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The general purpose of the present investigation is to study
the influence of spatial and temporal interaction effects in the human
visual system upon the luminance difference threshold.

In the case where there is a mutual influence of the effects
of one stimulus on the effects of another, it may be said that an
interaction exists. This mutual influence can be appraised by any
one of a number of dependent variables, as, apparent brightness or
the luminance difference threshold.

For example, investigation of the apparent brightness of a test
field in the presence of an inducing field indicates that the apparent
brightness of the test field is decreased by inducing fields whose
luminance is equal to or greater than that of the test field (Diamond,
1953; Heinemann, 1955). This depression of the apparent brightness
of the test field by a simultaneously presented inducing field is
usually called "simultaneous contrast."

Light adaptation offers an example of visual interaction between
the effects of two successlvely presented stimuli. whereas in simui-
taneous contrast the depression of the apparent brightness of a test
field occurs when both the test and inducing flelds are presented
simultaneously, in light adaptation experiments the interaction occurs
when the two stimuli are presented successively, elther to the same
or to overlapping retinal areas., Two dependent variables frenuently
studied in experiments on light adaptation are the increment threshold

(Crawford, 1947; Baker, 1949; and Battersby and Jagman, 1959), and
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the apparent brightness of a test stimulus (wWallace, 1937; Craik,
1940). In the increment threshold situation an increment of lumin-
ance is added to an already ongoing luminance at various times after
the onset of the latter (Baker, 1949). The task of the subject, in
thls case, is the detection of the luminance increment.

Baker (1949) has studied the long term changes in the incre-
ment threshold during the course of light adaptation (from five to
1000 seconds after the onset of the adapting field). <Crawford {1y47),
ABoynton and Triedman (1953), and Battersby and Wagman (1959, have ob-
tained data on the rapld risein the luminance required for threshold
detection of an increment flash during the flirst second of exposure
to the adapting field.

Studies of light adaptation using the apparent brightness of
a test field as a dependent variable {(Craik, 1940), indicate that the
affect of adapting the eye to light is to lower the apparent bright-
ness of the test field which is subsequently presented. This latter
instance, in which the apparent brightness of a second test field is
decreased by previously presenting another luminous field, has also
been called "successive contrast.,”

Another example of a visual interaction between the effects of
two successively presented stimuli is the phenomenon of retroactive
or backward masking. Crawford (1947), and subsequently Battersby and
Wagman {(1959), have demonstrated that the luminance required for a
test flash to be detected starts to increase 100 msec before a sub-
sequent conditioning fleld is presented. This increase in test field

threshold occuring before the onset of the conditioning stimulus has



been termed "backward" or "retroactive masking", while light adapta-
tion has been referred to as "forward masking" or "simultaneous
masking."1 In forward masking the stimulus presented first acts
to "mask" or decrease the effectiveness of a subisequent stimulus. In
retroactive or backward masking the sequence 1s reversed; the second
stimulus acts to reduce or "mask" the effectiveness of the first,
The retroactive effect has been found to increase with decreasing
temporal separation between the two stimuli (Crawford, 1947; Boynton
and Triedman, 1953; Battersby and wWagman, 1959).

when two fields which differ in luminance are presented to
the same retinal area in succession, a brightness difference may be
detected between the two flashes., Under such circumstances the dif-
ference in the apparent brightness of the two flelds may reflect the
effects of light adaptation and backward masking. When measured
psychophysically backward masking and light adaptation refer to changes
in the apparent brightness of a test field presented before or after
a conditioning fleld. As both light adaptation and backward masking
depend upon the temporal interval between the two flashes, it is to
be expected that the temporal separation between the two flelds will
affect the apparent brightness difference between the two fields. 1If
a luminance difference threshold were determined m the basis of judg-
ments of the relative brightness of the two fields, 1t would be ex-

pected that the luminance difference threshold would also te affected

' In this thesis simultaneous masking will not be investigated.
In simultaneous masking the presentation of both the conditioning
stimulus and test stimulus overlap in time.
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by the temporal separation between the two successively presented
fields.

The investipations cited above have addressed themselves to
the assessment of anparent brightness, and the increment difference
threshold under successive presentation conditions. It appears that
there has been no systematic investigation of the effect of varying
the temporal separation between the two suprathreshold flashes of
the same size presented successively to the same retinal area, upon
an 3's ability tv detect a difference in brightness between the two
fields.

Durup and Fessard (1938) have reviewed the literature con-
cerning "successive!" difference thresholds and have placed all the
studies done to that dateinto three general categories. The cate-
gories are based on the nature of the temporal transition between
the two flelds to be discriminated.

The first category is called by the authors the "instantaneous"
method, and corresponds to what is currently called the "increment"
method. What distinguishes this method from the others to feollow is
that the transition from one luminance to the other is abrupt, and
no dark interval intervenes between the two stimuli., This has been
a very popular method and has been used in many studies (Stiles, 1929;
1949; Battersby and Wagman, 1959).

A second method of successively presenting two stimulus fields
is withk a gradual trandticn from the first luminance tc the second,
s0 that varlous luminance gradients exist in time. This condition
has been most thoroughly studied by Drew (1937).

The third method of successively oresenting two stimuli whose



anoarent ori; htness i1s to be compared is with a dark interval inter-
vening between the two fields, This condition has not been subjected
to much systematlc analysls and appears to have been introduced by
MacDougall (1904) for making apparent brightness matches between suc-
cessively presented fields., No investigations using this method seem
to have been made using the difference threshold as the dependent
variable, It will be the purpose of the first study in the present
investigation to study the temporal interaction between two successively
presented fields between which a brightness difference is to be deter-
mined. The temporal interval separating the cessation of the first
flash and the onset of the second flash will be varied, when the two
flashes are of the same size and delivered to the same retinal area.
5ince the apparent brightness of elther a first or a second successive
flask is dependent on the I5I separating the two flashes, it is pos-
sible that the luminance difference threshold (if governed by differ-
ences in the apparent brightness between the flashes) will be a com-
plex function of the I51 rather than independent of the time between
the flashes,

Not only is the temporal separation between two successively
presented fields likely to have an effect on the luminance difference
threshold, but also studies of simultaneous contrast indicate that the
apparent brightness of the test fleld is influenced by spatially
separating the inducing field from the test field (Leibowitz, Mote,
and Thurlow, 19$53). As the measurement of a brichtness difference
threshold between the halves of a vipartite field vresents a retinal

configruration identical to the sirmultaneous contrast sltuation, it
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seems likely that spatial separations introduced between the half
fields will influence the luminance difference thresholds.

Le Grand (172373) addressed himself to the question of assessin:
the influence of spatial separations between semi.circular fields on
the precision with which judgments of brightness equality were made,
Fis findings are reviewed at a later point in this thesis, but gen-
erally he found that the precision of the judgments decreased as the
separation between the fields increased,

As Le 3rand (1933) h.s denonsirated that the difference tireshold
is alfect by varying the spatial separation between the halves of a
simultanc o7y preseated oipartite field then, of course, the VWeber
fraction as z function of luminance +ill also be di. placed due Lo spa-
tial separations between Lhe f{ielis,

™o investi-ations which have beern orincipally concerned witlh
the .eber fraction as ~» fuanction of lurinance are trose of oartlett
{19423 and Cornsueet and Pinsker (1965).

sartlett (1940) deternined & I/I versus I curves for a sicul-
taneously presented bipartite field separated by 13', usin- fixed
adaptation and virious exposure durations, These functions ascend
rapidly to an asymptotic level. Clornsweet and Pinsker (1%u%5), how=-
ever, have described a situation in wki:th they simultanecusly vre-
sented two disc-shaped fields separated by 1910' between which a
luminance difference threshold was to be determined. They obLtained
a function in Wwhich “eber's Law holds over a five lop-unit range.
woth of these functions depart {rom the curve obtained by Foni: and

Srodbtan (18290) in spite of the fact that the latter investiyators ased



a bipartite field between which a diszerimination had to be made,
Fowever, Le srand (1957} has nointed out that, "In the measurements
of Aubert {1243) and those of loniy and ‘rodhun (174}, the units of
luminance used were too uncertain to enable the value of their re-
sults to be assessed" (ng. 200). In svite of this obvious limita-
tion a comparison of the EKoniy and “rodhun results with those ob-
tained by Surtlett and Cornsweet and vinsker will be undertaken in
the discussion section of this thesis.

One of the major differences between the experimental arrange-
ment under which a difference threshold was obtained by PRartlett and
by Jornsweet and Pinsker was the spatial separation between the two
halves to be discriminated. It is possible that the differences in
the results obtained by these authors are due to the spatial separa-
tions used between the fields, and that the form of the function re-
lating the ..eber fraction to luminance depends in some way on the
svatial separation or interaction between the two simultaneously pre-
sented fields.

The purpose of the second study of ithis thesis, therefore, was
to investiiate the variations of the brightness difference threshold
as a function of variations in the spatial separations between two

simultaneously presented fields which differed in luminance.



Agparatus

A schematic diagram of the apparatus used in both experiments
is shown in Figure 1. The system1 is arranged for monocular viewing
by the right eye of the subject., The light source (3S) is a projec-
tion lamp with a horizontal ribbon filament (Westinghouse EDW TL0
SR6A). The source was run at a constant current of 17.5 amps sup-
plied by an Electro Model E Filtered DC power supply.

Lenses L1, 2, collimated the light emitted through an aperture
in the lamp housing which covered the source., The aperture was at the
height of the ribbon filament, The forward part of the ribbon fila-
ment acted as the source for channel I while the left side filament
acted as the source in channel 1II, The channels were identical except
where indicated.

The collimated light passed by an adjustatle stop (3T). The
stop could serve to block out either the right or left part of the
field leaving only one half of each field illuminated. 3Beyond the
stop, L3, 4, formed an image of ti.e filament in the plane of the neu-
tral density wedge. The mounting for this wedge included a holder for
neutral density filters. From this image filament, light passed to
the front surface mirror (M) and from there was reflected through
L6 and L7. Lens L7 formed a second image filament in the plane of a

small stop behind which was an electromagnetic shutter (SH). The

1 The system to be described had a semi-Maxwellian view since
the adapting field and stimulus fields were at different distances
from S's eye,

-G



Figure 1. Liagram of optical apparatus used in both experiments.
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exposure durations of the flashes were controlled by means of a modi-
fied Gerbrands tachistoscope timer which activated the shutter.

The rays passing through the aperture from channel I were
transmitted ant those from channel Il were reflected through a bean
splitting cube (3Sl), where both of the two beams were subseguently
superimposed ard in focus in the field lens, L8. In front of the
field lens was a diaphragm (0) which contained an openiny into which
could be inserted stops of various diameters, The characteristics
of the stops determined the size and shape of the field as seen by
the subject., The field lens, LY, then formed an imaje of the fila-
ment in the plane of the subject's pupil after the single bLean from
voth channels had been transmitted through anoterh beam splitting
cube (352) and through a 2.75 mm artificial pupil. The distance from
the field lens to S's pupil was 300 cm, L8, a telescopic achkromat,
rad a diameter of 14 cm. All other lenses were 10 diopter and 3.8
cm in diameter. [0 the side of 252 a $023' adapting field was illum-
inated at a level near the photopic threshold. This adapting field
was circular with a two-inch diameter at a distance of 30.5 cm from

the subject's eye.1

Light from this adapting field passed through

a 4,0 neutral density filter and was then reflected through 33- into

5's pupil, The adapting field consisted of a flashed opal slass

evenly 1lluminated from behind by a 40-watt bulb ron on line voltare,
3 thus had a Maxwellian view of the opening in the diaphragm

(0) which was superimposed on a fixed adapting luminance. The 3's

1 This circular opening acted as the field stop for the
adapting: fleld.
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eye was accomodated on the fixation points located above and below
the diaphragm (0) at a distance of 300 em. S sat in the dark and
s head was bheld in place by a dental impression biting board.

In the absence of the stimulus, 5's gave was directed to the dimly
1it adapting fleld., Within the field were placed two red fixation
points located one above the other. These fixaticn points were
rlaced on an imaginary vertical line above and below the field lens,
L3, and were in the plane of focus of the stimulus array. 3 was
instructed to fixate between them.

In xperiment II the stimulus arrancement consisted of a
bipartite rectancular field, each half subtending 0.5° in the verti-
cal dimension under all conditions. In the center of the bipartite
field was a septum. The widths of the septa were: (in visual angle)
30", b5ty 1t, 31, 7t, 10', 20', and 30'. All field sizes and separa-
tions were within a 2° area. Zach of these £imuli formed one condi-
tion in Experiment II. Table 1 gives the visual angle and sizes of
separations and the fields used in the study.

'he exsosure duration of each field was ket constlant at 10
asec throughout all experimental conditions while the interval between
the presentations of each of the fields was varied by changing the
setting of the timer. The arrangement was such that 5 could deliver
the stimull to himself when he felt ready by pressing a button (micro-
switch) which activated the timer and hence the electromagnetic shutter.

Wwhen monitored by a phototube and oscilloscope the rise and fall
times for the 10 msec flashes fell within 2 to 3 msec and a close

approximation to a rectangular pulse was obtained. The reliability



Table 1. Separations and total fleld slizes used
in Experiment II, All fields at a distance of 300 cm,

Size of field is glven in em and visual angles.

Size of Separation Visual Angle of Size of Total

Separation (8) in cm Total Field Field in cm
30" = .5 0.0k 10 30" 543
45" = 75 0,07 10 45 5¢3
1t 0.09 19 1t 5.3
3! 0.26 19 3 545
7! 0.61 1° 7 5.9
10! 0.87 1° 10! 6al
20! 1.75 19 20t 7.0

301 202 19 30! 79
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of repeated pulses was within *1 msec., The pulses could be set to
appear simultaneously or in succession. In bxperiment II they were
set for simultaneity,

In the experiment (II) 5 saw an adapting screen, the area upon
which the stimulus was to be flashed being marked by the fixation
points, By positioning th- adjustable sicps in eachd the channels,
the I +a I field could be made to appear either to the right or the
left while the I field aupeared on the converse side of the bipartite
field. The apparatus, then, presents to the 5 two rectangular
filelds in Experiment II which appear side by side with a black
separation of variable width separating the fields. Lither side
could be given a higher luminance than the other.

In Experiment I the arrangenent differed somewhat. The fields
were also presented to 3's right eye and in the absence of the stim-
ulus fields, fixation peints were seen on the adapting screen., In
this experiment, only one diaphragm (0) subtendiny 1° was used for
all stimulus presentations. The adjustable stop was removed from
the optical path and each of the channels could successively and
independently illuminate the stimulus arrayv. 3 saw a square field
of 1° which contained the I + o I luminance (channel I) followed,
after a preset interstimulus interval, by another field, subtending

-

o . . .
17, of luminance I throuchout its entire extent.



Procedure

1, Experiment I - Temporal Separation
In this experiment two stimuli that differed only in luminance

were presented in succession to the same area of the retina and the
S's baslc task was to report which one appeared brighter. The princi-
pal variables studied were the length of the dark interval separating
the flashes and the luminance at which the measurements were made.

The stimulil used were evenly illuminated square fields subtending
1% at S's eye., S dark adapted for 15 minutes by wearim g an eye patch
over his right eye and then looked at the adapting field for another five
mnutes, After removing the eye patch E determined a DL (difference
threshold) by the Method of Limits with an ascending and descending
series at each of four luminance levels one logarithmic unit apart from
sach other and at each of nine inter-stimulus temporal intervals (ISI).
Luring each of the daily sessions, a luminance value was haphazardly
selected by E and one ascending and one descending series of maasure-
mants were made for each of the nine inter-stimulus intervals. A ses-
sion lasted for 4% to five hours with frequent rest periods., During
each session, and for each fixed value of luminance and of ISI, two
upper and two lower threshold transitions were obtained,

E walted thirty seconds before giving S the ready signal for
re-exposure.

For each presentation of the pair of pulses, the second of the

pair was set at a standard value (one of the four luminances used) on

-14-



channel IT in the optical system and the S's task was to indicate whether
the first of the pair appeared brighter, equal, or dimmer than the
second., In order to eliminate any effects due to knowledge of the
series, E occasionally repeated a presentation and accepted the second

of the two responses if a difference existed. The step size was kept

at a constant ratio of the standard throughout the course of the first
study (25%). That is, if the standard was 700 mlam, the optimal step
size to determine the threshold was found to be 175 mlam, while for a
standard of 7.0 mlam the step size used was 1,75 mlanm,

Bach series ylelds two transition points. Each transition point
is a mean of two luminance values; (I1 + I2)R .

In a descending series for the upper transition value, I, is the
last luminance at which a "brighter" response occurred while I; is the
first luminance to which an "equal" response was given, For the lower
transition value I} is the luminance to which the first member of a
consecutive pair of "dimmer" responses was given (with the further
restriction that this be the first consecutive pair of "dimmer" re-
sponses occurring in the series). I> 1s the luminance which preceeded
1.

In an ascending serlies for the lower transition value, I1 is the
last luminance at which a "dimmer" response occurred while I2 is the
first luminance to which an "equal" response was given., For the upper
transition wilue in the ascending series, I, is the luminance to which
the first member of a consecutive ppir of "brighter” responses was given
(with the restriction that this be the first consecutive pair of
"brighter" responses occurring in the series). I 1s the luminance

which preceeded 12,
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In both studies the difference threshold (DL) was calculated
in the same way. The DL is given by:

My - Mp
2
where, M, is the mean of the upper transitions for all of the series

and Mp is the mean of the lower transitions for all of the series for
a gilven separation and luminance of the standard.

Between twenty and twenty-eight such threshold determinations
at each luminance and ISI were undertaken in Experiment I.

2, Experiment II - Spatial Separation
In Experiment II two adjustable rectangular fields differing

only in luminance and shown simultaneously were presented for 10 msec
to S's right eye. The basic task of the S was to indicate which side
appeared brighter. The principle variables studied were the width
of the spatial separation between the flelds and the luminance value
of the standard at which the measurements were made,

In this study a DL was determined using the Method of Limits
as outlined in the temporal study for five levels of luminance in
log unit setps and for eight spatial separations between the fields.
The S sat, as in the temporal study, dark adapted and with head held
in position by a dental biting board. The exposure of the stimuli
was done by S after a ready signal was given by E. S walted thirty
seconds between presentations.

In thls experiment S saw a rectangular field, the two halves of
which were illuminated. Adjustments for the various septa were made
by moving the adjustable stops which were mounted on a microscope stage.

This stage advanced in mm units in two dimensions thus allowing proper
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foeus of the stop. A razor blade was mounted on the stage. When
poroperly positioned, this blade could eliminate any portion of the
channel from view and could be precisely aligned with an edge of the
fileld.

The lighted halves were separated in space by varlous angular
subtenses, On half the trials the standard (I) was presented on the
S's left, while the variable (I +@I) field was on the right. On the
other half of the trials the situation was reversed, S was instructed
to report whether the variable field appeared brighter, equal, or
dimmer than the standard which was placed along side of it. The
orders of ascending or descending, repetition of exposure, standard
on left or right and the angular subtense of the separation between
the 0.5° halves were all randomized.

In a given session the luminance of the standard was set and
the DL was determined for each of the eight separations used. In
each session, two ascending and two descending series for each of the
elght spatial separations were run. A daily session lasted for
three to four hours and was interrupted by frequent rest periods.

A total of eight such threshold determinations was made. Each of

the series terminated when S gave two changed brighter or dimmer re-
sponses in a row. The starting point of the next series was selected
haphazardly. The optimal step size was found to be about 4% of the
standard and was kept constant at this value.

E changed the separation between the fields by inserting a pre-
made stimulus array into the diaphragm in front of the field lens. For

two values of spatial separation, two additonal sessions were carried
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out in a slightly different manner. The same procedure as before
was followed throughout, except that now E did not change the
separation in the daily session, but changed the luminance level
instead to new values. These values were also randomized. This
procedure determined directly the variation of the DL as a function
of luminance for a fixed spatial separation between the two halves

of a bipartite field.



Calibration Procedure

l., Relative Cglibrations

a, Filters

Light from one of the optical paths of the Maxwellian system was
used to illuminate a plece of milk glass and the various filters were
inserted into the path in front of the milk glass screen. Am illum-
inometer was fastened into place and repeated measurements of the lum-
inance on the milk glass screen were made with and without the filters
in place.

The density of each of the filters was given by:

D = lop 1/T where,

luminance on milk glass with filter inserted

T= luminance on milk glass without filter

As the density was already glven for the filters the transmission

was obtained by:
T = 1/antilog D x 100

and this was the value which was assessed,

Within the error of measurement the filters were found to
correspond to their nominal values and to be off by at most v,

b. Wedges

Three procedures were used to measure the variation in the density
of the wedge with angular position:

(1.) A phototube (RCA-929) corrected by a Kodak “ratten filter (No.
106) was placed in the position of the observer's eye and wedge positions

were determined for which the output of the phototube was equal to that pro-

~19m
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Auced by intervosing in the 1ight beam a series of cnlibrated neutral
farsity filtere,

(2.) The 1ight, after passing throu-h the wedre wes diffused by
a milk ¢Yass screen, The luminsnce ~¢ this screen was measired with
a Macteth I1luminometer, for a series ~f angular vositions of the wed.re,

(3.) The same optical arrangement ss (7.) was used but the lum-
inance messurements were made with a Spectra Oritehard Photometer (morel
number 1970-tR), Fipure 2 shows the Srmactra readings for sach aneular
rosition of the wedge for aesch »f the tw wedres used in the studies,
The Aesartur from linearity is almnst nen-existent,

2. _Absolute luminange Colibrations

The hasic methed used to me..siure the absnlute lumin-nce levels
was t~ measure the lum*nance ~f the adarting field with the Macbeth
I1lumincmeter and then te match visually each of the fialds used in
the exmeriments tao the acdarnting rield, The Aetsils are s follows:

The Mocbeth I1luminometer wae held securelv un agninst BS2 with
the reflected ada~ting field in view. Numercus measurerments were
made, with the nrtificiz2? puril mrver astde, of the Juminance of the
12~tine field, The mean for o larse number of Macheth settings rave
a v-Ine of the adartins field equal to 76,12 mlam when rno ilter was
ingertad in front of the scresn, For both series of studies a 4,0
neutral density filter was insert~d in front of the ada-ting field
before it entered through the artificial puril intec 3's eys. Measure-
mants made at the beginning and end of the exmeriments gave values of
76,12 mlam and AR,44 mlam resnectively. This is a difference of abent
105,

In orfer to obtain the luminance ~f the Maxwellisn fields, the



Figure 2a. Calibration of density of Wedge No. 1. Arbitrary
readings on the Spectra Pritchard Photometer for

various angular positions of Wedge No. 1.
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Figure 2b., Calibration of density of Wedge No. 2. Arbitrary
readings on the Spectra Pritchard Photometer for

various angular positions of Wedge No. 2.
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optical channels were independently matched to the adapting field,
with both fields seen through the artificial pupll., Care was taken

to ensure that the image fllaments from each of the channels completely
filled the artificial pupil., The effective pupil size was the same,
therefore, for both the Maxwellian and non-Maxwellian filelds. Care
was also taken to align the Maxwellian view so that the two channels
woere in fo2us in the plane of the artificial pupil., While no measure-
ments were made asz to the centering of the pupil, both Maxwellian
fields were well focused, and no color frignes or blurring was evi-
dent. A check on the homogeneity of the Maxwellian fields was ob-
tained by exposing each of the fields for a long period of time and
covering the field lens entirely except for a small aperture which
permitted light to pass when placed over the field lens. By moving
this aperture over the entire lens in small steps a reading of rela-
tive luminance was obtalned on the CRO. This reading showed only
minor fluctuations from posiliion to position on the lens and for

each of the fields.

Before the matches of the adapting fleld to the wedges were made
one half of the adapting field was eliminated from view by a stop so
placed that the Maxwellian field appeared in the dark adjacent to the
adapting field, With S anchored to the biting board, E moved the wedge
in small steps until S indlcated a match between the fields. A large
number of such measurements were made and a mean of the measurements
was taken as that density at which the test fields had a luminance
equal to that of the adapting field.

When a reading was obtained for each of the wedge settings which



corresponded to the adapting field luminance a check on the accuracy
of these difficult matches was made by matching each of the wedges to
the other when one was set equal to the adapting field., A large num.
ber of such matches were made throughout the study to check on the
stability of the matching judgments of wedges to the adapting field.
Since the matches of the wedges to the adapting field were very dif-
ficult to make because of the heterochromatic nature of the two fields,
an attempt was made by using neutral density filters in front of the
adapting arnd channel fields to decrease such differences. Therefore,
in order to eliminate the color differences as much as possible, all
matches between the adapting fleld and wedges and between the wedges
themselves were made at a luminance of 0.7612 mlam. All other lumin-
ance values were caloulated.

The matches of the two wedges to each other when one was set as
a standard equal to its adapting field match and the other as a variable
luminance were a little less stable. Under this condition one half of
each field was exposed such that the two fields when seen, each pro-
jected as a semi.circle, the two being adjacent and viewed for an ex-
tended period of time (until S was sure of a match). For well over 150
matches obtalned in this manner, the means of the matches always fell
within 15% of each other. Therefore, for precise values, 15% should be
allowed for in errors due to photometric settings of the wedges to
equality.

An absolute thresheld for each of the wedges was measured on
gubject MG using the Method of Limits, The threshold for wedge No, 1
was equal to 0,14 mlam and for wedge No. 2, 0.19 mlam. This is equal

to 2,66 and 3.60 trolands respectively for each of the channels. The



adaptins field, with a #4.0 neutrrl density filter inserted in front
of it was equal to 0,144 trolands and the retinal luminance ranye
covered was frou 13...3% to 137,390.58 trolands.

The pulse duration was locked into the erbrands timer at the
beginning of the study and remained the sane (10 msec) throu,hout
trhe course of both investijations. The iulses were periodically
nonitored Ty usin- a CIC and a phototube. Me asynchronies were
11so periodicall; monitored :vl e 7w Lo e relislle o within

one to two msec.



Results

I. xveriment I - [emporal Jenaration

In Ixveriment I differential brightness sensitivilty as 2 function
of luminance and teumporal separation between two 10 msec flasles 4as
investirated., The results are shouwn in Figure 3-7 and Tables 2.5,

The shortest temporal separation used (Y5msec) was chosen on
the basis of some trelininary measurements made on subject 35, [hes
measurenents chowed that at this temporal separation the 3 reported
seeing two flashes about 355 to 95 . of the tiae. All fiiures and
tables refer to subject 55 excent where indicated,

Tiare 3 showus the relationship between the UL and the temporal
separation (I5I) between the cessation of flash one and the onset of
flash two for four luminance levels separated by log unit intervals for
subject 55, In this stiudy the standard flash always came second and
2 had to indicate shether the first was brighter than, equal to or
dimmer than the second, le was instructed to say "equal" if uncertain
of his Jjudzments, All values are «<iven in log millilamberts. o at-
tempt was made to correct 3's behavior to a luminance criterion. That
is, 3 was not told when he was objectively correct,

Table 2 shows the LI obtained for each of the luminances and
for each ISI investigated.

At short I5I's, DL is large and as the 151 is increased, DL de-
creases. The smallest DL occurs between 120-180 msec 151, the exact
position of the minimum depending on the luminance level., Thereafter,
as the I5I is increased, the DL becomes larger once again. This rise

stops in the nelghtborhood of 250 msec. DBeyond 250 msec there may be

26—



Figure e
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Logarithm of the difference threshold as a function

of the inter-stimulus interval between two flashes
for four luminance values of the second standard
flash.,

All functions have been displaced from obtained
values in order to facllitate comparison as follows:
0.70 mlam decreaeed by 0.82 logarithmic units; 7
mlam decreased bty 1.32 logarithmic units; 70 mlam
decreased by 2.02 logarithmic units and 700 miam

is decreased by .2.48 logarithmic units.
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Table 2. Values of DL obtained for nine different I°I's and four Juminance
Yevels of the standard

i'nﬁﬂld::d ISI (msec)
—F Ew B b FwF
) 2T 28 21 15 19 —1y T ~ 22 I7
kd 2.1 1.5 — 2.1 ~ 0.9 1,0 1.5 I 1.2 0.8
0.7 0,21 0.9 0,19 0,17 0.21 0.8 0,09 0.8 0.1
Table 3, PSE values obtained for nine ISI's and four luminance values of the standard
Standard T8I —(maac)
in mlam 95 105 115 120 130 150 180 250 £00
R0 3¥4 LI3 115 T 382 ) T30 83 852
(VN o § i) &0 58 83 it BT e g
d 8.0 8.3 8.5 T2 T LS D
0.7 0.8  0.83 0.80 0.75 0,88 0.87 0aT5 0,35 0,75

Q-
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a decrease in the DL once again, until at ISI equal to 500 msec the
DL is about as low as that found at the first minimum. This latter
decrease, however, may have been due to variability and it may be
reasonable to assume that the function is flat after 250 msec,

The characteristics described above are general; however, the
curves obtained at different luminance levels may differ from each
other insome respects. While the exact location of the minimum as
a function of luminance could not be ascertained with any degree of
confidence, there is a strong suggestion that, as luminance decreases,
the ISI at which the minimum DL is found increases. Greater precision
in the measurements is needed to establish this.,

In Figure 4 the log of the point of subjective equality (PSE)
is plotted as & function of ISI for observer 5S. The PSE 1s defined
as the mean of the upper aml lower threshold transitions. Each of the
four curves is for a different fixed value of the luminance of the
second (standard) flash. Table 3 presents the PSE values for each
luminance of the standard and each ISI.

For the highest luminance, 700 mlam, of the second (standard)
flash, the luminance of the varlable at the PSE is always lower than
the luminance of the standard. This is commonly referred to as a cons-
tant error or, if the matches are done successively, a time error. This
time error is defined as the difference between the point of subjective
equality (PSE) and the point of objective equality (POE) or the standard,
For the highest luminance the time error is negative, and is greater
than could be attributed to calibration errors.

A negative time error impllies that in order for the first flash
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Fiiure 4. Loraritha of the PSE (mean of upprer and lower thres-
hold crossings) for four luminance values of the standard as
a function of the inter-stimulus interval. Lach of the
curves have been displaced in the coordinate system as fol-
lows: 700 mlam decreased by 1,55 logarithmic units; 70 mlam
decreased by 1.25 lozarithmic units; 7 mlam decreased by 0.5
logarithmic units; 0.7 mlam decreased by 0.3 logsarithmic
units,.

the horizontal lines indicate the logarithm of the
luminance of the standard (FCL), [he unbroken curves rep-
resent the logarithm of the PSE values for each standard.,
The broken line curves above and below the unbroken PSE
curve represent the logarithm of one standard deviation

unit above and below {he F3E.
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to appear as bright as the second, the filrst must be of lower luminance
than the second. Conversely, two flashes of equal luminance do not
look equally bright. Rather the first of the two equal luminance
flashes looks brighter than the second.

All of the PSE values at the 700 mlam level are less than the
point of objective equality (POE)., Furthermore, it appears that the
PSE is not independent of ISI. That is, up to 180 msec of ISI, the
PSE changes with changes in ISI. The nature of these changes in the
25

o
=3

as I3I increases up to 180 msec 1s complex. Beyond 180 msec the
PSE does appear to be independent of ISI. It appears, therefore, for
the 700 mlam standard that up to 180 msec ISI both the PSE and DL
change as ISI changes, whereas beyond 180 msec only the DL is affected
by changes in ISI,

Figure 4 also shows the standard deviation of the PSE values for
a given luninance and ISI (broken curves).

At a standard of 70 mlam and at lower luminances, the time
error 1s no longer negative but becomes increasingly positive.

A measure of the relationship between the DL and the SE as
a function of ISI was obtained by a rank order correlation at each
level of luminance., Table 4 shows the Rho values obtained for
subject SS.

For any given level of the standard, the DL did not vary as a
regular function of the PSE. In other words, as the PSE changed

as a function of ISI, these changes were not correlated with the changes in



Table 4, Rank order correlation between the PSE and DL at

each given luminance of the standard across ISI.

Standard Rho
700 mlam .11
70 mlam .13
7 mlam +53

0.7 mlam 77




the DL as a function of ISI. A change in ISI affect, up to a
certain point, both the PSE and DL but not necessarily in the same
direction, since both are complex functions of IS as previously
described.

As the DL function contains all of the information which
would be available in a plot of aI/I wheregI is the DL and I is
the standard, the traditional plot was not used in this study.
Division of the DL by the standard on a log DL/I plot would simply
move all of the functions down in the coordinate system by an
amount equal to the log I,

Another measure, the co-efficient of concordance, was used
as the "Weber fraction." This measure is a ratio of the DL to the
PSE and 1s presented as an additional piece of information., This
form of the fraction takes into account the time error and has
been used on occasion by previous investigators (Blackwell, 1963).
Where no time error exists the fraction is identical to the more
traditional form of the Weber fraction.

Figure 5a shows the log of the ratio of the DL to the PSE
plotted as a function of the temporal interval between the two
flashes. The parameter of the curves is the luminance of the
standard flash,

Figure 5b shows the same results for a second subject, MG,
for the 700 mlam standard. The data were divided into a first and
secord half and the Weber fraction was determined for each half
separately to check on reliability. The form of the function appears
invariant over trials and appears Mighly similar to that obtained

from subject SS.



Figure 5a. Logarithm of the Weber fraction (DL/PSE) as a
function of the inter-stimulus interval (ISI) for four
luminance values of the standard., All curves have been
disrlaced in the coordinate system as follows: 700 mlanm
is inereased by 0.03 logarithmic units; 70 mlam 1s decreased
by 0.37 logarithmic units; 7 mlam is decreased by 0.561
logarithmic units and 0.7 mlam is decreased by 0.97 log-

arithmic units.
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Figure 5b, Logarithu of the Weber fraction (DL/PSE) for subject
MG for each of nine inter-stimulus intervals using a stan-

dard flash egual to 700 mlam.
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For subject SS the general features of the functlons are
similar to those seen in Figure 3. At short IST discrimination is poor
and with increasing ISI the Weber fraction decreases to a minimum in
the region between 120 and 1808 msec and then rises once more to 250
msec, From 250 msec there is a gradual decrease until at ISI equal
to 500 msec the value of the fraction is as low or lower than that
found at the mimirmum,

The location of the mimirmum and the secondary maximum could
not be fixed precisely as a function of luminance. The consistent
features across luminance were:

1. A sharp decrease in log DL/PSE to a minimum between 120-180 mseec,

2. A maximum (secondary) which followed the mimimum,

3. A gradual tapering off to a value at 500 msec which equaled
approximately, the value obtalned at the minimum,

The third feature may, however, arise from varlability of the
Judgments. The positions of the maximum and minimum were different
for the different lumi..ances used.

The curve for subject MG demonstrated the same general feature
for the 700 mlam standard, A decrease to a minimum was observed at
115 msec with a rise at 150 msec. Subject MG did not display the same
affect as SS at the end portion of the curve.

A third degree polynomial was fitted to the data of 55 using a
method of least squares, and a criterion that the smallest exponent
account for the greater portion of the varlance. A test of significance
was made for deviations from regression for each component order individ-
ually and inclusive of each component order for each of the equations.
Table 5 gives the summary analysis of variance and the regression equation

for each function, Figure 6 shows a fit of the regression line and the



Table 5. Analysis ef Variance and Regressien Fquatiens fer the

3rd degree polynomial equation fitted to each of the

funetions,

a. Analysis of Variance

Sum of ¥ of Total

Source df Squares Variance F
Linear 1
700 057226 629 » < .01
70 067870 672 p < 01
0070 » .Olt?lés 3& P ¢ .OS
Quadratic 1
700 «003992 h.3? NS
70 «001946 17 NS
7 +0M13I56 17 NS
0.70 »0104L0l Ved NS
Cubie 1
T00 010921 11, % R3
70 021371 raks P < 025
T .000539 . NS
0.70 L0214 7h 17 NS

Deviations fron
Regression s

700 019969
70 009,01

7 066189
0,70 Oh8731

Total 8

700 092103
70 «100589

7 2110328

0,70 «12777h




Table 5 (Continued)

b. Regression Equations

Standard Regression Equations
200 log ¥ = 707199 - .011685142X +
.000045487483X2 - ,00000005287%°
70 log Y = .55740333 ~ LO15427026X +
.000062435799X2 ~ ,000000073841090X°
7 log Y = 46148573 - :00%:250089X +
.0000107286X2 - .000000011733556X3
0.7 log ¥ = 51496927 - .016276141X +

.000064149617X2 - ,00000007401 7128X7




obtained values about the regression line.

While a test of significance of each component indicated that
a cubic order polynomial was significant for only the 70 mlam standard
(p £.025) it should be pointed out that when all three degrees inclus-
ive were considered (linear, quadratic and cubic) a large part of the
variance was thereby explained. Thus, for the 700 mlam standard, the
cubic order accounted for only 12% of the total variance by itself
but when considered inclusive with the two previous orders it accounted
for 78.1% of the total variance. Similarly for the 70 mlam standard,
21% was accounted for by the cubic component alone but 85% of the total
variance was explained when the linear, quadratic and cubic orders were
taken together. The 7 mlam function accounted for 49% of total variance
when all three were taken together and 60% of the total variance was ex-
plained through the cubic order for the 0.7 mlam standard,.

As can be seen from Figure 6, the fits to the data points by a
third degree polynomial are very good in spite of the indicated non-
significan¢e., In one case, 7 miam, perhaps a quartic or higher order
function would have fitted better but since three of the four functions
were well fit with a third degree to a least square criterion, this de-
gree of polynomial was settled upon.

While the exact location of the minimum cannot be ascertained,
the fitted functions ali appear to have a secondary maximum at approx-
imately 250 msec, There is some suggestion of a more pronounced minimum
as luminance increases. In tle Titted funcitions the minimum is approx-
imately the same for all curves, being at 180 msec.

The quantity log DL/PSE represents the combined effects of variation



Figure 6, Logarithm of the Weber fraction as a function of
inter-stimulus interval (ISI) for four luminance values of
the standard fitted by a third degree polynomial equation

Vs

(% = a+ bX + cX° + dXB). Plotted points are empirical

values. Curves have all been displaced as in Figure 5a.
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in PSE and DL for ISI values up to 180 msec, and the effects of vari-
ation in DL alone beyond 180 msec for the highest luminance. For the
lower luminances, as the PSE is equal to the POE, within the limits of
calibration errors, the variation in the function is due entirely to
changes in the DL (e.g., minor variations in PSE change the function
somewhat, but only slightly). Therefore, the secondary maximum found
at 250 msec and the gradual decrease of the fraction to a2 minimal value
at 500 msec are due to factors influencing the DL rather than to vari-
ations inthe PSE at ISI more than 180 msec for the 700 mlam standard.
At ISI less than 180 msec, even though the I'SE is not independent of
ISI, a comparison of Figures 3 and 4 indicates that the greater portion
of the effect (i.e., minimum) is due to a decrease in the DL rather
than to changes in PSE.

Figure 7 shows the log DL/PSE plotted against log I. The parameter
of the curves 1s I5I. The crosses represent values read from the fitted
curves; the circles are the empirical points. As can be seen here also,
the cublc order polynomial gives a good fit to the empirical points,

All the functions show a very slight decregse in Weber's fraction
to a2 minimum at 7 mlam except at an ISI of 150 msec. At 150 msec and
perhaps at 180 msec the function shows no decrease and only a slight
rise at the higher levels of luminance. This trend is the same for
115 msec, 105 msec, and 120 msec, except for the fact that the rises
and falls become more gradual. It stould be pointed out that all of the
functions are relatively horizontal as all of the variation between the
values fall within 1/10 of a log unit. Within thls 1/10 of a log
unit, Weber's Law is obtained for the luminance range investigated for

all ISI's.



Figure 7. Logarithm of the Weber fraction (UL/PSE) as a function
of luminance of the standard for nine inter-stimulus intervals
(ISI). All functions have been displaced in the coordinate
system to facilitate comparison. The displacements are:

95 msec decreased by 0.09 logarithmic units; 105 msec is
increased by 0.45 logarithmic units; 115 msec increased by
0.82 logarithmic units; 120 msec increased by 1.24 logarith-
mic units; 130 msec increased by 1.5 logarithmic units; 150
msec increased by 2.02 logarithmic units; 180 msec increased
by 2.72 logarithmic units; 250 msec increased by 2.87 loga-
ritlmic units and 500 msec is increased by 3.44 logarithmic

units.
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2. Experiment I1 - Spatial Separation

In Experiment II the spatial separation between two simul tane-
ously presented 10 msec flashes was varled and the DL and PSE were
determined over a four log unit range of photopic intensities (.7 to
7000 mlam).

Figure 8 shows the relationship between the log DL and angular
separation (@) between the fields. The parameter of the curves is
the luminance of the standard to which the variable was compared in
brightness. All values are given in millilamberts. Table © presents
the DL values obtained for all luminance values of the standard at
each value of 8.

It is apparent frcm inspection of the functions that the DL is
smallest at very small separations (30"). As the separation between
the fields is increased, the DL (in log units) rapidly increases and
with further increases in separation beyond about 10' there is little
further change in the DL.

The rate of rise in the DL does not appear to be directly related
to luminance, but there is a suggestion that the value at which the
function first begins to show little further change in DL with increases
in separation may be related to luminance.,

For the three highest luminances there appears to be, between
7' to 10' an "overshoot" in the DL before it settles down to a rela-
tively steady level. This "overshoot" is not, har ever, found at the
lower luminances and may simply reflect variability.

For the 7000 mlam standard the difference threshold is doubled at
a separation of 1' as compared to that at 30", while at a2 separation of

3" it is more than quadrupled and is more than five times as great at

43
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Fipure 8, Lozarithm of the difference threshold as a funetion
of anrular separation between the halves of a bipartite
field for five luminance values of the standard. All
curves have been displaced in the coordinate system as
follows: (,7 mlan 1s decreased by 0,730 locarithmic units;
7 mlam decreased by 1.00 logarithmic units; 70 mlam de-
creased by 1.48 logarithmic units; 700 mlam is decreased
by 2.6 lorarithmic units and 7000 nlam is decreased by

3.00 logarithmic units.
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Table 6. DL values obtained at five luminance levels of the standard and
at eight different anguiar separations belween Uhe {ields.
Standard >
30" s 1! 3! 7 10! 20! 30!
7000 219 in L92 891 1031 906 813 969
700 8.4 1.9 31.3 h8.h A5.9 106.3 82.8 Rl b
70 1.1 3.3 L.l 6.9 8.8 6.3 7.2 843
&
v
7 0.16 0,31 0.1 0.50 0.73 0.80 1,23 1.i3
0.7 0,02 0,03 0,05 0,07 0,08 0.09 0.09 1.
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7'+ With separation greater than 10! of arc at this luminance, there
are no further changes in DL,

The 700 mlam function exhlbited the most marked threshold
changes in the DL as a function of spatial separation. Between 30" and
1' the DL is quadrupled. Beyond 10' separation, the DL remained at a
level ten times as high as at 30%,

Exactly where asymptote was reached as a function of luminance
could not be ascertained from these data, although, it can be stated
that beyond 3'-7! nmost of the change in the DL has already taken place
no matter what the level of luminance,

Figure 9 shows PSE in log millilamberts as a function of 8 for
various luminance levels of the standard., Log PSE is independent of
separation; the functions are all horizontal, All of the functions
fall within the limits of eur calibration error of #15% and can be
considered as objectively equal to the standard. Table 7 presents
PSE values for all luminance values of the standard at each value of 8.

Table 8 presents a summary of the analysis of variance done
on the log DL/PSE data as a function of luminance and separation. Five
luminances versus the four largest separations (7' to 30') were sub-
Jected to an F-test. The obtained F for both the luminance and lume
inance x separation interaction were found to be highly significant
(p £.001). The F obtained for the separations was not found to be
significant at the 20% level of confidence. Thus, beyond 7' the
effect of separation between the two flelds was not significant, i.e.,
the functions are horizontal lines. On the other hand, for any given
value of angular separation, values of the log DL/PSE vary significantly
with luminance. This implies that Weber's Law does not hold within

the range of separations subjected to analysis (7' through 30'),



Figure 9. Logarithm of the PSE values obtained at each of five
luminamnces of the standard and for ezch of eight angles of
separation between the halves of a bipartite field. The PSE
is the mean of the upper and lower threshold crossings using
the Method of Limits, Horizontal lines indicate the value at
which matches must be made in order to be objectively equal

to the luminance of the standard.
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Table 7. PSE values obtained at eight different angular separations between

The Tields for five different levels of luminance of the standard

——

[-3
Standard

IO LEw 1t 3t A 10 20" 301

7000 7375 6672 779 6734 c719 219 £/75 6281
700 635 63l 633 628 611 663 627 606
70 65.8 73.3 69,4 69.1 66.3 72.5 61,6 Th,."

7 T 7.5 7.4 7.4 s Te2 7.6 7.4
0.7 0.77 0.7% 0.67 0.7} 0,7C 0,7% 0,7C 0,77

gt~



Table 8. Analysis of Varlance Summary Table for

Experiment II.

Sum of Mean
Source df Squares Square F
Luminance (C) 4 . 5169 L1292 *10.01 (px.001)
Separations (R) 3 .0356 0119 .91 NS
(pe 20%)

(Cells) (19) {1.9852)
Luminance X Sep- 12 1.4327 1192 *9,23 (p<¢ .001)
aratlo.. interac-

ticns (R x C)
Within Cells 140 1.8109 0129

Variance

Total 159 3. 7961

* Indicates significance



The significant interaction between luminance and separation
implies that at different separations different log DL/PSE versus
luminance functions will be obtained.

These results are illustrated in the derived functions shown
in Figure 10, The parameter on these curves is & and the plot is
one of log DL/PSE against log I. The functions demonstrate a sys-
tematic order up to 7' beyond which their placement in the coordinate
system is overlapped. In Figure 10 all functions up to and inclusive
of 7' are in their proper (i.e., actual ) locations.

For the four smallest separations used, the function deseends
to a minimum at 700 mlam. For the four larger separations this min-
imum 1s shifted to 70 mlam and the extent of the decline is reduced.
For all functions log DL/PSE is highest at the highest luminance level.
Comparison of the DL at high luminances for closely spaced versus widely
spaced photometric fields indicates that the DL is smaller the closer
the two flelds lle to éach other, This trend is found for all levels
of luminance; the closer the flelds, the smaller the DL,

While the functions obtained with a small separation between the
halves show the smallest DL at all luminance levels, the 30" curve in
particular, shows the greatest degree of departure from Weber's Law,
The function is similar to that obtained by other investigators using
a varlety of other methods (Hecht, 193 ; Craik, 1938; etc.) if the lum-
inance range is taken into consideration. Another feature of the func-
tlons taken together is a progressive flattening as the separation is

increased. At 20' and 30' the curvature 1s much less marked than at 30%,



Figure 10. The logarithm of the Weber fraction (DL/PSE) as a
function of luminance of the standard for eight spatial sep-
arations between a blipartite field. All functions are i1n their
proper placesient in the coordinate system except for the top
three. The 10' curve has been displaced upward bty 0.3 loga-
rithmic units; 20' by 0.4 logarithmic units and 30' by 0.5

logarithmic units.
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It is also apparent that the shapes of the functions beyond 7', while
roughly comparable, do exhibit differences, At 7' there is a marked
increasing trend with increasing luminance, while at 20' and 30' this
increase 1s no longer so apparent. Generally, the functions are or-
dered in reference to both sensitivity (placement in the coordinate sys-
tem) and general shape (from marked curvature towards a relatively hor-
izontal trend).

It has already been stated in the procedure section, that in
Experiment I1 in each daily session a luminance value was fixed and the
0L determined for each different 8. Since one object of the study was
to obtain derived functions of log LL/PSE versus log I, each of two sep-
arations were set and the DL was determined for each of five luminance
levels of the standard. Figure 11 compares the functions obtained for
two separations obtained in these two different ways. The lower curve
indicated by "across 8" was obtalned by setting a luminance level and
making measurements at different values of spatial separation. When this
was done for the five levels of luminance used in the study, the & value
of interest was selected and the fraction plotted. The curve "across I"
was obtained by setting a 8 = 30" and changing the luminance, Measure-
ments were made over a four day period changing the luminance rather
than the separation. Comparison of these two curves shows a marked sim-
ilarity of the general trend. Each of the curves decreases to a mini-
mum and then shows a rise again, The same procedure was followed for
® = 30' ylelding the top two functions. Again, the shapes are compar-
able although there are some differences. These differences are most
likely due to day-to-day variability in sensitlivity as well as criter-

ion effectsdme to the method of obtalning the data.



Figure 11. Comparison of the logarithm of the Weber fraction
(DL/PSE) obtained by two different methods of collecting the
data for each of five luminance values of the standard. The
curve obtained "across I" indicates that in each daily session,
an angular separation was set between the halves of the bipar-
tite field, and the lwrinance of the standard was changed.
Values obtained "across 8" indicate that in each dally session,
the luminance value of the standard was set, and the logarithm

of DL/PSE was obtained for the various © values used in the ex-

periment.
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Figure 12 shows the effect of spatial and temporal separation
between the fields on log UL/PSE versus log I for two levels of sep-
aration. The separations chosen were small and large, temporal and
spatial separations. In the lowest two curves a 95 msec temporal
separation is compared to a 30" spatial separation. The 95 msec curve
has been arbitrarily lowered in the coordinate system to facilitate
comparison. The initial segments (from .7 to 7 mlam) of the two func-
tions are identical insofar as their shape is concerned. Beyond this
initial portion the functions appear entirely different. Wwhile the
spatial function contimies to decrease (sensitivity increases) to a
ninimim at 700 mlam, the temporal function exhiblts poorer sensitivity
at intermediate luminances. After 700 mlam the spatial curve rises and
sensitivity becomes poor once again, although, never as poor as for the
temporal situation, After reaching a maximum sensitivity at ? mlam, the
temporal function rises to an asymptotic level. With a small spatial
separation, however, sensitivity continues to improve over a three log
unit range and only at the highest luminance level does it become poor
again.

The second set of curves are those obtained for a wide temporal
and spatial separation. FKere a 30' spatial separation was compared with
a 500 msec temporal separation., The curves are roughly comparable in
shape. The spatial function is leading the temporal function by one
log unit. That is, if the temporal function had all of its values of
log DL/PSE shifted up to the right, the two curves would be identical
in shape. It appears that to a first approximation the form of the

function is the same for large temporal and spatial separations. Wwhile



Figure 12, Comparison of the log Weber fraction obtained at
each value of the standard for narrow (30", G5 msec) and
wide (500 msec; 30") temporal and spatial separations be-
tween the fields to be discriminated. 1ISI refers to inter-
stimulus interval; 6 refers to the angular subtense of the
septum between the halves of the bipartite field. The en-
tire curve for 131 = 35 msec has been lowered by 0.97 log-
arithmic units in the coordinate system to facilitate com-

parison.
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the temporal curve shows a decrease at 7 mlam, this decrease is
shifted to 70 miam in the spatial situation. After the minimum
is attained for both functions there is a subseguent rise, but

these differences may be due to variability.

L



Discussion

1, Experiment I - Temporal 3Separation

tlo investications comparable to the present study appear to have
been previously made. Although many investigators have been concerned
with the temporal variable in vision, nonre have systematically varied
tle 151 ns a varareter while noting its effects on luminance difference
Judgments between successively presented superimposed suprathreshold
fields having no spatial overlap. It was found that the effect of in-
serting a varlable dark interval bLetween two fields on the luminance
difference threshold is complex. Fipgure 3 illustrates the precise
nature of this effect. It has already been indicated that the curve
has at least two changes of direction. This complexity of form has im-
mediate consequences for any interpretation of the data based on nsycho-
physically determnined effects which are monotonic functions of time
such as light adaptation (forward maskin:) and backward masking.

Psychovhysically determined effects can be distinpuished fronm
various nrocesses which may underlie these effects., For examnle,
the phenomenen of lirht adantation may be understood in at least
two ways. It may be understood as a photoclemical and neural rro-
cess. It may nlso be understood psychophysically as changes in the
apparent brishtness jud,mments of the secordd of two successively nre-
sented flashes or on the basis of changes in the luminance required
to detect a flash which follows an adapting luminance at various
times., Thls same relationship between "process" and "psychophysically
determined effects" also applies to the phenomenon of backward masking.

tereas the study of forward maskin;y is usually concerned with
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the detection or the assessment of the apparent bripghtness of the
second of two flashes wresented successively, the study of backward
maskin: 1s concerned with the detection of the first field when fol-
lowed in time by another luminous field. Unfortunately, there ap-
rears to have been no investigations of the apnarent brightness of
the first flach when followed by another luwminous field, tather,
the study of backward masking has been restricted to the situation
where increments in luminance are to be detected., It shoull be
stressed that although the wsyclophysical functions obtained for
either forward or backward masking are monotonic, the various phys-
iolorical nrocesses resultine in such effects may be riore complex,
The nresent analysis will be restricted to the "psychophysical"
definition of these effects and will not deal with physiological
nrocesses, As any single monotonic psychophysical function cannot
account for the nature of the results obtained, the question arises
8s to whether such a complex function as was obtained in the present
study may be constructed out of the interaction of two different
monotonic functions of ISI, It iva well documented fact in both
vision and hearing that a stirmlus can act both "backward" and "for-
ward" in time and influence the detection or brightness of another
stirmulus (Wallace, 1937; Craik, 1938, 1940; Crawford, 1947; haker,
1949; Battersby and Wagman, 1959, 1964). The former effect has
been called "backward masking" while the latter has been referred
to as "forward masking" or "licht adaptation.," Each of these psycho-
physical effects have been showmn to be a different monotonic func-

tior of the tire betuween the two sti:mli. TL 1- wor 100¢, tocever,



-5)-

that the interaction between both of these psychophysical effects
was operative in the present exveriments and is, in part, responsible
for the complex non-monotonic nature of the results.

Two ceneral types of arrangement in which forward masking
has been investigated have used the detection of an increment (Battersby
and Jagman, 1959; 1964) and apparent brightness (..allace, 1937, Craik,
1933, 1940) as the dependent variables.

In the increment situation an increment is added to an already
onpoing lurminance and the task of the subject is to detect the pres-
ence of the increment. As no clear relationship exists between the
detection of increments and the comparison of the brightnesses of
successively nresented fields, no predictions to the present results
can be made for the data obtained using the increment method. This
arjument also applies to backward masking data obtained by the incre-
rent method.

Other investipators of forward maskin;; have used apparent
Lrightness as the devendent variable (.;allace, 1937; Craik, 1940).
These investigations indicate that the effect of adapting the eye
to lizht is to lower the apparent briphtness of a field which is
subsequently presented. In these studies, the brightness of the
fields was assessed by matching a comparison field in one eye to
a test field in the other eye. They appear to offer a basis for
comparison to the present set of results, insofar as the task of
brightness assessment in the present study was similar to the pre-
vious investigations, These comparisons, however, cannot be pursued

too far as nredictions based on the above results lead to the con-
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struction of monotonic functions. iielther forward nor backward
maskings effects, in and of themselves, are sufficient to account
for the nresent set of results.

Tt should be remembered that the subject was instructed to
assess the brightness difference between the two fields and on the
tasis of his judements a Luriinance difference tlreshold was obtained.
It kas already been indicatei that the ovresent results may arice from

an interaction betueen formrd and backward raskin: effects, A-s

i

both
oocicvard and forward nasiiding when psycloolysizally easured refer

to the asparent brichiness of the first and second flashe. respec-
tively, 1t 2o cossible that the luminance difference thresholl oy

Le related 10 oo e oy to A oo Lothe op ooarent Leiochtoesses of

the two Tlelds, Ia order Lo best —valunte the selationship betocen
© annareat bLri,bhiness of the fields and tle lu-dlunaco

irerence tiresiold anoelirierl anoponc! A0 aecerosns,

T owier to evalunte Ltie vooarent bri Ltness of o test [ield
1 oconenrizon uarninanze rresanted Lo one ave vy be adiusted to

Mmeasure the avoarent Lrichtness of the test field wresented *o

the other cye (Ciamond, 173759). ks nethod avolis the difficulties

Inkercat in Jresentin: Lotl the seasuring instrucent and Lens field

to the sane eye (lieinemann, 195%). It is alse distincuished froo

various tyves of scaling methods used to neasure avpnrent bripjitness

a5 the operations involved in bott. tynes of nethods are very different.
In the rresent study o lwidnance difference threshold wac

deter.dned between two successively nresented flacshkes of Lichi.

The two flashes were zeparated bya variatle dark interval {(ISI) and

L

the tashk of the subject wos to ke a Lri-htness assessment of the



-1~

tvo fielus. Tt 15 oosqible, under these came exierinental comdi.

tions, to make anparent brishtness mensuraments of each of the two

successive flashes s o Danction of the luminance of eact flash an
the I.I between Lhe flnshes,  [hese (easurencnts are possible only
if the ISI separatin: the two flashes 1s long enourh so ns to
enable the subject to see two discrete flashes of 1ihi., lhese
latter measurenments, however, werenot made in the rresent investi-
~ation and what follows welow is the outcome of a hypothetical ex-
seriment in which both luminance difference and apparent bri;htness
Jud:-'ments are made by tle same observer., [he purpose of such on
analysis will be to show hor the relationshiy between aunarent
brir-htness and the luminance difference threshold can be assessed,
vihile the luminance difference threshold is obtainable by
the same urocedures as have been detailed in the present inventi-
cation, the method of nreasurin: thke anparent Lrichtness of the flashes
requires considerable explanation. In order to measure the luminance
difference threshold the second of two successive flashes was set at
a standard luminance vaiue (700ml) and the luminance of the first
flash was varied in small luminance steps arocund the value of the
standard. [he first flash was designated the variable and the second
was called the standard.

Jdhen apparent brightness measurements are to be made the
comparison field, ziven to the left eye, must be placed binocularly
adjacent to the test field delivered to the richt eye. If both the
comparison and test fields are presented to homotopic retinal areas,

fusion of the fields occurs and the measurements can not be nnde.



If the se;ond (standard) flash is set at a fixed luminance
value (e.z, 700ml), the apparent brightness of the first flash can
be measured (by a binocular bri-htness match) for the various fixed
luminances of the first flash used previously to obtain the luminance
difference threshold. These apparent brirhtness measurements can be
made for all IST at which the luminance difference threshold is de-
termined. In this way a family of avparent bri-htness curves for
each luminance of the {irst flash in the resence of a second fixed
luminance flash es a function of the ISI can be obtained. 1In the
same rmnanner, a family of apparent brightness curves of the second
flash for different luminance values of the second flash in the nres-
ence of a fixed luminance of the first flash at different 151 may be

determined,

Tiure 13

ey il i

(Apparent Brightness)

LUMINANCE OF COMPARISON FIELD (mLam)

100

INTRRSTIMULUS INTFRVAL (Maaec)
Figure 13 shows a hypothetical set of such functions. For

the family of first flash apnarent brishtness curves the parameter

on the curves is the luninance of the first flash while the in the
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luminance of the second flash while in the nresence of a fixed
luminance first flash. This family is indicated by the broken line
curves. [he ordinate is the luminance of the couparison field in
millilamberts which is defined here as the apparent briphtness of
the test field under consideration. In order to simlify the nres-
entation the present analysis will use a lypothetical family of
apparent brichtness curves for the first flash and only one apparent
brightness curve for the second flash, T[ke remaining; members of the
family of second flash apparent bri-htness curves will be introduced

at a later point in the discussion.
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The smacin- between eact of the first flash apparent brirhtness curves
at any .:iven T.] apvears to have implications for theoretical nosi-
tions concerned with the relationchis betueen apparent brirhinesc
and luridnance. If it i35 nssumed that a power law describes the re-
lationshin between apparent brightness and lunincnew, ruch a function
could be fit to determine the spacing between eacl. of the apparent
brightness curves. 1In order to accomplish this, Frowever, relevant
infornation would ke required comcernin;; the relationship betwuscen the
exponent of the ;ower [function and the I5I. The apparent bri-htness
curves vhich are presented in ©i,ure 14 would reguire that the expo-
nent vary a5 a function of the I5I., Indeed, at lar:e 131 where the
curves are asynptotic, z constant exponent would be required, while
at the shorter I5I a power function could not be apnlied unless it
was knovn how the exponent varled with changes in I5I. At the present
tine this information is unknown. The spacing used between each of
the apmarent brightness curves is trerefore, arbitrary and has been
chosen to faclilitate interpolation between the curves. It can equally
well be assumed that the top and bottor apparent brightness curves
set the limit of a range and that the intervening area rerresents
a so0lid block of apparent brightness curves each bein: obtained for
a different luminance value of the first flash,

One lypothesis which may be put forward is that a constant

difference in apparent brightness (in mlam) between the two flashes

is required for a difference to be detected for a particular lu~rinance
of the standard, It should be ncted that this hypothesis is quite

different from that advocated by Fechner, os here, the relevant var-
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isble determing apperent brightness is the T7I and nnt Tuminanc=

since the luminances of bhoth fields are held constanil., 1T the Jurther

agsumption thst anparent brighineas is directly related to neural

effect is prorcsed, the hyncthesis of a constant difference in an-

narent brighiness is o-e which has nreviously been attribule? tn

Crorier (Morgan, 1943). This hiucthesis siates that in order fer a

+

difference

‘o be detected a constant diff=rences in neural affect is

required alocve or below the marnjtude of the neural effect elicited

by the standard intensity. 7t i= not, however, the intent

of the

nronosed analysis to test various hrnotheses, Rather, the empirical

nature .f the relationshin between arnarent brighiness and

differ=:ce threshcld is sought.

the "uminance

ne mossible outcome of sicll an exneriment =wav ha tat a3

censtant difference in a3 asrent btrirht ess hetieen *he -

flrghes

is required for a Aif{=rence to be delectead, ™.& liminance diffareance

between the first and second flashes requir~? to vield an-

anparert

brightnees Aifference h=tween ‘he fie@lcds can be cbrained b ertting

4

across the cirves in Figure 1 in a particuler wav, That

is, for anv

Ziven IFI the difference in luminance between the sercnd flash rcurva

of

f aprarent brishtress and a constant Aifferencs in arnarent bricht-

ness altove this curve will intersect one of thas family of Cirst flas

arparent brightness curves, FEach of these arnarent brightness curves

has a giver luminarce valuve., The differerce Latwean the

is the stimulus luminance difference required to vield a cons

difference in arrarent brightre:-s between the {lachee, Thiae ic

treted in bipure 1.,

i, . . .
a conztant differance in arparent brightness arove (he

Ywo Tuminances

tant

iTIuea

m Y - s
The height of the “roken line cipve ranpresents

gmarent brichie
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ness curve for the second flash. Ihe constant difference in appar-
ent brishtness is then indicated by the difference between the broken
Iline curve and the s0lid curve of apparent brishtness for the second
flashe The luminance difference required *to yield this constant
apparent brightness difference is 7iven, at each I5I, by the inter-
section of the broken line curve wit! each of the first flash apparent
brizhtness curves. 43necifically, the luminance difference ic *iven

by that luminance of the first flash uhich yields the apparent

bri -htness value obtained nt the intersectlon :dnus the lurdnance

of the second flasli (the latter alwry~ beirn a fixed value), Ihe
resultin: values yield a curve of the lwinance ditflerence as a func-
tion 0oi the I3 similar in shape to the one obbtainel in the sresent

study (Sce Fil-ures 3 and 12).
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It vy, hovrever, Le inasoropriate to assume that o constant
1ifference in ~ rvoarent brighitness is requlred for a lifference to b
etected, nad the aucnlion ooy pulte sensiilly we coverood, Dhat o,

e lw.inaier wilfecence between tin flasies reidire (o sield a

detectalle a ~orent bri-tt-e-~ 1f7crenars Lo clven oy the difference
Botireen the Lo dnanes o0 Lo occcoia Tlosh o and the lundnncvces of the
Sirst Slagh b oayy civen I0I.0 therelove, if Lusinanze JiTTorenaon

SUt emtn rre auie ol AT e verarent Ll ctioess oLelbottonc Dor

Ve [lo e v oaLbadoaas Tt 1o consitle Lo Geteriiae leiler o oconotant
Jifference or ary ostier feature of aonrent brijhiness 1s relnated to

N

the lwicinance Jdifference tlhreclhold. i order to nake this evalusiion

"

fordlies of aomarent brighitness curves for botl the first znd

t
s

segond flashes no wvell as the ludnance difference jud,nenis at each

121 are re uired,

.

Fiare 13 1tlustrates both farilies of ayvoarent uri hiness curves,

At any _lven I5I the luminance difference juirment defines the aynarent
uri;htnesc curve of the second (standord) flash above thich the lwiin-
ance difference betireen the two [lashes 1s to Le added, or exanmule,
let it be assuaned that when the first flash is equal to 773001 and the
second e:ual to 700m1 a lwdnance Jifference is detected at an 12T of
105 msec., The narticular apnarent Lrichtnesc curve of the second

flash to which the luminance difference is to be added (30 1) is the
curve obtained when the first flash is fixed at 730 1l and the second
at 700 ml, At an I5I equal to 1075 asec 30 ml is added to this partice-
ular apparent brightness curve. If this procedure is repented for nll

the detectable luminance differences obtained at each TSI it is pos-
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sible to determine the relationshin between the lundnance difference
threshold and apparent brichtness empirically. iy using this method
it can be determined whether a constant difference in apparent bright-
ness i required for detection or whether apparent bripghtness is
dependent in some way upon the I53I. In order to properly evaluate

the results of the wvresent study this information is required,

~e Bxperiment II - Spatial Jeparation

The study most directly comparable to Experiment II is one by
Le 3Jrand (1933) in which he investirated the nrecision with which
equality judrments were made in visual photometry. lie investigated
four different methods of obtaining photometric measurements, but
we shall be concerned here with only the one having direct bearing
on the present study, namely, semi-circular fields having lines of
separation of variable width between them,

The visual angle of the separations between these semi-circles
varied from O' to 30', Therefore, Le Grand's study was mainly con-
cerned with the effects of these areas and separations in the veriph-
eral retina using less than one loy unit of monochromatic radiation.
The current study was restricted to monocular foveal vision,

The function obtlained by Le Grand is most directly comparable
to the 70 mlam function obtained in the present set of results although
the differences in stimulation circumstances are obvious. In the
oresent study white light from a tungsten filament source was usel.

In spite of differences in method of measurement, stimulation
techniques, nature of the source of radiant energy, retinal location

and observer individual differences, the similarity of the obtained
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functions is marked.

Le Grand's results show that the thresheld is doubled if there
is a line of separation with a width of 3' and it is quadrupled if the
line of separation is 30' for this 10° field on a dark background.
Above 1' and up to 30' for this 10° field sensitivity remains almost
constant. Therefore, above 1'-3' the line of separation hardly in-
fluences sensitivity. For a separation ol ‘e thnw UV sensitivity
is found Lo v pronlest,  Te Srand also found that the smaller the
field size used, the greater is the sensitivity.

i/hile the ¢ neral trend of Le Grand's function is very similar
to that obtained in ihe current study, there were some obvious differ-
ences between the two sets of results, These differences probably
arise from the differences in the two methods and the other differ-
ences already indicated above,

The rates of increase of threshold with increases in separation
were found to be much greater in the present study at luminances com-
parable to Le “rand's. The latter shows that the threshold is doubled
with 2 line of separation of 3'; the present study shows a change of
seven times the lowest threshold value. An explanation for this may
lie in the faet that sensitivity improves with decreasing field size,
as shown by Le Grand. The field s5ice used in the current study was
at nost, 2° while Le Grand's was 10°, In addition, as alrendy
nointed out, our fields were foveal while Le Grand's vere peripheral,
(e difference between foveal and peripheral luminance difference
sensitivity imny also Le reflected in the rate of threshold rise with

separation, Since a greater deg-ce of coivergence of receptor ele-



ments onto a single neuron has been found in the peripheral retina,
it 1s vossible that n greater depree of spatial interaction cccurred
with periphernal stimulil whicl served to enhance lumdnance difference
sensitivity in Le CGrand's study. lowever, it is difficult to nake
any comparisons between the two sets of results because of the dJdif-
ferencez in stimulating conditions. It may be, therefore, worthshile
to investigate the effect of retinal location on lwminance difference
censitivity when the test fields are spatlally separated fron one
another in order to clarify this issue, The general finding of a
minimal separation beyond whichk threshold for differences hardly
changes is cormon to both sets of results.

Three other studies which apnear directly relevant to the
study undertaken here are those of Koniy and Rrodhun (1888, after
Hfecht, 1934), Lartlett (1942), and Cornsweet and Finsker (1965).
Yonip and Mrodhun presented a bipartite field, the top half belng
fixed, while the bottom varied in luminance. In their case the fields
were sevarated by a small anyular subtense., Their well known results
are presented in Figure 13 for purpose of comparison with the other
studies.

Bartlett (1942) presented a bipartite field, the halves being
separated by a septum having an angular subtense of 13', The size
of each field was 0.5°. ZIartlett's results are given in a form com-
parable to, but not identical with, the present study or with Konig
and EBrodhun, or Cornsweet and Pinsker. 3Bartlett uses the ratio of
the luwninance difference between the fields to the mean luminance
of the fields (PSE)} as the ./eber ratio. Eoniy and igrodhun use the

difference between the fields divided by the luminance of the standard



rather than the mean luminance.

Cornsweet and Pinsker (1703 uced o rlde spatial separation
between tro fielln, uae Yein: I anxi the other, I + I. They used
three methods of stimulus presentation todbtain the Weber fraction
and in this case, the eber fraction corresponded to the more con-
ventional I/I where I was equal to the standard, It should be
pointed out that a correction procedure was used and the 5s were
"shaped" to give a "luminance" judgment rather than a "brightness"
judgment.

All four sets of results are nlotted in Figure 13 and have
been scaled for suitable shape and luminance range comparison. All
values have been converted into millilamberts and in some cases were
read from the published graphs.

Cornsweet and Pinsker present data that demonstrate Weber's
Law over a five log unit range when two simultaneously presented
fields differing in luminance are separated by 1910' and presented
to an "inactive" retina. hen presented to an "active" retina uvon
vhich a field was briefly incremented in luminance, a radically
different function which does not obey .Jeber's Law was obtained.
The authors put forward a theory to account for their results but
as the theory does not make any predictions concerning the effect
of varying separation, it could not be evaluated by the present
study.

The most outstanding feature of the representation in Fijpure 13
is that Bartleti's results depart from the others shown. As one of
the major differences between the Lartlett study and the Cornsweet

and Pinsker study was the size of the angular separation between the



Figure 16, Comparison of the Weber fraction as a function of
luminance for five different studles. Data from Konig
and Brodhun (1888) and Cornsweet and Pinsker (1965) have

been extrapolated from published functions.
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ields, it was though that this wvariable mij;ht account for the dis-
crenancy between the two curves, dartlett used a separation equal

to 13' and Cornsweet and !insker's wns 1910', In Sxperiment II, these
two separations are both shown to be at asymptote insofar a2s the dif.
ference threshold is concerned, Fence, the nature of the differences
in the funetions canncot be attributed to tlds varinble,

Prelivinary ori currently in osrorsress sugects that the
differences iy Le due to the criterion used Iy tle sulject, Jhen
subject 53 (author) 'mas instructed to ado,it a2 "striet" rather than
"loose" criterion, the reosults tended teo Approxiinite tiove of “artlett.

Tre deta for Zournswect and Tinsker's funcilon vere read fro.
tlielr grapha as no tabuwlar values are miven. These data exhibit some
variability and when nlotted in tre coordinate system of Fiure 13
are basically horisontal. FGowever, if one examines the data for
Yonle and “rodhun, one can equally well nssume a falirly horirontal
trend to fit their data. If plotted in the same coordinate system
as Konig and Zrodhun, the Cornsweet and Iinsker results do not ap-
pear horizontal, but, within the limits of variability, follow the
ronig and Drodhun results. It should also be pointed ocut that the
results on subject 55 for the 10' separation also follow Konip and
Zrodhun for the luminance range used. For this range of luminances,
Jeber's Law can be said to hold within 1/10th of a loz unit for both
the temporal and spatial separations used. If Konlg and Brodhun's
classical results are plotted in any coordinate system with Corn-
sweet and Pilnsker's, the results are not very distinpuishable from

each other as to the peneral shape of the functions.
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Tre results of Experiment 1] appear to be explicable on the
basis of what is currently known about the behavior of apparent
brightness in the simultaneous contrast situation (Diamond, 1953;

Fry and Alpern, 1953; Lelbowitz, lote, and Thurlow, 1953: Heinemann,
1955). The current study presented two adjacent fields simultaneously.
An assessment of a brightness difference between the fields was called
for, In the simultaneous contrast studies an overall brightness
assessment of a test field Inthe presence of an inducing field is
called for when both the inducing and test fields are sirmultaneously
presented in time and spatially adjacent, The obvious similarity
between the two experimental conditions would lead one to conclude

that it 1s highly nrobable that the same set of mechanisms are oper-
ative in both the DL and apparent brightness measurements,

vwith two adjacent fields, the one that has the higher luminance
will depress the apparent brightness of its neighbor (Diamond, 1953;
1960; Heinemann, 1955), thus rendering the luminance difference be-
tween the fields more perceptible, /ith increasing separation this
effect decreases (Lelbowitz, lbte, and Thurlow, 1953). Thus, for a
fixed luminance difference between the two fields, the two fields
wlll differ more in apparent brightness when close together than
when farther apart,

If a constant difference in apparent brightness were needed for
a difference to be detected, the luminance difference required to
yleld this constant apparent brightness difference ou” . l.cresse
15 the two filelds were senne-tedl . atially, Lence, the closer the

Juxtaposition of the two fields, the sualler the expected DL,



That such an explanation may be too simple to account for the
results of Experiment II is suggested by the literature dealing with
effects near border or contowr processes. It has been reported that
the fields appear araded in brightness when the simultaneous contrast
phenomena are investigated (Diamond, 1953). This suggests the pres-
ence of marginal contrast effects. '/hen two fields of different
luminances are nlaced adjacent to one another, a contour is formed
at their place of adjacency such that on the side with the greater
lurinance a bright line is seen, while on the side with the dimmer
Tundnance, 2 dark band is seen, These light and dark bands which
anpear to the percelver are not given in the physical luminance dis-
tribution, but enmerge when the apparent vrishtness distribution across
the fields 15 measured (Lowry and Te Malma, 1991), Effects analagous
to llach bands have uveen shown to occur in the eye of limulus, Ratliff
(1965) has been able to account for these in le...c of purely inhibitory
interactions.

Eeinemanr: {(unpublished communication, 1965) has measured Lhe
npparent brightness distribution across a bipartite field, each side
differing in lwidnance. This arrangement under which the .lach bands
are mneasured is the sale as that wder which the apparent bri;htness
reasurements previously discussed {eegs, Diamond, 1953) are nade, ‘hen
the distribution of apvarent brishtness is evaluated, it 1s found that
in that part of the fleld where the two regions of different luninances
are closest to one another, the largesi difference in apvarent bright-
ness is obtained, leineminn has shown that, in some instances, there

is no difference in avparent Lrightness between the centers of two



ad jacent fieldswhich differin lurinance, and that the only difference
in apparent brightness between the fields occurs at the contour. It
is likely, then, that some aspect of the llach bands acts as a signal
for the DL, as this is the only way in whicl: the two fields differ in
brirhtness to the observer. Ferhans the peak-to-trough magnitude of
the liach band is eritical for a luminance difference threshold, as
relevant brightness difference information is contained therein. (The
peak~to-trough magnitude of the iach band is defined as the difference
in apparent brightness between the brirht band and the dim band found
at the emergent contour in the anparent brightness distribution.)

Unfortunately, however, ach bands have not yet been studled
in enough detail., They have been investlgated under situations where
a linear gradient connects the two fields (Aulhorn and Harms, 1956),
and under conditions where two different luminances are placed adjacent
to one rnother itlot 2 ~hysical septum separ:tin: the M1 Tls, The
resent results can only have implications for the conditia where a
physical septum is oresent between the fields and this condition has
not yet been investigated insofar as the llach band distribution is
concerned,

Another line of evidence which sugyests that predictions based
on an overall brightness assessment of the two fields may be wrong
comes from a study performed by Lamar, Hecht, Schaler, ard Hendley
(1947). These authors have pointed out that it is not so much the
total area of the test field that mattered in the increment method
of obtaining the luminance different threshold, but that the important

factor was the "useful area" or events near the edges of the test



field. They state that "the significant sensory events take place
across a boundary...not over an area" (1947, pg. $%42) and also that,
"the concept of useful flux indicates that the critical sensory
events in brightness discrimination take place in the narrow ribbon
around the perimeter of the target...This ribbon is between 1 to 2
minutes wide." This study would tend to lend support to a contour
mechanism underlyinz the luminance discrimination.

Hake and Averbach (195¢) have shown that a luminance ;radient
connecting the two fields improves the difference threshold when
compared to a line of separation betwsen the fields. ut, even when
a dark line of separation 1s nlaced between two 1lluminated fields,
stray light from surrounding areas falls on the.line of separation
and the armount of stray li:ht falling on the sentw: differs at various
vlaces on the sentur, denendent on the distance from the illurinated
re;;ions, This wouwld lead one to susrect that a non~-linear ~radient
of luminance would be formed htetween the flelids and whnt effect this
has on the present reésults cannot be evaluated nn there is no infor-

mntion Leasiny on tlds cjuestion currently availoble,



Susmary

Two experiments were performed using the brightness difference
threshold as the dependent variable,

In Experiment I, two 1© fields, differing only in luminance, were
presented for 10 msec by a Maxwelllan viewing system, to the same foveal
area of the retina. The subjec®#s task was to report which one
appeared brighter. All fields were superimposed on a fixed adapting
luminance of .0076 mlam, The principal variables studlied were the
length of the dark interval separating the flashes, and the luminance
at which the measurements were made. The dark interval was measured
from cessation of flash one to onset of flash two, and the intervals
were 95, 105, 115, 120, 130, 150, 180, 250 and 500 msec. The lumin-
ance range covered from 0.7 to 700 damn,

In Experiment II, two adjustable rectangular fields were pre-
sented simultaneously to the subject's right eye for 10 msec, The
task of the subject was to indicate which side appeared wrighter.

The principal variables studied were the width of the spatial sep-
aration between the two 0,.5° fields, and the luminance value of the
standard. The separations varied from 30" to 30' and the luminance
range covered from 0,7 to 7000 mlam.

In both experiments a difference threshold was measured by
the conventional Method of Limits,

The results of Experiment I indicated that the DL 1s a complex
non-monotonic function of the inter-stimulus interval (ISI), the curve

having atleast two, and possibly three changes of direction. With in-

-78-



crersing 1351 the DL Jdecren-ed rapildl, .o Joabea It the nelghborhood
of 130-150 msec and subse:.ently exhibited A rise st 50 wmsec ISI.
seyond 250 msec I5I the function gradual iy descended to a low value
at an I31I of 50C unsec.

In Exverinment II the UL was found to be least at the sanllest
separation of 30", amd increased until at about 3' to 7' sevparation
between the fields the UL remalned approximately constant with further
separations between the fields. At 7' the DL was found t¢ be between
five to ten times higher than at 30", depending upon the luminance level
considered. The same trend was found for all luminances,

In Experiment I, for all I3I values used, the JWeber fraction,
DL/FSE, was the same value to within 1/10 of a lo.; unit for each of
the luminance values of the standard. Here, .eber's Law held over the
luminance range investirated., This finding is in agreement with the
results found by many investigators.

In Exveriment II, for the four smallest separations used the
function relating the ~eber fraction to luminance was not 2o horizontal
line but exhibited a decrease and subsequent increase at hirh luminances.
+ith larger separations there was a progressive flattening of the
function.

Comparison of the largest temporal with the laryest spatlial
separation over a four to five log unit luminance range of the standard
revealed an essentially horlzontal function,

It was suggested that the complex, non-monotonic function obtained
for the DL as a function of I3I cannot be accounted for on the basis of
either light adaptation or backward masking alone, but that the inter-
action of these two psychophysical effects might possibly yield such

results, Further study of this matter is indicated.



In the second study it was suggested that the rise in DL as a
function of spatial separation might be accounted for on the basls of
changes in the apparent brightness of the fields with increasing sep-
aration between them, However, if one considers that Mach bands cccur
at the place where the two half fields meet, a process such as that
predicted by changes in the apparent brightness of the fielis sith sep-

aration would be too simple an explanation.
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