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BINOCULAR IN?EGﬁifION OF TWO-FLASH INFORMATION

Introduction
In Aormdl vision the two eyes interact to produce a single,
binocular, image. The nature of this interaction varies depending
on the viewing conditions, and has been the subject of
considerable study. There have been cases in which binocular
ifnsitivity is far superior to monocular sensitivit? (Peckham and

's
Hart, 1960; Thomas, 1951), cases where binocular sensitivity is

inferior to the better of the two monocular s;nsicivities (Levelt,
1965; Engle, 1969), and many in between (Sherrington, 1906; Fry
and Bartley, 1933), ‘There\is even a case in ch binocular
sensitivity is inferior to either monocular sensitivity (Tyler,
1971). Much research has been devoted to determining the effect
of different viewing conditions on the type of interaction |
produced. The reséarch reported here deals with deterﬁining the -
type of interaction produced by interocular differences 1in .
luminance ;1th two~flash stimulation, and addresses the broader
issue of how the vigual system binocularly integratés temporal
information,

The two-flash threshold, the necessary off period between two
flashes in order for both flashes to be detected, has not been the

Y

topic of as much research as other varieties of temporal N

resolution tasks., Flicker fusion, for example, is the frequency gﬁw
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percept than one of the eyes cqgtt‘ft’n’xting to that binocular
percept, is known as "~Fech‘ner’s Paraélox", because it contradicts
the shmplissié view that information from the two eyes is added
together, ./Binocular brightness interaction was vestigated by

£
. Sherrington (1904, 1906), who found that ‘the Sinocu r brightness

1s ewhat, but not much, above the average of the two monocular

brightnesses, In this study comp‘arisons betwejn monocular and
inocular brightnesses were made by comparing the bright’.nes; of a
.‘current binocular st:l.mu‘lus with that of a remembered monocular
stimulus. ;
De Si}va and Bﬁrthy&??&f‘r{ Fry and Bartley (1933) used
procedures itivolv:lng the simultaneous comparison of binocular and
VT monocular steady state brightnesses, Rather E:han having their
subjects rely on memory, these investigators had both the
:)inocular and the monocular st}(muli visible at the same time. De
Silva and Bartley allowed subjecté‘to vary the intensity of the
monocular stimulus until its brighcuéss equalled that of the
binocular stimulus. Fry and Bartley allowed the intensity of the
“ lamp illuminating the binocularly viewed stimulus to be adjusted,
In both cases the monocular luminance had to be higher, by<sfip to
50%, than the binocular luminance in order for the two to have the
same brightness. B -
:t this binocular advantage was not .found in Sherrington’s

teady state brightness experiment discussed above was explained
by De Silva and Bartiey. They said this was due to inaccuracies
in measurement inherent in the successive presentation method used

- a3

/,\ by Sherrington, relying as it does on human memory to make the
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(CFF). CFF is the frequency of inter;itcence at which a’
flickering light is first perceived as steady, and i{s usually
expressed in flashes per second. Interested in studying binocular
summation, Sherr}ngton measured CFF in three conditions:
monocular, binScular in phase and binocular alternating flicker,
The alternating condition consisted of a right eye on period
corresponding to a left eye off period, and vice versa.
Sherrington reaaoﬁed that with ﬁerfe&t summation the alternating
condition would appear at all frequencies as a steady light. He
found, however, that flicke? could be seen in the alternating
condition and CFwaas lower than in the other two conditions. For
the aléernating condition the CFF occufed at 57.8 flashes per
second, for the monocular condiéion, 63.6 flashes per second, and
‘three percent higher, at approximately 65.5, for the binocular fn
phase condition. The existence of an alternating CFF led
Sherrington to conclude that there was not perfect summation in
the visual system; that the light energy input to the two eyes was
| nat simply added together. He also cqpclu&ed that the sensitivicy
of the two eyes was not summated either, despite the consistent 3%
binocular in phase advantage over :h; monocular CFF. Sherrington
QPncluded that there was no physiological interaction between the
two eye’s sensitivity to flicker; that the two eyes worked
independently, and that the 3% diffeFence found was too small to
be relevant, However, Blake and Fox (1973) analysed Sherrington’s
data using a gign test and found significance at the .01 level.

As well, many later researchers have found larger, significant

binocular advantages in flicker perception,

- g ke va e erame -
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probability.

Pirenne tested this equation in a flash detection experiment
and found the equation to be a good predictor of binocular
performance. Unfortunately information concerning the procedures .
used, for example the number of subjects involved, were nqt:
included in His report, so the confidence one can put in his
findings is unknown. The important contribution, however, was the
recognition that probability summation plays a role in detection
thresholds.,

The question is raised as to the role played by probability
summation in the binocular advantages found by the host of
researchers referred to above. Unfortunately all of these
researchetg either collected or reported their data in such a way
that only t% various CFFs are available, rather than a complete
set of detection probabilities. While each CFF corresponds to a
50% detection probability, this i{s not enough to allow a test of

the hypothesis that some factor other than probability summation

-1s at play in binocular flicker detection. Ideally both the CFF

and a table of detection probabilities would be presented.

Matin (1962) performed an experiment designed to allow the
testing of the probability summation hypothesis. Matin presented
one flash to each eye and varied the time interval between the two
flashes, and found that, with an interval of less than 100 mws, the
chances of seeing either or both flashes was greater than the

probability summation of the monocular flash detection

. probabilifies, A similar counclusion, as well as the use of a

refinement of the probability summation model to deal with forced
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from probability summation actrosg, luminance disparities. The
works of Matin (1962) and of Thorn and Boynton (1973) both
indicate that the role of factors other than probability summation
occur only wﬁen the lag between the right and left eye stimulus is
shorter than 100 ms. A general finding concerning bin&éular
advantages 1s that they are greatest when the two monocular
stimuli are very similar (see Brown, 1965).

As a preliminary look at the 1ssues raised above, especiélly
the binocular integration of temporal information, the fglléwing
research was performed. Something like a two~flash replication of
Thomas’s experiment was conducted.‘ Different luminance levels
were presented to the two eyes, and measurements were taken in
such a way as to allow the prediction of p;obability summation to
be tested. To make the results of this study comparable'to other
studies in the two-flash and even flicker literatures, the g
probability sﬁmnation prediction was formed in such‘§ way as to be
expressed as a threshold. The intent of this research was to
determine: a) whether a. two-flash version of Thomas’s binocular
disadvantage,eiists, b) the effect of luminance disparity on Eyév
binocular advantage, and c) the foréation of a mathematical

description of the monocular contributions to the binocular

two-flagh threshold.
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e . «. Results

' Data Analysis Procedures

. ‘ Lo 4
The average of §11 the reversals is the conventiofal measure .

v
1

-of threshold when using the staircase procedure., This yields a
point corresponding to approximately a 50% detection probability;.
Such averages Qere obtained for eacQ session, such that the
;iltered eye and the binocular "eye" both had one averaged
.threshold for each filter level. The unchanging eye had one
overall average, for the 1.0 N.D, filter level.

However, to test the prediction of the probability summatiog
model, the prediction being that the binocular tﬁreshold is )
described by the probability summation of the two independent
monoculaf‘thresholds, a different form of analysis was required.

The probability summation of C and D, expressed B
mathematically, is unity minus thé product of qC times qD, where
qc&ind qD indicate unity minus the‘probabiciy of C and D,
respectively. In our terms, the probability summation of two eyes
is unity minus the producﬁ of the probabilit; of the right eye not
seeing the flash times the probability of the ieft eye not seeing
the flash. This is expressed‘mathematically as:

pB = 1 - (gC x qD)
where PB is the probablisticaily determined binocular detection
pfobabilic}, thgt is, the probability summatioh of C and‘D.

To use this equation detection probabilities, and not

-

1Y
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was 50X, There are two problems with this approach, however.
First, one cannot be equally confident in the accuracy of the
detection probabilities for all 1SIs; some were based on one

presentation, some on hundreds. The solution adopted was to

conduct a weighted regression analysis, with each ISI's weight

being determined by the number of presentations at that duration.
(See Appendix A for a discussipn of weighted regression.)

The second pfoblem deals with curve fitting. One would
expect a graph of ISI against detection probability to be
described by an ogive, as are most similar psychophysic;l
functions. A near ogive was found in most of’the acqyal (as
opposed to probabilistically predicted) data, but with a fair
amount of scatter, One would not expect the predicted data to be
ogive shaped (see‘Appendix C), but rather a more complex shape. A
stfaiéht line function would best be handled by linear regression,
an ogive by a linear or quadrafic‘funqtion. It is a problem,
then, to decide between linear, quadratic or even higher order

regression. The solution 18 to do a trend analysis to determine

gbe télaiive strengths of the linear, quadratic and higher order
components, as discussed in appendix B, The highest order
comﬁonent to be stafistically significant, at an alpha level of
»05, determined the order of the function assumed to best fit the
data, gnd was therefore used in the regression analysis. In the
event that none of the components were statistically significant;\

the one that obtained the highest F ratio determined the order of

the regression wnalysis.

N
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session shifts have been controlled for by collapsing first and
second session data, only after the effects of these shifts have
Seen e;iminated, that is, only when the mean of rthe first session
thresholds equals the mean of‘'the second session thresholds, can
this data be used to indicate the between days shifts, |
) The effects of betweed gsession ghifts were eliminated, not
only frof the unchanging filter data, but> from all of the data in
this experiment. The average of all unchanging filter level data
from the first sessions was subtracted f;-om, that from' the seeond |
sesslons, The result représentéd the averageoeffect of the .
between Qessions criterion shift. This effect was eliminateg ‘from
all the data by adging half of this result to all figst‘ session
data and subtractlng the same amoﬁnt from all second ;;es“sion data.
Not ;nly did ‘thi‘s correct,ail of the data for between sess;.ons
shifts, but it'L aalgg‘eliminated the o;xly non-between days effects
from the unchanging filtec’ data. &

The magnitud}f of a between days shift could now be detected

[%

in the unchanging filter data. Should the unchanging eye’s
threshold be.2.5 ms lower for “day three -than for thf average day,
this can be taken as the extent to which day three’s criterion is
different from the average criterion, This difference in
criterion should affect all thresholds measured that day by about
2.5 ms, Thus, to correct day three’s thresholds for day three’s
different criterion, 2.5 ms would be added to each threshold
gatheréd that day.

To correct for between days shifws, the average (or only)

unchanging filter threshold for each day was subtracted from the

“ '

‘ &
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Table 3

Thresholds Collapsed Over all Six Data Sets |

§§ead11y Filtered Eye Variably Filtered Eye
Filter l Filter ~ ¢
Level Threshold S.E. Level Threshold S.E.

64.95 0.568
67.49 0.569
66.58 0.571
75.37*  0.661
75.65%  0.666
78.32%  0.714
85.09* 0.866
89.02*  0.966
89.21* 0.971
89.75%  0.985
99,86%  1.267
133.42% 2,292
151.25%  1.599

B PO R bt bt ot ot ot Pt Pt pd et
L ]
OOV NVEWND—O

Binocular' Probability Summation

Filter ' Filter :
Level Threshold S.E. Level Threshold
1.0 57.18% 0,402 1.0 46.69

1.1 57.41* 0,402 1.1 49,02

1.2 59.01* 0,407 1.2 47,21
1.3., 62,10 0,433 1.3 53.55

l.4 58.57%  0.405 1.4 50,24

1.5 61.03* 0.421 1.5 52.09

1.6 62.98 0.444 1.6 52.11

1.7 63.07 0.445 1.7 55.26
‘1.8 64,21 0.463 1.8 51,65

1.9 66.98 0.513 1.9 54.82

2.0 65.37 0.482 2.0 57.21

2.2 63.71 0.455 2.2 65,09
2.4 2.4 64.41

69.45t  0.381

* For the variably filtered eye, this indicates significance
above the unchanging eye.

For the binocular condition this represents significance below
the unchanging eye.
t This represents significance above the unchanging eye.

The 2.4 filter level threshold averages were calculated using
only data from subjects A.M., and M.Z., subject D.L. was not
tested at a 2,4 filter level.



It should be remembered that the threshold is the point of

[

50% detection probability; that there are dany other points of
potential interest, A ;etection probability by ISI plot of the
binocular data and that predicted by probability summation is
found in Figure 5. This is data for the k.0, that is equal,
filter level. As well as the correction procedures discusseﬁ
above, the data was corrected such that intersubject varfance was
eliminated., For each subject the mean deviation from the overall
average was obtained, and this amount was subtracted from each
data point. After this was done each subject’s mean was the same
as the grand mean over all the subjects. Had this not been done
the‘ttue shape of the functions would have been obscured.by the
intersubject varfance. The bulk of the éraph shows binocular

!
performance inferior to that predicted by probability summation,

only at the high end of th; graph is this pattern reversed.

There have been three main aspects to the results presented
above. The first is that the monocular two-flash threshold is a
function of the luminance of the flashes, The second is that the
binocular thresholds are superior to the monocular thresholds at
the lower luminance disparity levels, and inferior at the higher

levels. Finally, the binocular ‘superiority at the lower disparity
=

levels 18 not as great as would be predicted by the probability

. summation model.
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Discussian

o

There is an obvious similarity between’the data presented

~ u

"above and that of Thomas{(l955) who studied, using dar? adapted

" subjects and relatively large stimuli, flicker resolution under
conditions of binocula; luminance disparity. Recall that Thomas
found a binocular advantage in flicker resolution when the
luminance disparity was less than 0.25 log unigs, and a binocglar
disadvantage thereafter., In the data presented here the binocular
advantage remained up to a 0,8 luyinance disparity, and started to
.become a disadvantage thereafter., Thomas was able to trace the
disadvantage up to a luminance disparity of four log units,
whereas here the standard error became prohibitively higﬂ after
tﬁe 1.4 log unit disparity level, thus lgwéring the ceiling.

This difference is probably not due to the fact that Thomas
dark adapté& his subjects; bilot work for the current research
indicated that dark adaptation increases the standard error. Nor
18 it suspected that the difference is exclusively due to the
difference between flicker and two-flash thresholds. It is true
that flicker is easier than a two;flash ?%iﬁulus to detect (Roufs,
1972), so flicker can be expected to be detectable under more
adverse conditions (e.g., greater binocular luminance disparity).
However, it 1s suggested that the difference is also due to the
larger size of Thomas’s stimuli; 6 and 2.2 dégrees of visual angle

<

as opposed to the 0.25 degree stimilus'used here, It 1s known

that the detectability of flicker increases with the size of the

N
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'ﬂfiickering target (Brown, 1965). fhomas was able to measure ’
temﬁorél resolution at higher luminance disparities, that {is,
J;ing more dimly illuminated stimuli, because his stimuli were
larger and, being flicker stimuli, easier to detect under these’

@

conditions.

) ‘Overall, there is general agreement between the two studles,
that at low luminance disparities a binocular advantage is found,
and at high luminance dispa;ities binocdla} temporal resolution is
poorer than the best of éhe two monocular resolutions. The
binocular advantage at the lower luminance levels Will be
discussed first, Consider the results of this st&dy compared
specifically to those of Peckham and Hart €1960). These
researchers conducted an equal luminance binocular flicker
detection experiment, and reported their findings in terms of a
detection probability at each flicker frequency. Thgy also tested
the predictive vali@icy of the probability summation model, The
only important similarity between Peckham and Hart’s findings and
those presented here is the size of the binocular advantage over
the monocular threshold; Peckham and Hart found an 8% advantage
while a 127 advantage was found here. While Peckham and Hart’s
advantage 18 slightly smaller, both are near the values found by
other researchers, as discussed in the’Introduction. However,
whereas Peckham and Hart found a binocular advantage in excess of
probability summation in flicker perception, here the reverse waé
found for two-flash thresholds.

K The cause of this difference is unknown. It could be a

difference inherent between two-flash and flicker paradigms, or it

[
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fitted the actual data, except for the higher filter levels,
fairly well (see Table 6 and Appendix F).

When the F in the above equatiqn‘is changed to 0,67,. the
equation becomes a comblnatorial rule for thg binocular

A

integration of two-flash informafion. That the combingtorial rule
is a good predictor of the data up to the high filter levels is
seen in fable 6. This equétion is not meant‘tb describe the
neural in;egration of the right and left eye signals, but to
describe this rélationship mathematically, This equacioh should
also be able to predict the binocular tyo-flash thresholds in
future éxperiments, given knowledge of the monocular performances.
Now that the lower luminance binocular advantage has been
described mathematica}ly, an attémpt will be made to .explain the
findin;;. That the binocular advantage is less than that
prgdicted by probabilit; symmation might ge explained by visuai
persistence and delay being induced in the more densely filtered
éye. Delay refers to the filter induced incrzase in latency
begween the onset, or offset, of the stimulus and its effeét on

the visual system., Persistence refers to the perception of the

stimu(us_outlasging the duration of the stimulué.

T;; argument is that due to filter-induced.differential delay
or persistence the binoccular i&ﬁge is comprised of two temporally
incongrggps monocular luminance distributions. The delay effect
is to shift the densely filtered_eye’s luminance distribution some
amount out of phage from the other eye’s distribution.

Persistence, in effect, lengthens the duration of the first flash

(see Figure'l),'and correspondingly shortens the ISI needed to

i
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The effect of delay under conditions of luminance disparity
would be to shift backward in time one of the two luminance
digtributions (see Figure 1). Thus the first flash would affect
the densely filtered eye while the off period of the ISI is
affecting the other eye. There would still be an interval d;ring
which both eyes would be exposed to the off period, but this
interval would become shorter as the‘dglay becomes greater., Thus
delay could be used to explain the binocular loss of sensitivity
as the binocular disparitz, and with it the differential delay,
becomes greater. For the monocular threshold, however, the delay
hypothegis per se predicts no effect as 1uminanée is deSEeased.
The entire’luminance distribution would be delayed, so one would
expect the same two-flash threshold, merely somewhat later. For
this hypothesis to work it must call upon a luminance effect to‘
explain the rise in the monocular threshold as the luminancé
decreases, ’

Visual persistence, however, cannot explain the binocular
depar£ure from probibility summation at all. Persistence would
affect the-monocular threshold by‘effectively decreasing the éize
of the off period, and as the luminance decreases the persistence
increases (Bowen et al. 1974), so this effect would be greatest at
the highest filter levels. However, the effect on the binmocular
threshold of monocular persistence, and therefore a poorer
monocular threshold, would be a’poorer binocular threshold. There
15 no reason for the loss in binocular sensitivity to be cher

than would be predicted by probability summation, and tihus

persistence cannot explain the departure of the binocular data .
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Subjects are more likely to report seeing stimulus number 's + 1"
if they reported seeing stimulus number "s". 1In a single
stalrcase paradigm a stimulus that elicited a "saw it" response is
always followed by a stimulus of a one step lower intensity. So
the obtained detectability at intensity "i" influences the
obtained detectability at intensity "i - 1", and therefore there
{8 no mutual independence.

This argument does not apply to the current study, however,
due to the use of the multiple staircase procedure. With L6
randomized staircases operating simultaneously the intensity, or
ISI, of a given stimulus i{s not determined by the response to its
immediaée predecessor, but by the response to a stimulus, on
average, 16 trials earlier, Thus stimull are presented in
virtually random order and the response to a given stimulus was
not a;stematically affected by any factor other than the intensity
of that stimulus. The obtained detectability of each ISI is not
influenced by the obtained detecFabiliéy at any other ISI, All
ISIs are mutually independent.

The 'second condition that must be met is that there be no, or

\very licttle, variance in sensitivity while the various thresholds
are being measured. As discu;sedlin the Results section the
effects of most unwanted variance was removed by the correction
factors, leaving only variance within individual sessions. Such
variance {s shown in the standard errors of the individual gubject
data tables in Appendix E. These standard errors are generally

fairly small, and this fact 18 more impressive when it i8 realized

" that the standard errors are artificially inflated. The
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temporal resolution as the stimulus becomes less intense. Second,
the data show a binocular superiority over monoculqt two—flash
thresholds for all but the highest luminance disparifies, buc1this
superiority 18 not as large as is predicted by the probability
sunmation model. This may be due to a loss of sensitivity caused
by filter-induced delay and persistence, The third is t;;t a
model that does predict the data well, except under conditions of
high luminance disparity, is:

Ba=1-(l - prjr x (1 - pL)aor

where B represents the predicted binocular detection probability,
and pR and pL represent the right and left eye detection
probabilities. The reason. that this model does not fit the data
under conditions of high luminance disparity is best explained by
luminance-dependent changes in the weightings of e;ch eyé thqt the
model does not take into account. The fourth conclusion, then, 1is
that in two—-flash resolution, luminance is a determinant of
weighting, Finally, at the hiéh luminance disparities‘a binocular
disadvantage is found. The densely filtered eye has been partly
suppressed, but not enough to prevent the effectively steady light
it 18 perceiving from lowering the two-flash threshold of the
qther eye, (

In summary, a two-flash version of Thomas’s binocular
disadvantage was found and is interpreted to pe due to a )
luminance-disparity induced weighting effect. A mathematical model

describing the binocular integration of two-flash information,

a&counting for this disadvantage, was produced.

]
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yield that detection probability’s weight. The result was a s
of weights proportional to the number of responses in each
detection probability, yet which add up to the number of detection
‘probabilities in the analysis, For a more detailed discussion %f
the choosing of weights, see Appendix B. }

The order of the regression, linear, quadratic or higher, Jas
determined using trend analysis as discussed in Appendix B. Thé
highfst order component found to be statistically significant a%
th;(.OS level determined the order. If none of the components |
were significant, the component with the highest F ratio
determined the order of the regre;sion. This method regulted in
58 linear regressions, 162 quadratié regressions and 14 cubic
regressions.

Since the above procedure should provide a most accurate
description of the data, the regression predicted 501 detection
probability point should be an accurate estigate of the subject’s
two—flash threshold, as confirmed by a coﬁparison of the
thresholds calculated in this and the conventional manner.

The binocular data and data from the monocular unchanging
filter condition from subject AM, in the condition where the left
eye was variably filte;ed, is shown using both the mean and
regression analysis ﬁe@hods in Table Al. 1t is clear that, given
.a unit of resolution of four ms, the two‘uéthods yield similar

’ t
o
\A

results. ]
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-
The trend analysis could then be performed in the usual
manner, as soon as a weighting factor was added. Since the trend
analysis determined the order of the reéression analysis, and the

regression analysis was performed on weighted data, the trend

analysis had to be performed on data weighted in the same way. As

discussed below, each probability’s weight was proportional to the

_number of responses that produced that probability. The various

sums o0f squares were calculated by multiplying each squared
probability by its respeétive weight, This is equivalent to
entering each data point into the analysis a number of times
equivalent to that hata point’s weight., To double the weight of
data point X, for example, enter it into the analysis twice. The
N 1in the analysis, from which the between groups degrees of

freedom was calculatéd, was determined by taking the sum of the

weights., Since in most trend analyses all data points have equal

'weight, by adding up the weights one obtains the number of

measures, or the N of the analysis. ’The N here was calculated the
same way, by taking the sum of the weights, !

The straightforward method for}deterw}ping a particular
detection probability’s weight would be to use the number of
responses that went into tﬁat detection probability. Since the
overall N is determined by the sum of the weights, as it is in
unwe ighted trend analysis where each data point has the same
weight, the overall N would be determined by the total number of
responses. An F statlstic obtained using such an N would be much
more liberal than one calculated using an unweighted trend

analysis, where the N would be the number of detection

"
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APPENDIX C
Probability Summation

When cQo éercentages are summated probabilistically the
result is higher than either or;ginal value. The amount by which
the result exceeds the original values varies depending on the
original values. Consider a set of ordered palrs representing
s timulus intensity and detection probabilfty, and assume, for

;éimgiicity, that the two are related linearly (see Figure Cla).
Whgn this s;t of percentages is summated probabilistically with an
identical set (Figure Clb), the result is curvilinear (see Figure
Cle). Thus the shape of the original curves is not preserved in
probability summation. The effect of ogive and linear functions,
and of different amounts of overlappinq of distribuiions, on the
shape of the summated curve is shown 1in figures C2 to C6.

It is clear that the summated curves can assume a great
variety of shapes depending on the shapes and degree of overlap of

the original curves. Thus one can not expect an ogive function to
describe probabilistically summated data even though the original
data were og;ve shaped. Furthermore, since the degree of overlap
of right and left eye probability distributions decreases with
increasing disparity of filter levels, one should expect to find
different shaped distributions for different filter levels of

probabilistically summated data.

Any method of obtaining the 502 threshold from the
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" Table E2

Thresholds for Subject AM Left eye filter unchaﬁging .

Unchanging Left Eye

Filter
Level Threshold _ S.E.
1.0 70.74 0.282

Y

‘.

.Binocular .
t

Filter

" Level Threshold S.E.

.0 52.79* 0.578
.1 58.75%  0.591
.2 60.09* 0,682
.3 65.92%  0.553
4 59.42%  0.775
.5 60.64%  0.821
.6 75.04'  0.547
.7 66.10%*  0.659
.8 67.81%  0.518
.9 76.79'  0.635
.0 70.07 , 0.718
.2 68.42 0,943
4 67.32% 0.727

- '

~o

. Right Eye I

Filter
Level Threshold S.E.

1.0 76.32% 0.602
1.1 72.79 { 0.814
1.2 66,60 | 0.762
1.3 78.46%  0.759
lo4 76.38* 0,947
1.5 78.05%  1.363
1.6 93.46% , 0.820
1.7 . 88.80* 0,990
1.8 91,61* 1,059
1.9 - 93,43*  0.849
2.0 » 115.03* 1.663 -
2.2 106.02% 1,264 /
2.4 118,29*%  1.280 '
& p
Prgbability Summation
Filter Py .
Level Threshold . é?
L]
1.0 36,21 .
1.1 48,73 e
1.2 46,45
1.3 54,61 .
1.4 43,19 s
1.5 47.23
1.6 36.02
1.7 53.77
1.8 43.82
1.9 43,40
2.0 53.00 ;
2.2 68.36 .
2.4 68.43

. .
> ?

* For the right eye, this indicates significance above the

unchanging left eye.

For the binocular condition this represents significance below

the unchanging left eye.

t Thi presents siggificance above the unchanging left eye.‘
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4
Table ES

“Thresholds for Sub ject DL Right eye filter unchanging

Unchanging Right Eye Left Eye

Filter . Filter )
Level Threshold S.E. Level Threshold S.E.
1.0 46,78 0.185 1.0 42.66 0.497
1.1 46.59 0.776

1.2 53.64% 0.451

. 1.3 52.92%* 0.658

1.4 55.53* 0.788

‘ 1.5 58.88* 0,643

1.6 57.51* 0.790

. 1.7 65.16* 0.870

R i ‘ 1.8 65.7%%  0.964

. 1.9 74,59*% 1.134

2.0 . 79.33* 0.926

2,2 98,.11* 1.420

PO B b 1t b b b s s e et

Binocular , Probability Summation
<
Filter Filter
Level Threshold S.E. Level Threshold
.0 43.13*  0.594 1.0 40,13
.Hr 45.29 0.422 l.1 36.86 .
o2 45.56. 0.528 1.2 42.76
«3 44,43*% 0.446 1.3 40,45
ob « 45.07 0.673 l.4 39.00
o5 45.48 0.561 1.5 40.29
.6 45.17 0.527 1.6 43,05
o7 46.45  0.531 1.7 30.69
.8 47.31 0.538 1.8 37.44
.9 44,26 0.624 1.9 39.55
.0 49,11t 0.478 2.0 45.78
.2 50,381 ‘.072_ 2.2 46,77

]

* For the left eye, this indicates significance above the
unchanging:right eye.

For the binocular conditiqn this regresents significance below
the: unchanging right eye.
t This represents significance above the unchanging right eye.

4










Table F3 .

Predicted and Obtained Thresholds:
Subject MZ Right Eye Filter Unchanging:

Filter - Obtained Predicted Obtained ' -

B N N et bt bt bt et bt b et s pe

Level Binocular Thresholds Thresholds . Minus gredipcedl

0 - 66.14 ©69.15 -3.01

.l 57.47 " 59,89 ‘=2.42

o2 60.76 58,76." . 2.00

.3 72.12 C . 81,72 -9.60

oh Hlell 73.74° " ~-12.63

o5 66.Q7 72.30 - - -6.23

+6 68.03 - -7 82,21 ~14.18

o7 - 69.84 : 81.93 - =12.09

.8 70.89. 81.76 -10.87

.9 78.22 ' 69.91 8.31

.0 64.48 © 63,05 ~1.43

o2 « 72.39 80.91 . ~-8.52"

b 70.71 80.57J . -9.86

Table F4
Predicted and Obtained Thresholds:
Sub ject MZ Left Eye Filter Unchanging
Filter . Obtained Predicted Obtained
" Level Binotular Thresholds Thresholds Minus Predicted

1.0 73.71- 60.99 12.72
1.1 74,47 . . 75.96 -1.49
1.2 73.71 69.83 _ 3.838
1.3 79.31 78.58 0.73
1.4 77.15 75.61 - 1,54
1.5 77.00 - 83.75 -6.75
1.6 72.81 ' 85.10 -12.29
1.7 - 76,91 94.19 -19.28
1.8 78.93 ) 91,93 =13.00
1.9 - 83.69 81.52 2.17
2.0 88.02 91,29 -3.27
2.2 72,920, 79.05 - -6.13 '
2.4 72.34 84.05 -11.71

’h



