds are being measured. The increased
increment threshold at the ed'ge is presumed ta be a consequence of a

relative - lack of inhibition at the edge. There ’are many

electrophysiological results showing that inhibition takes place only
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;fter some delay (e.g. Eccles, 1964), Thg assumpticn that backgroun&
dur;tioh is a significant factor in the determination gf the édge effect
is consistent with the fact thét lateral inhibitign takes time to
develop. Secondly, there 1s direct empirical evidence that the
mechaq}sm responsible'for the edge effect takes time to deveiop. Limb
and Tulunay-Keesey (1981) have reported that ihénedge effect builds up
over a period of approximately 75 msec. Thirdly, Novak & Sperling
(1963) and.Matthews (1966) have demonstrated an edge effect dependence
upon background exposure duration. Novak & Sperling report no ‘edge
effeot when the background duration is 10 msec, but they do begin Po see
an edge ef a —ABO msec duraéioh é;d report éhat the effec% is fully

- j Id
developed \hen the background exposure is 500 msec. Similarly, Matthews

‘reports no ‘edge effect at 2 msec but does find one if the hackground

duration ié increased to 100 msec or is presented c;ntinuously.

" A critical difference between E&periment 1J‘and those of  Novak &
Sperling (1963) and Matthewsﬂ(1966) is that in Experimeni 1 the interv;l
between trials was dark. The inter-trial interval (IT}) in the NSva¢ﬂl
Spérling and Métthews" experiments was 1it. "Although they have
demonstrated that the edge éffect 13 dependent upon backgrqund duration,
their results may be 3specific to a 1it ITI. It is necessary t;
determine if the edge effect is dependent upon backg;ound duration when
the ITI is dark as well.

The 4im of Experiment 2 was to determine if the results‘ of the 3
degree condition could be attributed to background éxposure duration.
It involved an investigation of center and edge thresholds accompanied
by a systematic {ncrease En backgﬁound diameter. The increment

threqhoid for a s@all probe stimulus (5 min) was measured at the center

and at the edge of the 3 degree diameter background stimulus for a
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number of background -exposure durations. , §
R
Method
¢ N ' ,‘
Sub jects

Two of ‘the observers from Experiment 1, S.K. and P.B., participated in

this experiment.

Apparatus and Stimulil

~

The apparatus used ip Experiment 2 was the same Maxwellian view
. & - -
optical- system described previously (Fig.2). The 5 min diameter and the

3 degree diameter stimuli from Experiment 1 were used in this

.

experiment.

Procedure

The procedure was identical to that employed, in Experimgnf 1. The
only difference involved the backgrbuné exposure durations. These were
4o, 100, 150, 200,and 250 msec. In addition the increment thresholds

were assessed on a continuous background.

Résults and Discussion .
No change in the increment threshold as a function of spatial
\

positidh wés evident for either subject when the background duration was

4o msec.\;Ihis replicates the data for the 3 degree condition of

Experiment 1:\ When the backgrognd exposure duration was increased to
100 msec there was an increase in the increment threshold at the edge as

compared to the center for both subjects. Th?eshold elevation at the

edge was present far all other background exposure aurations )
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investigated. The magnitudes of the edge effect at all durations beyond
40 msec were similar, For one observer, S.K., the magnitude was
éﬂpproximately 0.; log unit higher on the continuous background than for
the other durations. Eor both observers, the cénter thresholds did not
appéar to change as a function of the background.duration. For botﬂ
observers the thﬁesholds measured .at the center of the background
stimulus remain fairly constant as exposure duration is increased. The
results for Experiment 2 are plotted in Figures 9 and 10.

The results of this experiment suggest that the absence of
threshold elevation near the edge of the 3 degree backgroung in
Experiment 1 was due to the background exposure duration. In
Expe}iment 1 no edge effect was found with a 40 msec background exposure
duration of either a 3 degree or a 20 min disk. These results confirm
the hypothesis that at least in the 3 degree condition an edge effect
was missed by choosing too short an exposure duration jin Expegiment 1.‘
These data indicate that the saﬁe effect of ekposure duration that has
been noted in.experiments employing lit ITIs (Novak & Sperling, 1963;
and Matthews, 1966), is present when the ITI is dark.

As indicated earlier there is an additional consideration in these
experiﬁgnts; that of the general luminance level of the ITI. Although
the results of Experiment 2 clearly show that the background exposure
duration is a critical determinant of the edge effect even when the ITI
is dark, it is likely that the general state of light adaptation also
contributes to the determination of the edge effect. It has been shown
that tHe magnitude of lateral inhibition is attenuated in the dark (e.g.
Y
Barlow, Fitzhugh & Kuffler, 1957). Assuming that edge effects are a

consequence of an increase in neural activity near an edge as a direct

result of decreased lateral inhibition, relative to that exerted at the
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center, this suggests that the probability of finding an edge effect

increases with increases in 1light adaptation. A greater amount of ) 5
lateral inhibition will be assoclated with = more light adapted :

conditions. Perhaps the critical duration below which one will not {ind i

an edge effect in the dark-adapted eye 1s higher than that for a more '
light-adapted eye. It would follow from this that with briefly

presented backgrouﬁds the 1likelihood of obtaining an edge effect !

increases if the ITI is 1it rather than dark. This canpot be easily

L g

verified by {;gcomggrison of experiments employing 1it and dark ITIs
since sﬁch' a comparison will be confounded by other variables. For
example, an exp?riment which reported an edge effect with an 18 msec
background duratioﬁ (Petry’et al 1973) and a 1it ITI wused a larger ‘
background stimulus than that of Experiment 1, where én edge effect wasz‘ ' . 4
repor;ed for a U0 msec presentation of the stimuli and a dark ITI. 5
What is being suggested is that, all other things being equal, the
minimum background exposure duration that will yield an edge effect in
the light adapted eye will be lower than that found in the dark adapted
eye. At long background du;ations in the dark ;dapted eye, the_ eye b
becomes adapted to the. luminance level of the background stimulus. The
longer the background duration, the more 1light adapted the eye will
become. It alsc follows that the shorter the background duration, the
less light adapted the eye will become. In a condition in which the ITI
is dark, the general  source for lateral inhibition is the background
_stimulus. As the background duration is lowered, lateral inhibition
decreases. Eventually some critical duration will be reached ;t which
the contribution of lateral inhibition 1s not sufficient to produce the

increased neural activity associated with the edge effect. At or below

i
this duration no edge effect will be present. However, in a gondition %
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which employd a 1lit ITI the magnitude of 1lateral inhibitory influences
stems not only from the background duration but also from the adapting
stimulation present between trials. For a duration at which the

contribution of lateral inhibition i1s not sufficient to produce the

increase in neural firing associated with edge.effects, an edge effect '

may still be ogtained since the added contribution of lateral inhibition
from the adaptation field suffices to produce ¢the increased neural
activity necessary to observe an edge effect.

Taken together Experiments 1 and 2 point to the importance of both
spétial and temporal background parameters in the magnitude of the
increment threghold edge effect. When test flash and background onsets
are simultaneous, background size and duration determine edge effect
magnitude. In both experiments there was no evidence of threshold
elevation near the edge of a 3 pdegree background field exposed for 40
msec. In Experiment 1 threshold elevation at the edge was obtained by
increasing‘backgroung diameter. In Experiment 2 thresﬁold elevation at
the edge was obtained by increasing the background exposure duration.

The results of these experiments point tb the presence of a spatiél
and Pemporal inéeraction in the determination of the edge effect. It
would appeaf'that the larger the background stimulus diameter, the lower
the minimum exposure duration at which one will find an edge effect.
For é&ample, with a 6 degree diameter b#ﬁkground stimulus U0 msec is
above the minimum duration at which an edge effect will be present; but
40 msec is below the minimum duration for obtaining an edge effect on a
3 degree diameter background. We can assume from the results of
Experiment 2 that this minimum duration for the 3 degree diameter
background is somewhere between 40 and 100 msec.

The results thus far indicate that when test flash and background
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8timuli are presented §imultaneousl§, whether or not an edge effect will

be observed is the result of an interaction between spatial and temporal

parameters. - Experiment 1 clearly demonstrated the depgndence of ﬁhe

edge efféct upon background and test flésh sizes. In Experiment 2 the

dependence upon background exposure duration was exemplified.

The

evidence for an interaction of the spatial and tempofal parameters 1is

derived from the fact that an increase in either of these parameters was

sufficient to produce an edge effect in a given condition in which an

edge effect was otherwise absent.

" ’
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Experiment 3
It is clear from the combined results of Experiments 1 and 2 that
when tést flash and background onsets are simult@neous‘background size
and duration play a large role in determining the magnitude of the edge
effect. In Experiment 1 it was shown that an edge ‘effect can be
produced undér conditions where ncne was evident simply by increasi;g
the background diaﬁeter from 3 to 6 degrees. In Experiment 2 it was
shown that an edge effect could be produced by increasing background
duration, while maintaining a particular spatial‘relation. t
Up to this point the discussion has centered around daéa for
simultaneous presentations of the target and background stimuli. In an
investigation of the:- réported absence of edge .effects with brief
background presentations Petry, Hood & Goodkin (1973) have demonstrated
that temporal ° separation between tﬁe onsets of a test flash and
background stimulus (stimulus onset asynchrony or SOA) is also an
i@portant'parameter. When the test flash onset precedes the background
ogset the SOA 1is negative, when the background onset precedes the test
flash onset the S0A is positive. Their data revealed that the magnitude
of the edge effect for a briefly presented backgrouﬁd stimulus ‘is
highésg at a nonzero SOA. That is, a tést flash presented 50 msec after
the edge resulted in a larger edge effect than.a test flash temporally
coincident with the edge.c These data suggest that in the 3 degree
background condition of Experiment 1 perhaps an edge effect was missed
by the choice of SOA as well as by the choice of exposure duration.
The potential importance of SOA is consistent with ghe idea that

the mechanism responsible for the edge effect takes time to develop. If

this is the case, then probing for sensitivity at a positive asynchrony

should enhance the probability of observing an edge effect. Limb and
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Tulunay-Keesey (1981) examined the buildup of the edge effect by
plotting the temporal course of an increment threshold measured at

various locations relative to an edge which was presented for 500 msec.
7

The test flash was presented for 16;7 msec at various times relative to
the onset of the edge, SO0As of 0 msec, 50 msec,and 200 msec. The
spatial positions varied from 1 min to 40 min away from the edge. They
found that the threshold increased over a period of 75 msec and that a
steady value was reached after 100-150 msec;

There have been a few other experiments which have investigated
edge effects as a function of the stimulus onset asynchrony. Limb and
Tulunay-Keesey (1981) found that an edge effect was present at all SOAs

investigated in an experiment in which an edge was created by briefly

increasing the luminance in one-half of the background field. However, .

in this particular experiment the choice of SOAs was limited to five
nonzero SOA values. Burkhardt (1966) has reported that edge effect
magnitude does not change as a function of SOA. Since the SOA intervals
chosen by Burkhardt were 100 msec, the nresults are not directly
comparable to the results of others (e.g.Petry, Hood & Goodkin, 1973;
Limb & Tulunay-Keesey, 1981). h

Petry & Hood (1978) also measured increment thresho&ds at the
center and edge of a briefly presented background as a function of SOA.
Their SOA functions at the center and edge for two observers do not
reveal reliable differences between centeg and edge measurements which
would suggest a robust edge effect. For the most part, their center and
edge threshold curves for this condition overlap. In a comparison of
the Petry & Hood (1978) experiment with that of Petry, Hood & Goodkin

{1973) a difference in background size is evident. Petry & Hood flashed

a amall 36 min diameter background stimulus for 8 msec. Petry, Hood &

§
b
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Goodkin (1973; flashed a large 4 x 10 degree béckground stimulus for 18

msec. Both background duration and size have already been determined
as contributing factors in edge effect magnitude. Although the

background durations in these two experiments are different, it 1is

unlikely that a difference of 10 msec is responsible for the difference

in their results.

Experiment 3 was designed to {urther investigate the effect of SOA
on the magnitude of the edge effect by measuring center and edge
thresholds as a function of SOA against variable diameter background

o

stimuli.

Method

Sub jects

The two observers from Experiment 2, and a third observer, S.S.,

who participated in Experiment 1 were the observers in this experiment.

Apparatus and Stimuli

' 3
The apparatus and stimuli used in Experiment 3 were the same as

those of Experiments 1 and 2.

Procedure
The general procedure employed in Experiment 3 was similar to that
' I
of the previous two experiments. Increment thresholds were measured at

the center and edge of three different background stimuli. The

background diameters used were 40 min, 3 and 6 degrees. The target

t

stimulus was 5 min in diameter and all stimuli.were flashed for 40 msec.

" The following stimulus onset asynchrony values were used:

2 5
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Figure 11. Increment thresholds for a 5 min test flash measured at
the center and edge of a 3 degree diameter background
stimulus as a function of stimulus onset asynchrony
for subject S.S. .
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-100,~70,-40,-30,-20,-10, 0, +10, +20, +30, +l$Q, +70 +100 msec. The
stimulus onset asynchrony is negative when the test flash onset precedes
the background onset; it is positive when the background onset precedes

the test flash onset.

Results

The SOA functions obtained at the center and edge of the 3 degree
background field reveal dimilar shapes. The data from this condition
for two observers, are plotted in Figures 11 and 12. It can “be seen

from these figures that the evidence of threshold elevation near the

redge for any of the SOA values examined is weak at best. Considering

the number of points, the occasional lack of overlap between standard
errors would be expected due to chance variation.

The SOA functions obtained at the center and edge of the 6 degree
background are plotted in Figures 13, 14 and 15. For all three
observers thresholds obtained at the edge were higher:  than t‘hose‘
obtained at the center at all SOA values. For observer S.S. the range
of the différences between the oejnter and edge was from 0.27 to 0.80 log
trolands. A maximum edge effect was observed at an SOA of -40 and the
smallest edge effect was obtained at +30. The range of edge effect )
magnitude for observer P.B. was from 0.25 to 0.75 log trolands. A
maximum edge effect was observed at an SOA of +70, while the minimum was
observed at an SOA of +10. Fc;r observer S./K.« the range of edge effect
magnitude was between 0.38 and 1.12 l‘og trolands. Maximum edge
elevation occurred at -10 and the minimum at an SOA of +20.

The SOA functions obtained at the center and edge of the 40 min

background are plotted in Figures 17, 18 and 19. The SOA functions

obtained at the center of this background disk were higher than those %™
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obtained at the edge for all three observers at most of the SOA values

examined 'in this condition. This is a reversal of the edge effect. For

observer 3.5. the center 'thresholds were higher at all SOA values except

+70, +100 -70 and -100. The difference scores ranged from .05 to .18,
with the maximum difference obtained at an SOA of 0, and the minimum at
an S0A of +100. For observer P.B. the center thresholds were higher at
all SOAs except +70, and -100. The range of the differences was from
.01 to 0.15. The maximum difference was obtained at +30 and the
minimum at +100. For observer é.K. the center thresholds were higher

than those at the edge for all SOAs except +100. The range of

difference scores was from .02 to .50. The maximum difference was

obtained at +40, and the minimum at +100.

Discussion

N i
It would appear from the results of Experiment 3 that the

magnitude of the edge effect is not always dependent ' upon the stimulus
onset asynchrony of the test and background stimuli. °"The data from the
3 degree background condition at a1;1 SOA of zero replicate the results of
Experiment 1 and Exper'irrierit 2; that there was no evidence of an edge
effect when measuring the sensitivity to a small test flash against a
briefly (40 msec) presented 3 degree backgr;ound. The SOA functions
found in this condition are similar to those reported by Petry P&&J’g})od
(1978) in that.the curves for the center and edge for the most part
overlap. There was no change in the magnitude of the edge effect as a
funetion of SOA and as such these results indicate that the absence of
an effect for a brief, 3 degree background stimulus is not specific to
an SOA of zero.

Edge effects were present for all SOAs when the background stimulus

.t
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was a 6 dégree diameter disk. It 1is necessary to examine the SOA
functions for this condition closely to determine the effects of SOA on
the magnitude. Petry et al (1973) reported that maximum threshold
elevation at the edge occurred at an SOA value of +50 msec, which
indicates threshold elevation at the edge after the cessation of their
18\ msec background. In the present experiment the SOA which is closest
to the SOA of +50 1in the Petry et al experiment is an SOA of +70. For
Petry et al an S0A of +50 .was a threshold measurement 32 mseé after
background offset. . The SOA of +70 in the present case measures
thresholds 30 msec after the offset é)f’ the 40 msec background stimulus.
To determine. if the present results are consistent with those reported
by Petry et al one must lock at the relative magnitude of the edge
effect at the +70 ‘SOA. The '"edge ef‘f‘ect". magnitudes (center-edge
differences) are replotted in Figure 16. Maximum edge effect magnitude
for one observer (P.B.) was in fact obtained at +70 msec. It is evident
from Figure 16 that the smallest edge effects for this same observer
were aroyund an SOA of zero (+10, and 0). The results for this observer
do appear to be consistent with the results reported by P‘etr'y, Hood &
Goodkin (1973). Maximum edge elevation for the other two observers in
this experiment was present at negative asynchrony values (-10 and =40
msec). The edge effect vfor the +70 SOA for these two observers was near
the maximum magnitude of edge elevation. For obaserver S.S. the edge
effect magaitude was 0.80 log trolands at its maximum and 0.65 at +70.
‘For observer S.K. 1t was 1.12 ng trolands at its maximum and 0.65 at
+70. It can be seen f“rom Figure 16 that the minimum edge effect
magnitudes for these two observers, S5.5. and S.K., were not centered
ground an SOA of »AO as they were for P.B. Although the functions

relating edge effect magnitude and SOA for this condition do not confirm
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the details of the findings of Petry et al (1973) the general results

do. The magnitude of the edge effect does vary with the SOA of the test

flash and background for all observers in this condition. As can be

seen from Figure 16 although one can observe differential magnitude of
the effect as a function of SOA, the edge effect does not vary in a
consistent .manner for all observers. FPFurther, the results of this
condition do not confirm Petry, Hood & Goodkin's (1973) hypothesis that
maximum edge elevation will be observed after the cessation of the
background. :

Petry, Hood & Goodkin (1973) compared inerement thresholds obtained
when the test flash was positioned 3 min from the edge w‘ith thresholds
obtained when the test flash was positioned 30 min from the high side of
an edge for a m:lmber of SOAs which ranged from -50 to +50 msec. The
thresholds measured 3 min from the edge were higher than those measured
30 min from the edge at SOAs of +30 and +50 msec. At the other SOAs
there were no differences between the thresholds at these two spatial
pesitions. Petry et al concluded that for brief duration backgrounds an
edge effect will only be evident at positive stimulus onset
asynchronies. In their experiment the increm;ent threshold ‘curves
obtained when the increment spot was presented 30 and 50 msec after the
onset of the edge stimulus clearly show a relative increase of the
inerement threshold at the edge. The curves obtained for the 30As of
-50, -30, =10, O, and +10 msec do not show an increase in the increment
threshold at the edge. It is on the basis of these résults that they
conclude that the edge effect is confined to positive stimulus onset
asynchronies. However, it is not clear that the findings of Petry, Hood

& Goodkin (1973) contradict the present finding that the edge effect is

not confined to positive stimulus onset asynchronies. In order to
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~ determine whether or nqt there was a threshold rise near an edge Petry

et al made a comparison between thresholds measured near an edge (3 min)
with thresholds measured away from the edge (30 min). It is on the
basis of this comparison that they conclude that there is no. evidence of
an edge effect at the SOAs of -10, 0 and +10. Their conclusion that the
edge effect is confinéd to positive SOAs would be a valid one if a
comparison could be made between increment threshoids measured near the
edge (3 min) with incrementvthresholds obtained at some point further
from the edge than 30 min. It is possible that an edge effect would
have been evident had thresholds also been measured at some point beyond
30 min. The data from Petr?, Hood & Goodkin for the SOAs .of 0 and +10

I

have been replotted in Figure 20. Hypothetical data points have also

_ been added to illustrate how the presence or absence of an edge effect

‘could be further determined by the addition of data from increment
,//’////"’ ‘ N
thresholds méasured at a point further from the edge than 30 min. If
the increment threshold at a further point was similar to that measured
30 min from the edge, then one could conclude that there was no edgé
effect associated with those SOA'values. However, if this threshold
measurement was lower than that near the edge (3 min), or 30 min from
the edge, there would be evidence for an edge effect since this would
represent a relative increase in threshold near an edge. In the absence
of these data one cannot choose between these two interpretations of

_their results. The possibility exists that an edge effect may have been

——
—

evident in the \?étny\etxal data for the near zero SOAs, if thresholds
near the edge were compared with thresholds obtained further from the

gdge or those obtained in the absence of the edge.
Limb & Tu}unay-Keesey {1981) conducted an experiment which

corresponds closely to that of Petry et al (1973). Increment thresholds
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Figure 20. Data replotted from Petry, Hood and Goodkin (1973).

To the right of the dotted line are increment

thresholds as a function of distance from an edge.

‘SOA=0 . ’

SOA=+10

To the left of the dotted line,the points represent

hypothetical dat for measurements of the increment

threshold at a spatial position greater than 30 min

from the edge. )

® A if the increment thresholds fell at these points
along the y-axis, there would be evidence for an
‘absence of an edge effect at these SOAs.

O A if the increment thresholds fell here there
would be evidence for the presence of edge effect

: for these SOAs.
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were determined on the light side of a vertical edge that was created by

increasing the luminance in one half of their background field.

1 . . .
Measurements were taken on five asynchronies and were varied in 16.7 .

msec steps. Thresholds measured when the edge was positioned ! min from
the edge were compared with thresholds measured 100 min from the edge.
They report that the difference in threst;old was greater with a +50 msec
asynchrony than it was for +16 msec. However, they also report that the
edge effect 1is also greater at -50 msec than for .+16 msec for both
observers. One can only infer the magnitude of the effect for
simultaneous-presentations, since Limb et al did not use an SOA of zero.
The data of the present 6 degree condition is generally consistent with
the results of Limb & Tulunay-Keesey (1981). Both studies show edge
effects occurring at both positive and negative asynchronies of the test
flash and background onsets.' As pointed out earlié;', it 1is possible
that the results of Petry et al (1973), which indicate the edge effect
as being specific to positive asynchronies, were a consequence of the
particular comparisdn of spatial locations relative to the edge employed
in their experiment. Edge effects may have been evident across a wider
range of SOA values in the Petry et al study if the increment thresholds
had heen assessed for furthur distances from the edge.

There are other aspects of the data from this condition which

warrant further consideration. .For example, one can observe the

presence of a secondary maxima at a positive SOA. The exact temporal
location of this secondary maxima differed with the observers, but it
was present both when thresholds were measured at the center and at the
edge. The rise at this point was more dramatic for the edge
measurements. This finding is best illustrated in the data for observer

5.S5. 1in Figure 13. The presence of secondary maxima appear to be
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associarted with background off;et soince they occur at or ajf'ound the time
of background cessation. This sudden rise in the. thrésholds could be
related to attenuation in sensitivity that has been observed at
background offsets (e.g. Crawford, 1947; Baker, 1963).

4 The data from the third condition of Experiment 3 is - somewhat

puzzling. Across a range of SOA values the threshold curve obtained at
. .

the edge is lower than the threshold cuj:‘i/e measured at the center. This

result ds of course in the opposite' direction to that predicted by edge -

accentuation. Tﬁis result 1is further complicated by the fact.that the
stimulus par'a;meter-s employed are very s'imila\r' to those used by Petry &
E{ood (1978). Although reliable differences in center and edge
thresholds afe not evident in Petry . & Hood's SOA curves, an examination
of their data reveéls that:, for one observer (s.r/.) tﬁe threshold curve
for the center was generally higher" than that for the.edge. Differences
between the center and edge measur;ements yerje apprximately 0.1 log
trolands,. which is well Qithin the range found 'in-the present 40 min
condition. We bhav,e previously speculated that a robust edge effect was
absent 1in the Petry & Hood, (12]8) "par'adigm because the‘ background
duration used was_ too short for an edge effect to be found with such a
small background. Since the present condition also ?.nvolves a. briefly
exposed, small dia;neter ‘background one might have predicted that no edge
effect would have been evident. Indeed there 1is no evidence of an edge
effect for a small, brief background at any SOA for the U0 ;nin
background -stimulus.

The surprising finding is that the ’thresholds’ measured at the
, center were higher than those.measured at the edge. If we assume the‘xt
these particular condition's employing brief, small bgckgrounds are out

3

of the range for finding increment. threshold edge effects, the d\ata for

2
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this condition must refleéé some other phenomenon. The general form of
the center and edge threshold curves for this condition indicate that
the increment thresholds for the test flash are higher at SOA values
closer to zero and that the thresholds fall off as thé\onset of the test
flash is moved further from the onset of the background stimulus. ihe
SOA curves of Petry & Hood (1978) reveal the same form.) These functions
are similar to Type A mgskinglfggctions whii e found in experiments
demonstrating masking by 'light' ‘and as duch may reflect effects of
masking Qf the test flash by the'background.

Visual hasking refers to a situation in which some measure of the
impact of a visual test stimulus is ;educed by _the pregentation of
another (mask) in élose temporal contiguity. In masking by light, the

magk consists of a flash of homogeneoug illumination over an area that

hcomplétely contains the contours of the test stimulus. \Maéking effects

are usually most severe at an SOA of 0, and thé threshold gradually

declines with further increases in SOA, (e.g. Sperling, 1965). Both the

»

paradigm employed in the 40 min ‘condition of the present experiment and

‘that employed by Petry & Hood (1978) fit the description of the maskiﬁg

by, light . paradigm described above. In addi;ion the SOA functions
obtained at the center and edge of &hese disks appear to be masking
functiogs. It woulq seem fair to state, on this basis,'that. what was
observed under th:se conditions were masking effects. In this context,
then, there seems to be more masking evident when the test flash is
superimposed on the center of the disk, _than when it is superimposed at
the edge. This conclusion 1is reached on the basis of the lower
thresholds obtained at the edge in the 40 min conditidﬁ of Experiment'3.

'Tﬁére are no expeﬁiménts in the flash masking"literature which have .

manipulated the spatial position of the test flash with respect to the

Y
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background mask. To determine why the thresholds were lower at the

center than at the edge one can - only make inferences based upon what is

known about visual masking. If we assume that there is a radial area
around the target within which a mask can extend iés influence, then a
manipulation of the spatial position of the test flash may be
conceptually equivalent to decreasing the maSk luminance. Whae is
eritical in determining the effectiveness of a mask stimulus is 1its
spatial energy within the critical area around the target. The spatial
energy refers to the product of the mask luminance anq area. How the
luminance is distribﬁted in spa¢e is not critical, rather it 1is the
total luminance within the area that 1is important. When the test flash
is moved from the center éo the edge of a background disk, the spatial

ehergy is effectively decreased. (Figure 21 provides a representation
of how the spatial energy is changed as the test flash is moved from the
center "to the edge.) For a test flash located at the edge of the disk,
the background surrounds the test flash on only one side. Moving the
test flash from the centgr to the edge of the backgrdund disk should
produce’a similar effect to decreasing the mask luminance. Bothvinvolve
a reduction in the spatial energy associdtéd with the mask stimulus.
Boynton & Kandel (1957) and Boynton (1958) have demonstrated that the
amount of masking increases with increases in mask luminance. Therefore
in a masking by.light paradigm one would expect greater masking effects
for a target presentéd in the center than one preéesented at the edge.
The displacement of the center and edge threshold curves may represent
differing amounts of masking\ of the test flash at these ‘two spatial
positions. \ ’ ’

However, it has been noted that this displacement, where evidént,

is less prominent in the Petry & Hood (1978) experiment than in the
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°Figure 21, A representation of how the spatial energy
is changed as the test flash is moved from
the center to the edge of the background.
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‘present study. One potential contributory difference between thé two
experiments was the adapting b;ckgrounds upon which the test flash and
background disk stimuli were superimposed. Boynton & Kandel (1957) have
demonstrated that there is less masking in the light adapted than in the
dark adapted eye. The stimuli in the Petry S Hood study were flashed
against a 10 degree lit field while, in the present experiment the
stimuli were flashed against a dark background. The difference in the
adapting fields in these two experiments might also be expected to yield
different amounts of visual masking. When the stimuli are presented
against a 1it field, then the difference in spatial energy between the
center and edge spatial positions is less than it would be when the
stimuli are presented against a dark background. In the first case when
the test flash is at the edge it is surrounded by the mask on one 'side
and an adapting field of 1lower luminance on the other; in the second
case the test flash located at the edge is surrounded by the mask on one
side and a dark field on the other. This can account for the’finding
that the displacement between the center and edge threshold curves was
greatér in the 40 min condition of Experiment 3 than in the Petry & Hood
(1978) study. ‘

In Experiment 3 the role- of background size in the determination of
the magnitude of the edge effect observed in Experiment 1 has been
reconfirmed. Edge effects were present for ‘a é degree background field
at all SOAs, whereas there was no evidencé of threshold elevation near
the edge for thq?B degree and U0 min background stimuli. Since there
was an absence of threshold elevation over the entire range of SOAs in
these conditions, its absence is attributed to the brief background
duration employed and not to thé time relative to background ‘onéét at

which thresholds were assessed. 1K [\
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The functions relating edge effect magnitude and SOA for the
condition in which edge effects were present do not reveal a systematic
variation of the edge effect per se with SOA. The SOAs revealing
maximum edge effecgs varied with each observer. A comparison of the SOA

curves at the center with those at the edge do however indicate some,

perhaps subtle; differences 1in shape. The rate of the drop in

thresholds to a stable value is faster for tpresholds measured at the
center. Sudden increases in threshold which are most likelx due to
backgrounq offset are of a greater magnitude for thresholds measured at
the edge than at the center.

The functions for center and edée thresholds for the U0 'min
condition of Experiment 3 are interpreted as masking functions. It was
‘concluded that the SOA func?ions obtained at the center and at the edge
. of this condition reflect masking of the 5 min test flash by the 40 min
. background light flash. In addition the results of Petry & Hood (1978)

are also interpreted as representing similar masking functions.
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General Discussion

The experiments in this thesis investigated the role that
background stimulus parameters play in the determination of the
increment threshold edge effect. One major point that can be made
concerning the findings is that the magnitude of the edge effect
appears to be dependent upon an interaction of spatial and temporal
background parameters. An increase in the exposure duration of a small
background stimulus 1is ‘sufficient to produce an increase 1in the
threshold at an edge where the effect was otherwise'absent. As well,
an increase in the size of a briefly exposed background stimulus wili
give rise to an edge effect where one was not observed previously. The
background duration below which one will not find dn edge effect
decreases as the background size increases. Similarly, for a given
background size the probability of finding an edge effect 1increases
with background duration. A second major point can be made on the

bagis of the results of Experiment 3. .When the background size and/or

duration were insufficient to produce an edge effect with simultaneous
onsets of the background and test flash stimuli, no threshold elev;tion
was evident at the edg;zéven when sensi§ivity was assessed after the
cessation of the background stimilus. In this case the magnitudé of
the edge effect did not appear to be a function of the stimulus onset
asynchrony between the test flash and’ background stimuli. Wheqfthe
background size and/or duration was appropriate for observing An edge
effect with simultaneous stimulus onsets edge effects were present for
a wide range of stimulus onset asynchronies. The magnitude of the edge
effect was variable across SOA for a given subject, however nb

consistent pattern of 'edge effect magnitude as a -function of SOA was

e
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evident across suBJects.

The increment threshold edge effect found on the high side of an
edge has been interpreted as an effect of 1lateral inhibition (e.g.
Fiorentini et al, 1955). Lateral inhibition was first discovered in the
eye of the horseshoe crab, Limulus polyphemus (Hartline 1949, 1969).
The limulus has a compound eye which is divided into ommatidia, or
receptors. Each of these can be stimulated separately and has an optic
nerve fiber leading off from it. A lateral plexus of neural elements
interconnects the optiec nerve fibers and enables each receptor to
affect 1its neighbours. Recording from a single ommatidium of the crab
eye, Hartline (1949) found that the discharge of the ommatidium varied
with its position with respect to a 1light-dark border. It was
maximally excited when Just on the 1light side of the border and
max;mally inhibited when Just 6n the dark side. The output of the
Limulus eye, when stimulated by a step change in intensity (an ‘edge)
can be predicted. All receptors on the light side of the step will be

excited equally, on the darker side all receptors will be excited
equally but to a lesser degree. A receptor in the middle of the lighter

side will be strongly inhibitéd by its neighbours, since its neighbours

on the darker siagx\are,\less strongly excited and thus exert less of an

Va ~

inhibitor ’linfluence on 1t:\\¥hus/fﬁe firiﬁg rate should increase as
the'pofﬁer is approached on the lighter side. There is mote inhibition
%rom the lighter side of the stimulus on receptor cells that are close
to the border but are on the darker side. Thus the firing rate is less

than that of receptors in the middle of the darker side. It has been

proposed that lateral inhibition of this type might be the

neurophysiological basis for the variations in visual threshold near a .

i
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border.

Kuffler (1953) demonstrated that the output of ganglion cells in
the cat retina have receptive fields with analagous properties to the
omnatidia in the Limulus. He reborted that receptive , fields can
consist of two regions, an approximately circular center and an annular
surround, whose influences on a cell are always opposite and
antagonistic. Di ffuse illuﬁination falling onto both center and
surrouﬁd excites these cells only weakly. However, when the
illumination is nonuniform, as it is near an edge, the cell may respond
strongly. This closely resembles the analogous function in the Lihuius
eye. Baumgartner (1961a) has also demonstrated that on-center cells
with their center regions located just on the bright side of a border
will be the most activated and that those onthe dark side will be the
most inhibited. Cells whose receptive fields are located at some
di§tance from a border will be only slightly affected by it. This

antagonistic organisation between the center and surround of retinal

receptive flelds has been~foéga'in_hdst mammalian visual systems.

Hubel and Wiesel (1960) showed that the receptive fields of the
monkey retina resemble those of the cat. Since the structure of
the human retina closely resembles that of the primate retina (Boycott
& Dowling, 1969), it 1is likely that the same basic receptive field
organisation does exist in the human retina a; well. Although such
neurophysiological research on human sub jects has been spa:se,
receptive fields can be inferred from psychophysical experiments in
human‘vision. The neuronal receptive fields as measured in animals and
the subjectively estimated receptive fields (often called perceptive

fields) in man are found to obey similar laws.
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.

It seems probable that an antagonistic lateral interaction

. between center and surround regions of retinal receptive fields is an

important determinant of contrast effects in human vision. The
responses of iﬁdividual ganglion cells to borders can be generalised to
populations of cells over an area of retina. Associated wit; the
border region is the greatest retinal activity. It is thus that the
retina 1s particularly responsive to sharp contrast borders. Ratliff
(1961) offerred the following explanation of contrast effects.

r

Contrast effects may be expected to be greatest at or/near the boundary

- S

between a dimly illuminated region and a brightly illuginated region of
the retina. A unit Wwithin the dimly {1luminated region, but near the
boundary, will be inhibiéed not only by dimly illuminate%) neighbours
but also by brightly illuminated ones. The total inhibition exerted on
such a unit will be greater than that exerted on other dimly
illuminated elements that are farther from the boundary. As a result
its frequency of firing will be lower. A unit which is located within
the brightly illuminated field, but near the boundary, will have a
higher frequency of discharge than other equall& illuminated units that
are locatea well within the bright field but are subject to stronger
inhibition since all their immediate neighbours are also brightl&
illuminated. Thus‘ the differences in activity of elements on either

side of the boundary will be exaggerated, and the discontiﬂuity in this

.pattern of illumination will be accentuated in the pattern of response.

This enhanced difference in firing rates gives rise to the increase in
increment threshold measured on the high side of the edge.
There have been a number of studies .whigh have reported that

threshold elevation at the edge is not present for a Briefly exposed
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background stimulus’ when the background and test flash onsets’ are

simuiltaneous (e.g. Pétry & Hood, 1978). However, the present results
indicate that it is not the brief background exposure alone which is
critical in these reported absences of an edge effect, rather, the
brief background ‘exposure duration combined with a small background :
diameter acts to reduce the 1likelihood of detecting an increment
threshold edge effect. Separate findings in the literature also point
to the probable importance of such a spatiotemporal interaction. For
example, Limb & Tulunay-Keesey (1981) find increased thresholds near an
edge when their large background is exposed for as 1little as 16 msec.

Burkhardt (1966) has found an edge effect for a small 44 minute

diameter background which was presented at a longer duration of one
second. In light of this spatiotemporal interaction one can conclude
that although the exposure duration used by Limb et al (1981) was very

brief, the use of a large background stimulus allowed an edge effect to

be observed under their conditions. Although the background diameter

used by Burkhardt (1966) was small, the use of a long exposure duration

~

of the background compensated for this and an edge effect was observed.

There is extensive psychophysical and physiological evidence that

lateral inhibition takes time to develop (e.g. Ratliff & Hartline,

i S

1965). That the high side edge effect is dependent to some extent upon
ol

background duration, is assumed to reflect the action of slowly

T Rk (N SPRAAT T ~TRRM  e h

developing lateral inhibitory effects in the human eye. Thus a

;;

oo

dependence of the magnitude of theé edge effect upon béckground duration
is consistent with an explanation of the effect in terms of lateral

inhibition. Assuming that such lateral interactions are the causal

!
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mechanism underlying edge effects, extremely short flashes should fail
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to yleld edge effects because of development time.

The inve;tigation of the effect of the stimulus onset asynchrony
should also reflect the neural development of £he edge effect. The
presentation of the test flash at .d;fferent times relative. to the
background onset should allow one to measure sensitivity at several
temporal points during the development of the backéround edge. If we
assume again that lateral inhibition is the causal mechanism underiying
the edge effect we might expect to observe the edge effect only when
sensitivity was measured at some time after background onset.

Measuring the sensitivity at a positive SOA would ensure that some

lateral inhibitory effects had developed. Although both duration and

stimulus onset asynchrony may reflect the neural effects of the

development of lateral inhibition, they in fact probably reflect

“

different neural effects. A manipulation of background duration

influences the magnitude of the edge effect. An increase in the

a

backgfound duration increases the neural effect, so that an edge effect

Qill be observed where one previously .had not been observed. However,
a manipulation of the stimulus onset asynchrony should allow one to
sample a given effect of some given magnitude at different times during
its buildup. Although Petry, Hood & Goodkin (1973) have reported edge
effects at only positive SOAs, iﬁ"the present Experiment 3 and in the

experiments reported by Limb & Tulunay-Keesey (1981) edge effects were

also present at negative asynchronies. As well, there have been-
numerous reports of edge effects with simultaneous presentations of the
test flash and background (e.g. Burkhardt, 1966). This may appear to

be inconsistent with an explanation of the edge effect which assumes

that the neural effect of the edge takes time to develop, since at
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negative asynchronies the test flash onset precedés the background

onset. However, the neural time of the stimulus does not correspond'

directly to its physical presentation time. It is likely that at the

negative asynchronies at which an edge effect is observed, a sufficient

neural effect of the test flash overlaps with the neural effect of the
background so that detection of the test flash is still interfered with
by the background. Thus even when the background follows the test
flash onset in time, some neural effect of the edge may interfere with
the sensitivity to the test flash.

In both Experiments 1 and 3 edge effects were found for a large
background stimulus, under conditions which did not yield threshold
elevation at the edge for gmaller backgound stimuli. A dependence of
the edge Fffect upon the size of the background stimulus was repeatedly
demonstrated in this thesis. The greater magnitude of the edge effect
which is observed with a large background stimulus may reflect one of
three possible changes in sensitivity on.the larger background. The
%irst possibiliiy is that the__gﬂge effect is due to a change 1in
sensitivity near the edge which accompanies a change in background
size. As the Background diameter is increased from 3 to 6 degrees, the
increment threshold near the édge increases. Alternatively, an edge
effect may be observed as a consequence of both an 1increase 1in
sensitivity at the center and a corresponding decrease in sensitivity
at the edge when background diameter 1s increased. With these
particular changes in éensitivity, one would expect that the
incr?ﬁent threshold measured at the center of the 6 degree background
would decrease and that the increment threshold heasured at the edge

would iﬁcrease. Thirdly, an edge effect may be due only to a change in
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sensitivity at the center. If so0 one would predict thaf with an_

increase in background diameter from 3 to 6 degrees the increment
threshold at the cenper may have decreased. The latter two
possibilities may be evaluated by '~comparing the increment thresholds
obtained on the center of the 3 degree disk with that measured on the 6
degree disk to determine if there were any sensitivity changes at the
center of the backgroundf associated with the change 1in background
diameter. It is clear from comparisons of the thresholds measured at
the center of the-3 and 6 degree diameter background ‘stimuli employed

in Experiments 1 (Figures 4 and 7) and 3 (Figures 11-15) that there is

'no increade in the threshold as a funcfion of packground diameter. One

can conclude therefore, that the edge effect observed 1in these
experimentslreflects a real change iﬂ sensitivity at the edge of the
two background stimuli. It 1is clearly not a result of changes in
sensitivity at the centers of the background stimuli as a function of
increaéed backéround size.

Many qther investigations of visual system sensitivity have noted
a change in ssnsitivity as a function of background size. A prime
examﬁle of the space dependent variation of the .psychophysical
threshold is Westﬁeimer's sensitization effect. Sensitization refers to
a decrease in increment thresholds which accompanies increases in
background size. Westheimqr (1965) showed that the increment threshold
for a small test spot located at the center of an 1illuminated disk
varies with the diameter of the disk. For rod vision the threshold for
the test spot rises with increasing diameters of the disk, reaching a
maximum when the disk diameter is approximately 45 minutes (peak-

diameter). For disk diameters larger than this peak diameter; the
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threshold falls again, dropping as muchhas a log unit as thel‘disk
diameter increases- to approximately 1.5-2.0 degrees. ’ This
sensitization effect, that increases 1in diameter beyond the peak
diameter lead to decreases'in increment threshold has been repliéated
extensively (Westheimer, 1967).

Teller, Matter, Alexander & Phillips (1971) traced ea}ly lféht and
dark adaptation curves with a test spot tentered upon adapting disés of
varying - diémetérs. Their dat; show .tﬁat _early light and dark
adaptation curves for small and large disks differ. Alexander (1974)
reported that increasing background diameter yielded' a monotonic
decrease in spatial integration. Such space dependent variations in
threshéld are generally interpreted as‘ a manifestation of the

antagonistic center-surround interaction: within receptive fields of

retinal ganglion cells. Although the diameters associated with these

desensitization and Sensitization effects are well below the 3-6 degree

range upon which the present conclusion is, based, they nénetheless

point to the fact that although the data do 'not reflédt sensitization

effects, they do reflect size dependent effects in- the visuai system.

It is cle;r that these data are not the result of a sensitization
o , :

effect per se. However, they do appear ¢0 represent some lateral

influence within the visual system. MeIlwain (1964) described ‘a

3

faci;itatory influence of stimuli presented in distant regions of the
retina upon retinal ganglion cells énd lateral geniculate neurons of
the cat. fhis particular inéeractivex effect was termed the periphery
effect. It demonstrated that neurons iy the central part ofvthe retina
were influenced from eccenéric regions some distance ‘from their

receptive field center. Similarly, Frost, Scilley, and Wong (1981)
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t 3 4

have noted an interactive effect.between spatially remote stimuli upon

neurons of the pigeon optic tectum. Dat,aa such ad these may have

"« , implications for neural events underlying contrast. - Perhaps these

(842

neural events Mich underly contralst involve many receptive fields

. Interacting with each other, The presint results are not a .’
manifestation of this periphery effect, yet they may reflect a
mechanism which dlso involves interactipg r"eceptlive fields.

It is possible}, that the dependence: of‘ the edge effect on
background size may be accounted for on the basis of lateral inhibitory
effects. In order for the effects of background size on the increment
threshold edge effect in general to be consistent with an explanation
of the edge effect in terms of lateral inhibition, one need postulate
that the the differences 1in lateral-inhibition that “ one will observe

between ,the centei and edge of a large .backgrouhd stimulus, ‘due to the

-

changes only at the édge, will be greater than that observed on ;1 -

Ry

/‘smaller-_ background. ‘As a result of lateral inhibition, differences in
heural {actb:ivity from differentially illuminated r"egion? on the retina
are exaggerated and contrast is heightened.‘ _ A \‘% o

It has been shown that the §ize of receptive fields inc.r:eases as
one moves from’ tﬁe fovea to the periphery (e.g Spillman, 1971).
Associated with this is a ~reduct‘ic'm in the strength of inhibition

towards the periphery as both the receptive field centers and total

e field size increases (Ransom-Hogg & Spillman, 1980). Bullier & Norton

4

(1979) have reported that the strength of inhibition decreases as the”
diameter of \the(' receptive field center increases in cat retinal

gangiion cells. Spillman (1979) has demonstrated with human sub jects
that the maximum receptive ff‘ield size, in the fovea is somewhere around
\ '.
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10 minutes, while the maximym receptive fleld size observed in the
periphery “is arour}d 3 degrees. In a comprehensive study using human
observers, Weinstein & Arnulf (1946) c;emonstrated changgs in area

summation associated with retinal eccentricity. They studied area

/summatior_l in the fovea as well as at 1, 7, 18, 20 and 35 degrees

outside the f‘o(rea. Summation increased steadily from the fovéal center
tc; the 35 degree peripheral position. The results of a number of
studies that attempted to estiimte receptivel riéld size
psychophysically consistently repdrt that there is a rapid increase in \

both the receptive field center and total receptive field size from the

fovea out to about 100 degrees in the periphery. A greater amount of
¥ ‘. '
area summation at the edge of the & degree background, would predict a

higher level of activity at this edge and hence increased thresholds.

P

Increment threshold values increase proportionally ‘with the level '6If‘

background activity against which they are assessed (Weber's Law).

, kY
Consequently, one would predict that the threshold measured at the edge

of the 6 degree background stimulus, where ghe activity level is h_igher .
n- -

due to increased area summation, would be higher than at the edge of
the 3 degree background. Thus the. different results obtained when the

increment thresholds Were assessed at the edge of a 3 degree and a b6
)

[

degree background disk may reflect differences in receptive fleld size

and consequent. differencegs in area summation. On the basis of

;

differences In receptive field sizes one can postulate that a greater

"differential in. inhibition" between the center and edge would e

observed on the 6 degree background as compared with that of the 3
degree background.
One hypothesis that provides gn alternative to the explanation of
. .
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the edge effect in terms of lateral inhibition, i3 that the edge effect
results from the operation “of different ty‘pes of ‘visual cells.
Enroth-Cugell and Robson (1966) first described’ two classes of visual
cells which they termed X and Y cells. Later Cleland, Dubin and Levick
(1971) extended :the compar‘ison between geniculate and retinal receptive
fields along the dimensions ¢f the X-Y classification of Enroth-Cugell
& Robson (1966). On the basis of their findings they asserted that it
would be more ;ppropriate to speak of a éustained/tra'nsient rather than
an X/Y classification. They reasoned that such terminology came closer
to a. ‘physiological description of "che respective families of g@glion

cells.

These two cell types differ in several ways. One way that sustained

'and‘ ﬁransient cells are differentiated is on the basis of their

responsiveness to the spatial frequency components of a visual

stimulus. Transient cells show selectivity for wide-bar, or

low-spatial frequency patterns (Cleland et al, 1971); and are not
sensit;v’é to image blur (Ikeda and. Wright, 1972,a). Sustained-type
cells, on the other hand, respond selectively to narrow-bar, or high
spatial 1f‘r'equency patterns and to sharply focused images. Other
important properties that differentiate sustained cells fraom transient
gells are their respective receptive field sizes and their distr‘ibution/

over the retina. At a fixed retinal location transient cell receptive

fields are generally larger than sustained cell receptive fields. The

'number' of sustained ocell receptive flelds is highest in the fovea and

drops off sharply with increases in retinal eccentricity. Transient
k 4 «
cells are sparse 1in the fovea and are more heavily concentrated in the

parafoveal and peripheral regions of the retina. Thus the ratio of
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“ transient to sustained cells increases as one moves from the fovea to

the, peériphery of the retina. Sustained type cells are more prevalent
in the area of the retina where acuity i; greatest, and the
distr‘ibutian of transient cells 1is highest in areas associated with
diminished acuity. From the tests conducted by both Enroth-Cugell and
Robson (1966) and Cleland et al (1971) it can be inferred that the
sustained cells are capable of signalling steady, local changes in
illumination. Transient cell§ are capable of signalling illumination
over larger areas. '

In the increment threshold edge effect the sensitivity to a given
target stimulus is shown to increase as a function of the distance to
an edge. An attempt has been made to explain this decrease in
sensitivity near an edge in terms of a single channel wmechanism of
lateral inhibition within the visual system. However, it is possible
that the edge effect may be accounted for on the basis of differential
processing by the two functionally distinct cell types described above,
that 1is within a sustained-transient dichotomny. Under different

conditions sensitivity may be determined by either sustained or

* transient type cells. When sensibivity is measured in the vicinity of

an edge, the determination of sensitivity wmay rely on procegssing by
sustained-type cells. The ?r‘ocessing of information which will
determine sensitivity to a stimulus which is not near an edge could be
dependent upon the r'esponsivene‘ss of transient-type cells.

A thorough investigation of the applicability of #,n expianation of
the edge effect in terms of this sustained-transient dichbtou;y has not
been c\arr‘ied out: In considering this. explanation of the edge effect

there are at least two underlying assumpt ions. First, an assumption is
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being made that the level of sustained background activity to the test
flash is higher than the level of transient background activity. This
assumption derives from the fact that incren;ent thresholds " increase
near an edge, and the fact that incr‘eme?nt thresholds are related to the
level of local neural activity. Secondly, this explanation assumes

that the processing of information that leads to the detection of the

test flash is accomplished by transient cells away from an edge and .

by sustained cells near an edge. This change in which type of cell
mediates detection npmust occur even though no characteristic of the
target stimulus itself changes. These assumptions, especially the
latter, need to be examined . before one can accept an explanation of the
edge effect in terms of a sus’cained/'gransient dichotomy. However, that
a lateral inhibitory mechanism is not always\appropr'iate to explain
édge effect data suggests that it is a p’ossibility v\vorth exploring. An
appeal to the sustained-transient dichotomy could ex,;,:lain - threshold

differences ob\served near to and away from an edge on the basis of two

classes of cells which posess jvery different spatial summation

properties.

The results of these experimerjts do }-show that the magnitude of the
e'dge effect 1is larger for longer background exposures and larger
background sizes. In Experime 1 it was demonstrated that the
magnitude of the increment thrgshold edge effect was dependent upon
background size. Specifically, an edge =ffect was evident upona 6
degree diameter background stimulus bdut not upon a 3 degree or a 20
minute diameter background = stimulus. In Experiment 2 a dependence upon

the background stimulus exposure duration was demonstrated. Although

no edge effect was evident -when the background stimulus was exposed for
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K0 msec, an increase in background exposﬁre duration resulted in an
increase in the magnitude of the edge effect. In so far as the
conditions employed in these experiments are comparable to those of
- other experiments, these results support the suggestion that the use of
different background stimulus parameters could account for some of the
contradictory findings in the literature. There have been a number of
reports that edge effects ‘canriot be observed with briefly presented
backgrounds. For example Matthews (1966) demonstrated that, givgh
particular stimulus conditions, one could not produce an increase m
increment thresholds near an edge if the background was exposed for a
short duration of 2 msec. However, given the same stimulus donditions,
an edge effect was ev.ident when the background exposure duration was
- increased to 100 msec. Matthews stated that when exposures are brief a
peak in threshold near an edge cannot be observed. A similar r‘esuit
was reported by Novak & Sperling (1963). When the background exposure
duration was br‘ief: (10 msec) i:here was no evidegce of threshold
elevation near an edge. %hen the exposure duration was incx‘easéd to 50
'msec a slight increasein the threshold near the edge was evident. “hen
the duration was 500 msec the test spot threshold near the edge was
clearly higher than at other more remote points. However in contrast
to 'these findings there are reports that edge effects can be observed
Wwhen increment thresholds are measured against briefly presented
background stimuli. 3Zdge effects were observed in the present set of
experiments for a background exposure duration of 40 msec. Petry, Hood
% Goodkin (1973) contend that dne can observe an sdge effsct even when
the background is presented for as. brief as 16 msec. Limb et al (1921)

8130 observed edge effects with dbrilef background exposure durations. It
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is not merely that one cannot produce an edge effect with a briefly
exposed Dbackground stimulus, but rather that an inter‘action- of exposure
duration with size is critical to the presence of an edge effect. The
interaction between the spatiotemporal characteristics of the
background 1is assumed on the basis of these results, to be sufficient
to account for a number of findings in experiments investigating the
magnitude of the edge effect for brief background presentations,

Although the increment thresholda edge effect or edge accentuation
is a well documented phenomenon, a review of the literature reveals
discrepant findings. In particular there are numerous reports of
substantial edge effects in £he fovea (eg. Fiorentini et al 1955, 1966;
von Bekesy, 1968); while other researchers report diminished edge
effects in the fovea (Aulhorn & Harms, 1956; Payne, 1970). Vassilev
(1973) attempted to determine the role that the stimulus parameters
employed in various experiments might play in producing the

discrepant results. Vassilev's experiments were restricted to an

_investigation of ¢tha test flash parameters employed in edge

accentuation experiments. Tﬁe data did suggest that the use of
different test stimuli is a source of contradictory findings. The
series.of‘ experiments. presented here provide evidence that the use of
different background stimulus parameters is also a 3source of
discrepant results. The results of these experiments provides sonme
assistance to those researchers investigating visual system sensitivity
by way of the increment threshold edge effect. These data caution the
resea'u'cher td choose carefully the stimuli to be employed 1in these
investigations. It is evident from the work of Vassilev (1973) that

careful attention should be paid to test flash parameter;s. It 1is now
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evident that Just as careful consideration should be given to the

.choice of background stimulus parameters.
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