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ABSTRACT 

Current literature regarding the reaction time (RT) 

to flashes of light (light flashes) or to interruptions in 

a prevailing fltix (dark flashes) when various durations of 

stimuli are used suggest the hypotheses that (l) the dura

tion of either a light flash or a momentary interruption of 

a prevailing flux has no effect on the reaction time initi

ated by such a change, and (2) there are no differences 

betAv*een RTs to light and dark flashes. Work involving 

light and dark flashes using the threshold as a criterion 

leads to the formulation of hypotheses opposite to those 

given. In the present study, the relationship between RT 

and light and dark flash stimulation of the fovea was 

investigated to evaluate these contradictory hypotheses. 

In addition, RTs to the onset or offset of lights of dif-

Cerent intensities were obtained in order to compare this 

type of stimulation with that produced by light and dark 

flashes, wherein both the transient onset and offset phases 

occur prior to the subject's (S) response. 

Reaction times for three well-practiced Ss were . 

obtained for light and dark flashes of 8, 12, 22, 84, 165, 

and 5,000 msec, duration, and of 0.346, 34*65, and 3»465 niL 

intensity. Stimulus area was restricted to 21' in foveal 

vii 
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subtense. With the 5^000 msec, duration S's response was 

completed well before the light went off (if light flashes 

were being used) or came on again (when dark flashes were 

used).,, and thus the examination of RTs to the transient 

onset or offset phases of stimulation, without the possi

bility of the confounding of onset with offset effects, was 

accomplished. Such confounding was possible when the dura

tion of the light or dark flash was so brief as to produce 

both transient phases prior to the initiation of S's 

response. 

The results indicated that: (l) with increased 

luminance the RT to both light and dark flashes decreases; 

(2) decreases in stimulus duration .produces increases in 

the RTs to both light and dark flashes with low intensity 
! 

levels; (3) high intensities the RTs to light flashes 

are faster than those to dark flashes of all durations, 

and, in the range examined, duration has no effect on RT; 

(4) with the middle intensity (3^*65 mL) the differences 

between RTs to light and dark flashes diminish, and 

decreased duration produces an increase in the RTs to 

dark flashes (at 12 msec, and below), but over the' range 

explored, duration has no significant effect on RTs to 

light flashes; (5) RTs to light flashes are significantly 

faster than those to dark flashes with the briefest dura-
0 

tions combined with the lowest intensity; with the lowest 

intensity, the RTs to light and dark flashes decrease, as 



do the differences between the two, as duration is in

creased from 8 to 84 msec. At 84 msec, the RTs to dark and 

3.ight flashes are the same, and the overall decrease in RTs 

approaches asymptote„ 

Both the light and dark flash data were described 

by the function 

T - t + K> 
(log t) 

where a is the reducible margin of RT, t is the stimulus 

duration, _b is a slope constant and K is a limiting latency 

whicih T (the reaction time) approaches eis t becomes very 

large. The specific values for a, b', and K vary for each S 

and for each intensity value. . . 

The results were discussed with respect to light 

and dark adaptation and it was suggested that the relation

ship between onset and offset RTs may vary els a fianction of 

such adaptation, especially when high intensity stimuli are 

used. The applicability of Bloch's laA\r (It = C) to the 

relationship between light and dark flash durations for 

constant RT effects was discussed and it was concluded that 

the law is not valid, for this relationship, at least over 

the durations explored herein. 



INTRODUCTION 

Many touch spots in the skin emit a discharge 
twice, once when touch is applied, a second time 
when the stimulus is withdrawn, because the skin 
is deformed twice. A major observation made by 
the early pioneers from last century (Holmgren, 
Dewar and McKendrick) was that an electrical 
response , from the retina also caine twice, once at 
onset and once at cessation of illumination, and, 
when Adrian and Matthews first applied vacuum 
tube recording to the eel's optic nerve, they 
also saw a barrage of impulses both at "on" and 
"off" of the light stimulus. This then is one 
of the major problems of retinal neurophysiology 
and no theory of retinal function can be accepted 
that fails to provide an explanation for the off-
effect. What process in the retina corresponds 
to the second deformation of the skin when the 
touching object is removed? And what use does 
the eye make of signalling both light and rela
tive darkness, provided that the darkness is 
preceded by light? --Ragnar Granit, 19^2, p. 576 

Just as the neural off-effect mentioned above by 

Granit is an important problem for retinal neurophysiology, 

the signalling of light and darkness is a problem for 

visual psychophysiology, wherein the anatomical and 

physiological mechanisms involved in the visual apparatus 

are related to discriminative responses on the part of an 

organism. Discriminative responses are responses which 

are differential for, consistent to, .and contingent upon 

given stimulus situations in the environment. Thus 

tropistic movements, reflexive acts, and instinctual 

1 
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performances are discriminatory, as tire the usual denota

tive responses of 'humans* 

In the present paper the signalling of light and . 

darkness is studied by relating flashes of light and 

"flashes" of dark (i.e., iiiterruptions of a continuously 

displayed visual signal of various durations and inten

sities) to a simple manual reaction on the part of a human 

subject. The manual reaction represents, the discriminative 

response which signals the experimenter that the subject 

has observed the light or dark stimuli. If the observer 

is instructed to react as rapidly as possible when he 

detects the stimulus, then a factor, speed, is introduced 

which may be used to categorize and order the discrimina

tive reactions." As Woodworth 8c Schlosberg point out ". . . 

every act takes time, and time can be measured" (195^, 

p. 8). Thus, differences in the amount of time required 

for the accomplishment of a given act initiated under 

varying circumstances may reveal something of the dynamics 

of the mechanisms initiating the act. Thus if the reaction 

time (RT) (i.e., the reciprocal of speed, or the time 

elapsing between the presentation of a stimulus and the 

subsequent initiation of a response agreed upon by the 

experimenter and the subject) is systematically different 

when initiated by light or dark stimuli, then such dif

ferences may contribute to a better understanding concern

ing the nature of the processes underlying the signalling 
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of light and dark. Such differences are the objects of the 

present investigation. But first certain historical 

antecedents to the present study will be discussed. 

Electrophysiological Considerations 

Hartline, in 1938, demonstrated that certain fibers 

in the optic nerve of the frog responded- only to the onset 

of light, others responded to both the onset and offset of 

light, and still others carried impulses only when the 

light was turned.off. With his single-fiber preparations 

Hartline (19'±0) explored the frog's retina with a small 

light spot 0.55 '"Hi. in diameter and determined the recep

tive field from which impulses in the fiber could be 

elicited. Me found that the center of the receptive field 

was most.sensitive (showed the lowest threshold) and that 

sensitivity decreased away from the center. Of importance 

was the finding that an off response elicited in a single 

fiber by illuminating one group of receptors could be 

inhibited, (the frequency of it's impulses reduced or . 

eliminated) by stimulating.another group of adjacent 

receptors in the receptive field. 

Since Hartline1s-splendid demonstrations, many 

others have, investigated the nature of on and off mecha

nisms. in the eyes of different animals. Granit's (1955) 

Silliman lectures are notable for their extensive survey 

of electrophysiological studies of on and off mechanisms 
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in the eye, as well as in somesthetic nerve fibers. 

Granit's stirvey lead him to conceive of a basic antagonism 

between on and off elements. Hartline•s (19^0) work on 

inhibition discussed above, and work by Kuffler (1953) 

demonstrates the antagonism between the on and off compo-. 

nents of a receptive field. Kuffler explored the cat's 

retina with a spot 0.2 mm. in diameter while recording 

dischcirge patterns with a niicroelectrode from a single 

ganglion cell. In demonstrating the minute organization 

of the fields, Kuffler showed that the receptive field of 

the ganglion cell produced only on responses when stimula

tion was in the center of the circular field surrounding 

the electrode. In a zone concentric and adjacent to the 

center zone, both on and off discharges were obtained with 

the onset and offset of the light. A final zone which 

surrounded the latter area produced only off effects when 

stimulation -eeased. In an extremely elegant demonstration, 

Kuffler showed that when the center and periphery of the 

receptive .field for a ganglion cell were stimulated 

separately, the corresponding on and off responses were 

initiated in that ganglion cell. Simultaneous stimulation 

suppressed the off response when the center stimulus was 

the more intense of the two, while the on response was 

suppressed when the periphery of the receptive field was 

more intensely stimulated. With equal intensities, 

simultaneous center-periphery stimulation of the receptive 



field produced both on and off responses in the ganglion 

cell. , 

The foregoing studies indicate that several factor 

in the vertebrate retina may interact to determine the 

nature of a fiber's response to the onset or offset of a 

visual stimulus. In addition to the location (peripheral 

or central stimulation of a receptive field) and intensity 

of stimulation, the nature of the receptor may well be an 

important factor. Granit (1955? PP• 157-171) points out 

that there is only ci slight, if any, off response evident 

in the electroretinogram of the rod eye of the guinea pig 

and Gecko. On the other hand, the cone eye of the horned 

toad produces a notable off deflection in the electro

retinogram. These data are suggestive of a rod-cone 

difference in response to on or off stimulation. Certain 

behavioral studies, which we shall consider later on, lend 

credence to the latter observations. 

Psychophysical Studies, of Light and Dark Stimulation 

An early approach to the problem of sensations 

produced by the cessation of luminous stimulation of the 

eye was that taken by Gildemeister (191*0. He presented 

monocular light stimuli of various intensities (absolute 

values were not given) and of long duration to the fovea. 

By momentarily occluding the light stimulus with an opaque 

pendulumj he determined the least duration of occlusion 



which could be detected 50% of the time as a darkening of 

the stimulus. He found that as the intensity of the 

prevailing light stimulus was increased, the minimum 

detectable duration of occlusion decreased from 14.27 msec, 

for the "weakest" luminance To 5»28 msec, for the "strong

est" luminance. Holding the intensity constant and 

manipulating the size of the stimulus, Gildemeister found 

that, with dark stimuli of l4', l6 ' , 22', 28', 31 ' t 56'', 

and 62' in foveal subtense, the threshold duration of an 

•interruption in a prevailing flux decreased as the area 

increased. 

Rutenberg (1914) compared light and dark flash 

stimuli in a threshold study using foveal stimuli 56' in 

subtense and of different durations. In determining the 

threshold for dark flashes (i.e., momentary interruptions 

of a prevailing luminous flux), the intensity of the 

prevailing illumination was manipulated until the least 

prevailing intensity, which permitted the perception of 

interruptions of 6, 10, or 30 msec, duration, was found. 

The light flash threshold was the least intensity of a 

flash of light which could be observed with the different 

.durations. Rutenberg found that for both light and dark 

flashes, threshold intensities decreased as flash duration 

increased. However, when the product of intensity (I) and 

time (t) was computed, it was found that the relationship 

It = C held for the light stimuli, but not for the negative 
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(dark) flashes. The relationship It = C states that the 

product of the intensity or luminance (I) and the.exposure 

duration (t) for producing a given effect is a constant 

(C). In the case of vision, this relationship is known as 

Bloch's law (cf.} Pieron, 1965» P* 230) and states that the 

product (It) produces a constant visual effect which may be 

indexed by various response measures (e.g., thresholds, 

RTs, etc.). Thus in Rutenberg's study the threshold 

luminance decreased in proportion to the increase in 

duration of the light stimuli such that, in accordance 

with Bloch's law, the total energy level of the threshold 

flash remained constant. In the case of the dark stimuli, 

the It product was not constant, with more changes in 

luminance being required in the prevailing light stimulus 

to produce a perception of an interruption in the stimulus 

as the duration of the interruption was decreased. 

Rutenberg's data, then, suggest differences between the 

visual mechanisms responsible for the detection of light 

and dark stimuli. 

The differences between light and dark mechanisms 

suggested' by Rutenberg's (19l'l) work were not corroborated 

by Herrick (1956). The latter determined the. minimum 

luminance which had to be subtracted from a prevailing 

adapting luminance (1^) to be just noticeable as a decrement 

in brightness. This relationship was investigated with 

stimuli presented as a 1° circular field in the fovea, 



using ten durations of the decremental stimulus (- AI) and 

four durations of an increment in luminance (+ AI) . The 

durations for both types of stimuli ranged from 0.0035 to 

2.013 sees. Herrick found that, "For a constant duration 

of AI, log (aI/I) varies in the same manner as a function 

of I when &I is either an increment or a decrement in 

luminance" (p. kh2). Like Rutenberg (191^)» Merrick found 

that both incremental and decremental thresholds decreased 

as the duration of the incremental or decremental stimuli 
* 

increased. But whereas the latter found the relation 

It = C holding for both incremental and decremental 

stimuli, the former found that 1^ was a greater determinant 

than t in producing decrement (dark) thresholds. A basic 

difference in the two studies is that for increment 

thresholds, Rutenberg' s subjects were always exposed to a 

prevailing luminance of zero intensity before the presenta

tion of a light flash, whereas Herrick1s subjects were always 

exposed to a prevailing intensity greater than zero prior to 

the presentation of an incremental flash. Thus Rutenberg's 

subjects were dark adapted to a greater degree than were 

Herrick1s prior to the presentation of the increase in 

luminance. Such differences in adaptation might account 

for the discrepancies in the results of the two studies. 

Bouman and Blokhuis (1952) presented dark flashes 

(in a circular display of green flux of wavelength 525 "'M') 

of different durations and areas to a retinal position 7° 



9 

nasally from the fovea. They found that increases in the 

area of dark stimuli of 20, 40, or 80 msec, duration pro

duced first a reduction and then an increase in thresholds 

(the latter being defined as the number of light quanta 

which had to be subtracted from the flux to permit a 60% 

chance of observation). With dark flashes having durations 

of 150 and 300 msec., the threshold number of quanta sub

tracted showed no initial decrement; rather, the number of 

subtracted quanta necessary for 60% detection of a darken

ing in the flux increased as area increased. 

Bouman and Blolchuis also presented positive (light) 

flashes of 50 and 900 msec, duration and varied the extent 

of the area of stimulation. Under these circumstances 

fpwer quanta were needed to produce a 60% report of 

observation with the 50.msec, flash than with the 900 

msec, flash. Also, the threshold number of quanta increased 

as area increased. Although these investigators did not 

use light and dark flashes of the same dui'ati'on, a compari

son of their data presented for the 50 msec, light flash 

with that given for the *±0 msec, dark flash indicated that: 

(l) the threshold quanta for the- light flash remained 

constant for increases in visual angle from 5 to kO minutes 

of arc, while the dark flash threshold decreased from near 

k 3 • AO quanta with a stimulus subtense of 20', to 15 quainta 

when the visual angle was 1001; and (2) thresholds in

creased as the visual angle was increased above kO1 for the 
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light flashes and above 100* for the dark flashes. . Thusj 

considerable differences in light and dark thresholds were 

demonstrated by Bouman and Blolchuis. 

To summarize the threshold studies with respect to 

light and dark stimuli, Rutenberg (l9l'l) found higher 

thresholds for dark than for light flashes of equal dura

tion; Merrick (1956) found no differences between incre-_ 

mental and decremental thresholds; and Bouman and Blokhuis 

(1952) present data which indicate that the threshold for 

brief light flashes is lower than that for dark flashes of 

comparable duration, and that the light threshold increases 

monotonically as the visual angle is increased, while the 

threshold for dark flashes first decreases and then in

creases as visual angle is increased. With regard to the 

latter finding, neither Gildemeister (191^)j Rutenberg 

(191*0, nor Merrick (.1956) found an increase in dark 

thresholds as the energy removed from the eye in negative 

(dark) flashes was increased. However, since Bouman and 

Blokhuis used green (525 ni[_l) light and stimulated at a 

point 7° away from the fovea on the nasal, retina, while 

the others stimulated foveally with "white" light, their 

findings are not directly comparable. 

. A different psychophysical technique than the 

determination of absolute or differential thresholds was 

applied by Steinman (l9*l*0 to incremental and decremental 

stimuli. She had Ss judge increment and decrement changes 



in brightness in terms of a 7-point scale in which the 

higher numbers indicated a large change, and the lower 

numbers referred to a judgment of a small change in 

brightness. S's. were seated in a room under an ambient 

illumination of 4.5 fc. Two feet in front of the S was a 

ground glass test field, one inch in diameter. As the S 

viewed the test field, binocularly, he saw it illuminated 

to a level of 4.5 fc. (equal to the illumination in the 

room) and, at the end of one second, the brightness of the 

spot was either increased or decreased (in a random order) 

by from .4 to 2.0 fc. The new value was maintained until 

the S had judged the magnitude of the change. The results 

indicated that for all corresponding magnitudes of stimulus 

increment or deprement,.the decrements were rated as 

representing larger changes in brightness. 

It is clear from the foregoing discussion of 

psychophysical investigations of light and dark stimulation 

that these methods have not revealed any salient features 

which might distinguish the effects of light and dark 

stimulation from one another. Steinman's (1944) findings 

with suprathreshold stimuli indicate that -a decrement in 

intensity produces a stronger sensory effect than ex 

corresponding increment does. Yet, with threshold measure

ments, Rutenberg (1914) and Bouinan and Blokhuis (1956) show 

that the threshold for a dark flash is higher than that for 

a comparable light flash (although this is not indicated by 
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Merrick, 1956). Be cause of the many differences between 

the conditions and methods of these psychophysical studies, 

no reconciliation of their divergent findings is attempted. 

Reaction time studies, to which we now turn, have demon

strated more consistent effects of light and dark stimula

tion. 

Reaction Time Studies of Light and Dark Processes 

Before considering RT studies of light and dark 

stimulation of the eye, a distinction between onset and 

offset stimuli, and light and dark flashes must be made. 

In the present paper, an onset stimulus refers to an 

increment in a prevailing flux of zero luminance, and this 

increment persists until the completion of S's response. 

An offset stimulus is a decrement in a prevailing light 

flux, and the decrement persists until the completion of 

S's response. With light or dark flashes, both transient 

phases (i.e., the offset and onset) occur prior to the 

completion of S's response. These distinctions are main

tained throughout the following discussion. 

In 1913? Wells determined the influence of the 

duration of light and dark flashes on reaction time (RT). 

With dark flashes, a period of darkness of from 0.010 to 

0.150 sec. was preceded and followed by a period of 

illumination of a plaster of. paris disk arranged to pre

sent binocular retinal images of about 0.4 mm. in diameter. 
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Since no head rest was used it is. probable that the exact 

location of the stimultis on the retinae varied, but in 

general stimulation was foveal or parafoveal. Illumination 

of the disk was "• . . equal to that of a 3-l/'± candlepower 

lamp at a distance of 1^2.5 cm." For light stimulation, 

light flashes of from 0.012 to 0.144 sec. were preceded and 

followed by darkness, to which the subjects (Ss) were 

adapted. In addition to light and dark flashes, onset and 

offset stimuli of 1.0 sec. duration were used. The RT 

measured was the amount of time elapsing between the onset 

(or offset, depending upon the series in progress) of the 

stimulus and the execution of a response (pressing a key) 

by the S. For all modes of stimulation, Wells found that 

. . the reactions to the occlusion of light differ 

little from the reactions to the appearance of light" 

(p. 65). He cilso failed to demonstrate an increase in RT 

as the duration of the light and dark flashes was decreased. 

Since the total energy delivered to (or removed from) the 

eye depends upon the duration of the stimulus, reduction 

in the duration, holding the intensity of the light 

constant, would reduce the energy delivered to or removed 

from the eye. As early as 1886 (vide Woodworth and • 

Schlosberg, 195^, P•' 24) Cattell and Berger demonstrated 

that visual reaction time decreases as stimulus intensity 

increases (with duration and area of "stimulation held 

constant). This relationship has been verified many times 
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(cf., Pieron, 1952, pp. 3^5-35^)• Perhaps Wells' failure 

to find an increment in RT as a function of duration may be 

attributed to the fact that he used a fairly consistent 

2.0 sec. foreperiod (i.e., the temporal interval between a 

"ready" signal to S and the presentation of the stimulus). 

As Woodwor.th and Schlosberg (l95'*r P* 29) point out, with 

constant foreperiods S may attempt to synchronize his 

response with the stimulus, rather than reacting to the 

appearance of the stimulus. Synchronization would tend to 

produce similar RTs. 

Woodrow (1915) measured the RT to the beginning 

(onset) and cessation (offset) of "weak" and "strong" 

stimuli. Like Wells (1913)? Woodrow found no difference 

between the RT to the onset or offset stimuli. However, 

like Wells, Woodrow used a very consistent 2.0 sec. fore-

period, which again allows for synchronization errors to 

occur and possibly obscures any differential effects on 

onset and offset stimuli. 

In a series of studies concerned with the facili-

tative'and inhibitory effects of cross-modality stimula

tion, Jenkins (1926) had .occasion to check Woodrow's (1915) 

conclusions regarding onset and offset stimulation and RT. 

He used a green light of wavelength 510 millimicrons having 

- 8 2 
an intensity of O.32 x 10 watts/mm . He presented the . 

light upon an opal disk such that when viewed by. S, the 

stimulus subtended a .Visual angle of 3°« To preclude 



synchronization, Jenkins presented the onset and offset 

stimuli in cycles (i.e., an on and then an off, etc*) 

separated by either 3*5 or 4.0 sec. The order of use of 

the two intervals was randomly varied. Jenkins found that 

"Reaction times for darkness are almost invariably quicker 

than those for.the onset of light" (p. 36). However, he 

suggested that the differences which he had found might be 

attributed to the fact that there was no fixation point 

available in the onset condition, whereas in the offset 

condition, the light stimulus itself was the fixation. If 

in the onset condition, S was not attending to the proper 

part of the dark field, some time might have been consumed 

in searching for the light when it was turned on, and thus 

onset RTs might have been extended. 

Because of the interest in light and dark stimula

tion and RT being shown by the American workers mentioned 

above, Pieron, in 1927 » published some work he had done 

earlier in 1921 concerning this problem. He used a red 

fixation point with foveal stimulation, thus avoiding the 

possibility for fixation error suggested by Jenkins (1926) 

above. Like Jenkins, Pieron found offset RTs to be faster 

than onset RTs, at least with near-threshold stimuli. As 

the intensity was increased, the difference between onset 

and offset RTs tended to diminish. 

Essentially the same results as those of Jenkins 

(1926) and Pieron (1927) were found by Steinman and Veniar 
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(19^'±) and Steininan (I9^'i). The latter presented a test 

Clash of one sec. duration against an adaptation field 

maintained at about 'l. 5 footcandles • (fc. ) . The test flash 

was presented on a ground glass test field one inch in 

diameter and located about two feet away from the S. At 

four sec. intervals, the S saw the test field illuminated 

by a light which stayed constant for two sec. and was then 

either increased or decreased in intensity for one sec. 

Subjects reacted to either of the latter changes. In this 

case then, there was no instance in which S reacted to a 

complete onset or offset stimulus. Rather, only incre

mental or decremental changes were used. The results 

indicated that for decrements as well as for increments, 

RT is a decreasing function of the amount of change. That 

is, the greater the change, the faster the RT. Also, 

decremental RTs were faster than incremental RTs at all 

levels of change (ranging from 1.22 to 13«52 mL)., with the 

differences between the two diminishing as the amount of 

change increased. The latter finding lead Steininan to 

suggest that ". . ..at a sufficiently large change the 

curves will converge, and the differences in RT shown to 

increments and to decrements will disappear" (19^1, p. 36.). 

The foregping suggestion was followed up some 17 

years later by Rains (1961). He meas.ured the RT to the 

onset and cessation of a large (l2 0 4'l") bright (3^4 mL) 

stimulus presented on a dark field. A red fixation point 
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was provided to preclude the possibility of fixation errors 

as suggested by Jenkins (1926). In confirmation of 

Steinman's (I9'i4) prediction, no differences were found 

between the RTs instigated by the different conditions of 

stimulation. Rains indicated, however, that "differences 

may be apparent when a small, dim, peripheral flash is 

employed." 

In 1964: there was still some doubt about whether or 

not onset and offset RTs differ. Wells (1913) and Woodrow 

(1915) indicated they did not; Pieron (1927)? Jenkins 

(1926), Steinman and Veniar (19^'i), and Steinman (19^4) iiad 

found a difference, and Rains (1961) had suggested onset 

and offset differences might be found with peripheral 

stimulation. Because of this indecisiveness in the 

literature, Pease and -Sticht (1965) conducted studies 

which: (I) utilized a well-defined stimulus area (20"); 

(2) restricted the stimulus location to either the fovea 

or the periphery, thus elucidating rather than confounding 

the effects of stimulation of these structurally and 

functionally different parts of the retina; (3) used a 

fixation light;.(4) varied intensity from very dim (O.I98 

mil;) to very bright (3»1^0 mL) ; and (5) Utilized random 

foreperiods ranging from 2.0 to 4.0 sec. in steps of 0.1 

sec. to preclude synchronization on S's part* The results 

for stimulation of the fovea indicated that at low inten

sities offset RTs were faster than onset RTs, thus 



substantiating the findings of Pieron (1927)» Jenkins 

(1926), and Steinman (19^) • Interestingly, at the 

highest level of intensity there was some tendency for the 

offset and onset latencies to reverse, such that onset RTs 

became faster than offset RTs. The latter effect, while r •• 

being merely a tendency and not a statistically established 

finding, recalls the electrophysiological data presented 

earlier which indicated that whether or not a fiber gives 

an on, off, or on-off response to stimulation may depend 

upon th^jiature of the stimulus, including intensity of the 

stimulus. The intensity factor might account for Wells' 

(1913) and Woodrow's (1915) failure to observe onset and 

offset RT differences, for such differences do not appear 

when medium intense stimuli are used (Rains, I96I; Pease 

and Sticht, 1965)-

Another finding of interest in the foregoing study 

was that in the periphery the effects of onset and offset 

stimulation on RT were just the opposite of those produced 

with foveal stimulation, i«e., at low intensities onset 

RTs were faster than offset RTs. Again, with-increased 

intensity there was a tendency for the onset and offset 

latencies to reverse. That cessation RTs are longer than 

onset RTs when dim peripheral stimulation is used has been 

verified by Heyer (1965)* 

With two exceptions (Wells, 1913; Woodrow, 1915)» 

our literature search-shows all RT studies indicating that 
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with foveal (arid perhaps parafoveal) stimulation, offset 

RTs became faster than onset RTs as the amount of energy 

delivered to or removed from the eye is reduced. In most 

of the studies reviewed above, energy was reduced by 

decreasing the intensity (luminance) of the stimulus. As 

was mentioned earlier, with regard to Rutenberg's (191^) 

threshold study, the amount of energy delivered to the eye 

may also be varied by manipulation of the temporal interval 

over which the light flux prevails. Decreasing the dura

tion reduces the amount of light energy delivered to or 

removed from the eye. According to Bl'och's law (see above, 

page 7)j intensity I and duration t are reciprocal in their 

visual effect. That is, manipulating I holding t constant 

produces effects identical to those obtained by holding I 

constant and manipulating t_. Threshold studies (e.g., 

Graham and Margaria, 1935? for the periphery; Kara, 1936, 

for the fovea) have demonstrated the reciprocity of I and t 

with near-threshold values of I_ and with jt values below a 

brief critical duration for the onset of light. Rutenberg's 

(I9l4t) study suggests that there may not be the same 

reciprocity function for light decrements as for increments. 

In the present study, an examination of the It 

relationship is performed for light and dark flash stimuli 

presented foveally, using RT as the index measurement. 

Only Wells (1913) has varied the duration of an interrup

tion in a prevailing flux and measured the latency of 
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response thereto. His findings lead to the hypotheses that 

no differences will be found between RTs initiated by light 

or dark flashes, and that the duration of the "gap" in the 

prevailing light will have no effect upon RT. Rutenberg's 

(191^) threshold studies indicated that the threshold 

intensity of a prevailing flux is higher for the perception 

of a dark flash than the threshold intensity of a flash of 

light of a similar duration, and that both thresholds 

decrease as the duration of the flash is increased. Thus 

the RT and threshold studies are not congruous with respect 

to the prediction of differenticil effects of light and dark 

flashes upon behavioral responses. Rutenberg's study 

suggests the -hypotheses that, to the extent that RT and 

threshold studies correspond in their representation of 

stimulus-response relations (and they have been shown to 

do so, at least in some instances, cf•, Pease, 1964), both 

light and dark flash RTs should increase as flash duration 

is decreased, and the RT to dark flashes should exceed that 

to light flashes when: short durations are used. The 

present study will evaluate the different hypotheses 

suggested by Wells (1913) and Rutenberg's (I9l'l) work. 

Since most RT studies have used onset and offset 

stimulation (cf., Jenkins, 1926; Pieroii, 1927; Steinman and 

Veniar, 19^4; Steinman, 19^4; Rains, 1961 ; Pease and 

Sticht, 1965) the present study will also present such 

stimulation. This will allow a comparison of the results 
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of the present study with those of previous workers, and 

will also permit a comparison of the effects of onset and 

offset stimulation to light and dark flash stimulation, 

wherein both transient phases, i.e., the onset and offset, 

occur prior to the subject's response. 



METHOD 

Apparatus 

For presentation of the stimuli, a custom built, 

L-shaped visiial discriminator was used. This discriminator, 

which included the components schematized in figure 1, 

provided both stimulus and fixation sources. The stimulus 

light (A) was a Sylvania Glow Modulator (type R1131C) tube 

which has a rise and decay time of 0.0001 sec. The light 

from this lamp passed through a collimating lens (B) having 

a 22 mm. diameter and a 162 mm. focal length. In the slots 

at C, Wratten neutral density filters could be inserted to 

control the light intensity* At D a field stop was placed 

which restricted the area of the stimulus to a visual angle 

of 20' of arc at the eye. The light passed from the field 

stop and on through a beam splitter (E) and then a converg

ing lens (K) which was 35 mm. in diameter and had a 90 mm. 

focal length. The light converged at L where an artificial 

pupil 3 mm. in diameter was positioned. 

A foveal fixation lamp (NE 51) was mounted at J. 

The field-stop at F provided the foveal fixation display 

which consisted of a diamond-shaped pattern of four 1-mm. 

dots of light which, together, subtended a visual angle of 

1°10'. The fixation field-stop was placed in the right arm 

22 
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of the discriminator in such a manner that the fixation 

dots were projected upon the beam splitter (E) at the same 

place as the stimulus light. When light stimuli were 

presented, the stihiulvis light passed through the center of 

the fixation display defined by the four dots of light, and 

appeared on the satiie plane as the fixation. With dark 

stimulation, no fixation was needed since the stimulus 

light itself was constantly ignited and S was instructed to 

fixate it. An exploratory study indicated that the pres

ence or absence of the fixation points in the dark stimula

tion condition had no effect on the observed relation 

between light and dark RTs (see Appendix I, page 52)• In . 

order that S might maintain a constant view, fitted dental 

bite-plates (M) were provided for each S. Each S posi

tioned his bite-plate so as to obtain and maintain the best 

foveal fixation. 

Three inches of the viewing end (L) of the dis

criminator entered into a 65" x 24" x 36" light-tight 

booth in which S sat. The bite plate (M) was also located 

within the booth. To the right of S, at elbow level as he 

sat positioned to react, was a shelf 6" wide into which a 

Micro-Switch (Model L10) was mounted. The•downward . • 

excursion of the switch lever was limited to 2 mm. by a 

metal stop. S responded by releasing his finger from the 

switch. A 1 mm., upward movement of S's finger was suf

ficient to break the switch circuit. 
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Foreperiods and stimulus durations were controlled 

by two Hunter Decade Interval timers (Model 111-C). Six 

stimulus durations were used; 8, 12, 22, 8^1, 165, and 5»000 

msec. These were the durations produced by the Hunter 

timer as calibrated with a Hewlett-Packard electronic 

counter (Model 522B), when the dial settings on the Hunter 

timer were 5, 10, 20, 80, and l6o msec, (the 5»000 msec, 

duration was not calibrated inasmuch as S always reacted 

prior to its cessation, thus.it represents an offset or 

onset condition as defined earlier in this report, page 

12). The calibrated durations are the rounded average of 

twenty readings. Reaction times were recorded with the 

Hewlett-Packard electronic counter. Power for the stimulus 

light was provided by a Heath Model W-PS-4 regulated power 

supply with the current output maintained at 35 ma. The 

output variation of this power supply is rated by the 

manufacturer at less than 0.5 volt for a 10 volt variation 

in the 117 volt ac input, with less than 10 tnv. nns. noise, 

jitter, and ripple. A primer-light (NE 51) for the Glow. 

Modulator tube was powered by a Variac operated at 35 

volts. This light, hidden from direct view, was never 

bright enough to permit its iiiput to be seen, even when S 

was fully dark-adapted. 

* 

Luminance ranged from just above threshold to very 

bright. These intensities were obtained by inserting 

Wratten neutral density filters of 2.0 and ^.0 log units 
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between the lamp and the Maxwellian view lens. Unfiltered, 

the apparent luminance provided the eye in the Maxwellian 

view was 3,465 inL. Thus with the log 2.0 and 4.0 filters 

three intensities were obtained: 3»465? 34.65j and 0.3465 

inL. Calibration was accomplished with a Macbeth Illumi-

nometer using the bipartite field technique described by 

Liebowitz (1954, p. 531)• 

Subjects 

Subjects were three male students 23 j 28, and 20 

years of age. All were well-practiced on the reaction time 

task. 

Proc edure 

Prior to the presentation of the experimental 

trials, S entered the booth and dc»rk-adapted for 10 

minutes. If S was to react to the dark condition first, 

the experimenter (E) threw a switch which turned on the 

stimulus light. Subject then light-adapted to the partic

ular intensity being used for 3minutes. At the end of 

this time IS started the tests. First lie set a variable 

foreperiod on the Hunter timer. The durations used as 

foreperiods ranged from 2 to 4 sec. in steps!of sec.; 

their order was predetermined by use of a table of random 

numbers. After setting the foreperiod, E set the stimulus 

duration on the. other Hunter timer. To obtain a reaction, 
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15 said "ready," which was the signal Cor S to depress the 

micro-switch and then, when prepared to respond, a foot-

switch. The latter closed the circuit of the foreperiod 

timer and thus initiated the foreperiod. At the end of 

the foreperiod, the timer controlling the stimulus duration 

was activated and the stimulus light was turned off (or on, 

when the light condition was being used) for one of the 

durations listed above. At the same time that the stimulus 

duration timer was activated, the Hewlett-Packard elec

tronic counter was started. As soon as S saw any change in 

the prevailing stimulus situation he reacted by releasing 

the micro-switch lever as rapidly as possible. The latter 

action stopped the electronic counter and E recorded the 

reaction time indicated thereon. 

The light and dark conditions, the luminance 

levels, and the stimulus durations were presented in a 

manner to preclude order effects. Table I presents the 

experimental sessions as presented for 10 days to subjects 

B.F. and R.L. Subject T.S. received the same treatments 

but the order of their presentation' was .reversed. ' 

Since there were light and dark conditions, three 

luminance levels and six durations, and five RTs were 

obtained for each combination of conditions at each 

sitting, there were l80 RTs talc en on each session, which 

lasted about 1-1/2 hours. Sessions were run once a day. 
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TABLE I 

ORDER OF PRESENTATION OF THE EXPERIMENTAL 
CONDITIONS OVER A TEN DAY PERIOD 

Durations 1, 2, 3, 4, 5, and 6 are: 8, 12, 22, 84, 
165, and 5,000 msec. Luminances A, B, and C are: 3,465, 
34.65, and 0.34 inillilamberts • Stimuli L and D are: light 
and. dark. 

Day Luminance Duration Stimuli 

1. ABC 6,5,4,3,2,1 DL 

2. • BCA 4,5,6,1,2,3 LD 

3. BAC '5,2,6,3,4,1 DL 

4. BCA 3,1,2,4,6,5 LD 

5. ACB 3,5,4,2,1,6 DL 

6. CBA 1,2,3,4,5,6 LD 

7- ABC ^,5,6,4,1,3 DL 

8. BCA 3,6,5,1,4,2 LD 

9. CAB 5,3,1,6,4,2 DL 

10. ' BAC 1,3,5,2,4,6 LD 
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for ten days. In this manner 50 RTs were obtained for 

each experimental condition. 



RESULTS 

Means, medians, and standard deviations for each 

experimental condition, and for each S, are presented in 

Table II. These statistics are based upon the daily 

medians obtained with each stimultis combination. On each 

experimental day five RTs per condition were obtained, 

excepting those involving the 0.3^6 inL intensity and the 

8 msec, duration. With the latter parameters, Ss sometimes 

failed to react and thus fewer than five RTs were obtained. 

For this reason daily medians, rather than means were 

computed. Such data were available for aill conditions 

(except for the 8 msec, duration and 0.3^6 mL intensity 

stimulus combination on day 2 with subject T.S., who failed 

to react at all to this combination on that particular 

day). Since there were 10 daily sessions, 10 daily medians 

were obtained. The values shown in Table II are the means, 

medians, and standard deviations of these daily medians. 

A similar method of data reduction is described by Bartlett 

and MacLeod (195^)* 

Graphic displays of the mean RTs in Table II are 

presented for each S in figures 3» andk. These data 

are plotted against the logarithm of the duration of the 

light .flash or dark flash". Tlie smooth curves fitted to the 

30 . 



TABLE II 

MEANS, MEDIANS AND STANDARD DEVIATIONS OBTAINED FOR EACH EXPERIMENTAL CONDITION 

Lvuninanc e 0 i.346 mL. 34.65 1 mL . 3 1,465 i mL. 

Sub-
ject 

Light 
/Dark 8 12 22 84 165 5000 8 12 

Duration 
22 84 165 5000 8 12 22 84 165 5000 

B.F.. Light 
Mean 
Mdn. 
S.D. 

312 
309 
30 

290 
282 
42 

264 
256 
24 

256 
253 
11 

252 
248 
13 

261 
262 
12 

218 
220 
10 

219 
219 
11 

217 
213 
13 

218 
218 
4 

213 
214 
8 

229 
228 
13 

206 
206 
7 

206 
209 
10 

201 
200 
12 

203 
204 
8 

203 
203 
10 

205 
205 
9 

Dark 
Mean 
Mdn . 
S.D. 

372 
374 
33 

351 
348 
29' 

286 
293 
29 

263 
260 
33 

256 
253 
15 

255 
252 
9 

261 
2601 

18 

247 
255 
18 

231 
230 
12 

222 
225 
14 

231 
228 
25 

230 
229 
10 

250 
243 
21 

242 
237 
16 

231 
233 
11 

228 
228 
15 

225 
222 
13 

223 
221 
13 

T.S . Light 
Mean 
Mdn. 
S .D. 

284 
269 
33 

254 
254 
6 

237 
238 
. 9 

236 
236 
• 7 

233 
234 
9 

235 
237 
9 

203 
201 
7 

201 
201 
8 

204 
202 
9 

202 
201 
5 

207 
208 
8 

208 
209 
8 

193 
191 
7 

194 
193 
4 

192 
191 
6 

190 
190 
6 

196 
193 
9 

193 
194 
7 

Dark 
M e an 
Mdn. 
S.D. 

294 
284 
16 

257 
254 
.16 

240 
243. 
'7. 

233 
233 
6 

236. 
235 
8 

231 
232 
8 

213 
213 
9 

207 
209 
8 

205 
204 
8 

206 
205 
8 

208 
206 
8 

206 
203 
7 

202 
204 
9 

203 
202 
6 

204 
200 
9 

202 
202 
7 

205 
206 
5 

205 
204 
9 

R.L. Light 
Mean 
Mdn. 
S.D. 

4ii 
409 
87 

307 
287 
56 

268 
266 
19 

252 
247 
12 

256 
251 
10 

249 
251 
9 

223 
222 
11 

223 
222 
l4 

215 
216 
8 

220 
221 
9 

215 
217 
15 

217 
219 
8 

205 
207 
9 

200 
197 
8 

203 
204 
8 

204 
203 
(P 

202 
203 
8 

200 
201 
9 

Dark 
Mean 
Mdn. 
S.D. 

420 
413 
62 

343 
343 
55 

287 
272 
42 

258 
258 
11 

256 
257 
15 

265 
266 
15 

232 
232 
10 

235 
232 
11 

228 
223 
12 

227 
226 
9 

223 
223 
6 

221 
219 
8 

233 
232 
12 

230 
236 
l4 

224 
224 
10 

228 
228 
10 

228 
228 
9 

225 
222 
8 



Figure 2 

Light and Dark reaction times for Subject R.L. plotted 
against the logarithm of the stimulus duration on 

the abscissa 
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Figure 3 

ght arid Dark reaction times for Subject 13.F. plott 
against the logarithm of the stimulus duration on 

the abscissa 
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Figure k 

Light and Dark reaction times for Subject T.S. plotted 
against the logarithm of the stimulus duration on 

the abscissa 
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points in figures 2, 3» and 4 represent hyperbolic func

tions of the form 

T = 2_ + K, (1) 
(log t) 

where T is reaction time, t is the duration of the stimu

lus, ei is the reducible margin of RT, _b is a slope con

stant, and K is a limiting latency which T approaches as t 

becomes very large. (Appendix II presents a description of 

the technique used in fitting the hyperbolic function to 

the delta.) Table III presents the RTs calculated -with the 

above formula for comparison with the mean RTs presented in 

Table II. Pieron (1927) has suggested the relationship 

f1— + K (2) 
. b 
x 

for describing the decline in RT to the cessation of a 

foveal light with increasing intensity (i). This is 

obviously similar to (l), except log t has been substituted 

for i in (2) in order to adequately fit the present data. 

The values for the constants a^ _b, and K for (1) are pre

sented in'Table IV. It is notable that, in general, the 

slope b tends to approach zero as luminance is increased 

for both light and dark stimuli. There is also a notice

able decline in the reducible margin a as luminance is 

increased. These changes indicate that the effects of 

luminance and duration on RT are not independent of one 
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TABLE III 

REACTION TIMES. CALCULATED FOR EACH STIMULUS CONDITION 
WITH FORMULA (l), WHICH IS DESCRIBED IN THE TEXT* 

Subject B.F • R. L. T.S • 

Luminance Log t Stimulus Condition 
( mL . ) (msec•) Light Dark Light Dark Light Dark 

0.346 0.903 316 362 386 416 274 288 
1.079 284 323 313 334 253 258 
1.342 265 290 273 287 24.1 242 
1.924 254 266 251 260 234 233 
2.217 253 26l 244 256 233 232 
3.698 250 253 245 251 232 230 

• 34.65 0.903 219 269 221 237 202 209 
1.079 218 243 220 232 202 208 
1.342 217 230 219 228 203 208 
1.924 215 222 218 224 204 207 
2.217 215 221 217 223 205 206 
3.698 . 213 220 216 . 221 206 . 206 

3,465 0.903 204 247 . 203 230 193 202 
1.079 20 4 239 203 229 193 202 
1.342 203 234 202 228 193 202 
1.924 203 : 228 202 227 193 203 
2.217 203 226 202 226 193 20 4 
3 .698 203 223 201 225 193 206 

*The calculated RTs may be compared with the 
experimentally obtained data by reference to the. mean RTs 
given in Table IIj page 31» 



37 

TABLE IV 

CONSTANTS EMPLOYED IN FITTING HYPERBOLIC FUNCTIONS 
TO THE POINTS IN FIGURES 2, 3, AND 4 

The constants are defined in the text. 

Stimulus Light Dark 

Sub- Con-
ject stant 0.3'l6 34.65 3,465 0.346 34.65 3,465 

B.F. a 45.61 8.69 3.53 85.91 31.99 22.40 
b 3.60 O.83 0.06 2.57 4.10 1 .65 
K 250 210 200 250 220 220 

R.L. a 92.50 10.24 8.02 112.3 14.20 9.35 
b 4.12 0.45 0.25 3.7 1.85 0.46 
K 245 210 195 250 220 220 

T.S . a 38.25 1.98 7.91 38.20 8.28 1.80 
b 3.89 -1.03 0.00 4.05 -0.30 -0.86 
K 232 200 I85 230 200 200 
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another. This has also been suggested by the analysis of 

variance performed on the data depicted in figures 2, 3» 

and k. 

The results of the analysis of variance are pre

sented in Table V. Both the figures and the analysis of 

variance reveal the complex interaction of the luminance, 

duration and light or dark stimulus conditions in determin

ing RT. The luminance effect is highly significant and 

reflects the fact that RT increases as intensity decreases. 

Duration is also significant at a level which suggests that 

there is a considerable duration effect separate from that 

occurring as a result of the luminance x duration (A x B) 

interaction. The main effect of duration is to produce an 

increase in RT as the duration is decreased. 

The light and dark main effect is not significant. 

The complexity of the significant interactions discussed 

below and the low degrees of freedom apparently combined 

to conceal the consistent differences shown in the figures. 

The luminance x light and dark interaction and the lumi

nance x duration x light and dark interaction are signifi

cant and indicate that the light and dark stimuli do 

differentially effect RT, but that these conditions are 

highly dependent upon the other stimulus parameters for 

their effects. 

Inspection of figures 2, 3» and k suggests the 

following analysis of the three-way interaction: With the 



39 

TABLE V 

SUMMARY OF THE ANALYSIS OF VARIANCE 

Source df Mean Square F P 

Luminance (A) 2 '16324.19 43 .29 .005 

Duration (B) 5 4340.90 10.73 .001 

Light/Dark (C) 1 6150.23 7.78 .15 

Subjects (S) 2 8984.11 

A x B 10 2846.55 8.83 .001 

>
 

X
 O
 

2 327.51 11.85 .025 

A x S 4 1069.89 

B x C 5 276.92 2.27 .25 

B x S 10 413-53 

C x S 2 790.26 

A x B x C 10 50.79 2. 38 .05 

A x B. x S 20 322.36 

A x C x S 4 27.62 

B x C x S 10 121.81 

A x B x C x S 20 21.32 



highest intensity stimuli, dark flashes produce longer RTs 

than light flashes do, and there is little or no duration 

effect. With the 3^*65 mL stimuli, both light and dark 

RTs increase and the differences between them are reduced. 

At this intensity RTs to dark flashes begin to show some 

duration effects by increasing slightly when duration is 

decreased to 12 msec, or below. At the lowest intensity o 

stimulation there is a general increase in light and dark 

RTs and both increase as the duration is decreased. With 

durations of 85 msec, and below RTs to dark flashes are 

longer than those to light flashes. (A median test per

formed on the light and dark RTs obtained with the 

111L, 8 msec, intensity-duration combination indicated that 

the dark RTs are significantly longer than the light RTs. 

With = 3*26 and 1 df., p< 1/2 (.10) =-p<'.05*) Above 

85 msec., light and dark RTs tend to converge. 

For two Ss (T.S. and B.F.), with the 0.3^6 mL 

intensity and the 5j000 msec, duration, offset RTs are 

faster than onset RTs. Figure 5 presents the RTs for the 

5,000 msec, duration for these two Ss plotted against the 

logarithm of the three intensity levels. As indicated, 

offset RTs are faster- than onset RTs at the lowest inten

sity, and as intensity increases the differences between 

onset and offset RTs first disappear and then, at the 

highest intensity, reverse, such that onset RTs become 

faster than offset RTs. This relationship between 



Figure 5 

Onset and offset reaction times for Subjects T.S. and 13.F. 
for the 5»000 msec, stimulus duration as a function of 

the logarithms of the three luminance (I) levels 
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intensity and onset and offset RTs is similar to that found 

by Jenkins, 1926; Pieron, 1927; Steinntan and Veniar, lykk] 

Steinman, 19^±; and Pease and Sticht, 1965 for onset and 

offset stimulation of the fovea under conditions like those 

involving the 5j000 msec, duration in the present study. 

This relationship was not found for subject R.L. In his 

case, onset RTs were always faster than offset RTs, regard

less of stimulus intensity. Since the O.^kG mL intensity . 

used in the present study was not as low as that used by 

others (e.g., Pease and Sticht, 19^5 'used a 0.196 111L 

intensity) who have demonstrated that offset are faster 

than onset RTs with weak intensities, the data presented 

for subjects B.F. and T.S. should be regarded as only 

suggestive of larger differences that should be obtained 

with lower intensity stimuli. This may also account for 

the failure to observe such a relationship between onset 

and offset RTs with subject R.L. 



DISCUSSION 

Earlier in this paper it was pointed out that 

Wells' (1913) RT study, and Rutenberg's (191^) threshold 

work with dark flashes, lead to contradictory hypotheses 

concerning the effects of the dtiration of dark and light 

flashes on RT. Wells' work indicates that (l) the duration 

of a visual stimulus, either of a dark or light flash, has 

no effect on RT, and (2) there are no differences between 

the.RTs to light and dark flashes. Rutenberg's studies, on 

the other hand, suggest that (l) decreasing the duration of 

a light or dark flash will produce an increase in RT, and 

(2) RTs~T;o dark flashes will be longer than those to light 

flashes when brief flash durations, are used. 

The results of the present study support the 

hypotheses suggested by Rutenberg's Vork: (l) Decreasing 

the duration produces an increase in both light and dark 

flash RTs when low (O.jkS 111L) intensities are used. How

ever, with very intense stimuli (3^65 iriL) dtiration has no 

effects on RT,. at least in. the range tested (8-5000 msec.). 

These findings are consistent with those of Raab and Fehrer 

(1962) who stimulated foveally, and Pease (1964) who stim

ulated. peripherally and found that duration had less effect 

upon the RT to light flashes as the intensity of the 

flashes was increased. (2) The RT to dark flashes of brief 

43 
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duration (i.e., below 84 msec.) and low intensity (0.346 

mL) is longer than the RT to light flashes of comparable 

conditions. With durations of 84 msec, and above, there 

are no differences between RTs to light and dark flashes. 

However, with very long durations, such that only an onset 

or offset occurs prior to S's response, there is a sugges

tion in the RT data of subjects T.S. and B.F. that offset 

RTs are faster than onset RTs. This is what was found 

with onset and offset stimulation by Pease and Sticht 

(1965) with stimuli of lower intensity (O.I98 111L) than 

those used herein. 

In the present study, with dark flashes, reillumi-

nation of the eye occurred within a brief interval'follow

ing the offset of the light. It is well known (cf 

Granit, 19j55j pp. 33_35) that frog optic nerve impulses 

initiated by the offset of a light can be inhibited by 

subsequent reillumination. In the light-adapted eye of the 

frog a "gap" of darkness in the prevailing light of about 

5 msec, is necessary to produce a just noticeable deflec

tion in the ERG (Hartley, 19'il 5 p. 274). As mentioned in 

the intraduction to this study, both Gildemeistef" (1914) 

and Rutenberg (191-4) found that the threshold intensity of 

a prevailing light in which S was to detect a momentary 

obliteration was lower the longer the duration of the "gap" 

in the ongoing light, i.e., the "further apart" the offset 

and subsequent reilluinination of the eye were in time. 
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Bartlett and Hudson (19**2") present a mathematical model 

which predicts that the threshold duration of a "gap" in a 

prevailing flux decreases as the intensity of the prevail

ing light is increased up to a level beyond which the 

threshold duration of the dark flash becomes a constant. 

The foregoing findings suggest that, in the present study, 

the reillumination of the eye within a brief interval, 

with dark flas'hps, could have inhibited the off response, 

this inhibition being disclosed in the increased RTs. Such 

inhibition could account for the increment in dark flash 

RTs as the duration of -the interruption of the low inten

sity light was decreased. The fact that increasing the 

duration of the dark flash produced faster RTs with the 

0.3^6 mL intensity is of interest because it indicates that 

off elements may be recruited in a similar manner as on 

elements, i.e., they show temporal summation. This is in 

agreement with the threshold studies mentioned above. 

The RTs to light flashes were consistently faster 

than those to dark flashes for all Ss and over all dura

tions with the 3mL intensity. This relationship was 

only tentative with offset and onset stimulation in an 

earlier work (Pease and Sticlit, 1965), but is well estab

lished in the present study. This may reflect the dif

ferences in light adaptation between this and the previous 

study. In the prior work Ss light adapted only 2~k sec. 

before the light was extinguished. In the present study a 
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three minute light adaptation schedule was used. That the 

duration of light adaptation may be of importance in 
* 

determining the response of the eye to the cessation or 

momentary interruption of the light is indicated by the 

following: (l) in recording neural impulses from single 

fibers of the vertebrate (frog) optic nerve it is found 

that the off-discharge is favored by an increase in the 

duration of the jieriod of illumination preceding the offset 

of the stimulus (Hartline, 1938); (2) a similar effect is 

found for the frog's ERG (Granit, 19&2, p. 617); (3) in 

man, several authors (cf., Dunlap, 19-15; Mahnelte, 1958; 

Lichtenstein and Boucher, i960) have demonstrated that the 

least perceptible dark interval between two successive 

light stimuli decreases as the duration of the light 

flashes "surrounding" the dark interval in time increases. 

Mahneke (.1958), for instance, found that incitements in the 

duration of two square-wave flashes of 850 Nit (circa 

2,705 mL), presented on tin adaptation screen of 30 Nit, 

operated to reduce the least duration of a perceptible 

"gap" from 58.6 msec, when the flashes were 1 msec, in 

duration, to 3 msec, when the duration of the two flashes 

was increased to 300 msec. Interestingly, he found that 

increasing the duration of either the first or the second 

flash independently of one another could serve to reduce 

the duration of the just noticeable dark interval. It is 

certainly not clear why increasing the duration of the 
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second flash should render the dark interval more percep

tible} especially in the light of the data concerning 

reilluminatiori of the. eye presented above, in which it was 

suggested that such reillumination inhibited the off 

response. At any rate, the upshot of the animal work 

reported in (i) and (2) and the human work presented in 

(3)» as regards the.present problem, is that the off effect 

gets "stronger" with increasing exposure to the adapting 

light. Hence, as suggested above, the duration of light 

adaptation is an important factor in determining the 

response of the eye to dark stimuli. MacLeod and Bartlett 

(195) have shown that the response latency to light 

flashes decreases as the duration of adaptation to dark 

increases. Thus adaptation, either to light or dark, is . 

a crucial factor in determining the speed of the response 

to light or dark flashes or onset or offset stimuli. If, 

as has been suggested herein, the increase in the duration 

of light adaptation in the present study, over that in the 

Pease and Sticht (1965) study, has elxicidated the fact that 

onset are faster than offset RTs with high intensity . 

stimulation, then investigations of the exact relationships 

between the degree of light (and dark) adaptation and the 

RT to light and dark stimuli are indicated. 

With the exception of Wells (1913) » RT studies have 

used onset and offset stimuli to investigate light and dark 
1 

sensations (cf. , Pieron, 1927; Jenkins, 1926; Steinnian and 
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Veniar, 1944; Steinraan, 1944; Pease and Sticht, 1965)* All 

of these studies have indicated that offset RTs are faster 

than onset RTs when low energy stimuli are used. Bloch's 

law (cf., Pieron, 1965» P» 230) states that for a constant 

visual effect the product of intensity (I) and duration of 

stimulation (t) equals some constant amount of energy (C), 

i.e., It = C. In the present study I_ was held constant and 

t_ was varied from 5)000 to 8 msec, in order to ascertain 

whether or not the relationship between RTs to light and 

dark stimuli of low 1, but long t (i.e., onset and offset 

stimuli) would be the same for a higher va3.uc of I, but 

lower values of jt. Since it was known that the It = C 

relationship holds for near threshold stimulation (Graham 

and Margaria, 1935; Karn, 1936) the present study presented 

a fairly low intensity (0.346 mL) which resulted in near 

threshold light and dark flashes when brief durations were 

used. The results showed that light flashes produced 

faster RTs than the dark flashes with the 8-12 msec, flash 

durations and 0.346 111L intensity. In the studies by Pieron 

(1927)? etc. mentioned above, the cunount of light energy 

impinging upon the eye was reduced by holding t constant 

and reducing I_ by suitable filtering, while in the current 

study light energy was reduced by holding I constant and 

reducing t^. In both cases then the total amount of energy 

was decreased. But the relationship between light and dark 

stimuli was reversed in the present study as compared to 



those mentioned above. This indicates that Bloch's law 

does not hold for the relation between foveal response 

light and dark stimulation. 



SUMMARY 

Reaction times initiated by light -flashes of dif

ferent duration-intensity combinations were compared with 

RTs instigated by interruptions (called dark flashes) of 

various durations in a prevailing light presented at three 

different intensity levels. 

The results indiccited that: (l) at high inten

sities (3,^65 111L) RTs are faster to light than to dark 

flashes and the duration of stimulation has 110 effects on 

RT; (2) with a medium intense stimulus (3 . 6 5 mL) the dif

ferences between light and dark flash RTs are reduced, and 

there is some effect of duration 011 dark flash RTs such 

that an increment in RT is observed as the duration of the 

interruption of the prevailing light stimulus is reduced to 

12 msec, and below. At this intensity level duration does 

not affect RTs to light • flashes; (3) with low intensity 

stimuli (0.3^6 111L) duration has a significant effect on 

the RTs to both light and dark flashes. Both decrease as 

the duration is increased from 8 to 84 msec., at which • 

point they tend to become asymptotic. With these brief 

durations, RTs to light flashes are faster than to dark 

flashes, but as the duration is increased these differences 

diminish until, at 84 msec., they are the.same. 

50 
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The data were described by the equation: 

T 2—j- + K , 
(log t) 

where ci is the reducible margin of RT, t_ is the duration of 

stimulation, b is a slope constant, and K is a limiting 

latency which T approaches as t becomes very large. 

The results were discussed iij, relation to light and 

dark adaptation9 reillumination of the eye when dark 

flashes are used, and the appl-icability of Bloch's law to 

the relationship between RTs to light and dark stimuli of 

low energy content. It was concluded that Bloch's law does 

not hold for this relationship established within the range 

of stimulus parameters used in the present study. 



APPENDIX I 

REACTION TIME TO DARK FLASHES WITH FIXATION POINTS 

To determine the effects of the presence of fixa

tion points with the use of dark flashes, subjects T.S. and 

B.F. reacted to the 8, 22, and 5j000 msec. duration, 0.3^6 

itiL light ancl dark flashes when the latter were presented 

with the fixation points. On each of three experimental 

days fifteen RTs were obtained, in blocks of five, for each 

flash-duration combination. The order of presentation of 

the stimuli was reversed for each S and varied so as to 

preclude order effects. For each block of five RTs, the 

median was found and used to represent that block. Nine 

blocks of five RTs were available for each stimulus 

combination and hence nine medians were obtained for each 

condition. The mean of the nine medians was computed and 

these statistics tire presented in the accompanying table. 

For comparison purposes the mean of the ten daily medians 

obtained for subjects B.F. and T.S. with light and dark 

stimuli like those used in this exploratory study (see 

Table II, page 31 in this report), when the fixation points 

were absent in the dark flash condition, are presented. 

Individual t-tests were performed on each pair of statis

tics (i.e., those representing the major experiment and 

. " 52 
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Condition Light Flash Dark Flash 

Dura
Sub tion With With Without With 
ject (msec•) F ixation F ixation Fixation F ixation 

B.F. 8 312 297 372 37^ 
22 264 246 286 277 

5,000 261 247 255 255 

T.S . 8 284 276 294 306 
22 237 233 240 245 

5,000 235 235 231 237 

those of the exploratory study) and no significant dif

ferences were obtained between dark flash RTs obtained with 

or without the fixation points. There were also no signif

icant differences between the RTs obtained with light 

flashes in the two studies, even though they were separated 

by three weeks. This indicates a good deal of stability in 

the results of the major experiment. 



APPENDIX II 

CURVE-FITTING PROCEDURES ; 

In•this study the empirical data were fitted with 

a hyperbolic function of the form 

T = r + K (1) 
(log t) 

where a represents the reducible portion of T, log t is the 

logarithm of the stimulus duration, b is a slope constant, 

and K is a limiting latency which T approaches as t becomes 

very large. The procedure involved in fitting (l) to the 

data was as follows: 

1. A plot of RT against log was prepared for each S 

and the curves obtained thereby were compared to 

curves representing various functional relations 

presented in Lewis (i960, pp. 51-130)• Several 

functions were found which seemed to describe the 

empirical data presented herein. Trial and error 

applications of these functions indicated that a 

hyperbolic function, with an added constant of the 

type 

T =' a'(log t)~b + K . (2) 

. fit the data better than others. 

5li 



Having found an equation with which to describe the 

dataj it was necessary to solve for the constants a 

and (the value of K was selected by examination 

of the plotted data for each S for each condition). 

For this solution, (2) was rearranged to represent 

the linear function 

log (T-K) = log a - b log log t (3) 

Graphing (3). for each S and condition revealed a 

satisfactory inverse linear relation between log 

(T-K) and log log t so a least squares solution for 

a_ and _b was carried out (Lewis, I960, pp. 55-6l). 

Letting log (T-K) = Y, and log log jt - X, the 

values of £i and b_ are obtained by the solution of 

normal equation.? 

IY =_bl X + Na 

IXY = b £ X2 + . a S X 

where N = the number of X and Y pairs. The. solu

tion of (A) and (5) for a^ and IJ gives, in the 

present case, a log value of a aind a negative value 

for the slope = -b. Such values were obtained for 

each S for each luminance and. for the light and 

dark stimulation conditions«. 

Taking antilogs of (3) and rearranging, the terms, as 

in (2), the RTs presented in Table III, page 36 

were calculated. 

( 4 )  

(5) 



5« The function (2) was, rearranged as (l) to indicate 

its similarity to the hyperbolic function which 

Pieron (1927) used to describe the changes in RT he 

observed when the intensity of the change in onset 

and offset stimuli was varied. 
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