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ABSTRACT

In an effort to determine possible relationships between lat2ra1

·tision and accident involvement, the visual fields of over 52,000 north

Carolina drivers were measured. The results indicated that:

1. RelativelY accurate visual field data can be gathered
in the field by driver license examiners.

2. Less than one percent of North Carolina drivers have
tota 1 vi sua1 fi e1ds of 120 degrees or 1ess.

3. Visual field is related to age with a higher proportion
of older drivers having "limited" visual fields.

4. Overall two year retrospective acci dent experi ence of
those with "limited visual fields" (140 degrees or less)
does not differ from drivers with "normal" fields of
view (greater than 160 degrees).

5. When examinees are divided into five age categories
(~25 years, 26-40 years, 41-60 years, 61-70 years,
>70 years) there is again no significant evidence thBt
narrower visual fields are related to higher accident
involvement for any age group.

6. Restricted visual fields may be slightly related to a
higher proportion of side-collisions.

~hile the results should not be interpreted as meaning that peripheral

vision is unimportant in the operation of a vehiCle, they do indi-

cate that use or this particular t001 as a driver screening measure

should not be expected to result in any appreciable accident savings.
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III. Each driver:

than half the states measure visual fields.

1. INT~O DUCT ION

"
Is reexamined at an interval not to exceed
four years, for at least visual acuity

A. Passes an initial examination demonstrating
his ... visual acuity, which must meet or
exceed State standards.

B.

"Each state shall have a dri'ler licensing prognm: (a) to insure

that only persons 'Nho are physically and mentally qualified 'Nill be

program shall provide, as a minimum, that: ..

pre 'len t need1 es s1y removi ng the opportun i ty of the citi zen to dri '/e. The

licensed to operate a vehicle on the highways of the state, and (b) to

The material above is part of the Highway Safety Program Standard

No.5, Driver Licensing, one of the standards established by the National

Highway Traffic Safety Administration as minimum goals for State Highway

cants, and most require a test in the reexamination. However, fewer

or dynamic visual acuity in the initial examination of license app1i-

Safety Programs. At present all states require a test of either static



On intuitive grounds o~e might expect a person with a limited visual

field, or "tunnel vision," to be involved in more accidents than he

should simply because he is not able to monitor the total visual environ

ment without greater than normal head movement. If this were found to be

true, then it would appear to be necessary to identify these drivers

within the driver licensing examination and reexamination process, and to

"treat" them by either license restrictions or retraining.

At present, North Carolina is attempting to decide whether or not to

use visual fields as a screening measure. While the state has had a

driver license program since 1943, and has measured the static visual

acuity of all license applicants in the initial licensing process and in

the periodic reexamination for the past 22 years, visual field measure

ments have never been part of the licensing process. As a result of a

long range program aimed at upgrading the licensing process, three basic

questions concerning visual field have arisen.

l. Can the visual field of driver license applicants be
accurately measured with available equipment by the
state's driver license examiners?

2. How widespread is the problem of "tunnel vision," or
limited visual field, among North Carolina drivers?

3. Is there a relationship between visual field and acci
dent experience?

This report relates the results of a series of studies aimed at answer-

ing these three questions.
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A cursory examination of the research literature on lateral vision

and driving reveals little evidence to suggest wnat the minimum oerfor

mance requi,ements of peripherJl vision should be for safe driving. Tnis

lack of criteria is reflected in the choice of minimum binocular fields

by states requiring lateral field measurements (i.e., ranges from 90 to

150 degrees). Opinions among those closely involved with research in the

area also differ. Some feel that total visual fields of less than 160

degrees may seriously hamper safe driving performance (Allen, 1969),

'Nhile others believe that driver and vehicular adjustments (more head

and eye movements, side mirror usage, etc.) adequately compensate for

even extremely limited fields of view (Richards, 1967). A recent report

published by AAMVA and the American Optometric Association (Milkie, 1974)

proposes criteria to be used by state driver licensing agencies. Based

on past research, the author concludes that a total composite temporal

horizontal field (the sum of the individual fields for each eye) of 140

degrees should be considered the minimum standard.

The extent to which the peripheral system is used is not entirely

clear, although it is likely to play an especially important role as an

object/motion detector. In this respect, resolution of details of an

object is not nearly as important as the detection of "some" object

either at rest or moving relative to the observer. Detail analysis on

3



the other hand, is reserved for centra1 vision. Recent work by Rockwe11 the

and his associates tends to support this view (Mourant, Rockwe11, and were

Rackoff, 1969; Mourant and Rockwe11 , 1971). Other research indicates 1ar

that periphera1 vision may a1so be important for maintaining headway and The

roadway position (Bhise and Rockwe11, 1971), p1anning subsequent eye on a

movements (Mackworth, 1965; Sanders, 1966), and estimating speeds

(Sa1vatore, 1968). ther

Although desirab1e, it may be unrea1istic to expect simp1e visua1 the

field tests to gauge the soundness of periphera1 vision for driving.

While simple tests for the detection of non-moving objects do give one othE

piece of information about the visual sensitivity of the retina to space toti

around the observer, they do not reflect the more active role of eye and lici

head during driving. In the real driving world, head and eye movements sub,

often effectively help increase the extent of visible space, and compen- for

sate for limitations in peripheral sensitivity. Such movements serve

to improve what might be described as the functional (or usab1e) field lic

of view. If a re1ationship does exist, it seems more like1y that it 197

would be found for those situations in which side vision is especially the

important (e.g., intersectional situations, side-swipes, etc.). men

the
III. METHODOLOGY

inf

In order to ,obtain information on the visual fie1ds of a large to

sample of North Carolina drivers, driver license examiners throughout A t

4



the state were used as data collectors. Bausch and Lomb Ortho-raters

were equipped with perimeter testing devices consisting of a semi-circu

lar arc calibrated into 5 degree intervals with a white circular target.

The subject was seated in front of the device and instructed to fixate

on a point directly in front of him. Each eye was tested separately.

The white target was

then moved hori zontally along a circular path from directly in ~kof

the subject to the point on his side where he indicated he could

see the target. The same procedure was then repeated with the

other eye. Readings for the right and left eyes were summed to yield a

total visual field. The entire procedure was conducted by the driver

license examiner as part of the overall test of vision. Data for each

subject and other identifying information were recorded on a special form

for later analysis.

Subjects were North Carolina residents who had entered a driver

licensing station to apply for a license during the month of December,

1972. Data were collected at almost all driver license stations across

the state, except at a few stations in and around Raleigh where equip

ment was not available. All applicants were tested regardless of whether

they were requesting an original license or a renewal license. The

information was collected for research purposes only and was not used

to help determine whether or not an applicant was granted a license.

A total of 52,397 tests of applicants were run during the 30 day period.

5



(As will be discussed later, some of these were repeated tests on the m

same applicant.) Although it is conceivable that a "better" sample could t

have been drawn by testing randomly throughout a four year period, there S

is little reason to expect bias in the sample used since North Carolina t

drivers are required to return to a licensing station for reexamination f

on or slightly before their birthday every four years. c

IV . RESULTS
t

To provide information on the three questions noted in the Introduc-

tion section, two basic analyses were conducted. The first involved a

studying repeated measures on a given individual to provide additional

baseline information on the accuracy of the examiner-equipment system.

Two previous studies by HSRC had indicated that the perimeter devices

could be used by examiners to gather accurate data (Neil &Johns, 1972;

Allen, Wood, &Wright, 1972). The second analysis explored the extent

of the limited visual field problem and its relationship to accidents.

Examiner-Equipment System Accuracy

In an effort to provide further information concerning the accuracy

of the examiner-device system, a subset of the data was analyzed. This

subset was comprised of applicants who had been examined more than once

during December 1972, either because the examiner conducted and recorded

repeated tests, or because the applicant had failed some part of the

licensing test (not necessarily the visual acuity test) earlier in the

6



tested 01 t:1P. 'came ~~amilp.(, ,11(('''" Chill IJn(2,tlhii~ in 1 ,;p.,::)nd 'jroup the

same app 1i cant 'Has tes teci OJ di ffer'~n t e;:ami neY's. Of c~ursp., '/lhen us i n9

these "repeated measur-:ments," the implied ass;Jmption is that the visual

field of the applicant remains constant bet'tleen tests, (i .e., remains

constant over some time period less than or equal to 30 days).

In the sample of applicants tested, 315 were tested at least twice

by the same examiner. Of these, 59 were tested twice on the same day

(i.e., t'/iO data forms for the same applicant '/lere completed the same day),

and the remaining 256 were tested by the same examiner but on different

days. The former group might be expected to contain some subjects who

I/lere tested twice because the examiner was "unsure" of the results of the

first test for some reason and, therefore, immediately retested the appli

cant. The latter group would be composed of applicants who failed some

part of the test procedure and returned on a different day for a second

test under the same license examiner. There were also 370 applicants who

were tested at least twice by different driver license examiners, either

on the same day or on different days. Table 1 presents the results of

comparing the data for the three groups of subjects with themselves.

Here, the two left eye readings for the same subject were compared, the

two right eye readings were compared, and the total visual field readings

were compared (columns 1 through 3) .. Frequencies represent the number of

times the readings were equal and the ,number of times they were unequal.

7



Table 1. Frequencies of equal and unequal visual fields for two trials
for same subject.

Same examiner: 49 equal (83.1%) 49 equal (83.1%) 47 equal (79.7%)

same day lQ unequal lQ unequa 1 11 unequal

59 59 59

co
Same examiner: 207 equal (80.9%) 208 equal (81.3%) 203 equal (79.3?£)

different day 49 unequal 48 unequal -il unequal

256 256 256

Different
examiner

Left Eye

275 equal (74.3%)
95 unequa 1

370

Right Eye

273 equal (73.8%)
97 unequal

370

Total

266 equal (71.9%)
104 unequa 1
370



~he highest degr~~ 8f agr~~~ent bet~een t~a (~adings an the same :~bj~cc

'Nhen readi ngs '11",:r~ made by the same e;<ami ner on the same cal'; ne;<t ',/",:(e

the cases in 'Nhich the same examiner tested the same indi'tidual on differ

ent days; and last were those cases in which different examiners tested

the same individual. Of most interest here, however, are the actual per

centages of equal readi ngs for the three groups. In all cases for each

eye and tota 1 'Ii sua 1 fi e1d, the blo readi ngs 'fiere eq ua 1 at 1eas t 71.9

percent of the time. This lowest percentage of equal readings occurred

in the total visual fields 'fihen two different examiners conducted the two

tests on the same subject. The highest percentage of equal readings was

noted in left and right eye visual field measurements 'fihen the same

examiner tested an individual twice on the same day (83.1 percent of the

readings were equal). Conversely, these data indicate that the readings

did not agree in up to 29 percent of the tests.

To examine the statistical importance of these differences, data

in each of the nine cells were analyzed. Because the two readings were

for the same applicants, and therefore not independent, the data were

viewed as "paired" data. The null hypothesis tested was one of no dif

ferences between the two readings (i .e., the calculated difference

between the readings was not different from zero). The test statistic

9



10

fields accurately.

I d It ::

the mean difference between the two read
ings in question for the cell involved
(i .e., same examiner, same day, left eye
visual field).

:: the difference between the two readings
in question (i .e., left eye trial one
minus left eye trial two).

where di

n
d :: r:di ::

_i_
n

used was:

Analysis of the top three cells (same examiner-same day) indicated that

the calculated difference between the two readings for right eye, left

eye, and total visual fields were not significantly different from zero

at the a :: .05 level. Analysis of the next row of cells (same examiner

different day) indicated significant differences from zero for the left

confusing because of their lack of consistency, the tentative conclusion

might be drawn that the examiner-device system appeared to measure visual

eye (a :: .05) and total visual fields (et :: .05) but not for the right

eye. Analysis of the final row of cells (different examiner) indicated

that, just as in the first group, the calculated differences were not

significantly different (a = .05). While these results are somewhat



tolerance was allowed.

Further support for this tentative conclusion is provided by the

field in trial 1, the readings were called "equal." Here "equal ity" of

54 equal (91.5%)
5 unequal

59

325 equal (87.8%)
45 unequal

370

226 equal (88.3%)
30 unequal

256

Total visual field
with +10 0 tolerance

11

50 equal (84.7%)
9 unequal

59

210 equal (82.0%)
46 unequal

256

287 equal (77.6%)
83 unequal

370

Total visual field
with ~5° tolerance

Table 2. Frequencies of "equal" and "unequal" total
visual fields with tolerance allowed.

visual fields are presented when a ~ 5 degrees and ~ 10 degrees tolerance

is allowed. That is, for a given subject, if the total visual field in

trial 2 was within ~ 5 degrees (or ~ 10 degrees) of the total visual

data in Table 2 below. Here, the frequencies of equal and unequal total

reading was noted in at least 77.6 percent of the cases with a ~ 5 degree

tolerance and in at least 87.8 percent of the cases when a ~ 10 percent



These figures indicate that in the majority of cases, the examiner

device system accurately measured total visual field to within + 10

degrees. Again, however, the fact that there were some cases in which

the readings did not "agree" (at least 8 percent) points out the need for

caution when using the system as a basis for determining restrictions on

driving.

Visual Field and Accidents

The second set of analyses explored questions concerning the extent

of the limited visual field problem and its relationship with accidents.

In the following discussions, visual fields were grouped into ten degree

ranges. Table 3 indicates the number of applicants whose visual fields

fell in each of these ranges. The 44,999 subjects included in this

table are those subjects who could be matched with names in the North

Carolina Driver file on January 31,1973.

Of particular interest in Table 3 is the furthermost column on the

right where the cumulative percentage of total visual field at or less

than a particular limit is presented. Again, total visual fields were

determined by summing the visual fields of both the left and the right

eyes of a subject. It is notable that only two of the 44,834 applicants

tested (.0044 percent) had a visual field less than or equal to 50

degrees, which is a severely limited visual field. Less than one-tenth

of one percent (.0848 percent) of the applicants had total visual fields

less than or' equal to 90 degrees. Less than one percent of the applicants

12
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Table 3. Right eye, 1eft eye, and total visual field
(both eyes) of applicants tested.

Visual Field Frequency ! Frequency ! Frequency ! Cumulative %

1-10° 7 0.02 2 0.00 0 0.00 0.00
11 -20° 3 0.01 3 0.01 0 0.00 0.00
21- 30° 18 0.04 8 0.02 1 0.00 0.00
31-40° 47 0.10 38 0.09 0 0.00 0.00
41-50° 165 0.37 122 0.27 1 0.00 0.00
51-60° 469 1. 05 422 0.94 4 0.01 0.01
61-70° 1899 4.23 1586 3.53 2 0.00 0.02
71-80° 10968 24.45 10610 23.64 5 0.01 0.03
81-90° 29973 66.81 30639 68.27 25 0.06 0.08
91-100° 1311 2.92 1445 3.22 61 0.14 0.22

101-110° __3_ 0.01 __6_ 0.01 72 0.16 0.38
111-120° 245 0.55 0.93
121-130° 360 0.80 1. 73
131-140° 1098 2.45 4.18
141-150° 211 0 4.71 8.89
151-160° 7634 17.03 25.91
161-170° 12212 27.24 53.15
171-180° 19401 43.27 96.42
1Bl-190° 1582 3.53 99.95
191-200° 17 0.04 99.99
201-210° 2 0.00 100.00
211-220° __2_ 0.00 100.00

Subtota1 44863 (100.01 %) 44881 (100.00%) 44834 (100.00%)

*Error 136 118 165

Total 44999 44999 44999

* This category includes keypunch errors, erroneous data, etc.

13



(0.928 percent) had visual fields less than or equal to 120 degrees.

And less than five percent (4.18 percent) had visual fields less than or

equal to 140 degrees, the AAMVA criterion. Approximately 75 percent of

the tested subjects had total visual fields greater than 160 degrees.

These data seem to indicate that having a severely limited visual field

is not a common characteristic of North Carolina driver license appli

cants. Indeed, only a very small proportion of the applicants appear to

have a "limited" visual fiel d.

To examine the relationship between limited visual field and acci

dent involvement, the 44,834 subjects who were tested in December, 1972

were linked with the North Carolina Accident File, and information on

the number and type of accidents that these applicants were involved in

over the previous two years (Jan. 1, 1971 - Dec. 31, 1972) was examined.

Because some of the subjects were applicants for original N.C. licenses

and others had held a North Carolina license for less than two years,

the sample was limited to the 37,372 subjects with a valid North Carolina

license on January 1, 1971 and whose age as of January 1, 1973 was known.

Thus, all subjects in the remaining sample could have accumulated acci

dents over the same two-year period.

Since this study design is retrospective in nature, it is handi

capped by the bias inherent in this type of design (i.e., the implicit

assumption that the visual fields measured in December, 1972 would have

been the same over the two-year period beginning in January, 1971 for

14



each subject). However, it is felt that the nature of the variable

measured is such that meaningful conclusions can be drawn from analyses

of these retrospective data.

The total visual fields for this sample of applicants, the number

of accident-involved applicants, and the number of accidents accrued by

these applicants within each 10 degree visual field range are shown in

Table 4. For example, there were 67 subjects with total visual fields

between 101 and 110 degree (.18 percent of 35,372), and 8 of these sub

jects were involved in 11 accidents (.183 percent of all accidents).

In analyzing these data, a comparison of the distribution of visual

fields of the accident-free applicants with that of the accident-involved

applicants was conducted using the Kolomogorov-Smirnov test for a differ

ence between two independent samples. (Note that the first of these two

samples is not explicitly shown in Table 4, but is obtained by subtract

ing the frequencies of accident-involved applicants (column 4) from the

total number of applicants (column 1)). This sample was then compared

to the sample presented in column 4. This analysis indicated that the

distribution of visual fields of the accident-involved sample was indeed

different from the distribution of the accident-free sample (p < .001).

Surprisingly, however, the distribution of visual fields for the acci

dent-involved drivers was shifted upward from that of the accident-free

drivers. That is, the accident-involved drivers had slightly larger

visual fields than the sample of drivers who had no accidents. It

15



Table 4. Num~er of ~pplic~nts, number of accident-involved applicants, and number of
accldents lnvolvlng applicants within each 100 total visual field range.

Number of
Percent Accident Percent

To ta1 Vis ua1 Number of of Ap- Cumulative Involved of Cumulative
field range Applic~nts p1icants Percent ~licants Accidents Accidents Percent

0-100 0 0.000 0.000 0 0 0.000 0.000
11-20 0 0.000 0.000 a a 0.000 0.000
21-30 1 0.003 0.003 0 0 0.000 0.000
31-40 0 0.000 0.003 0 0 0.000 0.000
41-50 1 0.003 0.006 a a 0.000 0.000
51-60 4 0.011 0.017 0 a 0.000 0.000
61-70 2 0.005 0.022 0 0 0.000 0.000
71-80 5 0.013 0.035 0 0 0.000 0.000m 81-90 21 0.058 0.093 2 2 0.033 0.033
91-100 58 0.155 0.248 8 9 0.150 0.183

101-110 67 0.179 0.427 8 11 0.183 0.366
111-120 . 228 0.610 1.037 29 30 0.500 0.866
121-130 331 0.886 1. 923 54 66 1.100 1.966
131-140 1002 2.681 4.604 116 140 2.333 4.299
141-150 1883 5.039 9.643 239 268 4.466 8.765
151-160 6580 17.607 27.250 874 996 16.597 25.362
161-170 10164 27.197 54.447 1319 1493 24.879 50.241
171-180 15742 42.122 96.569 2351 2731 45.509 95.750
181-190 1266 3.388 99.957 220 250 4.166 99.916
191-200 14 0.037 99.994 4 5 0.083 99.999
201-210 1 0.003 99.997 a 0 0.000 99.999
211-220 2 0.005 100.002 0 0 0.000 99.999-- -- --

Total 37372 100.002 5224 6001 100.000

~ -_.- ~-~- ... -----
--.. • • --- ~- -~-. , Of f t t' t ,r.' «



magnitude. Thi3 rjiFhr~n(~ 3hould not b~ int2rpr~t2d a:; ,~eClni,'1g that

larger ·tisua1 fi~lds "cause" -1c:idents, since any other factor 'ilhich

covaries 'tJith 'Jisual fields (such as driver ase) may also ,:onvor:; "vith

accident rates.

!rJhat is important, howe'/er, is that there is no indication in

Table 4 that drivers with limited visual fields account for more than

their share of accidents. Comparing column 3 with column 7 (cumulative

percentages of visual fields with cumulative percentages of accidents)

makes this even more graphic. Here, for example, .091 percent of the

applicants had total visual fields of less than or equal to 90 degrees.

This group of drivers accounted for only .033 percent of the accidents.If

these people had accounted for their "share" of accidents, they wc!uld

have been expected to account for approximately .091 percent of the

accidents. Similarly, the 1.036 percent of the applicants who had

visual fields of less than or equal to 120 degrees accounted for .867

percent of the accidents, and the 4.602 percent of the drivers who had

visual fields of 140 degrees or less accounted for 4.299 percent of the

accidents. The rate of accident involvement for both of these groups

is less than their "share." Although it is obvious that the difference

between observed accident percentages and the "expected" percentages

are not significant, the data do, indicate that people with "limited"

visual fields may not be involveq in more than their share of accidents.

17



Because of the strong relationship between age and visual field

shown in previous studies (Burg, 1967), it was felt that there might well

exist relationships between visual field and accidents within age groups

which might not be evident when all age groups are combined as above.

Such hypothesized relationships, if found, would provide rationale for

using visual field as a screening tool for special age groups of driver

license applicants, even though other age groups might be excluded from

such screening.

To examine, this, the applicants tested were divided into five age

groups (~25 years. 26-40 years, 41-60 years, 61-70 years, ~71 years).

Table 5 on the next page indicates that there are indeed differences

between the visual field distributions of these age groups (x2 > 6000,

p < .001). As might be expected. the visual fields of older drivers

appear to be more limited than those of younger drivers. This can be

seen in Table 5 by reading the column labeled "Cumulative Percent" for a

given visual field range. For example, in the ninth row of the table,

only 0.037 percent of the youngest group and only 0.030 percent of the

next youngest group of drivers have visual fields of 90 degrees or less,

whereas 0.053 percent of the 41-60 year old group, 0.397 percent of the

61-70 year old group, and 0.776 percent of the oldest group have visual

fields of 90 degrees or less. This rather systematic increase 1n the

percentage of drivers with a given visual field as age increases is also

evident in the remaining rows. Thus, there is little doubt that the

18
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Table 5. Age and visual fields of applicants tested.

AGE

Total <25 26-40 41-60 61-70 >71

Vi sual Cumulative Cumu1 ati ve Cumulative Cumu1a ti ve Cumulative
Field Frequency Percent Frequency Percent Frequency Percent Frequency Percent Frequency Percent

1-10 0 0 0 0 0 0 0 0 0 0
11-20 0 0 0 0 0 0 0 0 0 0
21-30 0 0 0 0 1 0.008 0 0 0 0
31-40 0 0 0 0 0 0.008 0 0 0 0
41-50 1 0.007 0 0 0 0.008 0 0 0 0
51-60 0 0.007 2 0.015 a 0.008 1 0.003 1 0.078
61-70 a 0.007 a 0.015 a 0.008 1 0.006 1 0.155
71-80 0 0.007 0 0.015 0 0.008 3 0.165 2 0.310
81-90 4 0.037 2 0.030 6 0.053 7 0.397 6 0.776

<D 91-100 3 0.059 8 0.089 24 0.233 11 0.761 15 1.939
101-110 3 0.081 9 0.155 24 0.413 16 1.290 21 3.569
111-120 27 0.281 39 0.443 60 0.864 61 3.307 59 8.146
121-130 48 0.635 36 0.708 133 1. fl63 82 6.019 59 12.723
131-140 125 1.558 183 2.059 398 4.852 235 13.790 149 24.282
141-150 307 3.826 377 4.841 838 11.146 397 26.918 189 38.945
151-160 1528 15.111 1917 18.989 2945 33.266 879 55.985 346 65.787
161-170 3514 41. 064 3720 46.443 3936 62.829 763 81 .217 253 85.415
171-180 7293 94.926 6714 95.993 4614 97.484 542 99.140 177 99.147
181-190 678 99.934 536 99.948 333 99.9R5 25 99.967 9 99.845
191-200 7 99.985 6 99.993 2 100.000 1 100.00l'!' . 1 99.922
201-210 1 99.993 1 100.000 a 100.000 0 100.000 a 99.922
211-220 __1_ 100.000 __0_ 100.0nO __0_ 100.000 __0_ 100.000 __1_ 100.000

13540 13550 13314 3024 1289

x2 > 6000 with 72 df • p < .001



proportion of older drivers who have limited fields of vision is greater

than the proportion of younger drivers with this limited field -- regard

less of how "limited" is defined.

The important question, however, is whether there exist strong rela

tionships between these visual fields and accidents within these age

groups. Tables 6-10 present data comparable to that of Table 4 for each

age group. Again all applicants in these tables had driving records of

greater than two years and the accident data used is for the same two

year period as before (i .e., two years iJT1l1ediately prior to testing).

In order to test for differences between the visual field distribu

tions of the accident-involved and accident-free drivers within each age

group, the Kolomogorov-Smirnov test for a difference between two inde

pendent samples was again used. The only one of the five tests which

was significant at the <.01 level involved the 41-60 year old drivers.

Here the accident-free drivers were characterized by~ limited visual

fields than their accident-involved counterparts, a finding which is

not in the direction which would support use of visual fields as a

screening device.

Because this particular analysis involved only accident-free versus

accident-involved drivers (i.e., one or more accidents), it would not

detect difference in groups with multiple accidents versus those with

only one accident. Since it might be hypothesized that drivers with

limited visual fields are more likely to be involved in repeated acci-
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Table 6. Number of applicants, number of accident-involved applicants, and
number of accidents involving applicants within each 100 total
visual field range for applicants less than 26 years of age.

Number of
Total Visual Number of Cumulative Accident Involved Number of Percent of Cumulative
Field Range Applicants Percent Applicants Accidents Acci dents Percent

0-10 0 0 0.000 0 0 0.000 0.000
11-20 0 0.000 0 0 0.000 0.000
21-30 0 0.000 a a 0.000 0.000
31-40 a 0.000 0 0 0.000 0.000
41-50 1 0.011 a a 0.000 0.000
51-60 a 0.011 a 0 0.000 0.000
61-70 0 0.011 0 a 0.000 0.000
71-80 a 0.011 a a 0.000 0.000

N 81-90 3 0.044 a a 0.000 0.000-'

91-100 3 0.077 0 a 0.000 0.000
101-110 2 0.098 a a 0.000 0.000
111-120 21 0.328 2 2 0.098 0.098
121-130 36 0.722 11 15 0.734 0.832
131-140 83 1.630 14 18 0.881 1.713
141-150 210 3.927 44 50 2.446 4.159
151-160 1015 15.032 193 232 11 .350 15.509
161-170 2303 40.229 421 494 24.168 39.677
171-180 5000 94.934 955 1121 54.843 94.521
181-190 457 99.934 95 109 5.333 99.884
191-200 5 99.989 2 3 0.147 100.000
201-210 0 99.989 a a 0.00 100.000
211-220 .1 100.000 0 a 0.00 100.000

-- -- --

9140 1737 2044

-- --_. --. .. -*. - -. --~ . -'



Table 7. Number of applicants, number of accident-involved applicants. and
number of accidents involving applicants within each 100 total
visual field range for applicants from 26 through 40 years of age.

Number of
Total Visual Number of Cumulative Accident Involved Number of Percent of Cumulative
Fiel d Range Appl icants Percent Applicants Acci dents Acci dents Percent

0-10 a 0.000 a 0 0.000 0.000
11-20 0 0.000 a 0 0.000 0.000
21-30 a 0.000 0 0 0.000 0.000
31-40 a 0.000 0 a 0.000 0.000
41-50 a 0.000 a 0 0.000 0.000
51-60 2 0.017 0 a 0.000 0.000
61-70 a 0.017 a a 0.000 0.000
71-80 a 0.017 0 a 0.000 0.000

N
81-90 1 0.025 1 1 0.053 0.053N

91-100 7 0.085 a 0 0.000 0.053
101-110 8 0.153 1 1 0.053 0.106
111-120 36 0.458 8 8 0.421 0.527
121-130 35 0.755 6 7 0.368 0.895
131-140 166 2.163 28 31 1.632 2.527
141-150 341 5.055 50 57 3.000 5.527
151-160 1660 19.135 244 274 14.421 19.948
161-170 3257 46.760 428 473 24.895 44.842
171-180 5807 96.014 803 944 49.684 94.527
181-190 464 99.949 89 104 5.474 100.000
191-200 5 99.992 a a 0.000 100.000
201-210 1 100.000 0 a 0.000 100.000
211-220 0 100.000 0 0 0.000 100.000

-- -- --
11790 1658 1900



Table 8. Number of applicants, number of accident-involved applicants, and
number of accidents involving applicants within each 10° total
visual field range for applicants from 41 through 60 years of age.

Number of
Total Visual Number of Cumulative Accident Involved Number of Percent of Cumulative
Field Range Applicants Percent Applicants Acci dents Accidents Percent

0-10° 0 0.000 0 0 0.000 0.000
11-20 0 0.000 0 0 0.000 0.000
21-30 1 0.008 0 0 0.000 0.000
31-40 0 0.008 0 0 0.000 0.000
41-50 0 0.008 0 0 0.000 0.000
51-60 0 0.008 0 0 0.000 0.000
61-70 0 0.008 0 0 0.000 0.000

N 71-80 0 0.008 0 0 0.000 0.000
w 81-90 5 0.049 0 0 0.000 0.000

91-100 22 0.227 2 2 0.130 0.130
101-110 22 0.405 6 7 0.456 0.587
111-120 55 0.850 6 6 0.391 0.978
121-130 121 1.829 14 19 1.239 2.216
131-140 382 4.920 35 40 2.608 4.824
141-150 774 11 .184 87 96 6.258 11.082
151-160 2757 33.495 280 314 20.469 31 .551
161-170 3643 62.976 383 429 27.966 59.518
171-180 4259 97.443 517 584 38.070 97.588
181-190 314 99.984 35 36 2.347 99.935
191-200 2 100.000 1 1 0.065 100.000
201-210 a 100. 000 a a 0.000 100.000
211-220 0 100.000 0 0 0.000 100.000

-- -- --

12357 1366 1534

211-220 o

11790
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Table 9. Number of applicants, number of accident-involved applicants. and
number of accidents involving applicants within each 100 total
visual field range for applicants from 61 through 70 years of age.

Number of
Total Visual Number of Cumulative Accident Involved Number of Percent of Cumula ti ve
Field Ran~ Applicants Percent App1 ican ts Accidents Accidents Percent

0-10 0 a 0.000 a 0 0.000 0.000
11-20 0 0.000 0 0 0.000 0.000
21-30 0 0.000 0 0 0.000 0.000
31-40 0 0.000 0 0 0.000 0.000
41-50 a 0.000 0 0 0.000 0.000
51-60 1 0.035 a a 0.000 0.000
61-70 1 0.070 a 0 0.000 0.000
71-80 3 0.176 a a 0.000 0.000

N 81-90 6 0.387 a 0 0.000 0.000+:0

91-100 11 0.773 3 4 1.105 1 .105
101-110 16 1.335 a 0 0.000 1.105
111-120 58 3.373 4 4 1.105 2.210
121-130 80 6.184 16 17 4.696 6.906
131-140 225 14.090 20 23 6.354 13.260
141-150 378 27.372 42 49 13.536 26.796
151-160 816 56.044 114 128 35.359 62. 155
161-170 720 81.342 68 77 21.271 83.425
171-180 508 99.192 54 60 16.575 100.000
181-190 22 99.965 0 0 0.000 100.000
191-200 1 100.000 0 0 0.000 100.000
201-210 0 100.000 0 0 0.000 100.000
211-220 0 100.000 0 a 0.000 100.000

- -
321 362
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Table 10. Number of applicants, number of accident-involved applicants, and
number of accidents involving applicants within each 10° total
visual field range for applicants greater than 70 years of age.

Number of
Total Visual Number of Cumu1 ati ve Accident Involved Number of Percent of Cumul a ti ve
Field Range Applicants Percent Applicants Accidents Accidents Percent

0-10° a 0.000 a a 0.000 0.000
11-20 a 0.000 a a 0.000 0.000
21-30 0 0.000 a a 0.000 0.000
31-40 0 0.000 a a 0.000 0.000
41-50 a 0.000 a 0 0.000 0.000
51-60 1 0.081 a 0 0.000 0.000
61-70 1 0.161 0 0 0.000 0.000
71-80 2 0.323 a a 0.000 0.000

N
81-90 6 0.807 1 1 0.621 0.621U1

91-100 15 2.018 3 3 1.863 2.484
101-110 19 3.551 1 3 1.863 4.348
111-120 58 8.232 9 10 6.211 10.559
121- 130 59 12.994 7 8 4.969 15.528
131- 140 146 24.778 19 28 17 .391 32.919
141-150 180 39.306 16 16 9.938 42.857
151-160 332 66.102 43 48 29.814 72.671
161-170 241 85.553 19 20 12.422 85.093
171- 180 168 99.112 22 22 13.665 98.758
181-190 9 99.839 1 1 0.621 99.379
191-200 1 99.919 1 1 0.621 100.000
201-210 0 99.919 a 0 0.000 100.000
211-220 1 100.000 a a 0.000 100.000-- - -

1239 142 161

;r--~



dents, further analysis involved the mean number of accidents per driver

for various groups of drivers. Within each age group, the number of

accidents/driver for drivers with visual fields of ~ 90 degrees, ~ 100

degrees, ~ 110 degrees, ~ 120 degrees, ~ 130 degrees, and ~ 140 degrees

were compared with the number of accidents/driver for drivers with visual

fields of ~ 161 degrees (the "normal" visual field group).

Table 11 presents the data as used in these analyses. For each age

group, the number of drivers with 0, 1, 2, 3,4 or 5 accidents are pre

sented within each visual field range. (Note that drivers with visual

fields of ~ 90 degrees would also be in the ~ 100 degrees category, etc.).

Also presented are the average number of accidents per drivers and the

variance for accidents/driver. Because the means and variables were

approximately equal, underlying Poisson distributions were assumed, and

normal approximation of the difference between two Poisson distributed

means was used where sample sizes permitted. The values for and the

corresponding p-values are given for cases where the tests were signifi

cant at the ~ < .10 level.

It is noted that in only two cases are the difference between the

means significant at a a ~ .10 level. For the ~ 25 age group, the mean

number of accidents/driver for drivers with visual fields of 120 degrees

or less is significantly less than the mean accident/driver for the

normal group (p < .01), a finding in the opposite direction than would

be expected. However, similar significant differences are not found in
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Table 11. Frequency of accidents and mean and variance of
accident/driver for various "limited" fields of
vision and a "normal" field of vision.

Accidents
Total -Age Visual Field 0 2 3 4 5 X S2 Z

<25 < 90° 4 0 0 0 0 0 0 0
<100° 7 0 0 0 0 0 0 0
::110° 9 0 0 0 0 0 0 0
<120° 28 2 0 0 0 0 .066667 .064368 p3.337 (p< .01 )
<130° 53 9 4 0 0 0 .257576 .317249 0.506 (NS)
<140° 122 20 6 1 0 0 .234899 .302558 0.276 (NS)
~160° 6293 1251 194 25 2 1 .222380 .247901

26-40 < 90° 2 1 0 0 0 0 .333333 .333333 .521 (NS)
<100° 9 1 0 0 0 0 .100000 .100000 -.595 (NS)
::110° 16 2 0 0 0 0 .1m11 .104575 -.634 (NS)
::120° 44 10 0 0 0 0 .185185 .153739 .479 (NS)
<130° 73 15 1 0 0 0 .191011 .179009 .699 (NS)
::140° 211 41 2 1 0 0 .188235 .192774 1.031 (NS)
~160° 8214 1146 152 17 5 0 .159534 .182980

41-60 < 90° 6 0 0 0 0 0 0 0
::100° 26 2 0 0 0 0 .0714286 .068783 1.133 (NS)
::110° 42 7 1 0 0 0 .180000 .191429 .842 (NS)
::120° 91 13 1 0 0 0 .142857 .142857 .407 (NS)
::130° 198 22 6 0 0 0 .150442 .181711 .791 (NS)
::140° 545 52 11 0 0 0 .121711 .143317 .381 (NS)
~160° 7282 831 97 7 1 0 .127768 .141638

61-70 < 90° 11 0 0 0 0 0 0 0
::100° 19 2 1 0 0 0 .181818 .251082 .674 (NS)
<110° 35 2 1 0 0 0 .105263 .150782 -.0667(NS)
::120° 89 6 1 0 0 0 .083333 .098246 -.781 (NS)
::]30° 153 21 2 0 0 0 .142045 .145422 1.0684(NS)
<'140° 358 39 3 1 0 0 .119701 .135636 .486 (NS)
!:160° 1129 110 9 3 0 0 .109512 .126397

>71 < 90° 9 1 0 0 0 0 .100000 .100000 .0471 (NS)
::100° 21 4 0 0 0 0 .160000 .140000 .723 (NS)
<110° 39 4 0 0 0 0 .159091 .276427 .673 (NS)
::120° 88 12 1 0 0 0 .138614 .140594 .839 (NS)
<130° 140 18 2 0 0 0 .137500 .144497 .920 (NS)
::140° 267 33 4 2 0 1 .169381 .271870 +1.930 (p<.10)
>160° 377 42 1 0 0 0 .104762 .098784
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the other groups of "limited" fields of vision for these young drivers.

For the oldest group of drivers (i.e., age ~ 71) the number of accidents/

driver is greater for drivers with fields of vision ~ 140 degrees than

for the "normal" group ( p < .10). Again, the differences associated

with all the other "limited" groups ( i.e., 2. gO degrees, 2. 100 degrees,

2. 110 degrees, < 120 degrees, ~ 130 degrees) for this age group are not

significant.

Thus, comparisons of acci dents/dri ver for various "1 imi ted" visual

fields with the accidents/driver for "normal" visual fields indicate no

strong relationships between visual fields and driving records. The only

association indicated was for the oldest driver with visual field of

140 degrees. Even this relationship was relatively weak, and was not

significant in other levels of limited fields (perhaps because of sample

size). This method of analysis was also used to attempt to determine

what should be a "cutoff" point for defining visual field. No such level

of visual field is evident. These findings for different age groups

further support the original overall findings which showed no relation

ships between visual field and accident record.

The data were also analyzed to investigate the possibility of a

difference in type of acci den t between the dri vers with "li mited" vi s ua 1

fields and those with "normal" fields. It might be hypothesized that

the limited group would be involved in more side collisions than the

"normal" group because of the former's inability to effectively monitor
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the total visual environment. Here, the accident data for the group of

drivers with total visual fields of less than or equal to 120 degrees,

the criterion for a classification of "limited" for this analysis, were

compared with the data for the group of drivers with total visual fields

of greater than 160 degrees, who will be defi ned as ha vi ng "normal"

visual fields. It will be recalled that approximately 75 percent of the

applicants tested would be included in this "normal" range.

Two accident related variables were examined, the initial point of

contact and the TAD scale primary damage area. For each accident inves-

tigated in North Carolina, point of initial contact is entered on the

Standard Accident Report Form. The figure below is present on this form,

and the proper code is entered for later use. In Table 12 accidents

involving the subjects are divided into "side collisions" (points 2.3,

4, 6. 7. 8 in Figure l) and "other collisions" (points 1 and 5 in

Figure 1).

Figure 1. "Point of Initial Contact" drawing
taken from North Carolina's Standard
Accident Report Form.
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quencies of accidents involving the "limited" and "normal" groups elas-
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x2 = 7.568 (with Yates' Correction)
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Table 12. Frequency of accidents by point
of contact and total visual field.

sified by area of major damage, either "side" or "other."

Analysis of these data revealed a significant difference between the

"limited" and the "normal" visual field groups (p < .01). The "limited"

group of drivers does indeed appear to be involved in a higher propor

tion of side collisions than the "normal" group.

Additional support for this finding is found when areas of damage .s

indicated by TAD scale 1 codes are examined. Table 13 presents the fre-

1The. TAD -6 c.ale. JA a p-<.e.-taJr.A.al damag e. Jta.ti.Ylg ~ c.a..ee. U6 e.d by -tite..No1l-tJt
Co./wuna. S-ta-te. H-<.ghway PiA-t!r..o! o.Yld vaJr.-tOM mLLYU.e.-i.pa-t paR-tc.e. 6oJtc.e.~ '<'11

thuJ(. ac.ude.n.-t -<'YlV~ ,agatO YV~ .
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Table 13. Frequencies of accidents by TAD scale
area of damage and visual field

Side Other Total l

Total Visual <120° 11 (64.7%) 6 (35.3%) 17
Field

>160° 474 (36. 1%) 841 (63.9%) 1315

x2 = 4.781 (with Yates' Correction)

Again the analysis indicated a significant difference between the two

groups of drivers (p < .05), and once again the "limited" group was

found to be involved in a higher proportion of side-type collisions.

V. DISCUSSION

The Driver Licensing Division of the North Carolina Department of

Motor Vehicles, in its continuing efforts to upgrade the licensing pro

cess, collected data on visual fields of 52,397 applicants who were

tested during December, 1972. The analyses of these data indicate five

basic findings.

lIt .ohould be rwted :tha.:t :the eu.66efLe.l'lc.e. J..l'l :the "ToW" c.otwnJ1L6 06
Tab-te..o 12 al'ld 73 fLentec.:t6 :the mOfLe e.x:tel'l.6-t.ve u.6e 06 :the "poin:t 06 ilU..tia.-e
e.o n:ta.c:t" ac.Jz.oM aU ac.udel'lt il1ve..o tigatio Yl!.l • At:the time 06 :th1.o .oWdy 1

not aU municipeu. pouc.e depaJLtrneJll-t6 had beel'l :tJz.aJ..ned in :the u.6e. 06 :the
fLei.a..t1vety l'lew TAV -6c.a.te..
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First, examination of repeated tests of the same applicant indicate

that the perimeter device/license examiner system could measure visual

fields with a relatively high degree of accuracy, a result which supports

previous laboratory work (Neil &Johns, 1972; Allen, Wood, &Wright,

1972).

Second, limited visual field appears to be a low probability pheno

menon which affects only a very small part of the applicant population

in North Carolina.

Third, this very small number of affected subjects does not appear

to be involved in more than thei r share of accidents (i .e., their acci

dent experience is no different than that of the "normal" group).

Fourth, even though visual field is strongly associated with age,

no strong relationships are found between visual field and driving record,

even within age groups.

And fifth, comparisons of corresponding groups of drivers whose

visual fields are "normal" with those whose visual fields are "limited"

appear to indicate that the latter groups are involved in more side

impact collisions.

The importance of these findings for a driver license administrator

lies in their possible use as a basis for initiating this measure as a

screening tool for driver license restrictions. The present results

indicate that' this measure should not be used for all drivers as a basis

for determining licensing restrictions. The drivers whose licenses
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would be restricted by this process do not at present without restric

tions have any more than their share of accidents. Therefore, any

restrictions would be an unnecessary "penalty" to individuals with

"limited" visual fields, because data indicate that they are no worse

drivers than individuals with "normal" visual fields.

The last of the five findings, the one which indicates that drivers

with "limited visual fields appear to be involved in more side-impact

collisions, may be incorporated into an "educational" program. Such a

program would consist of informing drivers with "limited visual fields

that, in the past, drivers with similar problems have been involved in

a greater-than-average number of side collisions. Hopefully, once dri

vers with "limited" visual fields have been given this information, they

will be more careful when they encounter driving situations in which

side collisions are likely to occur (e.g., negotiating intersections).

The possible use of visual field information for these "educational" pur

poses raises some important benefit-cost questions. In addition to the

basic equipment costs, use of the equipment in a driver licensing pro

gram would require additional time on the part of the examiner and the

public. And again, these data indicate that 95 to 99 percent of the

persons tested would not receive any benefit from such expenditures.

Whether or not the benefit to the one to five percent of the driver

license applicants who actually fall into the "limited" group is worth

these accompanying costs is a question which administrators must answer.
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Finally, it should be noted that these results should not be inter

preted as meaning that peripheral vision is an unimportant factor in the

operation of a motor vehicle. There may well be other and better ways of

measuring this characteristic which might indicate its usefulness as a

screening tool for special groups of drivers. Nevertheless, the present

data do indicate that the use of the present system as screening tool

should not be expected to result in appreciable accident savings.
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