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SUMMARY PAGE 

THE PROBLEM 

To determine the effects of varying amounts of movement of a line on light 
on % stationary target lying in its path when the separation of line and target is 

kept constant. 

FINDINGS 

Contrary to expectation, target detection improved at small separations of 

target and moving line as the amount of movement was increased. 

APPLICATION 

These results show that the detectability of small, stationary targets, such 
as radar blips, is not degraded by increasing the width of movement of the line 

of light around the target. 
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Research Work Unit MF022.03.03-9011 - Studies of Target Detection and Dis¬ 
crimination in Submarine Operation. The present report was approved for publica¬ 
tion on 10 December 1965, submitted to the Journal of the Optical Society of America, 
and subsequently published in that journal, Vol. 57, pages 273-275, February 1967. 
This reprint has been designated as Memorandum Report No. 67-3, and Report No. 

3 on the Work Unit indicated above. 

PUBLISHED BY THE NAVAL SUBMARINE MEDICAL CENTER 

Distribution of this document is unlimited 



Reprinted from Joi»nm. of the Optical Society of Amieica, Vol. 57, No. 2, 273-275, Februî.ry 1967 
Prlnlcd in U. S. A. 

Effect of Width of Movement of a Masking 
Stimulus at Constant Target Separation* 
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THERE have Imoi many siudiis of visual masking, the rise 
oí the detection threshold of a target which ocmrs when a 

second stimulus is presented within certain spatioteni|ioral limits 
Using a variety of stimulus configurations, investigators have 
studied such variables as the luminances of the 'wo stimuli, 'heir 
duration, tcmjioral and spatial separation, retinal location, pre- 
adaptation level, and interocular effects.1 

A number of recent studies have been concerned with contour 
effects.1 Using concentrically overlapping stinuli, it has been 
shown that the threshold of a test stimulus increases as the size 
of the masking stimulus decreases and the edges of the two 
stimuli become more nearly congruent. This is interpreted as the 
result of neural processes occurring at the borders of the stimuli. 

This study investigated the effects of varying the size of the 
masking stimulus, by extending its width of movement while, 
however, the separation between the masking and test stimuli 
was kept constant. 

In the first part of this study, the effects of three widths of 
movement of the masking stimulus on the threshold of the test 
stimulus were measured. The mask was a vertical line of light 
4.29° high and 0.36° wide. Its luminance, measured when i! was 
stationary, was alniut 0.5 ft L. It moved from left to right, at 
a speed of 17°/sec, toward lioth the test stimulus and the fovea, 
through a traverse of 0.36°, 1.15°, or 3.43° visual angle; the 
durations of these three movements were about 20, 67, and 200 
msec. The movement terminated at one of four separations from 
the test stimulus, 0°, 0.3°, 0.6°, or 0.9° visual angle. The mask 
never moved past the test stimulus. The latter was a strip of 
light 1.15° high and 0.58° wide situated 4.3° to the left of a 
fixation point; Its duration was 50 msec; its presentation was 
so timed that it and the mask disappeared simultaneously. 

The apparatus and general procedure have been described in 
detail elsewhere.* Basically, the moving mask was produced by 
light through a slit in the bob of a pendulum. Both endpoints of 
its traverse could l>e varied independently by movable bailies, so 
the (H)sition of the onset of movement could be varied while 
the point at which it ended remained unchanged. Thus the 
separation of the mask and test stimulus remained constant a* the 
width of movement varied. 

In each session, two determinations were made under all 
conditions. The separations lielween the stimuli and the widths 
of movement at each separation were varied randomly. There 
were ten sessions for Inith observers. Observations were made 
with the right eye, 

The results arc given in Table i as ratios of the threshold of the 
test stimulus in the presence of the mask to its threshold by 
itself. The values are the averages for the ten sessions. A ratio 
of unity indicates no masking effect, and larger ratios indicate 
increased masking. The pur]«ose of computing such ratios is to 
eliminate the effects of day to-day varialálit) of alisolute sensi¬ 
tivity. There was, nevertheless, appreciable variability of the 
ratios for a given condition, between sessions. The significance of 
the results was tested, therefore, by the nonparametric sign 

test.1 l or each separation of test and masking stimuli, the test- 
stimulus threshold in the presence of the smallest width of move¬ 
ment was compared with the threshold in the presence of the 
two greater movements; comparisons were also made between 
the thresholds in the presence of the two greater movements. 

The results arc, in the main, similar for both observers despite 
difference of absolute sensitivity and of the amount of interac¬ 
tion for any given condition. As expected, the ratios increased as 
the separation betwet n the stimuli decreased. But morcimportant, 
for any given separa.ion, the average threshold ratios were lower 
in the presence of the greatest movement than in the presence of 
the middle movement in every case except one. for the two 
smaller separations, the ratios in the presence of the greatest 
movement were smaller than in .the presence of thé smallest 
movement as well. There was usually a small hut statistically 
insignificant rise of the ratio with the middle Movement com¬ 
pared with the smallest movement; 

Under these conditions, then, thrthreshold of the test stimulus 
does not continue to rise with increasing movement of the piask ; : 
on the contrary, there is a decrease of the amount of masking 
with the greatest movement despite the fact that the additional 
movement results in a greater total of luminous liux in the mask,. 
a greater total duration of its visibility and more stray light all 
of which might presumably he expected to increase the amount 
of masking. 

These results are open to the criticism, however, thui the 
duration of the greatest movement, 200 msec, may he long enough 
to permit eye movement, which would inlluence the results.*^ 
The slow speed used was adopted on the basis of the assumption 
that eye movements would more likely he toward the stimuli.'- 
This should result ir. the dim test stimulus being ¡»resented mora 
foveally than planned end should produce higher threshold# 
rather than the lower ones which were obtained. If, on the other 
hand, the lest stimulus were presented during the eye movement, 
there should also be an impairment of vision either during the 
movement,* or just liefere it,7 w hether the movement is voluntary 
or not.' 

Nevertheless, it is |M»ssil«le that eye movements away from the 
stimuli occurred; therefore, a second experiment was done using 

Tabus t. Ratios of tlir luminance threshold o( the target in the présence 
nf the mask to its thrrsliohl in isolation for both observers in Hie various 
conditions. 

AR SL 
Separation Width of movement Width of movement 

of 7 and M 0.16” 1 11* 1.41" 0.16* l.ll" 1.41" 

0* 14.22 21.77* 28.81* 14.11 14.61 10.62** 
0.3" 12.87 12.41 10.81'' 6.07 6.66 1.26 
0.6" 4.20 7.18 1.26« 2.48 2.80 2.63 
0.1" 2.11 1.18 2.68« 1.76 1.12 1.71 

* Significantly different from short movement (f> <0.01). 
'' Significantly different front short movement (/> <0.0i). 
• Significantly different from mitldlr movement (/> <0.01). 
4 Significantly different from middle movement if <0.0i). 
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a Higher speed of the masking line, 85°/sec. l our widths of move¬ 
ment were used, 0.6, 1.7, 2.9, and 4.0° visual angle; the greates' 
ex|w)sure time now was less than M) msec, and, owing to the 
design of the apparatus, the duration of the lest stimulus was 
now 10 msec. Five separatio.c of the test and masking stimuli 
were studied, those in the first -xperimenl plus 2.0° visual angle. 

Only one separation of target ,’n I masking stimuli was pre¬ 
sented in each session and < ght measurements of the target 
threshold were randomly obtained for each of the four widths of 
movement. There were three sessions for each separation of the 
stimuli, presented in different random orders for each observer. 

The results are presented in Fig. 1 as the log of the target 
threshold. They are quite similar to those in the first experiment; 
the widest movement again resulted in a sharp decrease of target 
threshold at the first two separations for AR and at the zero 
separation for SL. The additional points, however, show that the 
functions are more complex than were indicated by Kx|>eriment 
1; at the intermediate separations of the stimuli, they are U- 
shaped rather than flat. This apitears clearly for SL at the three 
middle separations, although there is little more than a sugges¬ 
tion of it for AR at a separation of 0.6°. Both the t shaped and 
the flat curves for AR nt 0.9° again become falling curves at the 
largest separation. 

It is clear that with both s|>eeds of the moving line the thresh¬ 
olds of the test stimulus do not simply increase with increasing 
movements. On the contrary, at the smaller separations of the 
two stimuli, there is a sharp decrease of the amount of masking 
as the size of the mask is reduced. The only difference between 
the two sets of data is that in Experiment 1 the thresholds were 
somewhat greater, in most cases, for the 1.15 movement than 
for the other two movements. Under no condition, however, do 
the greatest movements result in an appreciable increase of mask¬ 
ing compared to the least movements. 

These results api>ear to be related to findings recently rqwrted 
by Westheimer* He has shown that the increment threshold of 
a test stimulus increases as the size of the surround (within 
c-rtain limits of luminance) increases up to a certain iwint and 
then decreases with further increases of the size of the surround. 
These changes are ascribed to an increase of excitation in the 
region of the test stimulus when the surround close to it is illumi¬ 
nated and a decrease of excitation when more remote areas of the 
surround are also stimulated. An increase of excitation, for ex¬ 
ample, results in an increase of threshold. 

We, also, are dealing with increment thresholds, since the 
screen on which the stimuli are projected is dimly illuminated. 
It seems reasonable, then, that the greater threshold for the 1.15 
movement than for the 0.36° movement results from the same 
process as causes the increase of VVestheimer’s thresholds with 
increasing size of surround. The decrease of AR s data may indi¬ 
cate that her functions would peak at a somewhat different 
movement. The continued increase for the 1.15° movement, even 
when the separation between the two stimuli is increased, suggests 
that, within limits, the width of the surround, as well as the 
distance from the test stimulus, is important. o 

In Fig. 1, where the smallest movement was 0.6°, there is 
almost invariably an initial decrease of threshold rather than an 
increase. This presumably indicates that at this retinal location, 
the 0.6° movement is on the falling part of Westheimer’s curve. 
Hut where there is an appropriate separation between the mask 
and the test stimulus, the thresholds do not continue to decrease 
with continued increases of movement but rather increase again. 

These data indicate that when there is a very small or no 
separation between the mask and test stimulus, increasing the 
movement beyond 0.6° produces continually greater decreases 
of excitation in the test area. When there is enough separation, 
however, the lateral interactions may be so attenuated that the 
depressive effect may be more than nullified by the effect of 
stray light so that the thresholds liegin to increase again. Or it 

F.,;. I. Tlireftbold« oí the te*t stimulus as a function of the width of move- 
if •_ at the various seisirations of mask and test stimulus. Threshold tor 
he est stimulus alone was about —2.5 log ft-L. for SL and about —2.» for 

iay be that the mask is now affecting the excitation only in the 
rea between the stimuli. Only a small mask is required to to¬ 
rease the threshold of the test stimulus by a given amount. 
V’hen the width of the mask is slightly increaaed, the activity to 
he gap would at first be increased; this would result in a reduc- 
ion of activity in the area of the test stimulus and hence a lower 
hreshold. As the width of the mask is further increased however, 
he excitation in the gap would begm to decrease, resulting in 
ncreased excitation in the stimulus area and an increase of 
hreshold. For further study of this problem, the use of stationary 
itimuli should lie considered. The present results would probably 
>e confirmed, since in the second experiment the speed was too 
peat for the perception of movement. 
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In certain pieces of equipment, such as radar screens, operators are required to defect small 
target blips in the path of a moving line of light. Since the moving line presumably reduces the 
amount of contrast and, hence, the detectability of the blip, it might be supposed that the 
detectability of the target is more and more degraded as the amount of visible movement 
increases prior to the appearance of the target. 

In this study, target threshold was measured when a moving line was visible for varying dis¬ 
tances beside the target, at several final separations of target and line. Contrary to expecta¬ 
tion, it was found that an Increase in the width of movement significantly improved the detect¬ 
ability of the stationary target in its path. Unless the moving line can be completely eliminatedj 
it should not be restricted to narrow widths of movement near the target. 
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