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•CONTRIBUTIONS from the vision literature of interest to the Night Visibility Commit
tee are selected, and as in previous years (82), no attempt is made for complete cover
age. Of general interest are Fletcher (46), a new edition of Weston (99), the Duke
Elder series (!!_), a new set by Davson \34), and a review by Blair (~ Sneller (~) 
has written a small volume for th(:) beginning driver with one chapter on rules for night 
dri""v"ing. The reports of the ~rational Committee in Frn.nce summarize much of \Vhat is 
known about seeing at night driving luminances (18, 66, 67). Waldram's analyses are 
summarized (96) and there is an interesting attempt to evaluate the Smith-Cummings
Sherman driving-seeing system (20). The evaluations vary with the ratings of the in
dividual judges, and there is an interesting discussion of accidents of professional 
drivers. 

ILLUMINATION 

Rex (81) appeals again for more light on highways, for at least as much as used in 
some European countries. DeBoer (35) states the essentials of road lighting and recom
mends 0. 6 fL as a compromise between the desirabl,e and reasonable cost. Connolly 
(32) summarizes some of the recent work on automobile lighting, including the new am
ber turning lights. Increased fixed lighting does reduce accidents (59). Harrington and 
Johnson (54) describe an improved instrument for measuring pavement reflectance. 

Glare fatigue is explained in a British medical journal (1) as due to fatigue from the 
eyelid and associated muscles trying to hold the lid partially closed to reduce the daz
zle. Meyer (73) discusses glare and the scattering of light within the eye. New meas
urements of the wavelength transmissions of the ocular media are available (103). A 
median of 10 to 20 ft reduces glare from low beams but must be 70 ft or more to re
duce discomfort from high beams (62). Lighting arrangements for the reduction of 
glare are discussed by Foote and Kaercher (47). Hofer (56) advocates an aluminum 
glare screen. Contrast and seeing with poor lighting are discussed by Aulhorn (19). 
Finch (43) recommends flat liiminaires to delineate the road edge. -

The pupil regulates the light entering the eye and because of its own thickness shuts 
ofi iight from wide angies (61). Weaie (98) shows the role of the crystalline iem; in the 
aging eye. The smaller pupil and increased lens absorption may account for the poorer 
vision of old age rather than changes in dark adaptation. From 2. 5 to 3 times more 
light is needed for older people (97). Weale also suggests that the Stiles-Crawford ef
fect can include the rods of the retina. 

Meeting distance vision measured by Johansson (63) in Sweden reveals that symme
trical low-beam headlights are more efficient for seeing an object just off the road 
than are asymmetrical lights. 

Motion pictures of different types of signs have been made on the road and shown to 
various groups to learn the relative seeability of different designs. This type of analysis 
by Burg and Hulpert (31) should be extended into night driving conditions. A warning is 
given against flashingand dazzling repetitive stimuli which cause fatigue, are disturbing, 
and may even have a hypnotic effect on some drivers (2). This is regarded as especially 
true at night when more effort is required because of fiie unusual contrasts. White 
posts, guardrails, broken lines, or other markers which flicker should be avoided. 

Paper sponsored by Special Committee on Night Visibility. 

76 



77 

Elstad (42) reports on sign luminances and finds ambient levels of 0. 1 fL in the 
country, OAfL in suburban, and 4 fL in urban regions. High beams give 66 ft and low 
beams 58 ft visibility distance per inch of height of a standard letter. U.S. signs with 
place names were judged better than British or continental signs for simple junctions, 
but the continental diag1·am signs were preferred for complicated intersections (.!.?). 

ACUITY AND CONTRAST 

Simmons (89) describes a visibility meter that reduces a 2° field to threshold con
trast without changing the level of adaptation of the eye. Boynton and Miller (27) con
sider the following mechanisms for dark adaptation: increase in photo pigment,"' neutral 
adaptation of single receptors, increase in retinal summation areas, increase in retinal 
summation times, and a decrease in the number of coincident quanta. Each shows a dif
ferent effect on the curve for adaptation. A sudden change of luminance disturbs vision 
in accordance with the relative levels, and contrast must be increased to avoid loss of 
seeing. 

Luria and Kinney (69) have measured some effects on adaptation from short exposures 
to increased light, although at much lower levels of illumination than usually prevail on 
highways. Fry (48) reports a device for measuring transient adaptation. The question 
of recovery from glaring effects from oncoming automobile lights remains unanswered. 
Hallet et al. (53) describe the sensitivity of different retinal areas to brief flash stimu
lation, and thevariation that they found questions the validity of some of the intensity
area laws. Roper (84) stresses the need for more information on acuity and contrast as 
seen at night drivingluminances. Marimont (72) proposes a model to explain the apparent 
greater contrast from increased luminance. -

Wolf (10() finds that both central and peripheral flicker fusion decrease with age, 
and Dorney 39) reports improved predictability of age and da_rk adaptation when flicker 
measurements are included in the equation. The Biophotometer has been modified by 
the addition of a fixation control (70). 

The size constancy question is being investigated by Anstis (17) through the effects of 
the position of the eye and movements of shadows on a screen. The problem is related 
to night driving and further work could be useful. Speaking of perception problems, 
Bloomer (24) indicates that increasing stress and stimuli can increase vigilance and re
duce accidents-a consideration for planning design and education. 

Variations of depth of focus of the eye and spherical aberration with pupil size need 
to be considered when prescribing spectacles and discussing acuity (3, 16). The out
of-focus blurring of retinal images and two-point contrast thresholds-are measured by 
Ogle (77). 

DYNAMIC AND SPACE VISION 

Fiorentini (45) has summarized the dynamic characteristics of the vision process. 
Brownstein and White (28) show that at a fol'ward acceleration of lg, about twice as 
much contrast is neededfor seeing from 1 to 0. 03 fL. Vision does not black out during 
movement of the eyes (95). Latour (65) demonstrates wide variations in thresholds for 
perceiving flashes of light from eye movements. Vertical stripes must be brighter to 
be seen by the laterally moving eye, and horizontal stripes are seen under these cir
cumstances better than vertical stripes. Vibrations of 3 to 4 cps adversely affect reading 
dial instruments. Vibration rates from 2 to 7 cps should be minimized, and at fre
quencies of 5 cps, higher contrasts are required for seeing (40). Low frequency vibra
tions are reported to decrease contrast thresholds and high frequency movements to 
increase thresholds (64). The frequency response of compensating eye movements 
fixating a static target is higher than the frequency response of pursuit movements by 
still subjects fixating a moving target. This is believed due to otolithic stimuli added 
to the visual sensation ( 52). 

A uniform visual fieldfree from cues fails to maintain the focusing mechanism of 
the eye. The restricted fields at night increase nearsightedness of some eyes. Heath 
(55) has measured night myopia with both objective and subjective methods for periods 
oT4 hr and finds the myopia due to a general breakdown of the focusing mechanism; as 
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large fluctuations (0. 75 Diopter), changes in level (lD) and drifts (1. 5D) occur con
tinuously and irregularly. Fincham (44) reports that accommodation and convergence 
relations also breakdown under similar conditions of view. Both researches question 
the correcting of vision for night myopia. However, an individual may have a mean 
focusing amplitude and correcting for this amount of myopia does help those drivers. 
The French (18) report recommends that glasses large enough to cover the peripheral 
fields be used when correcting night myopia. 

COLOR 

The French (18, 67) study also recommends adding shape differences to color differ
ences to make signalsless misunderstandable. Undue amounts of noise affect the visual 
fields and the color fields are first affected according to Benko (22). 

R. G. Fry (50) states that yellow glasses are scarcely useful for motorists because 
of the small amount of blue and blue-gray contrast on roads. Verriest et al. (94) dis
cuss the visual loss from withdrawal of the short wavelength light by use of colored 
glasses. This may explain why wearing yellow glasses during the day does not help 
night driving vision. A Russian experiment with colored asphalt roads is reported (93). 
So far, no results seem to have been reported from this use of colors under adverse
conditions of dense fog, heavy rain, or snow on moonless nights. 

Davids (33) tells how color-deficient men see a green traffic light as white, ask why 
the amber is so like the red light, why not change the red to a scary blue seen by all 
men, why there is a program to replace easy-to-see black-on-yellow signs with less 
visible white on red and why some car makers now use rear lights which look as big as 
front lights. Fortunately only a few men are so handicapped, yet these pleas should be 
considered when color-coding roads and signs. Breckenridge (29) considers U.S. signal 
lights and standardization. Huber (57) discusses the use of colors on the ramps of the 
experimentally color-coded exchangein Minnesota. 

DRUGS 

Sloan (90) has revised and indexed his previous paper on drug effects on vision, and 
a summary(4) of the possible effects of drugs on driving is now available. Dix (38) has 
re-examinedthe question of improving dark adaptation with large amounts of vitamin 
A and finds that there is little improvement. On the other hand, Masci (73) reports 
improved ability to perceive targets after small doses of caffeine. Long Treatments 
with chloroquine can result in degeneration of the retina (79). The uncontrolled use of 
many drugs could very well lead to visual distrubances that could trigger an accident. 
Many of the commonly-used stimulants are followed by irritability, fatigue, and de
creased ability to concentrate, and many of the various sedatives and tranquilizers can 
also produce drowsiness and mental confusion. Unless large amounts have been taken, 
it m:iy net be cbvious th:it the individual in a!! ac12id£r1t ,Has suffering from ~n 1_1nrl1_1e. 

amount of the drug. Nevertheless, here is a field that should be more thoroughly 
studied. (Also pertinent are 104 and 105.) 

Alcohol decreases eye movement frequency, more so when the subject is being vi
brated (52). Schmidt (85) states that clinically-identified alcoholic drivers are involved 
in proportionally more accidents than the general driving public. Accidents involving 
the drinking driver are partly a problem of alcoholism, rather than the effects of alcohol 
on the casual drinker. 

VISION AND TESTING 

Long (68 A) discusses, the intangibles of driving seeing and particularly the danger of 
complyingwith only a minimum of legal standards. Whether the driver with a visual 
deficiency is dangerous may well depend on how well he can compensate for that deficiency. 
Others offer useful comments in the general field (9, 16, 36, 78). The physical im
pairments of the problem drivers are tabulated by Sneller 0)2~ Bateman (21) discusses 
the aspects of binocular vision and accident proneness. Some colors are, he believes, 
more useful in locking stereovision than others, and diplopia must be avoided by proper 
correction of phoria at distance to provide fused binocular vision. 
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As might be expected, the new British law makes a £50 fine a possibility when 
glasses are required and not worn by drivers. At any time a driver can be checked as 
to whether he can read a British auto license at 75 yd. Much of the comment has con
cerned the fact that, though some drivers could read part of a driving license, they 
might not be able to read a six-letter plate (5) and as the illumination is not specified, 
the visibility could be determined by the mor-e or less light available. Not all number 
combinations provide equal acuity targets (3, 5 through 11). Others criticize that, 
though this law is a good start, other tests 1"fields, phorias, color, etc. ) may be as im
portant as reading a license plate at 75 yd. Weale is quoted (7): "Eyes ought to be tested 
under the conditions under which they are alleged to have failed." 

A program for testing driver's vision is given by Humphriss (58). The medical view
point on screening vision procedures is given by Lippmann (68). The need for carrying 
a second pair of glasses by those whose sight is inadequate without glasses is again 
stressed (10, 11). Nearsighted individuals should have full correction (102). 

ContacITenses have limitations for air crew personnel (37) and some of the limita
tions apply also to automobile driving. Tinted contact lenses, other than the very palest 
shades, should not be worn when driving at night (83). Blyford (25) describes a contact 
lens photoelectric, eye movement recorder. - -

Schober (86) states that the average night driving luminance in Germany is 0. 1 fL; the 
variable-focus French "Verilux" lens must be adjusted carefully to avoid difficulties in 
seeing while driving and that this lens is not too satisfactory after strong presbyopia 
has developed. Bryan's (30) "Nite-Site" antiglare lens and its proper use is described. 
Vision specialists have anopportunity in some cases and an obligation in others to pro
vide proper occupational glasses for motorists, which should be lightweight, have small 
nonobscuring frames large enough for adequate peripheral view, with good nonslip ear 
pieces, fit comfortably (even with vibration), and come with a strong case for protection 
when not worn. Metal frames are recommended (8, 10, 11, 16). For night driving, 
the curves of the lenses should be selected for best visionandleast distortion, and be 
antireflective-coated when reflections of lights are annoying or obscure vision. 

Curved windshields are criticized (12), and vision in rear view mirrors has been 
investigated (60, 76). Convex mirrorsare used more in Great Britain than in the 
United States,anddifficulties from their use are cited, particularly for older people 
who cannot accommodate enough to see the image from the convex mirror. Distances 
of mirrors from the eyes of the driver and the relative positioning are r eported, and 
for useful aid the mirror should be within 30° of the forward road view. When convex 
mirrors are used, curvatures of about 27 in. and a field of view of 15° are recommended; 
although a larger mirror with a field of 30° would be better. Problems of seeing when 
backing are discussed by Gernet (51). The proposed Californiaprojecttoteststatic and 
dynamic visual acuity, field size, glare resistance, and recovery should give useful 
information (Q, 14). 
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