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# B A D VISION is believed by the Association of Optical Practitioners to be a contrib­
uting factor i n at least 10 percent of road accidents in Br i t a in (4). Lighting of roads 
lessened accidents by a factor of ten in Indiana (7) and an accident rate in Chicago of 
17. 9 per mi l l ion miles of travel with 0.144 f tc reduced to 9. 5 with lighting of 0.88 f tc 
(50). Figures of mer i t of roadway lighting are summarized and discussed by Rex (41). 
Hofstetter (25) considers visual driving problems of glare, poor vis ibi l i ty i n dim light, 
central acuity, peripheral vision, diplopia, judgement of direction and depth, adapta­
tion to fixational changes of distance and the abili ty to recognize objects seen. Savin, 
Weston and Grime (44) present an excellent summary of the seeing ability of the dr iver 
and the illumination of the roads. Forbes and Katz (18) summarize many data on see­
ing and discuss their application to highways. 

Bryan (8) and Hervey (24) report on the work that the American Optometric Associa­
tion's Vision Committee is doing toward finding out the actual abilities of auto dr ivers . 
The prel iminary report indicates that about 22 percent of the people tested were de­
f icient in acuity and in depth vision, about 29 percent have inadequate muscular balance 
(lateral and vert ical phorias), 7^2 percent are deficient in color vision, 10 percent have 
reduced f ields, and 5 percent have inadequate glare resistance. Of this group, 22 per­
cent had reportable accidents. 

The brightness of mercury lamps appears greater than the photometric brightness, 
wi th respect to sodium lamps, as the mercury luminance had to be reduced to of that 
of sodium before observers judged them equally bright. Preferences f o r sodium light 
Ferguson and Stevens (16) state are due more to the characteristics of the luminaire 
than to less glare. 

Hopkinson (26) developed a scale of apparent brightness f o r a 2 deg patch on a 120 
deg f i e ld which shows the sensation of brightness (M) follows the physical luminance 
(L) according to the equation M = kL" ' The e:q)onent varies with the adapting f i e ld 
and the surround has some effect on appearance, e. g. two luminances, one twice the 
other, appear at high intensity, to be about this difference, but seen in a dark surround 
they appear nearer to ten to one in brightness. Nolan (35) gives equations relating 
luminous energy, target size and duration f o r foveal s t imul i . Stevens (47) reviews 
work on scales of brightness with reference to luminance. 

The brightness of an object is related to and derives in part f r o m its photometric 
luminance, f o r aside f r o m dark adaptation, brightness is determined by the light reach­
ing a given area of the retina and this in turn depends upon the part of the light i l l u m i ­
nating the object which is reflected to the eye and the size of the pupil. Thus, i t is 
evident that luminance and brightness although related are not the same, and i t is the 
latter which triggers the dr iver . Someday equations w i l l completely relate the i l l u m i ­
nance and reflectance of the lighting engineer with the brightness of the various ele­
ments of the visual image as perceived by the retina and brain. In the meantime i t 
behooves us to recognize the physical, biological and psychological aspects of vision, 
our ignorance in each f ie ld , and plan efficient experiments to obtain enough information 
to solve the motorist 's vision problem at night. Forbes and Katz (18) also point the 
way here. 

Aguilar and Stiles (1̂ ) conclude that at a f i e ld intensity of 100 scotopic Trolands the 
sensitivity of the rod mechanism to stimulus differences begins to f a l l off rapidly and 
that at about 2,000 to 5,000 Trolands the rod mechanism becomes saturated and i s no 
longer capable of responding to an increase in stimulus. 

Jayle and his associates (29-31) have investigated 1, 600 young a i r recruits by a 
motion picture technic to learn at what level a screen appears lighted, the threshold 
f o r differences in luminance on the screen, f o r f o r m differences and f o r recognition of 
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the f o r m seen. The latter , identification threshold (0. 0058 to 0.058 f t - L ) just f a l l s i n 
the lower range of highway luminances, and this method may provide another analytical 
technic. Another projection method f o r training night vision is described by Perdr ie l 
et al (38). The use of a tachistoscope is recommended (28) f o r testing dr iver ' s vision. 

Actual levels of dark adaptation driving at night have been measured by Davey (10). 
On a dark road^where the i l lumination varied f r o m 0. 7 to 0.2 f t - L , the adaptation level 
found was log 5. 79 f t - L . In the_city the level of adaptation was about log 4. 47 f t - L and 
in the country i t was about log 5.17 f t - L . From the dark adaptation curve of the sub­
ject Davey estimated that i t would take about 5 min f o r adaptation f r o m the city to the 
country lighting. 

Measurements of acuity f r o m the fovea to the periphery reported by Oliva and Aguilar 
(36) show visual acuity to decrease, the visual size of the retinal unit to increase and 
this decrease in vision is related to the distribution of the sensory units i n the retina. 
Krauskopf (32) examined contrast thresholds during continuous seeing as the retinal 
image was moved by means of a m i r r o r . Low frequency vibrations of 1, 2, and 5 cps 
of the retinal image were found beneficial to maintained vision, while higher frequen­
cies of 10, 20, and 50 cps were, in the absence of normal image motion, detrimental 
to continuous vision. Vibration over 10 cps likewise decreased detection and resolu­
tion as shown by the graphs of Ercoles et al (15). 

Finch (17) summarizes the factors involved in night v is ib i l i ty of roadway obstacles 
due to the f o r m and shape of the obstacle and the lighting. 

Sachsenweger (43) has reported that depth impressions are heightened f o r most people 
in twilight. Objects which are clearly seen to l ie in different depths seem to l ie in 
greated distances f r o m each other in the dusk than in bright daylight. He believes that 
good muscle balance is important in twilight vision, because there is less stimulation 
outside of the macula f o r fusion and any night myopia present worsens the image. The 
various methods f o r estimating stereopsis are described by Anapolle (3) and he believes 
that a l l operators of moving vehicles should be tested f o r depth perception and stereo­
scopic vision. 

Oliver and Lauer (37) have found that driving experience does not improve the ability 
to judge distance and speed. With poor v is ib i l i ty or poor vision the perceptual distance 
is shortened. Acuity and speed estimation are slightly, though not significantly, cor re ­
lated; but acuity and distance perception were significantly correlated. Men were found 
slightly better than women in judging distance. 

Davey (9) discusses visual acuity in driving based on information obtained f r o m 40 
dr ivers and a test course. Since vision is better out of doors than indoors i t i s recom­
mended that the acuity measurements f o r dr ivers in England should be made out of doors. 
High acuity was not required f o r dr iving along a winding course. Visual acuity and per­
ception time are correlated. The sharper the retinal image, the quicker i t was per­
ceived. Good acuity is helpful in seeing bus numbers, to know where they are going and 
i n seeing via the rear view m i r r o r . Such clues evade a person with poor vision and 
Davey wri tes: "Whether this makes him more dangerous w i l l depend to a large extent 
on whether he is aware of his limitations and drives accordingly. He may, however, 
unwittingly balk other road users by slowing to read a road sign which is clearly visible 
to others and by fa i l ing to position early in the correct t ra f f ic stream in preparation f o r 
a required maneuver. " Davey (11) found also that a small amount of veil ing glare f r o m 
slight scratches in goggles reduced the speed of speed driving, because with unscratched 
goggles he was able to make the same speed in the afternoon as on a gray morning, with 
no glare f r o m the sun. 

Mansini (34) discusses the new signs, some color coded, placed on the main h i g h r 

ways in Rhode Island. B i r r e n (6) reports on day and night v is ib i l i ty of markers. The 
best seeing of signs at night is about 88 percent of that during the day and he recom­
mends white on a green background f o r easy v is ib i l i ty . Straub and Allen (48) give 
measurements of sign brightness with relation to position, distance and reflectorization. 

Seeing involves dynamic factors not found in a camera and blurred photographs taken 
f r o m a motor vehicle should not, i n the wr i t e r ' s opinion, be used to explain vision (23) 
because the blur is controlled entirely by the photographer. 

Danielson (13, iA) investigated the relationships of the f ields of vision to safety in 
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driving, summarizes much of the known information and adds a new measurement of 
his own. His results indicate that i t is more important to see wel l i n the central area 
than to have large areas of peripheral vision, because the peripheral vision is less 
useful. He was able to drive with greater comfort at high speeds when his peripheral 
visual f ields were blocked out, but the corresponding experiment of blocking out the 
central f ields of vision was a dangerous handicap. Danielson also discusses accidents 
and his recommendations deserve consideration and application. 

Hopkinson (27) examined glare discomfort and pupil diameter. The pupil diameter 
is reported to be governed by the illumination received at the eye rather than relating 
directly to the discomfort sensation. More concentrated glare produced greater pupil 
contraction, and with intolerable glare the pupil contraction relaxes i r regular ly every 
few seconds. This instability may be an emotional reaction to the severe discomfort. 
At night dr iving luminances, the retina is not stimulated beyond i ts adapting abil i ty, but 
the conditions producing dark adaptation are not compatible with a brief glare stimulus. 
The sensation of discomfort may be partly associated with opposing action of sphincter 
and dialator muscles due to contradictory indications f r o m highly stimulated parts of the 
retina and areas of low stimulus (surround), or i t may be of emotional or igin. Such 
investigation should cast some light on the problem of successive glare in passing a 
number of cars. 

Measurement of stray light by Boynton and his associates (12) i n enucleated eyes 
shows a rapid fa l l ing off of the light as the glare angle increases; about 40 percent at 
one deg and 4 percent at two deg. 

Psychiatric disorders can influence night vision. Granger (19-21) reports slightly 
lower thresholds f o r people in anxiety states, while hysterics dark adapt more slowly 
and their thresholds are significantly higher. 

Swartout (49) has reviewed the general refractive problems of the aged and believes 
that f o r night driving increased glare sensitivity is the most serious disadvantage of 
age. Sheridan (45) thinks that the greatest gain in night driving vision would come i f 
more elderly people could be convinced of the necessity of wearing their distance cor­
rection when driving. 

McFarland and Fisher (33) report that dark adaptation is slower f o r ages 20 to 29 
and 50 to 59 than f o r ages between these, or at greater ages. They note that "Serious 
questions of safety may be raised if the amount of available light is fur ther reduced f o r 
older persons through the use of tinted windshields or colored glasses." Their meas­
urements suggest that f o r each 13 years of age the light would need to be doubled to be 
seen just by the fu l ly adapted eye. This is an important problem because, on the road, 
lighting cannot be so doubled and the older people are correspondingly handicapped. Guth 
(22) also has shown the need f o r increased il lumination f o r equal seeing by older people. 
While his measurements were made at higher intensity levels than found in night d r i v ­
ing, i t is l ikely that the need w i l l be at least as great f o r night driving vision. 

According to Allen (2) the change in lens shape during accommodation is faster in 
youth than at maturity. Contraction of the lens is considerably slower than relaxation 
of the lens, but no relation was found between lens viscosity and a high accommodation-
convergence accommodation ratio. 

Commenting fur ther on the glare f r o m scratched goggles (mentioned above) Davey 
(11) states: "Ever since this experience I have been convinced that one of the pr imary 
reasons why a dr iver becomes slower with the years is that keenness of his eyesight 
diminishes and that, as a probable consequence of this, so does his judgment of distance." 

The problems of dr iver licensing and re-examination have received fur ther discus­
sion. One set of recommendations was proposed at a symposium at New York Univer­
sity (5). Medical examinations are recommended and a number of medical conditions 
that should preclude a dr iving license are stated. 

Porter (31) recommended that dr ivers be re-examined every f ive years to 80 and 
then yearly after age 80. A simple and comprehensive test chart i s reported under 
development in New South Wales (46). The vis ib i l i ty measurements of Prince (40) 
should aid in obtaining better alphabets f o r charts and signs. The American Optometric 
Association's Driving Committee also recommends periodic re-examinations, a thorough 
visual examination f o r accident repeaters, more use of vision specialists as consultants 
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to government, state, and other traffic boards, and that minimum standards be set up 
for acuity, glare resistance, adaptation to low luminance, distance judgment, width of 
field, and color vision (8, 24). 

REFERENCES 
1. Aguilar, M . , and Stiles, W. S., "Saturation of the Rod Mechanism of the Retina 

at High Levels of Stimulation." Optica Acta 1:59-65, (1954). 
2. Allen, M. J., "The Influence of Age on the Speed of Accommodation. " Am. J. 

Optom. 33:201-208, (1956). 
3. AnapoUe, L . , "An Evaluation of Stereopsis Tests." Am. J. Optom. 34:310-319, 

(1957). 
4. Anon., "Vision and Road Safety." Optician 133:523, (1957). 
5. Anon. "Recommendations for Driver Licensing and Reexamination." Highway 

Res. Absts. 27(2):38, (1957). 
6. Birren, F . , "Safety on the Highway." Am. J. Qphth. 43:265-270, (1957). 
7. Blythe, J .B. , "Highway Lighting and Accidents in Indiana." HRB Bull. 146:1-7, 

(1957). 
8. Bryan, W. E., "Research in Vision and Traffic Safety." J. Am. Optom. Assoc., 

29:169-172, (1957). 
9. Davey, J. B . , "The Effect of Visual Acuity on Driving Abili ty." Bri t . J. Physiol. 

Opt., 13:62-78, (1956). 
10. and Sheridan, M . , "Levels of Dark Adaptation when Driving at Night." 

Brit . J. Physiol. Opt., 14:183-189, (1957). 
11. "Visual Acuity and Driving Abili ty." Optician 134:204, (1957). 
12. DeMott, D.W., and Boynton, R .M. , "Retinal Distribution of Entopic Stay Light." 

J. Opt. Soc. Am., 48:13-22, (1958). 
13. Danielson, R W., "The Relation of Fields of Vision to Safety in Driving." Tr. 

Am. Ophth. Soc. 54:369-416, (1957). 
14. "The Relationship of Fields of Vision to Safety in Driving." Am. J. 

Ophth., 44:657-680, (1957). 
15. Ercoles, A. M . , Fiorentini, A . , and G. Toraldo di Francia, "Visual Experiments 

with a Vibrating Test Object." Optica Acta 3:40-46, (1956). 
16. Ferguson, H. M . , and Stevens, W. R., "Relative Brightness of Colored Light 

Sources." Tr. Ilium. Eng. Soc, Lond. 21:227-247, (1956). From HRB Absts. 27(10):5 
(1957). 

17. Finch, D. M . , "Some Factors Influencing the Night Visibility of Roadway Obsta­
cles." lES Preprint No. 27. 11pp. (1956). Abstract, Ilium. Eng. 51:619, (1956). 

18. Forbes, T.W., and Katz, M.S., "Summary of Human Engineering Research 
Data and Principles Related to Highway Design and Traffic Engineering Problems." Am. 
Inst. Res., Pittsburgh. Mimeogr. (1957). 

19. Granger, G. W., "Dark Adaptation in Anxiety States and Hysterics." Brit . J. 
Physiol. Opt. 13:235-241, (1956). 

20. "Night Vision and Psychiatric Disorders." J. Ment. Sci. 103:48-79, 
(1957). 

21. "Effect of Psychiatric Disorder on Visual Thresholds. " Science 
125:500-501, (1957). 

22. Guth, S.K., "Effects of Age on Visibili ty." Am. J. Optom. 34:463-477, (1957). 
23. Harman, P., "Motorists' Vision: A Neglected Area in Research." Optician 

134:13-15, (1957). From Opt. J. Review of June 15, 1957. 
24. Hervey, W,, "Vision for Driving." Optom. Weekly 48:1845-1847, (1957). 
25. Hofstetter, H.W., Industrial Vision. Chilton Co., Philadelphia, 189 pp. (1956). 
26. Hopkinson, R. G., "Light Energy and Brightness Sensation." Nature 178:1065-

1066, (1956). 
27. "Glare Discomfort and Pupil Diameter." J. Opt. Soc. Am. 46:649-

656, (1956). 
28. Izard, A. , and Jardillier, P., "Etudes sur un nouveau test de perception: le 

'tachistoscope'." Arch. MaL Profes, Par. 18:59-61 (1957). 



61 

29. Jayle, G. E . , et al. "Importance du niveau intellectuel sur les seuils psycho-
sensoriels en vision nocturne." Med. aeronaut. 10:247-254, (1955). 

30. et al. "Principes et resultats de I'exploration cinematographique 
de la vision nocturne." Bull. Soc. Fr. Ophth. 67:508-522, (1954). 

31. et a l . , "Exploration de la vision nocturne chez les daltonians." Med. 
aeronaut. 11:21-28, (1956). 

32. Krauskopf, J., "The Effects of Retinal Image Motion on Contrast Thresholds." 
Rept. 221. Army Med. Res. Lab., Fort Knox, Ky. 33 pp. (1955). 

33. McFarland, R. A. , and Fisher, M . B . , "Alterations of Dark Adaptation as a 
Function of Age." J. Geront. 10:424-428, (1955). 

34. Mancini, P. S., "Traffic Engineering and Planning at a High Level in State Gov­
ernment. " Traffic Quart. 10:564-574, (1956). 

35. Nolan, G. F. , "On the Functional Relation between Luminous Energy, Target 
Size, and Duration for Foveal Stimuli." J. Opt. Soc. Am. 47:394-397, (1957). 

36. Oliva, J. and Aguilar, M . , "Distribution des unites sensorielles dans I'extrafovea." 
Optica Acta 3:36-39, (1956). 

37. Oliver, R. J., and A. R. Lauer. "Correlation of Speed and Distance Judgment 
with Visual Acuity." Am. J. Optom. 33:263-265, (1956). 

38. Perdriel, G., Colin, J., and Briee, R. "Un nouvel appareil d'entrainement a la 
vision du nuit." Med. aeronaut. 10:507-512, (1955). 

39. Porter, E. L. "The Case for Periodic Driver Re-examination on the Basis of 
Visual Acuity." N.E.J . Optom. 8(l):3-5, (1957). 

40. Prince, J. H. "Experiments Related to the Need for More Than One Letter Style 
in Refraction and Screening Tests." Brit . J. PhysioL Opt. 13:98-101, (1956). 

41. Rex, C. H. "Principles and Figures of Merit for Roadway Lighting as an Aid to 
Night Motor Vehicle Transportation." HRB Bull. 146:67-82, (1957). 

42. Richards, O. W. "Vision at Levels of Night Road Illumination I I . " HRB Bull. 
146:58-66, (1957). 

43. Sachsenweger, R. "Stereoscopic Acuity in Twilight." Optician 131:475-481, 
(1956) Cond. from Arch. Ophth. 155:496-517, (1954). 

44. Savin, L. H . , Weston, H. C., and Grime, G. "Discussion on the Visual Prob­
lems of Night Driving," Proc. Roy. Soc. Med. 50:173-184, (1957), 

45. Sheridan, M, "Road Accidents 1955: Some Ophthalmic Implications," Optician 
132:419-422, (1956), 

46. Simon, V, C, "The Visual Component in Road Safety." Optician 133:590, (1957). 
47. Stevens, S.S. "On the Psychophysical Law." Psych. Rev. 64:153-181, (1957). 
48. Straub, A. L . , and Allen, T. M, "Sign Brightness in Relation to Position, Dis­

tance and Reflectorization," HRB Bull, 146:13-44, (1957), 
49. Swartwout, J,B, "Refractive Problems of the Aged," Canad, J, Optom, 19(1): 

14-17, (1956), 
50. Wyatt, F, D. , and Lozano, E, "Effect of Street Lighting on Night Traffic Acci­

dent Rate," HRB Bull. 146:51-55, (1957), 




