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ABSTRACT

Reaction times were obtained to the onset and for 
the termination of flash stimuli located in various posi
tions in a visual field divided into two contiguous regions 
of white and black. With presentation of the flash stimuli 
in the fovea, it was found that there were no significant 
differences between the character of functional onset and 
cessation RTs or in the character of the function relating 
RT to distance from the border. There was a border effect 
operative for both functions. There was a decrease in 
both onset and cessation RTs as the border was approached 
from the white side and a slight increase in both onset and 
cessation RTs as the border was approached from the black 
side.



INTRODUCTION

The effect of a border in a nonuniform adapting 
field on the visual increment threshold is well known„ The 
most detailed investigations of these effects have been 
reported by Harms and Aulhorn (1955) and by Fiorentini 
(1957). Both authors report considerable elevations in 
the threshold, both on the more intensely illuminated side 
of the edge, and on the less intensely illuminated side. 
Recently, Aulhorn and Harms (1964) repeated their experi
ment with a decrement of luminance rather than an incre
ment in the test spot. Under these circumstances, they 
found no reduction in the threshold amount of the decre
ment. In the region of the dark band there is a large 
increase in the amount of the decrement required. A 
slightly lower decrement increase is found in the region 
of the light band.

It should be noted that both Harms and Aulhorn and 
Fiorentini and her associates employed a gradient of. lumi
nance rather than an abrupt change from one level to 
another. This luminance pattern gives rise to the bright 
.and dark lines of the "Mach Band" phenomenon.

Novak and Sperling (1963) also reported that dis
crimination thresholds were elevated for spots appearing



adjacent to a boundary. However, they further reported 
that this phenomenon occurred only when the boundary was 
viewed continuously and not when it was presented for. a 
brief interval.

Payne and White (1967) investigated extrafoveal 
visibility of a bright test stimulus in which there was an 
abrupt transition between luminances of two adjacent areas 
The test stimulus had an angular subtense of 181 and was 
positioned 5° from the fovea relative to a black and white 
background. Using averaged evoked cortical potentials as 
measures of stimulus visibility, these investigators found 
that the closer the stimulus light was to the.border on 
the white side the longer the latency and the smaller the 
amplitude of the first trough. On the black side of the ' 
border there was a slight increase in latency and in 
amplitude,

Ratliff (1965) , in his review of several ’’Mach 
Band" studies, reported that depending on the rate of 
change of luminance between black and white fields, the 
threshold of a test spot increased greatly on the white 
•side of the border and decreased slightly, if at all, on 
the black side. ^

A topic of some interest is the difference between 
reactions to the onset and cessation of visual stimuli,
The first attempt to measure RT to the onset and offset of



visual stimulation was reported by Woodrow (1915). Woodrow 
employed three different intensities and seven subjects 
and concluded that no difference existed between the two 
types of reaction. He failed to specify the location of 
stimulation to either the fovea or periphery.

However, Jenkins (1926) and, according to Pease 
(1965), Pieron in 1927 found that RT to cessation of lum
inous stimulation of nfear threshold intensity in the fovea 
was faster than that to the stimulus onset. ' Pieron further 
.reported that as the stimulus intensity increased both onset 
and cessation RTs decreased. Pieron1s data must be re
garded as somewhat unreliable, however, as he collected 
onset and cessation RTs at two different times from dif
ferent subjects and then compared the two sets of data.

Steinman (1944) measured RTs to an increase or de
crease in prevailing luminance and found that RTs to de
crease were generally faster than to corresponding increases 
for the fovea. Furthermore, with larger changes in in
tensity the differences between the incremental and decre- 
mental RTs decreased.

More recently Rains (1961) investigated the case 
of reaction time to the onset of cessation of a bright large 
flash against a dark field. In the study onset and cessa
tion RTs were taken for the onset.or cessation of a large, 
long duration, 12° 44r, bright (3.44 ml) stimulus with a



dark background at various retinal locations. He concluded 
that at these parameters no difference exists. But he 
added, preliminary exploration suggests that differences 
may be apparent when a small, dim, peripheral flash is 
employed." . .

Pursuing this suggestion, Pease and Sticht (1965) 
•investigated reaction time as a function of the onset of 
cessation of visual stimuli covering a wide range of in
tensities (31,4 00 ml, 314 ml, 3.14 ml, and 1.98 ml). The 
Stimulus subtended 20' of arc at the eye. Using this 
small stimulus area, they concluded that in the periphery 
cessation RTs are longer than onset RTs. They found, 
however, that these differences decrease as luminance in
creases. The authors further suggested that RT differences 
in onset and cessation reactions may be due to a number of 
things such as "intensity, area, wavelength of the stimulus, 
the state of the adaptation of the eye, and the presence 
or absence of other stimuli."

Hyer (1965) studied the differences between binoc
ular and monocular RTs to the onset and cessation of stim
ulation in the periphery. RTs were recorded for the cessa
tion or onset of one stimulus while one of the two eyes 
was always illuninated, and to the onset or cessation of a 
single stimulus in one eye with the other eye in darkness. 
This study again demonstrated that RTs were significantly



faster to the onset of a stimulus than to the cessation in 
the periphery. It was also found that RTs for both the 
onset and cessation stimuli were faster with the opposing 
eye in darkness than RTs to one stimulus coming on or going 
off while one of the eyes was illuminated.

Bartlett, Sticht, and Pease (1968) investigated RT 
differences to onset and cessation stimuli for different 
wavebands and intensities. The wavebands were selected 
with the intention of isolating the foveal and peripheral 
systems. Two retinal locations were stimulated, one in 
the center of the fovea and the other 12° in the periphery 
of the temporal retina of the right eye. Keeping in mind 
the photochromatic interval and adjusting for.it, it was 
demonstrated that the relationship of onset and cessation 
RTs to luminance is directly related to the different 
functions of the foveal and peripheral systems. Wave
length was not the crucial variable but the manipulation 
of wavelength enabled the authors to investigate the reti
nal mechanisms involved.• Bartlett et al. concluded that 
there were no significant differences between foveal onset 
and cessation stimuli with respect to RT for either wave
band. However, they did find that RTs in the peripheral 
system for the onset of light were consistently and sig
nificantly faster than for the cessation of light. The



results of this study were interpreted as demonstrating a 
difference in response between foveal and peripheral 
systems. .

The effects of a surround upon onset and cessation 
reactions in the fovea were examined by Pease (1968). In 
this study, in the onset condition, the subject viewed a 
surround, the center of which was a test flash which was 
turned on and terminated independent of the surround. In 
the termination condition then, the subject viewed a uni
formly illuminated disc, the center of which could be 
turned off, thus preserving a constant state of adapta
tion in the surround at the time of•the cessation condi
tion. Three subjects highly trained in RT tasks responded 
to four luminances of surround test flash. .The luminance 
of the flash and surround was the same in every test. The 
results indicated no statistically significant differences 
between'onset and cessation RTs in the fovea.

It has been suggested that differences in onset- 
cessation reactions may be due to the presence or absence 
of other stimuli in the visual field. Thus, the appearance 
of a border or a boundary may attenuate or, in some fashion, 
affect the nature of these onset-cessation RTs. For ex
ample, Pease and Sticht (1965) discovered that the dif
ferences between onset-cessation RTs diminished as a func
tion of increasing luminance. It is possible that reactions



to onset-cessation stimuli may be overwhelmed or "masked" 
in the visual system by units which are responding to lum
inance alone. In any event, both the Harms and Aulhorn 
(1955) and Fiorentini (1957) investigations, using dis
crimination thresholds as their measure of response, and 
the Payne and White (1967) study, using averaged evoked 
cortical potentials, provide experimental evidence of dif
ferential neural sensitivity in the region of the border.

The present study was undertaken in order to de
termine if foveal onset and cessation RTs would vary as a 
function of the proximity to a border in a visual field.
The visual field was composed of two contiguous regions of 
different illumination with an abrupt transition between 
them, providing a "border" contrast effect. Because the 
gradient is as sharp as possible the "Mach Lines" appear 
only to the extent that the border is emphasized. The 
purpose was to investigate RT to a stimulus probe as it 
moved across this field and to further assess, the effect . 
of the border on the resulting onset and cessation RTs.
This was done foveally as the stimulus flash was of high 
luminance. .

Border contrast effects are most frequently at
tributed to lateral inhibition in the retina. The locus of 
this neural inhibitory process is generally assumed to be 
the diffuse polysynaptic bi-polar cells as well as the



diffuse ganglion cells found in the peripheral system where 
the rods predominate. In the fovear with its exclusive 
cone receptor population, the monosynaptic midget bi- 
polars and monosynaptic ganglion cells make up a converg
ing system which may provide the neural basis for inhibi
tion. Each element in the retinal mosaic inhibits the 
activity of its neighbors to a degree that is greater the 
more strongly it is excited. Thus, a group of receptors 
that are within the region of high illumination but close 
to the border will receive less inhibition than a group of 
receptors that are well inside that region where all of the 
closely neighboring receptors are brightly lighted. The 
reverse is true for a group of receptors within the low 
illumination region— as the border is approached there 
should be an increase in inhibition. Thus, if RT is a 
sufficiently sensitive measure of inhibition in the retinal 
pathways, it would be reasonable to suppose that RT should 
decrease as the border is approached from the white side 
and increase as the border is approached from the black 
side.



METHOD

Apparatus
The apparatus consisted of a metal plate 36 cm long 

by 25 cm wide mounted on a movable slide assembly. The 
left half of the plate was white and the right half was 
black. Seven circular holesf 3 mm in diameter, were drilled 
on the plate, three on either side of the border and one 
directly on the border. This plate was mounted on a black 
backdrop against the side of a room which was draped in 
black cloth. The stimulus light shone through any one of 
the holes drilled in the plate, thus, with the slide, the 
black and white border could be moved relative to"the stim
ulus light which always remained in a fixed position to 
illuminate the hole of choice. The Ŝ  s side of the plate 
was illuminated at 883 millifoot candles by means of an 
overhead lamp with a controlled DC voltage input.

,A small luminescent fixation arrow was mounted at 
5° visual angle above the stimulus light. The fixation 
arrow was also illuminated at 883 millifoot candles. With 
the aid of the arrow the IS could readily prepare himself 
by fixating appropriately for the stimulus flash.

The stimulus source was a Sylvania Glow Modulator
Tube (Type R1131C) with a rise and decay time less than

9



0,0001 seconds, • A small-argon bulb was used to radiate the 
Modulator tube so it would illuminate promptly upon acti
vation by its power supply. The stimulus source was mounted 
on the backdrop and rested against the metal plate so that 
its transmitting surface was directly in line with the 3 mm 
opening in the plate, The luminance of the stimulus was 
adjusted with the use of Wratten Neutral Density Filters 
mounted in' "B" glass. The luminance value of the stimulus 
source f after such filtering, was 11.4 millifoot candles as 
calibrated by a MacBeth Illuminometer.

The subject sat with his head in a head rest stand 
and rested his right arm on a shelf with his finger on a 
telegraph key. Mounted on the floor to the S ’s right was 
a foot switch, RTs were recorded on a Hewlett-Packard 
electronic counter (Model 522B) which was connected to a 
Hewlett-Packard Digital Recorder (Model 560A), A Heathkit 
Power Supply (Model PS4) provided power for the Glow Modu
lator at 40 milliamperes. Two Hunter Decade Interval 
Timers (Model 100C) controlled the foreperiods r described 
below. A white-noise generator with accompanying earphones 
was used to mask any auditory cues from the equipment.

Subjects.
sy s were three students at The University of Arizona 

Each had normal visual acuity and color vision. Also, each



11
had approximately 2 0 hours of practice in this RT task 
prior to the tests of this study.

Procedure'
Prior to each session, S_ dark adapted for 15 minutes. 

After ,this period of time he adapted five more minutes to 
the illumination of the test room. Earphones were placed 
on S's head and then £ placed his head in a head rest 
which restricted vision to the right eye.

The i3 was seated 125 cm from the black and white 
plate and was instructed to fixate on the fixation arrow. 
When the was ready for the stimulus he depressed the 
telegraph key and depressed and released a foot switch.

The foot switch initiated a foreperiod (the dura
tion of which was randomly varied from trial to trial, 
ranging from 2.5 sec. to 5 sec., in .1 sec. steps by E).
For the onset condition the light came on at the end of the - 
foreperiod and £3 thereupon manually released the telegraph 
key as rapidly as possible. In the cessation condition, 
the light was already on and £5 reacted to the disappearance 
of the light at the end of the foreperiod. In an experi
mental session for a day, 140 RTs were obtained from S_ to 
yield 10 RTs for each location and onset-cessation condi
tion. There were five sessions, thus each of the £5s pro
vided 50 RTs for each stimulus combination. All conditions



and viewing orders were systematically varied and counter 
balanced.



RESULTS

.Figures 1-3 show that, for all three Ss, proximity 
to the border has a direct effect upon RTs. RTs are faster 
as the border is approached from the high intensity side", 
and longer as the border is approached from the low in
tensity side. However, the onset-cessation differences 
-were not significant in the analysis of variance, nor was 
the interaction of position and onset-cessation condition. 

Table 1 presents the analysis of variance performed 
on the means of each condition and Table 2 presents the 
means and standard deviations for each of the experimental 
conditions and for each subject.

13
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Table 1, Summary, table for the analysis of variance per

formed on the means of each subject's, RTs.

Source df
• Mean • 
Square F P

Position (A) 6 562.2 8.72 .001
On vs. Off (B) 1 54.0 .46 N/S
A X C 12 64.5
A X B 6 39.8 .15 N/S
B X C 2 1150.0
A X  B X C 12 269.2
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Table 2, Means and standard deviations for each of the 

experimental conditions and for each.subject, 
in milliseconds.

Test Stimulus--'Angle from Border 
Light Side Dark Side

Index- 76 38 19 . 0 19 38 76

Mean 299 297 287 263 282 289 279
S.D. . 19 15 15 20 20 20 15
Mean 300 293 294 288 283 283 277
S.D. 18 19 13 15 16 16 ; 14
Mean 323 316 302 295 292 291 289
S.D. 15 14 14 17 16 11 11
Mean 320 312 304 292 286 288 285
S.D. 22 22 5 6 21 12 . 17
Mean 292 285 278 266 280 275 263
S.D. 9 5 7 16 8 10 5
Mean 285 275 253 268 280 266 265
S.D. 22 26 26 6 14 6 7

M.R.

K-B.

A. V.

On

Off

On

Off

On

Off



.DISCUSSION

.The data obtained in the present study are consonant 
with previously cited studies in that there appears to be 
no difference between onset and cessation RTs for the fovea. 
There is, however, a border effect operative which is evi
denced by the decrease in both onset and cessation RTs as 
the stimulus probe approached the border from the high in
tensity (white) side and a slight increase in RT as the 
stimulus is approached from the low intensity (black) side 
to the border. 1

Apparently a group of receptors within the region 
of high illumination but close to the transition receive 
less inhibition than a group that is well inside that region 
where all of the closely neighboring receptors are brightly 
lighted. Consequently, the receptors near the transition 
respond more vigorously and this is demonstrated behavior- 
ally by the reduction in response latency as both onset and 
cessation RTs decrease as the border is approached from the 
high intensity side. The converse is true for approaching 
the border from the low intensity side. The failure of the 
present investigation to show significant onset and cessa
tion RT differences may be due to the relatively high level 
of illumination in the experimental situation.. It may



also be .possible that the onset-cessation differences in 
the fovea are easily overwhelmed by other neural units 
within the visual system which are responding to bright
ness signals or.other characteristics of the stimulus.
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