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Various studies have been made of the effect of fil ters, tmted glasses and wind
shields as they affect seeing at night. On the average all results have shown a 
deleterious effect although individual observers sometimes may show a slight 
improvement. These variations in direction are undoubtedly chance errors as 
might be expected from any large number of measurements. Lauer investigated 
the possibility of beneficial effects from certain wave-length bands and obtained 
negative results. There was a constant Increment of nonlinear relationship 
between increased transmission of light and legibility of letters as measured by 
the Clason Acuity Meter. More recently, studies by others have supported these 
earlier findings in greater or lesser degree. In other words, the hypothesis that 
some types of filters which lower light transmission may increase acuity at 
night IS rejected. 

• ASIDE from the fact that a certain level 
of illumination is necessary for proper 
seeing, which is axiomatic, there are 
certain other theoretical considerations 
which must be taken into account with re
lation to the problem. At least three of 
these are noteworthy: 

1. Monochromatic or narrow wave 
band light may sharpen acuity by reducing 
the amount of chromatic aberration. This 
is a well-known phenomenon providing the 
light IS of narrow wave-lengtti band which 
is difficult to obtain under operational 
conditions. 

2. By the same token, monochromatic 
light has been found to fatigue the eyes 
differentially. The shorter wave lengths 
as shown by Ferree and Rand (2) induce 
greatest fatigue. 

3. Wave lengths of similar or con
trasting colors may tend to obscure objects 
of the same or contrasting colors. A well-
known method of producing third dimension 
pictures and cartoons was covering one eye 
with a red filter and the other with a green. 
Disparagement of images is created by ob
scuring one of the projected images on the 
screen, the red one from one eye and the 
green one from the other. 

The present paper is a controlled study 
of the third phenomenon noted at one level 
of transmission, approximately 86 percent. 
Since clear glass will absorb about 4 per
cent of light at each surface, the color 
pigment alone would thus account for but 5 

to 6 percent of the total reduction. As such 
glasses are commonly found in everyday 
use, it was thought desirable to test the 
effects at these levels of transmission. 

Sixty subjects were submitted to a total 
of six experimental conditions, two of 
which were used as controls. The prac
tical question set for solution may be stated 
as follows: If one uses blue- or yellow-
tinted glasses, or windshields, before the 
eyes when driving at night, wil l objects of 
blue or yellow color be less readily seen 
than when wearing clear glasses? The 
results showed higher visibility thresholds 
when using either yellow or blue lenses 
over the eyes, but no differences could be 
noted which favor either. The conclusion 
IS that while a slight tint of 5 or 6 percent 
of density wil l only mildly affect visibility 
of the same or contrasting colors, it does 
differentially reduce seeing efficiency sig
nificantly. There is a high correlation be
tween visibility distance and legibility 
distance, thus confirming the general as
sumption that better vision aids in picking 
up the presence of objects, vehicles, or 
persons on the highway at night. 

THE PROBLEM 

Red and blue-green glasses are used to 
obscure corresponding projected color im
ages to produce third-dimension pictures 
by creating disparagement of the images 
on the two retinas. It is thus of theoretical 
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and practical Interest to know what the ef
fect of tinted glasses or windshields may 
have on the visibility of specific color in 
low illumination. 

The fundamental hypothesis to be tested 
experimentally may be stated in the inter
rogative form as follows: Will tinted 
lenses of color density of the order of 5 to 6 
percent affect the visibility and legibility 
thresholds differentially for objects of 
approximately the same wave length under 
conditions of low mesopic vision? 

A corollary hypothesis was similarly 
tested which may be stated in the inter
rogative form accordingly: Will lenses of 
the same described color and density affect 
the visibility and legibility thresholds dif
ferentially for objects of contrasting wave 
lengths in the visible sprectrum ? 

Contrasting colors as defined by Pick-
ford (13) quoting Helmholtz, vary in wave 
length ratios from about 1.19 to 1 to 1. 33 
to 1. Using this as basis of departure, it 
was necessary to select lenses and pig
mented papers which were as nearly as 
possible to these ratios. 

APPARATUS USED 

In order to control conditions, the 
scotometer described by Stalder (15) was 
used. This is essentially a dark-tunnel 
apparatus in which stimuli may be pre
sented on a travelling belt simulating high
way conditions. A fixed luminant at one 
end throws incident light upon the approach
ing target. As the target approaches, the 
light intensity increases according to the 
inverse-square law as is done by an auto
mobile headlight. The rate of approach may 
be varied from 0 to 60 mph. in scale values, 
the apparatus being built % inch to the foot. 

TRANSMISSION CHARACTERISTICS O F SEPARATE LENS 
AND LENS COMBINATIONS USED 

Lens or ens combinations Percent of Characteristic 
light wave length' 

transmitted 

1. Clear piano spectacles 91 12 Regular optical glass 
2. Clear piano clipons 92 09 Regular optical glass 
3. Blue clipons 86 93 500 m M 

4. Yellow clipons 86 92 560 m / i 
5. Piano spectacles and 

clear clipons 87 88 Regular optical glass 
6. Piano spectacles and 

blue clipons 81 80 500 Bifi 
7. Piano spectacles and 

yellow clipons 82 26 560 mfi 

Three sets of lens were used, with 
characteristics as shown in Table 1. Com
binations were used to establish controls 
as indicated. 

The planoglasses were used for persons 
not ordinarily wearing correction. Those 
wearing glasses merely used the clipons. 
In this way, any effect of glasses per se 
was thought to be controlled. Since a few 
persons do wear a slight tint and there was 
no easy way to identify the color or den
sity, this was assumed to be negligible. 

' Values taken from National Bureau of Standards Circular 
No. 471, 1948. 

F i g u r e 1. Each of the t a r g e t s were shown 
eight times each i n random order. The dots 
are shown i n same color here for i l l u s t r a 
t i v e purposes. I n Response A the quadrant 
was named. I n Response B the number of 

dots was given. 
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It would, however, tend to minimize any 
differences noted for this condition and 
place findings on the conservative side. 

Two colors of paper dots were mounted 
on targets as shown in Figure 1. In al l , 
16 of these targets were constructed, each 
4 by 5% inches. The dots were arranged in 
random order on a background of gray, 
having a reflectance factor of somewhat 
less than 50 percent in the visible range. 

The dots used were placed in one of the 
four quadrants, one target having only one 
color on the gray background. They were 
made % inch in diameter and were spaced 
several diameters apart. Specially se
lected colors of paper were obtained from 
Munsell as shown in Table 2. 

TABLE 3 

EXPEBIMENTAL CONDITIONS USED 

1 Clear lens worn, with blue dots as stimuli 
2. Blue lens worn, with blue dots as stimuli 
3 Yellow lens worn, with blue dots as stimuli 
4. Clear lens worn, with yellow dots as stimuli 
5 Blue lens worn, with yellow dots as stimuli 
6. Yellow lens worn, with yellow dots as stimuli 

respond by giving the number of dots in the 
quadrant. This is known as Response B. 
The f i rs t index was assumed to indicate 
the threshold of visibility, while the second 
that of legibility. Since the latter proved 
more consistent, it was used as the basis 
of results of tests for significant differences 
presented in this paper. 

TABLE 2 

WAVE LENGTHS AND REFLECTANCE FACTORS FOR 
COLORED STIMULI AND BACKGROUND USED 

Dominant 
wave length 

Percent 
reflectance factor 

Yellow Munsell paper 573 m/ji 74.76 
Blue Munsell paper 479 an 21.43 

Percent difference 
in reflectance factors 

Gray-yellow differential 30.78 
(Brightness contrast) 

Gray-blue differential 19.07 
(Brightness contrast) 

METHOD AND PROCEDURE 

Each prospective subject was examined 
for visual acuity and those with any marked 
impairment were not used. Thus visual 
acuity was controlled to a large extent. 

The subject was p laced m a semidarkened 
booth and partly adapted to a level of i l 
lumination, approximating night-driving 
conditions at the wheel, for about 5 min
utes. He was then read standard instruc
tions, allowed to ask questions and pre
sented 48 separate observations, eight for 
each of the six experimental conditions. 
These conditions are shown in Table 3. 

The six conditions were randomized 
for each subject by a table of random 
numbers. This was assumed to distribute 
equally any effects of practice, fatigue or 
progressive adaptation. 

The targets were presented at a scale 
distance of 600 feet and at a scale velocity 
of 10 mph. The subject f i rs t responded 
by stating the quadrant in which the dots 
were located. This was designated as 
Response A. Secondly, he was asked to 

RESULTS 

The results from 60 subjects using a 
completely random-block design are shown 
in Tables 4 and 5. 

An analysis of variances for the B re
sponses was made and the results are 
shown in Table 5. 

This analysis of variance shows F 
value to be significant at the 5-percent 
level of confidence for color of dots, color 
of lenses, and for interaction between dots' 
and lenses. 

In order to counteract any extraneous 
effects of the scale, it was thought advisable 
to make a logarithmic transformation of the 
raw scores. The mean scores on each 
condition for each subject were converted 
to common logarithms. A second analysis 
of variance was then carried out using the 
transformed scores. The results from 
this analysis are given in Table 6. 

The F values for color of dots and color 
of lens again were significant at the 5-per
cent level, but in this case the interaction 
was not significant. 

T tests were carried out among the 
means of the several experimental condi
tions, using the overall means of the 

TABLE 4 

MEAN DISTANCE SCORES IN SCALE FEET FOR 
VISIBILITY AND LEGIBILITY THRESHOLDS 
FOR THE SIX EXPERIMENTAL CONDITIONS 

Response A Response B 
Condition (Scale feet) (Scale feet) 
1 Clear lens, blue dots 324 05 268 17 
2. Blue lens, blue dots 318 44 260.SO 
3. Yellow lens, blue dots 323.00 260 25 
4. Clear lens, yellow dots 377 05 320 30 
5 Blue lens, yellow dots 350 66 283 88 
6 Yellow lens, yellow dots 365 15 313 42 
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TABLE 5 

ANALYSIS OF VARIANCE OF MEAN DISTANCES FOR 
LEGIBILITY THRESHOLDS FOR THE SIX 

EXPERIMENTAL CONDITIONS 

19.38' 

Sourre of Sum of Mean 
variation squares DF square 
Between conditions 212,940 5 42,582 

Color of dots 165,594 1 165,594 
Color of lens 30,199 2 15,099 
Interaction 17,147 2 8,574 

Within conditions 3,266,041 354 9,226 
Subjects 2,617,478 59 44,364 
Error 648,S63 295 2,198 

Total 3,478,981 359 

75 34* 
6 87* 
3 90* 

* Significant at the 5-percent level. 

transformed scores and the error term 
obtained from the analysis of variance. 

The f i rs t four t tests shown in Table 7 
are those most pertinent to the hypotheses 
of the present experiment. Of these, 
only the mean difference between Condition 
4 (planolens, yellow dots) and Condition 5 
(blue lens, yellow dots) was significant. 

A correlation was computed between 
overall scores on the scotometer and mean 
scores for discrimination of the circle 
breaks on the AAA Night-Vision Meter. 
A coefficient of -0.089 was obtained. Since 
the visual acuity measurements of the sub
jects as obtained on the Sight-Screener 
were relatively homogeneous, it was not 
thought necessary to correlate this with 
scores on the scotometer. The primary 
object of the visual measurements as a 
whole was to establish some control on 
visual acuity by screening out those with 
vision somewhat below normal. 

COMMENT 

According to the f i rs t hypothesis set up 
for testing in this experiment, the use of a 
yellow lens should have made blue dots 
easier to see, and the use of a blue lens 
should have made yellow dots easier to 
see. The mean differences foimd did not 
support this supposition. The difference 
between mean scores in Conditions 1 and 3 
was in the reverse of the expected direction, 
but was not significant. The difference 
between mean scores for Conditions 4 and 
5 was also in the reverse of the expected 
direction, and this was significant at the 
1 -percent level. 

According to the second hypothesis, a 
blue lens should have made blue dots more 
difficult to see and a yellow lens should 

have made yellow dots more difficult to see. 
The difference in this case, between Con
ditions 1 and 2 and between Conditions 4 
and 6, were in the expected direction, but 
neither was significant. 

These findings, subject to the limitations 
of the experiment, indicate that color of a 
fi l ter in and of itself at the transmission 
levels used is not a factor in influencing 
visual discrimination at night, providing 
that other variables are held constant. The 
direction of the differences found, for both 
the A and B responses, however, indicates 
that any filter which narrows or reduces 
the amplitude of the wave band and inten
sity of visible light transmitted wil l re
duce seeing ability. This agrees with the 
results of previous research. The t tests 
between means for conditions using a piano-
lens and those using a colored lens revealed 
only one significant difference, that between 
Conditions 4 and 5. 

Although the results of the t tests are 
those most pertinent to a test of the hypo
theses set up for experimental investiga
tion, some discussion of the F values found 
from the analysis of variance is in order. 
The significant F value for color of dots 
indicate that the yellow dots were easier to 
see than the blue dots. This was probably 
due to their greater contrast with the gray 
background (see Table 2). If blue and yel
low papers of identical reflectance factors 
could have been used, they should have been 
seen equally well. This, of course, is 
physically impossible with colored pig
ments. Likewise, the fact that a back
ground of true neutral gray was not used 
may have influenced the results. The gray 
which was used reflected more yellow wave 
lengths than blue wave lengths, and this 
fact might have slightly favored the wave
length contrast with the blue dots. 

TABLE 6 

ANALYSIS OF VARIANCE OF THE MEAN DISTANCE 
SCORES FOR THE DISCRIMINATION THRESHOLD 

AFTER A LOGARITHMIC TRANSFORMATION 

Source of Sum of Mean 
variation squares DF square F 

Between conditions 0.51946 5 0 10389 43 93* 
Color of dots 0.47905 1 0.47905 197.95* 
Color of lens 0.03438 2 0.01719 7.10* 
Interaction 0.00603 2 0 00302 1.51 

Within conditions 7.64395 354 0.02159 
Subjects 6 93096 59 0.11747 
Error 0 71299 295 0 00242 

Total 8.16341 359 

*Significant at the 5-percent level 
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The significant F value for color of 
filters is more difficult to explain. The 
only significant differences revealed by the 
t tests were between Conditions 4 and 5 and 
Conditions 5 and 6. When yellow dots were 
used as stimuli, the use of blue lenses pro
duced significantly lower scores than when 
piano or yellow lenses were used. No 
explanation for this finding can be offered 
except reduction in visible light on the 
stimulus. 

TABLE 7 

T-TESTS BETWEEN MEAN DISTANCE SCORES FOR 
DISCRIMINATION THRESHOLD FOLLOWING A 

LOGARITHMIC TRANSFORMATION 

Conditions Mean feet Difference t DF 
Clear lens, blue dots 
Blue lens, blue dots 

2.40795 
2 39104 01691 1.88 118 

Clear lens, blue dots 
Yellow lens, blue dots 

2.40795 
2 39113 .01683 1.87 118 

Clear lens, yellow dots 
Blue lens, yellow dots 

2 48361 
2.45288 .03073 3.42* 118 

Clear lens, yellow dots 
Yellow lens, yellow dots 

2 48361 
2.47249 .01112 1.24 118 

Blue lens, blue dots 
Yellow lens, blue dots 

2 39104 
2.39113 .00009 0.01 118 

Blue lens, yellow dots 
Yellow lens, yellow dots 

2.45288 
2.47249 .01961 2.18'* 118 

* Significant at the 1-percent level 
"Significant at the 5-percent level 

The interaction between color of dots 
and color of lens was not significant when 
the scores were transformed into logar
ithmic form, although it was significant at 
the 5-percent level for the original scores. 
Examination of the mean scores shows that 
greater differences from color of lenses 
occurred when yellow dots were used as 
stimuli. This may be due to the fact that 
the yellow dots had higher visibility and 
were easier to see and thus any differences 
in lens transmission would produce a great
er relative effect. No definite statement 
on this observation can be made, however, 
since the interaction for the transformed 
scores was not significant. 

The small negative correlation between 
overall scores on the scotometer and 
scores on the AAA Night-Vision Meter 
indicates that the two devices are not 
measuring the same thing. The correlation 
was in the expected direction since low 
scores on the AAA Night-Vision Meter 
indicate good performance while high 
scores resulted from good performance 
on the scotometer. 

CONCLUSIONS 

Conclusions drawn from this experiment 
are subject to the limitations of sample size, 
the age and sex of the subjects, the type 
of apparatus used, level of transmission, 
and other conditions of procedure. These 
may be stated as follows: 

1 . Both hypotheses were rejected as 
stated (a) with two colors of stimuli placed 
on a gray background of a given brightness 
contrast, the use of a filter transmitting 
mostly the wave length complementary to 
that reflected by the stimuli wil l not lower 
the visual discrimination threshold values; 
(b) with two colors of stimuli placed on a 
gray background of a given brightness con
trast, the use of a f i l ter transmitting most
ly the same wave length as that reflected 
by the stimuli wil l not raise the visual dis
crimination threshold values. 

2. Results indicated that the use of 
colored lenses as compared with clear 
lenses result in reduced visual discrimi
nation under the conditions studied. 

3. Visibility and legibility thresholds 
vary together in direct relationship. 

4 . Night vision as measured by the 
AAA Night-Vision Meter is directly but not 
closely associated with visibility or legi
bility thresholds for mesopic vision at the 
levels measured. 
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Discussion 
D. A. TOENJES, Application Engineering 
Department, Lamp Division, General 
Electric Company, Cleveland—The authors 
have found that visual discrimination is 
reduced slightly by the use of colored 
filters. However, at these brightness 
levels, similarities or differences in the 
colors themselves of the filters and the test 
objects did not show any significant effect. 
These results seem to lead into the question 
of what might be the effect when two colored 
filters are used together in viewing a test 
object. For example, in daytime driving, 
yellow sunglasses might be used together 
with a green (heat-absorbing glass) wind
shield. Are these filters selective enough 
in their spectral transmission factors that 
wavelengths passed by one fil ter would be 

stopped by the other, with the result that 
the combined transmission factor would be 
lower than the product of the two individual 
factors ? Would the proper result have to 
be found by multiplying the two spectral 
transmission curves, point by point? 

A. R. LAUER, Closure—Toenjes comments 
are quite apropos. Such filters are actu
ally not highly selective. Since the curves 
are quite different and the transmission 
range broad, the theoretical calculations 
do not hold strictly. Using a yellow clipon 
and a blue lens or visa versa gives a result 
somewhat different from the product of the 
two. The reduction is less than might be 
predicted. 


