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Road-User Characteristics

DEVELOPMENT of CRITERIA of SAFE MOTOR-VEHICLE OPERATION

Jo Z. Uhlaner, Chief, Research Operations II
Leon G. Goldstein, Research Associate
N. J. Van Steenberg, Statistical Advisor
Personnel Research Section, AGO
Department of the Army

THE continuing cost of motor-vehicle accidents in the U. S. Army led to the
establishment in 1949 of a broad program of research to investigate psycho-
logical factors involved in safe motor-vehicle operation by the military.
The consensus of investigators of motor-vehicle accidents is that only a
small proportion of accident variance can be ascribed to faulty equipment
of the vehicles involved or to hazards inherent in the roadway. The vast
majority of accidents are due to the human operators. So while no efforts
should be spared to perfect the safety features of roads and of the cars,
reduction in accident rate in the military is probably best effected by the
proper selection, training, and managing of military drivers. Therefore,
the emphasis in this research program is placed on the psychological factors
involved in safe and effective vehicle operation.

Within the over-all research program, a number of projects were set up;
some have been completed, some are now nearing completion, and some are still
to be initiated. These projects were designed to examine various psycholog-
ical aspects of motor-vehicle operation in order to pramote safety and ef-
fectiveness in army motor transportation.

Examples of the projects being carried out under this research program
will serve to indicate the scope of the research effort. One project is
concerned with "Persomnel Management Factors in Vehicle Safety" and was ex-
ecuted under contract with Richardson, Bellows, Henry, and Company, Inc.,
Harold A. Ddgerton acting as the principal investigator. The purpose of
that research project was to study the relationship of administrative prac-
tices to safety performance of army motor-vehicle pools. Two other projects
are concerned with the development of experimental predictors of safe and
effective vehicle operation. Some of these predictors are being developed
by the Personnel Research Section of The Adjutant General's Office, while
others are being developed and validated under contract by Iowa State Col-
lege with A. R. Lauer as principal investigator. The details of the above
projects will not be reported in this paper. This report deals with the
first study under this program which is concerned with the development of a
eriterion measure of safe and effective vehicle operation which will be more
reliable and meaningful in the case of the military driver than a road test
or accident rate by itself. An acceptable criterion was necessary in order
to evaluate tests, procedures, and other techniques that would be investi-
gated under this research program,
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INADEQUACY OF ACCIDENT RECORDS

Although most of the civilian studies on safe driving in the civilian
gituation have used accident records as the criterion, only a very few have
attempted to evaluate the stability of accident records. The most compre-
hensive data on the subject are furnished by the Connecticut study of the
Bureau of Public Roads (8) which used the 6-year records (1931-36) of over
29,000 licensed drivers. In Table 1 the distribution of accidents in the
second 3-year period is compared with that of the same drivers in the first
3-year period.

TABLE 1
ACCIDENTS OF GENERAL DRIVERS IN CONNECTICUT IN YEARS 193ﬁ6
a

COMPARED WITH THOSE OF THE SAME DRIVERS IN YEARS 1931-3
(from Bureau of Public Roads Study)

Accidents per Accidents occurring to same operators, 1931-33 Total num-

operator, 0 1 2 3 L ber of op-
193436 erators
4 4 4 4 % %

0 23881 (91) 2386 (83) 275 (77) 22 (71) 5 (50) 26569 (90)

1 2117 (1 8) 419 (15) 64 (18) 5 (16) 4 (kO) 2609 ( 9)

2 242 (.9) 57(2) 12(3) 2(6) o0(o0) 313 (1)

3 17 (.6) 9(s3) 5(1) 2(6) 1(10) 34 (1)

L_ 2 (.0) 3 (.1 1 0(0) o(o 6(.02

Totals 26259 (89) 2874(9.7) 357(3.2) 31 (.1) 10(.03) 29531(100)

a/- Percentages inserted by present. authors.

This table shows a definite tendency of those who were accident free in
the first period to be accident free in the second period » and a progressive
likelihood of those who had accidents in the first period to have accidents
in the second period. However, the correlation (tetrachoric) of accident
experience in the two periods comes to 0.24.

Farmer and Chambers (3) correlated accident experience in separate
years for four groups of British public-transportation drivers. These cor-
relations are shown in Table 2.

TABLE 2
FRODUCT--MOMENT CCRRELATIONS BETWEEN ACCIDENTS

IN SEPARATE YEARS OF EXPOSURE
(from Farmer and Chambers)

Correlation between Group A Group B Group C Group D
accidents in years: 166 Bus Dr. 398 Bus Dr., 86 Bus and 67 Trolley Dr.
Trolley Dr,

1+2 «298 .182 «235 071
1+3 «235 — «063 .058
l + h 0177 —— 0281 0127
l + 5 027l} — ————— —
2+3 .328 -_— .078 225
2+ 4 176 -— «195 «251
2+5 «265 — — —
3+ 4 212 -— 016 «296
3+5 «273 -— —-— —_—
4 +5 2224 == -— —
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For the 166 bus drivers in Group A, the correlations between accidents
in the first year and accidents in increasing subsequent periods were:

Between 1lst and 2nd year r = 0,298
Between 1lst and 2-3 years r = 0,327
Between lst and 2-4 years r = 0.339
Between lst and 2-5 years r = 0,375

Brown and Ghiselli (2) estimated the reliability coefficients from cor-
relations between the number of accidents on the odd and even months over a
period of 18 months corrected by the Spearman-Brown formula. For 59 trolley-
car motormen in California the estimates for different types of accidents
are:

Collision with pedestrian r = 0.46
Collision with trolley cars r = 0,19
Collision with motor vehicles r = 0.42
A1l collision accidents r = 0.42

Bransford (1) correlated accident frequency during the year and a half
after administration of driver tests against accident frequency during a
variable period prior to testing. The correlation between accident rates,
for a group of 481 drivers in Washington, D. C., was 0.184.

Slocombe (5) correlated yearly accident rates of 260 motormen of the
Boston Elevated Railroad over a period of L years. The correlations between
different yearly periods were as follows:

1st and 2nd year r = 0.51
1st and 3rd year r = 043
1st and 4th year r = 0.38
2nd and 3rd year r = 041
2nd and 4th year r = 0,38
3rd and 4th year r = 0.43

CONDITIONS PECULIAR TO THE ARMY SITUATION

It was hardly to be expected that accident records in the army situa-
tion would be more stable than those of these civilian studies. On the con-
trary, they might well be less stable, for the following reasons:

1. The average mileage of army drivers per year is approximately
12,000 to 15,000 mi. J4ven if a driver were kept on duty at the same pool
during a full enlistment and his records were therefore available, this ex-
tent of exposure would hardly be sufficient to yield a reliable measure of
safety of driving behavior. In addition, there may be vast observable dif-
ferences in performance of two drivers after 15 ,000 mi, of driving but with
both drivers showing zero accident rates.

2. The distribution of accidents is curtailed because of the policy of
removing a driver from driving duty when he has had a second or third acci-
dent.
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3. Driving conditions from pool to pool vary greatly in terms of ve-
hicles used, mission, supervision, climate, terrain, density of traffic,
night versus day driving, etc. Accident rates would thus be contaminated
with uncontrolled variables.

INADEQUACY OF ROAD TESTS

Previous studies of the Personnel Research Section (6) furnish consid-
erable data on the reliability of road tests. Four kinds of estimates of
reliability were made: (1) the relationship between separate check-list
items and general ratings on the road test (N = 1717) ranged between r =
0.22 and r = 0.57; (2) the split-half reliability of the Road Test Check
list, using the Spearman-Brown formula, was computed as r = 0.82 (N = 155);
(3) the correlation of scores on the Road Test Check List given by differ-
ent examiners at different times (same 155 cases) was r = 0.53; and (4) the
reliability of the general ratings on the road test was computed by corre-
lating two series of ratings of 127 men made on the same day by several
specially trained examiners. This yielded a coefficient of r = 0.72.

Although these reliabilities are generally higher than those of acci-
dent records, the road test suffers from one serious objection as a measure
of safe driving behavior, regardless of its reliability. Driving behavior
during such a test, under the surveillance of one whom the driver recognizes
as an examiner, may be expected to be different from driving behavior under
ordinary conditions.

SPECIFIC APPROACH OF THIS PROJECT

In the light of the shortcomings of both accident records and road
tests as criteria for the evaluation of instruments for the selection of
safe drivers, the decision was made to explore the possibility of assessing
the driving behavior of army drivers on the basis of the observations and
pooled judgments of their supervisors and associates. In view of the prac-
tical considerations of administration, and in view of the generally high
intercorrelations obtained among rating scales and check lists, it was de-
cided to develop a criterion instrument of about four simple rating scales
and a driving habit check list of about 15 items.

DEVELOPMENT OF RATING SCALES

Eleven experimental scales were constructed from which the final four
were to be selected. RZight aspects of driving behavior were postulated and
a 15-point rating scale'was designed to measure each. Two additional scales
were designed to be used as psychological suppressors and another scale was
designed for an over-all safe-unsafe rating. The lead ouestions of the 11
scales are given below.

1. How often does he have near accidents?

2, How well does he react to sudden changes of traffic conditions?

3. How much does "temper" or "nerves" affect his driving?
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L. How well does he know his own limitations - like poor eyes, slow-
ness, lack of skill, etc. - and drive according to what he knows he can do?

##5, How safe a driver is he?
6. What is his attitude toward safety when he drives?
7. How well does he keep his mind on his driving?
#8, How well do you like him?
9, How skillful is he in handling a vehicle?
#10, How does he rate on appearance and military bearing?
11. How well does he take care of his vehicle?

#Designed to be used as psychological suppressors.
1PDesigned to obtain an over-all safe-unsafe rating.

Each scale was divided into 5 sections (3 scale-points each) with a
verbal definition of each section printed therein. On 10 of the 11 scales,
cartoons designed to illustrate the intent of the lead question were print-
ed at the "good" and "bad" ends of the continuum. The 11 scales were print-
ed in booklet form, preceded by a practice rating scale. A sample of one
of the scales is shown in Figure l. The booklet was arranged so that the
rater could not see, as he worked, what ratings he had given on the pre-
vious scale.

ADMINISTRATION OF EXPERIMENTAL SCALES

A trial run of this booklet was conducted during July 1950 in seven

motor pools in the First Army Area. The motor pools visited were at Fort
Jay, Ne Yo; West Point, N. Y.; Manhattan, N. Y.; and Fort Dix, N. J.
Rosters of not more than 20 drivers each were drawn up in such a manner that
familiarity with one another's driving behavior was maximal. In rating ses-
sions conducted with drivers and with their supervisors separately, a total
of 200 drivers were each rated by 2 to 10 (mean of 4.8) supervisors, and by
5 to 26 (mean of 12.5) associate drivers. A total of 23 sessions were con-
ducted. All ratings were anonymous.

ANALYSIS OF RESULTS

In order to select the four scales which would best measure safe driv-
ing behavior, the following possible bases of selection were investigated:
(1) reliabilities of the 11 scales; (2) correlations of mean ratings on the
scales with an index of accident responsibility; and (3) the results of a
factor analysis of the ratings which was intended to identify those scales
with high loadings on that orthogonal factor (or factors) which represents
the variance of most of the scales and have low loadings on the orthogonal
factor identified with the suppressor scales.
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Figure 1.

RELIABILITY OF THE EXPERIMENTAL SCALES

The reliability of each scale was estimated by means of a modification
of the Horst formla. (4):

nio‘i2
rel, =1-<=0 -1

e —
US> ng

n; is the number of ratings for driver i

wnere

1 is the standard deviation of these ratings for driver i

%:. is the standard deviation of the means for the H drivers

The estimates of reliability and the means and standard cieviat.ions of

mean ratings on each scule are shown in Tablz 3 for supervisors! and for
associates' ratings.
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TABLE 3.

MEANS AND STANDARD DEVIATIONS OF MEAN RATINGS ON 11
DRIVER RATING SCALES, AND THE RELIABILITIES OF THE 11 SCALES

Supervisors' Ratings Associates!' Ratings
(181 Ratees) (189 Ratees)
Rel. corrected
Scale M S.D. Rel, for no., of raters M S.D. Rel.
1 4.78 2,21 85 0.94 4.12 .49 94
2 5.56 1.93 081 0093 l&.se 1.58 091"
3 547 lo82 79 0.92 L6 1.49 94
L 5.84 2,04 83 0.94 4,53 .55 .93
5 5.87 1.98 «85 0.9 4,96 1,67 94
6 5092 1,92 83 0.94 4.58 1.55 .93
7 6.01 1.93 8L 0.94 Le95 1.4y .93
8 6,00 1l.45 «80 0.92 4,70 1.29 .93
9 5¢55 1.70 83 0.94 L.88 1.52 493
10 5.68 2,03 «85 0.94 L.64 loile .93
Al 565 1.92 <83 0.93 Lebl 1.48 .93

In order to ascertain whether the lower reliabilities of the supervisors!
ratings were attributable to the smaller number of supervisory ratings,
these estimates of reliability were corrected by application of the Spearman-
Brown formula to what they would be if the average number of supervisory
ratings were equal to the average number of associate ratings. The correct-
ed estimates of reliability, (shown in Table 3), are substantially equal to
those obtained on the associates! ratings.

It can be seen from Table 3 that all of the scales have acceptable re-
liability; and that there is no choice among the scales on this basis,

CORRELATION OF MEAN RATINGS WITH ACCIDENT-RESPONSIBILITY INDEX

Although accident data were insufficient for use as a criterion of
safety for the individual, it was considered desirable to select those
scales which have highest common variance with an index of accident-respon-
sibility, if such an index were obtainable on a sizable portion of the pop-
ulation used. It was found that 28 percent of the 189 drivers on whom suf-
ficient data were at hand (ratings, estimates of mileage, etc.) had acci-
dents on record. An accident-responsibility index was computed on the basis
of the accident records of each driver by the following formula:

ZA.R.
AJlJI. = 1000 '-::?—

where A; = accidents sustained while in present assignment

Rj = responsibility for A; as estimated from the records
on a 5-pt. scale (1 = no resp., 5 = totally resp.)-;l-‘/
M = estimated number of miles driven while in present assignment

1/ - These estimates were made by the ratees' commanding officers, personnel
officers, or members of their staffs. Persons making these estimates
were not included among those asked to make ratings on the scales.
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The distribution of this index is shown in Table 4.
TABLE 4.

DISTRIBUTION OF ACCIDENT-RESPONSIBILITY INDEX

ARI f
4LO0=-439 2
360-399 0
320-359 1
280-~319 1
24,0279 1
200-239 0
160-199 1
120-~159 1

80-119 4
4L0-79 13
0-39 29
0 1%
189

TABLE 5

CORRELATIONS BETWEEN MEAN RATINGS AND
ACCIDENT-RESPONSIBILITY INDEX

Supervisors! Associates!
Scale N =181 N = 189

Ratees Ratees
1 27 .18~
2 31 06
3 023 14
L 21 «10
5 " o2k .10
6 20 10
7 «19 08
8 15 <Ol
9 23 .08
10 10 -o02
11 .16 .08

Table 5 shows the correlations between mean ratings and this accident
responsibility index. These r's were expected to be low because of the un-
doubtedly low reliability of this index. However, this afforded a useful
comparison of the scales. 1t will be noted that the supervisors' ratings
have consistently higher correlations with this index than do the associ-
ates! ratings. Moreover, the latter show essentially zeros on all the
scales, except, perhaps, on Scales 1 and 3.2/ It is also important to note
that the lowest correlations between supervisors! ratings and this index
are on Scales 8, 10, and 11. The degree to which any of these correlations
might have been affected by raters' knowledge of ratees' accidents cannot be

ftimated,
2/ - This apparent discrepancy is considered below under Selection of Raters
for Final Criterion Ratings.
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INTERCORRELATION AMONG THE
SCALES AND FACTOR ANALYSIS OF THE INTERCORRELATION MATRICES

The final guide for the selection of the scales for the final criterion
instrument was a factor analysis of the intercorrelation matrices of the
mean ratings shown in Tables 6A and 6B. The Thurstone Centroid method was
used and rotation effected to the best-fitting orthogonal solution., Table 7
shows the loadings on the three orthogonal factors for each matrix.

TABLE 6A

INTERCORRELATIONS ALONG MEAN RATINGS BY SUPSRVISORS ON
11 DRIVERS RATING SCALES (N = 181 RATEES)

Scales 1 2 3 I 5 6 7 8 9 10
1
2 .78
3 b5 T3
IN 18 13 .70
5 8L 79 JTL .86
[ 81 .73 .63 +«85 -85
7 73 62 60 oT7 .80 .86
8 5 Wbk 46 W46 LT 50 o4b
9 STL 78 W67 W76 TE W69 W59 W43
10 A6 L9 46 LT 50 W49 Wb .63 51
_u 65 .58 Jl 62 67 67 b7 .52 .60 .66

TABLE 6B

INTERCORRELATIONS AlONG MEAN RATINGS BY ASSOCIATES ON
11 DRIVER RATING SCALES (N = 189 RATEES)

Scales 1 2 3 L 5 6 7 8 9 10

1

2 81

3 81 .82

L 81 8L .78

5 8L 83 79 .86

6 oSl 79 75 +88 «90

7 79 WJTT 75 <85 .89 .90

8 i WS5hL WOl 5T W57 W58 W57

9 76 «83 .78 «83 <86 .82 84 .65
10 56 70 <61 .66 o7l «67 67 .63 oTh

11 WO9 W72 b7 W75 80 .80 .79 .61 .79 .77
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TABLE 7

FACTOR LOADINGS ON ORTHOGONAL AXES DERIVED FROM TWO
INTERCOORELATION MATRICES OF 11 DRIVER RATING SCALES

Supervisors! Matrix Associates! Matrix
Factor Factor o/
Seale T 1T 1T n/ Seale 1 1T 1T 1/

.80 .30 .03 .80
8l  OL A3 .77
76 01 .15 .70
.88 .16 -,01 .85
.86 026 '02 089
80  Jhh ~-.05 .90
.& .514 -.01 082
26 42 50 .60
Th 09 W24 W
22 51 .53 .69
55 016 b .69

090 .20 - 07 .87
82 ,23 21 L84
.85 4 22 .84
.78 Oul- .Ol} .87
77 51 02 .90
o 57 ~0h .92
71 W57 -.02 .88
37 L60 25 62
068 . 51 022 085
b6 U5 Sl .77
62 .33 o6 480

t"'C_)'som\’ oW
ks
OV VWNM

Factor I appears to be similar in both matrices. Since it has highest
loadings on the scales that deal with overt driving behavior and low loadings
on the nondriving-performance scales (Nos. 8 and 10), we might designate this
factor "rated general driving performance."” At any rate this is the factor
which represents the variance of most of the scales and has low loadings on
the suppressor scales (Nos. 8 and 10).

Factor III is also similar in both matrices. In the associates' matrix
it has loadings on Scale 10 (Appearance and Military Bearing) and Scale 11
(Laintenance). In the supervisors' matrix it also has a loading of 0.50 on
Scale 8 (Like-Dislike). This seems to be an appearance factor, of both the
driver and his vehicle, and it would also seem that supervisors like a driver
who presents a good appearance.

Factor II is somewhat more difficult to interpret. Moreover, it does
not have high loadings on quite the same scales in both matrices, It might
represent some aspect of interpersonal relationships or attitudes that affect
the ratings but are not correlated with overt driving behavior, at least not
in the case of the supsrvisors.

Scales were to be selected which have high loadings on the first factor
and low loadings on the other two factors in both matrices.

SELECTION OF THE FINAL SCALES

First, the six scales with highest loadings on Factor I were selected.
From among these six, four were chosen on the basis of high correlation with
the accident-responsibility index and low loadings on the other two factors.
The scales selected were Scale 1 (Near Accidents), Scale 2 (Reaction to Sud-
den Changes), Scale 3 (Effect of Temper on Driving), and Scale 4 (Knowledge
of Own Limitations). The distributions of mean ratings on these scales are
shown in Figure 2 for associates, and Figure 3 for supervisors. It is note-
vorthy that the distributions of mean ratings on the scales given by super-
visors have considerably greater range than the distributions of ratings
given by associates.
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Scale 10 (Appearance and Military Bearing) was selected to precede
these four scales in the final booklet. It is not scored but is included to
draw off the personal feelings of the rater toward the ratee. This scale
has low loadings on Factor I and high loadings on Factor III in both matri-
ces. Also, it is less obvious than Scale 8 (Like-Dislike) which was also
designed to be used as a suppressor scale.

CONSTRUCTION OF EXPERIMENTAL ITEMS FOR THE
DRIVING-HABIT CHECK LIST

The driving-habit check list was developed concurrently with the scales.
Suggestiom for driving habits which might be considered to be associated
with accident causation were sought in the pertinent literature and in con-
sultation with safety personnel, both in the army and in civilian life; 105
statements of such driving habits were devised. These statements were re-
viewed with the army safety engineer, the director of the Pentagon Motor
Pool, and several army drivers in order to assure their clarity, specifie-
ity, and the appropriateness of their language to army drivers.

SELECTION OF THE FINAL ITEMS FOR THE CHECK LIST

For an item to serve its purpose in the criterion instrument it would
have to be (1) ratable (that is, a statement of observable behavior on which
supervisors and associates could rate a driver) and (2) important to safe
driving. A study was conducted, therefore, to identify those experimental
items considered most important and most ratable by both drivers and super-
visors in the army situation.

The 105 statements were printed in booklet form in two parts., Part I,
designed to measure ratability (observability), required the subject (con-
sultant) to check onec response for each statement: (1) I know I can rate
on this; (2) I would rate on this but I would not be too sure about it; or
(3) I could not rate on this.

Part II, designed to mcasure the importance of each habit to safe driv-
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ing, required the subject (consultant) to check for each statement either:
(1) very important, (2) important, or (3) not important.

This booklet was administered to the same drivers and supervisors who
participated in the rating sessions described earlier in this report (158
drivers and 35 supervisors).

On 21 of the items the responses "I know I can rate on this" and "very
important" were checked by at least 49 percent of the drivers and at least
49 percent of the supervisors. These items and the percentages of judgments
are shown in Table 8. In order to select the 15 items for the criterion in-
strument from these 21, six of the items (Nos. 9, 25, 36, 48, 75, and 84)
were eliminated on the basis of the judgments of the investigators.

TABLE 8

21 BEHAVIOR STATEMENTS RATED "VERY IMPORTANT" AND "I KNOW I CAN
RATE ON THIS" BY 49 PERCENT OR MORE OF DRIVERS AND SUPERVISORS

Percent—Checktmer——
Item No. Behavior Statement "Very "T Know I Can
Important" Rate on This"
A% G A% o
1. Breaks the speed limit 59 66 52 60
2. Drives too fast for road conditions 68 89 51 69
3. Doesn't stay on his side of the road 73 91 54 49
L. Ignores stop lights or signs 77 89 61 63
5 Doesn't give the right of way to other
drivers 65 60 58 60
6. Passes on curves and hills 76 83 L9 51
7. Doesn't signal for stops or turns in
advance 57 71 60 63
8. Doesn't check brakes before driving 1 77 51 51
9. Doesn't slow down at intersections when he
has the right of way 52 63 57 60
14. Follows other vehicles too closely 59 77 60 69
20, Pulls away from the curb without looking
back for oncoming traffic 66 80 51 51
23. Takes chances when driving 50 71 51 54
25. Gets into accidents with other vehicles 6L 63 50 74
36, '"Horses around" when he's driving 62 80 50 54
37. Shows off when driving 61 74 L9 60
4, Doesn't cut wheels to curb when parking on
a hill 66 80 L9 L9
45, Backs up without looking behind 72 80 53 57
48, Drives with dirty windshield 55 57 58 171
75. Swings too wide on turns 55 60 50 5
8L. Drives faster than the other traffic 54 L9 51 51
92, Fails to turn in his vehicle for repairs
promptly 60 60 50 77
%A = Associates
#S8 = Supervisors
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REIATION BEIWEEN SELECTED CHECK LIST ITEMS AND
EXPERIMENTAL RATING SCALES

In order to obtain some insight into the relationship between the con-
tinua of the rating scales and these 15 items, eight staff members of the
Personnel Research Section were asked to classify the 15 items, following
these instructions: "Indicate under which of the rating scales you would
subsume each of the driving habits if you were doing the rating."

No item was to be assigned by the same PRS judge to more than three
different scales. A shortcoming of this method is that primary, secondary,
and tertiary assignments receive the same weight. However, the results,
shown in Table 9, indicate such a high predominance of assignments to Scales
5 and 6 that the findings are readily interpretable.

TABLE 9

ASSIGNMENTS OF SELECTED CHECK LIST ITEMS TO RATING SCALE CONTINUA

Item Number

Scale
Number 1 2 3 4 5 6 7 8 U 20 23 37 4 45 92
1 1 l1 1 1 1 2 1
2 1 1 1
3 2
L 1 1
5 7 6 8 3 5 8 T 5 6 8 6 6 5 8 1
6 8 6 3 8 5 5 6 3 5 5 7 7 5 5 3
7 1 1 1 31 1 2 2 3
8 1
9 2 2 3 2 1
10
11 1 5 2 8

FINAL CRITERION INSTRUMENT

The final criterion instrument consists of: (1) the practice rating
scale; (2) the suppressor sczle (not to be scored); (3) the four criterion
scales; and (4) the driving-habit check list.

SCORING OF THE FINAL CRITERION INSTRUMENT

A driver's score on the scales is the mean of ratings received ou the
four criterion scales, supervisors!' and aasociates' ratings taken together
(the basis for this decision is furnished below, under "Selection of Raters").
His score on the check list is the mean number of checks received. On the
basis of the judgments of the investigators with respect to the relative
variance contributed by each of these two measures, a weight of 2 for the
mean rating and a weight of 1 for the mean check list score was considered
to yield about the optimum composite criterion score.



SELECTION OF RATERS FOR FINAL CRITERION RATINGS

Tied in with the problem of selection of scales was the problem of se-
lection of raters. It is evident from the larger means and standard devia-
tions of the mean ratings (Table 3) and from the consistently higher corre-
lations with the accident-responsibility index (Table 5), that the super-
visors' ratings are superior for our purpose. But, since it is often im~
possible to obtain ratings from more than two or three supervisors and this
criterion is postulated upon having several ratings on each driver, the pos-
sibility of supplementing these with the ratings of selected associates was
explored.

The first attempt to select among associate raters was made on the ba-
sis of grade. The correlations of different grades of associates' ratings
with supervisors' ratings are shown in Table 16, These correlations furnish-
ed no basis for selection among associate raters.

TABLE 10

CORRELATIONS BETWEEN RATINGS BY SUPERVISORS AND RATINGS
BY DIFFERENT GRADES OF ASSOCIATES

Ratings Ratings Ratings by Ratings by
by by Pfcs and all

Scale Sgts. Cpls. Pvts. Associates
1 0.42 0,37 0.34 0.37
2 0.‘.2 0.36 0033 0.35
3 0.40 0.51 0.38 042
L 0.35 0.48 O.45 0.43
5 0.52 0.52 O.42 0447
6 0.53 0.49 0.41 0.46
7 0.51 0,53 0,32 0.43
8 0.18 0423 0.15 0.18
9 0.42 Oeli5 0,37 0.4
10 0.59 Oolily 0.38 O.44
11 Oel4l Oolsly 0.32 037

In the 1light of another study by the Personnel Research Section (7),
it was indicated that GCT level of raters is more highly related to validity
of ratings than is grade. Since the raters used in the present study were
identifiable only by grade and group, two groups of corporal raters were se-
lected for comparison, Group A being composed mostly of corporals with GCT
scores below 90 -a-.7d Group B being composed mostly of corporals with GCT
scores above 90.32

3/ - The exact mean scores were unobtainable. Group A actually consisted
of 33 of 4O corporals whose GCT distribution was known, and Group B
consisted of 17 of 24 corporals whose GCT distribution was known. In
making the comparisons reported here, the assumption was made that the
GCT scores of those--seven in each group—-who did not participate in
the rating sessions were more or less randomly distributed.
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The correlations between accident-responsibility index and the ratings
accomplished by these two groups of corporals are shown in Table 1l. Al-
though comparison on any single scale may be inconclusive, the pattern of
correlations favors the higher level group with marked consistency. On this
basis, the decision was made to obtain criterion ratings from supervisors
and only those associates whose GCT scores were at least 90.

TABLE 11

CCORRELATIONS BETWEEN MEAN RATINGS AND
ACCIDENT-RESPONSIBILITY INDEX: TWO GROUPS OF CORPORAL RATERS

Group A# Group B

Mean GCT Mean GCT

Scale Below 90 Above 90
1l 0.2 0.38
2 0.15 0.28
3 0s22 0.32
L 0622 0.31
5 0.15 0«30
6 0.18 0.38
7 0.08 027
8 0o.11 0.17
9 0.15 * 0035
10 0.4 0.15
]l 0015 0.21

¥In Group A, 33 corporals rated 78 drivers.
In Group B, 17 corporals rated 34 drivers.

SUMMARY

Accident records and road tests were considered and abandoned as bases
for a criterion of safe driving in the army situation. Observations and
judgments of drivers, supervisors, and associate drivers were then consid-
ered and an instrument, including rating scales and a check list, was de-
veloped for their quantification. A population of 189 drivers was rated on
11 experimental scales by an average of L.8 supervisors and 12.5 associates.
Of the 11, four scales were finally chosen on the bases of (1) reliabilities,
(2) correlations with an accident-responsibility index, (3) intercorrela-
tions among the scales, and (4) results of a factor analysis of these in-
tercorrelations. The same raters were asked to indicate, for each of 105
descriptions of unsafe driving habits, how ratable (observable) the behavior
is and how important it is to safe driving. The 15 statements adjudged most
ratable and most important were selected for the final check list. The mean
rating on the four scales receives a double weight and the mean number of
checks received has unit weight in the composite criterion score.
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RELATION between PSYCHOLOGICAL TESTS and DRIVER PERFORMANCE

D. J. Moffie, Andrew Symmes, and Charles R. Milton
North Carolina State College

THE North Carolina State College through its Extension Division established
a Driver Training School on August 8, 1949 for training tractor-trailer
truck drivers.

Psychological research was one of the aims of the training program when
the school was organized. The research program embodied interviews, psy-
chological testing, psychological paper-and-pencil tests, and accident
follow-up. The purpose of this report is to show the relationship between
psychological tests and tractor-trailer driver performance.

Using the Cornell liord Form Test, the Eno Foundation for Highway Safety
(3) found that accident repeaters were more emotionally unstable than the
accident—free drivers. The drivers were commercial-vehicle operators, as
well as noncommercial, and were matched (N - 193) as to sex, type vehicle
operated, and mileage. The difference found between the two groups was sig-
nificant at the 5-percent level of confidence.

Ghiselli and Brown (2) compared accident records for the first 5 weeks
of employment with psychological test scores for 67 taxicab drivers. With
accidents, a mechanical-principals test correlated 0.1l; a total-interest
score, 0.23; dealing with people, 0.1l; and related occupations, 0.20.

Ghiselli and Brown (1) found that a learning period exists for street-
car and motor-coach operators. Improvements in accident records were evi-
dent after the first 6 or 7 months of operation, and accident rates were re-
duced considerably after this time. They found that the reduction of acci-
dents approached the shape of the common-learning curve. It was concluded
that "for motor-coach and street-car operators it is simple enough to learn
the motor coordinations involved, but complex activities such as judgments
of speed, spatial relations, and division of attention, performed under con-
ditions of stress are the difficult aspects of learning the job."

Research by The Adjutant Generalts Office (4) on selection of truck
drivers yielded low coefficients of reliability for criterion data. One in-
dex of driving ability was the score the driver obtained on the Road Test
Check List. An examiner observed and checked items best describing the
driver's performance in a standardized skill test situation. The reliabil-
ity coefficient of the check list was 0.82 by the split-half method after
correction by the Spearman-Brown formula, Scores on the check list given
by different examiners at different times correlated O.53. General ratings
of 127 men by several examiners on the same day yielded an average correla-
tion of 0.72 between judgments of the different raters. The article states
that the low reliability of these criteria could very likely be improved by
proper training of examiners.
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METHODS AND PROCEDURES OF THIS STUDY

The paper-and-pencil tests used were the Otis SA Test of Mental Ability
(Higher Form B), the Bennett Test of Mechanical Comprehension (Form BB), the
Kuder Vocational Interest Test (Form B), the Bernreuter Personality Inven-
tory, and the Minnesota Multiphasic Personality Inventory (Group Form). All
tests were administered during the trainees' 6-week training period.

The subjects are over-the-road drivers (haul freight over long distances
as opposed to the local-delivery personnel) and were of the dual-operation
category (two drivers ride together, one drives and the other sleeps). All
the drivers were from six large companies operating on the East Coast with
home terminals in North Carolina.

Accident records were found to be the most suitable index for the cri-
terion of job performance, The accident data were secured by the writers
who were granted access to the files of each company employing drivers from
the school. The accident records were found to be adequately maintained
and were labeled in a similar manner. All companies classified accidents
as preventable or nonpreventable, In some cases the chargeability of the
accidents were determined by a board of safety supervisors in the personnel
and safety departments., However, in some companies classifications were
made by the safety director alone. An accident was preventable if the driv-
er could have foreseen and avoided the accident by any conceivable means
and nonpreventable if the accident could not have been prevented.

An accident score was derived from each mant's record in the following
manners:

Months Worked
3 x no. preventable accidents + 2 x no. of nonpreventable accidents.

Rather than use the number of accidents alone as the criterion, the writers
thought that some adjustment should be made for experience. The longer a
man has driven the more susceptible he had been to hazardous conditions and
accident~producing situations, These factors fail to remain equivalent if
the drivers have been operating for varying lengths of time. By utilizing
months worked in the above formmla, such inequalities have been considerably
alleviated, although not perfectly controlled.

After going over approximately LOO accident records, the writers also
felt that some distinction should be made between the accident categories
of preventable and nonpreventable in arriving at an accident score. In al-
most every nonpreventable accident examined, there were factors operating
or conditions present which lessened or prevented the possibility of a driv-
er foreseeing and avoiding an accident. Therefore, it was felt that a sys-
tem of weights vould tend to equate variation between these two types of
accidents. Fioure 1l shows that the distributions of preventable and non-
preventable accidents are practically identical., The variances of the two
curves are not significantly different from each other., This justifies the
addition of the two scores.

One other factor considered in the analysis of the group should be men-
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tioned: No driver was included in the study who had not driven at least 6
months. This would represent approximately 30,000 mi, of driving. A follow-
up of the school's trainees has revealed that of the number who have acci-
dents (some had no accidents), the greatest proportion had the majority of
their accidents during the first 6 months.

The distribution of accident
scores for the 6~to-18 months group

10 —
° A i} as shown in Figure 2 has a tendency
90 = towards bimodality with the majority
i of the subjects having low accident
80 p, scores, Skewness is positive. It
® ,’/ is realized that, in some studies
s70 ,/ which have utilized accidents alone,
€60 the distribution has been a poisson
§ ,’/ Praventable Accidents one.
® 30 n _ - -~ Nonpreventable Accidents
£ ,’/ Preventable Accidents: Although only 31 drivers were
2 40— Mean= 80 — | available who had worked more than
3 g0l "o f;l 67 dents — 12 months, bimodality found in the
,7 ""'e:::: A 6-month group disappeared.
20 ' £‘ 70 ) . - Iy
/ F s .'é_‘_” 31,04 Not Significant The study is divided into three
: parts: In Part 1 an accident group

=)

of 30 drivers was matched with an
o i 2 3 4 accident—free group on the basis of
Number of Preventable or Nonpreventable Accidents months worked. These groups were
then compared on the basis of dif-

Figure 1. Distributions of cumu- ferences in mean test scores and t
lative percentages of preventable ratios were utilized to test the
and nonpreventable accidents. significance of the difference. The

accident-free group had a mean of
9434 months of work and a sigma of 3.18; the accident group had worked 9.36
months and had a sigma of 3.21.

In Part 2 the group consisted of approximately 100 subjects who had
driven an average of 10,82 months with a sigma of 3.65., Pearson-product
moment correlations were utilized to determine the relationship between the
psychological tests and the criterion.

Part 3 consisted of approximately 31 drivers who had been on the job
from 12 to 18 months. The average time driven was 15,72 months with a sigma
of 1.84., A Pearson product-moment correlation was used to determine the
relationship between test scores and the criterion.

RESULTS
The t ratios obtained between the matched groups and the correlation
coefficients for the two groups working varying lengths of time are shown
in Tables 1 and 2, respectively.

The direction of relationship for the matched groups can be determined
by examining the mean scores of the two groups.
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In the first part of
this study, significant
differences were found on
the B1-N, B2-S, and B4-D
—— Drivers with 610 18 months of scales of the Bernreuter

driving experience — Personality Inventory, the
-——-- Drlv'en with [2 to 18 months of Bennett Test of Mechanical
dnving expertence B Comprehension, and the com-

putational scale of the
/ \// \ \ Kuder Vocational Interest.
On the Bernreuter scales,
5 the accident-free group
/ / \ tended to make higher scores
/ ] \ / \ A on Bl-~N and lower scores on
N\~ B2-S and B4~D than the ac-
Vi \ cident group. This means
/ S YU that the accident-free
1-8 948 724 26-323540 41-48 40-58 51-04;04; n-eo\m-ea 8306 97-104 drivers tend to be tense,
Accident Scores less self-sufficient, and
less dominant than the ac-
cident driver. On the me-
Figure 2. Distribution of accident scores for chanical-comprehension tests,
truck drivers. the accident-free driver
made higher scores indicat-
ing great comprehension of mechanical principles. This was not true, how
ever, on computational interest——accident drivers have higher interest in
computational activities,
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In the second part of the study, a significant negative correlation
was obtained between the B2-S scale, and the accident index; a significant
positive correlation was obtained between the Bennett test and the criterion.
These results tend to substantiate the results disclosed in Part 1,

In the third part, only one correlation of significance was obtained
and this was between the Kuder Mechanical Interest scale and the criterion
indicating positive relationship.

Differences in results among the three groups were indicated. The
writers are inclined to believe, however, that such differences may be due
primarily to sampling and operation of uncontrollable factors. There may
be changes in psychological composition due to the hazardous conditions of
the job, the dual type of operation, and the disruption of home life. Also,
selective factors, such as discharge from the job and voluntary terminations,
may alter the nature of the group so that the psychological traits of driv-
ers who remain on the job longer vary appreciably from the ones who stay
for shorter intervals, In this connection it should be mentioned that
ideally one should give these tests periodically to detect and evaluate such
personality changes.

None of the tests show significant relationships with the criterion
for all three groups. However, the Bennett Test of Mechanical Comprehen-
sion and the B2-S scale of the Bernreuter gave results significant at the
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TABLE 1
MEANS AND STANDARD DEVIATIONS FOR PSYCHOLOGICAL TESTS FOR ACCIDENT

AND ACCIDENT-FREE GROUPS AND REIATIONSHIP OF THE TWO GROUPS ON THESE TESTS
EXPRESSED BY t RATIOS

Accident Group {Accident-free Group
Psychological Test N = 30 N =30
Mean a Mean > t
Otis Self Administering Test 24,53 8.50 26,10 9.08 .584
Bennett Mechanical Comprehension J21.47 8,67 27.90 ]10.51 68-/
Computational 3hLe54 7.20 30,60 6.26 .1552/
Scientific 63.93 1.37 62,30 113.53 467
Persuasive . 67.33 15.14 67.67 112.76 104
Artistic L7 47 12,07 48,70 11.54 «390
Literary 38,20 9457 38.03 7.61 072
Musical 13007 8.38 u&¢83 7.06 0779
Social Service 77.67 14,57 78420 J1l4.60 o147
Clerical 55460 10.49 48.87 8.70 1.6L7
Bernreuter - B1-N 19.43 |  17.90 1  33.47 |[22.36 1,62/
B2-5 w23 | 23.58 | 31.20 [19.15 133./
BL,-D Gl Bl B |aae |l
Mel{ePele - K Scale 17.30 h030 16.30 Lbo67 0908
Hypochondriasis 16,37 L.56 17.53 3.98 1,169
Depression 16.77 2,81 16.77 3.35 «000
Hysteria 1.63 1.35 2.57 2,70 1.800
Psychopathic Deviate 16,30 2.87 16.57 3.60 0312
Interest Scale 20,60 410 21.30 L.86 716
Paranoia 7 .ll-7 2 .16 8 013 .31 0803
Psychasthenia 7403 | 536 753 6.08 .408
Schizophrenia 7.00 5.14 8.17 L.80 oTh2
Hypomania 117,00 | 3.48 16,40 3,02 1 648

a/ - Significant at 5-percent level. '
b/ - Significant at l-percent level.

5-percent level for the drivers who had worked from 6 to 18 months and also
for the matched groups. In general one may say that the more proficient
drivers have a better understanding of general mechanical principles than
the ones who have poorer accident records. One may also surmise that the
negative relationship between self-sufficiency and the better drivers in-
dicates that they are dependent upon others and therefore more hesitant and
cautious in their driving habits, These drivers are more likely to size up
traffic situations before proceeding.

However, one cannot select a driver on the basis of a particular area
of interest or one personality trait without examining all test results. It
is the pattern of abilities, interests, or personality traits that should
receive consideration collectively rather than any one or two taken alone.
In this respect a multiple correlation would be the best statistical treat-
ment for one to utilize because it permits a multiple analysis of numerous
factors and their interaction.
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MEANS AND STANDARD DEVIATIONS FCR PSYCHOLOGICAL TESTS AND
PEARSON PRODUCT MOMENT CCRRELATIONS FOR EACH TEST WITH
ACCIDENT SCORES FOR TWO GROUPS OF DRIVERS

Psychological Test

Worked from 6 to 18 months'Worked

from 12 t 18 months

Mean o™ ' N | r ! Mean |7 IN r
Otis Self-Administering 25,18 | 9.05: 99|=.040 ,. 25.70| 9.70|30| =+255
Bennett Mech. Compr. 24,65 {10.09| 99| .197%/; 26.80|10.21}30] .185
Kuder Mechanical 96,40 |12,96]100| .062 !100.64] 5.96|31] .un43b
Computational 31452 | 7.20{100[-.108 ; 29.48] 6.31|31| -.239
Scientific 62,41 [13.141100|-.039 | 62,03|14.27|31| -.087
Persuasive 68,53 |14.271100} .058 69.68113.80|31] .164
Artistic 47.90 {11.18{100{ .058 | 45.29110.78|31] -.142
Literary 39.22 {10.611{100{-.027 | 41.23{11.14|31] .07
Musical 15.34 | 8.19{100{-.004 | 17.10| 9.22|31] -.181
Social Service 76476 | 14426}100] .056 | 75.52114.77|31] .165
Clerical 50497 |12,50:100}-.054 | 49.19f 9.37|31] .181
Bernreuter Bl-N 26.82 121,711 98] .155 1 28.28}20.37]29} -.080
B2-S 35,30 |22.37} 98|-.228%/1 34.00121.75|29] —o147
BL4~D 57.06 123.24! 98] .033 | 55.79}22.59)29] .092
MMPI K Scale 16,31 | 5.211100] 022 | 14.35! 4.01]31} .017
Hypochondriasis 16,29 | 2.47{100f .064 15,29} 2.25)31] .010
Depression 1662l | bokh:100f-.034 | 15.683 3.61|31} -.202
Hysteria 2,06 | 4.19'100} .069 2,03} 4o42)31] .48
Psychopathic Deviatel 16.58 | 4.52,100] .040 15,10} 3.82|31{ -.034
Interest Scale 20,49 ! 4.15.100{ .027 | 21,23 3,7831] .o28
Paranoia 7489 ¢ 2,87.100}-.007 8,19 3.20{31] .106
Psychasthenia 7.10 5,32 '100}-.082 8435 5.4231] -.268
Schizophrenia 7403  5.48 100{-,104 8,77 6.881311-.188
ia ; 17422  L4427'100{-.075 18.32 ' 4.61i311 .070

a/ - Significant at 5-percent level,
b/ - Significant at l-percent level.

CONCLUSIONS

This study, like many in the past, has shown some relationships between

psychological traits and driver performance.

Unlike many, it has disclosed

the importance of the personality of the driver as a factor in safety. Con~

clusions are as follows:

l. Accident rates, even though determined on the basis of miles driven
per accident, contimue to follow the Poisson distribution.
that correlational indices need to be interpreted with caution,

This implies

2, Safe drivers tend to be more tense, less self-sufficient, less dom-

inant, as shown by the Bernreuter Personality Inventory.

These same trends

are demonstrated on the MMPI test (hypochondriasis and hysteria scale) even
though differences were not shown to be statistically significant.

3. Safe drivers tend to make higher scores on the Bennett Mechanical

Comprehension test.
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4o The first 6 months of driving experience appears to be a learning
period because of the high incidence of accident rates.

TABLE 3

COMPARISON OF THREE GROUPS OF DRIVERS, ACCIDENT VERSUS NONACCIDENT,
THOSE WHO WORKED 6 TO 18 MONTHS, AND THOSE WHO WORKED 12 TO 18 MONTHS

Accident vs, Worked Worked
Psychological Test Nonaccitlieg;.r- 6 to 18 Months| 12 to 18 Months
t ratio Jection by r
Otis Self Admimistering | 8 N-A -.040 [=:255 ]
Bennett Mech, Compr. | 2.5688/] n-a e
Kuder Mechanical o411 N-A 062 A

Computational I 2,1552 A -.108 -+239
Scientific 467 A -+039 -.087
Persuasive <104, N-A .058 .164
Artistic «390 N--A .058 -e142
Literary 072 | A -.027 074
Musical 779 | N-A §  -.004 -.181
Social Service 47 N-A <056 2165
Clerical 1.647 A -.054 181
Bernreuter B1-N 6/ n-a  [L155 ] 5 -.080

B2-5 | 2.1383/1 & —.2288 [ ¥
B4~D 2.4558/1 A 033 092
MPI K Scale »908 A »022 »017
Hypochondriasis IE N-A <064 .010
Depression | .000 - -.034 : -.202
Hysteria N-A 069 48
Psychopathic Deviatd o312 | N-A +OLO . —.03
Interest Scale #716 N-A 027 .028
Paranoia «803 N-A -.007 ; 106
Psychasthenia 408 | N-A -.082 § -.268
Schizophrenia oTh2 N-A ~ o104 -.188
Hypomania 648 A =.075 X 070

a/ - Significant at 5-percent level
b/ - Significant at l-percant level
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AGE and SEX in RELATION to ACCIDENTS

A, R. Lauer
Director of the Driving Research Laboratory
Iowa State College

A PROPER analysis of any problem is essential to an adequate solution. It

seems that the problems of age and sex in relation to automobile and traf-

fic accidents have been grossly confused, due partly to the emotionality of
writers on the subject.

The two are inseparable, since vast differences between the sexes are
noted at various age levels. It is unintelligible to speak of the problems
concerning one without a proper clarification of the limits of the other.

In order to treat an ailment, the doctor must find the origin of it or
the part affected. lledication for eczema is not likely to help one with
arthritis. Too often we try to reduce accidents by shot-gun remedies. Un-
til the causes and those responsible for most of the trouble are singled
out the proper methods of accident reduction cannot be determined.

The purpose of this paper is primarily to untangle some of the faulty
conclusions that have been widely discussed about youthful drivers, women
drivers, and older drivers. It is also hoped that it may stimulate greater
care in coding the exact ages of drivers by the state licensing bureaus.
Unfortunately, huge sums of money are spent annually in hoarding accident
records and making compilations of simple tables, but little if any really
scientific analysis is made of them. It is time that this practice is
changed. We need to digest the results of accident reporting so that leads
may be obtained which will be useful in educational,legislative, and en-
forcement circles to aid in accident reduction.

A very important aspect of the problem is the uneven grouping of ages
for comparative purposes. The terminologies used are even confusing. Writ-
ers of popular articles on "teen-age" drivers sometimes construe the term
to include every age up to 25 years., One state was known to report that 3
percent of its licensed drivers were 20 and below and were having half the
fatal accidents from 12 midnight until 6 a.m. A recheck of the files show-
ed that nearly 8 percent of their licensees were 20 and below, since 20-year
olds were classified with "teen-agers."

It was with the hope that some of these confusing issues might be clear-
ed up that a 5-year study of age and sex has been undertaken at Iowa State
College. The specific hypothesis set up as a basis of the present paper may
be stated as follows: Reported accidents are distributed evenly throughout
the driving population according to density of population, age, and number
of licensees. A corollary hypothesis to be tested may be formulated as:
Accidents are distributed evenly throughout the driving population on the
basis of miles driven by each age group.

In addition, answers to the following gquestions are sought through
various studies in progress: Are age trends in accident involvement ,as
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secured from the accident files, consistent? Are accident reports in a
given commnity an index to its fatality record? 1Is reporting uniformly
carried out within a state and is it in anyway associated with density of
population? If the hypotheses set up are confirmed, what would be the most
fruitful immediate approach to the motor-vehicle accident problem? If the
hypotheses are rejected, where should we start to improve drivers?

It is obvious that, as a rule, shot-gun methods in education, engineer-
ing, or any other field of endeavor will be less effective than systemati-
cally planned and organized effort. The least that can be left to chance
the better., It is assumed that accident reporting is impartially carried
out with respect to sex and age groups within a given municipality, state
or territory.

METHOD AND PROCEDURE

This study was undertaken in cooperation with the-Department of Public
Safety in Iowa, the data presented being from Iowa. Continuation studies
in cooperation with the motor-vehicle departments of Illinois, Minnesota,
and Pennsylvania are now in progress and will be presented at a later time.

The method is of statistical and analytical nature and consists of
drawing a systematic sampling of the drivers' license files in the state by
examining and tabulating the data from every two-hundredth card of the
1,300,000 licenses in the state., The cards are jacketed and contain infor-
mation on all accidents, violations, and revocations made by the licensee
since the drivers license law became effective in Iowa in 1933, Overload
and nonmoving violations were not included, since they may not be the fault
of the driver. It is the information of the writer that standing violations,
such as parking tickets, are not entered in the records.

It suffices to say that the reporting system developed gradually, as
in other states, and that reporting became more efficient as the patrol was
increased and more attention was given to accident reporting by the local
traffic courts and enforcement agencies. Consequently, the increased num-
ber of accidents reported does not necessarily serve as a true index of the
total number of accidents occurring within a given period. This is shown
by the sharp jump in 1948 when the financial-responsibility law went into
effect, as shown in Table 3.

After the list of 7,692 cases comprising the sample of licenses used
in this study was drawn and prepared, a double, specially printed postcard
was sent to each person reguesting further information regarding the mileage
driven annually by day and night. Other questions were asked about the way
the person learned to drive, mileage on the car, age of car, model, owner-
ship of car, and certain other related data. Only items referring to age,
licensure, mileage, violations, and accidents will be reported here as taken
from the state records.

The data were assembled and punched on IBM cards for analysis by age
groups, sex, and location and according to mileage driven annually. Acci-
dents, violations, age, and personal data were taken from state files. The
data were recorded by years of age to the nearest birthday, but only acci-
dents and violations for the years 1948 and 1949 were considered in this
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study, due to the lack of consistency prior to that date (see Table 3.)
RESULTS

It was first considered necessary to make an estimate of the number of
potential drivers in a state the size of Iowa for each age group. This is
shown in Table 1 and was based upon 1940-census figures. The 1950-census
data were not available at the time, and it was further considered that the
percentage change would not likely be significant as it may well represent
certain parameters of the population for the various age levels.

TABLE 1

STRUCTURE OF THE DRIVING POPULATION
(Estimates based on U.S. Census)

Population Licensed Licensees Mileage Licensees Mileage

Age Men Women Men Index Women Index
% % % %
15 Te7 0.9 06234 32 0.026 10
16 20,0 3.8 0.624 42 0.117 1
17 60.9 1.7 1.651 58 0351 16
18 67.0 25.8 2,145 73 0.845 18
19 63.5 18.2 1.885 89 04559 20
20 54.9 17.4 1.573 99 0.533 22
21 56.1 15.7 1.651 105 0468 23
22 L8.2 26,1 1.352 1. 0.767 25
23 68,6 15.1 1.991 121 O.lli2 27
2L 76.9 17.0 2.158 127 0.494 28
25 67.8 2,.8 1.924 12 0.741 29
26 69.0 23.5 1.911 131 0.676 30
27 68.7 30.8 1.859 138 0.845 31
28 71.6 29.6 1.950 136 0.845 31
29 61.2 21.7 1.612 130 0.585 32
30 72.2 22,5 2,05, 129 0.676 33
31 67.5 23.5 1.586 126 0.559 33
32 67.7 19.4 1.794 123 0.533 34
33 66.4 20.9 1,586 121 0.507 34
34 67.5 19.7 1.638 118 0.468 35
35 55.7 19.L4 1.430 116 0.507 36
36 55.4 23.6 1.547 iRFA 0.559 37
37 66.9 28.7 1.638 112 0.637 37
38 60,2 27.9 1.391 i1 0.676 39
39 577 25,6 1.404 112 0.624 LO
LO 5L.1 28,5 1.430 109 0.663 L1
L1 67.2 42,9 1,261 109 0.780 L1
L2 574 20.4 1.365 o8 0.481 43
L3 62.7 25,0 1.326 108 0.520 Ll
Ll 60,0 26,0 1.222 108 0.520 L6
L5 Sholy 24.6 1,274 108 0.624 47
L6 60,3 19.2 1,222 108 0.364 48
L7 68,6 23.9 1.417 108 0.468 49

48 65.2 21.8 1.389 109 0.429 50
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TABLE 1 - contimued

Population Licensed Licensees Mileage Licensees Mileage

Age Men Women Men Index Women Index
4 4 % %
L9 5047 25.4 1.001 109 0.533 50
50 55.7 26.4 1.261 108 0«49 50
51 63.6 274 1.066 108 0416 50
52 524 21.8 1,053 109 0.403 50
53 6L.5 31.5 1.092 107 0494 49
54 794 37.0 1.365 106 0.598 L7
55 60,1 23.4 1.014 105 0.377 L6
56 62,8 20,5 0.988 104 0.299 L3
57 775 24,6 1.092 102 0.325 L0
58 65.7 12,6 0.975 100 0.182 35
59 65.3 21.2 0.845 96 0,273 32
60 67.3 21..4 0.871 92 0.286 30
65 66.9 21.4 0.728 75 0,234 23
70 57.8 23.8 0.433 71 0.182 18
75 L5.7 8.8 0.208 70 0,043 15
80 65.8 L6 0.164 69 0.001 12
85 61.. 0.0 0.060 61 — —
90 8l.4 0.0 0,020 50 —_— -

Table 1 contains the fundamental data necessary to graph or otherwise
convert accident frequencies into meaningful form. At times trends are
real, even though statistical evaluations at any one point along the curve
may not show a significant difference. Experimental or sampling errors may
account for occasional deviations which, on first consideration, seem out
of line, and thus false conclusions regarding trends may be drawn.

Comparison may be made from this table at any age up to 60, then by
5-year intervals up to age 90. The number of drivers in a given age group
in Iowa may be closely estimated by sex, also the percentage at each age
level that are licensed, and the percentage of all licenses in the state
held by any age group. The stated annual mileage as obtained from a poll
of the sampling drawn is given by the mileage index. This indicates the
nearest number in hundreds of miles.

From such a table it is possible to group ages in any fashion desired
and fairly reliable estimates may be made from the results. Unless the ba-
sic constants are approximately known, no valid conclusions can be drawn
from accident figures.

Another source of error commonly found is anachronism, A certain group
may be studied along with others of different ages. One individual may be
noted for his accident record, It may be found that he has had six acci-
dents. No account is made of when he had them, at what age or over what
period of time, Table 2 shows data on male drivers plotted as of the age
they were when the accident occurred. Conditions no doubt charge. By tak-
ing all accidents occurring at a given age for several years we get a bet~
ter estimate of the performance of a given age level. That the reporting
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index at least changes during a period of time is shown in Table 3. Thus a
cross-section study over several years is probably more meaningful than any
short-time study, as long as correction is made for the age at which acci-

dents occur,

REPORTED ACCIDENTS ALL AGE GROUPSY
(Male Drivers)

TABLE 2

(Based on a preliminary tabulation of 1,806 accidents from cases drawn.)

Age Percent Age Percent Age Percent Age Percent
13 0.0574 35 1.4917 57 0.6885 79 0.2295
14 0.0574 36 2,1801 58 1.0901 80 —
15 11474 37 1.8360 59 0.8032 81 0.1147
16 2.0080 38 1.9507 60 0.4590 82 0.0574
17 3.0981 39 2,0080 61 0.5164 83 0.0574
18 3.4997 40 1.5491 62 03442 8L —_——
19 4.1882 41 1.6638 63 0,8032 85 ——
20 3.6145 L2 1,7785 6L 0.2870 86 ——
21 3.6718 43 1.8360 65 0.5164 87 -—
22 4.3603 L, 1.2622 66 0.2870 88 —
23 3.2702 L5 1.6638 67 0.2870 89 0.0574
2L 3.4997 L6 1.5491 68 0.4590 90 —
25 3.7866 L7 0.9753 69 0.4590 91 ——
26 4.1882 48 07458 70 0.1721 92 ——
27 3.2129 49 1.3769 71 0.5164 93 ——
28 3.3850 50 1.0327 72 —— 9L —
29 2.2375 51 0.8032 73 0.1721 95 ——
30 2.2950 52 1.,2048 T4 0.0574 96 —
31 2.6391 53 0.9753 75 0.057L 97 —
32 1.7785 Sk 1.0901 76 0.1721 98 ——
33 2.0080 55 0.8606 77 0.1147 99 ——
3L 2,1801 56 1.0327 78 0.1721

a/ - Represents part of sampling of every 200th card of all accidents re-
ported to the state from 1938-1950 inclusive to iiarch 1950, Tabulated

by age at the time they were reported.

TABLE 3

ALL ACCIDENTS AS REPORTED BY YEARS IN IOWA

(Male Drivers)

Year Percent Year Percent Year Percent

1930 1937 1.3196 1944, 364997

1931 — 1938 2,3523 1945 4.3029

1932 —— 1939 4.0161 1946 0.3442

1933 e 1940 503930 1947 8.,6059

1934 — 1941 5.9667 1948  29.20252
1935 — 1942 LoW177 1949 27.0787

1936 0.0574 1943 3.3276

a/ - Financial Responsibility Law enforced after January 1, 1948.
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Our first hypothesis set up for testing may be considered at this time,
Since temporal distribution of reporting varies, what may be expected of
spatial reporting? Within a state, is reporting quite uniformly carried out
throughout the different districts, counties and population areas? A sta-
tistical evaluation of approximately equal population groups in Iowa Com-
bined according to population are presented in Table 5.

TABLE 4
DISTRIBUTION OF ACCIDENTS ACCORDING TO DENSITY OF POPULATION

Number of Accidents

Group Counties Actual Expected X2

I 1 220 111.5 70.336%/
I 2 121 102.9 4.3178/
III 3 140 133.2 342
v 5 126 127.5 .018
v 5 9L 98.3 190
VI 8 83 105.8 49383/
VII 10 96 109.0 1.557
VIII 10 8s 100.2 1.484
IX 1 106 98,0 6L6
X 12 73 95.8 5.4238/
X1 15 88 116.7 7.0572/
X1 17 77 95,9 3.736

a/ - Significant at the 5-percent level.
b/ - Significant at the l-percent level.

The Roman numerals consist of counties grouped together to give approx-
imately equal populations. These were theoretically equated as given in
the Y"expected'" columns. In general, the Roman-numbered groups average around
200,000 and it may be fairly easy to estimate the population of individual
counties by dividing the number of counties into 200,000. Iowa has 99
counties which average around 1,000 sq. mi. in area each.

By studying the table it will be noted that discrepancies exist be-
tween expected values and observed values., The chi-square index is an eval-
uation of the significance of the discrepancies. A chi-square above 3.841
indicates a 5-percent level of confidence. Above 6,635 it shows a confi-
dence level of 1 percent., Higher values show correspondingly greater prob-
abilities of significance. It is to be noted that densely populated areas
show an excess of reported accidents while sparsely settled counties show a
deficiency. No speculations as to the reasons for this-will be made here.

Next it seemed advisable to consider fatalities occurring within these
areas since it is generally considered that accidents and fatalities are
correlated, although fatalities are much more reliably reported. Table 5
shows the results obtained from this analysis.

By such technique we may set up any hypothesis that appears reasonable
and check for correspondence with observed values., It might have been more
logical to have used fatalities as the criterion or basis of comparison, but
the results would be very similar in either case. From it we see that there



i

31.

is very little correspondence between the accident-reporting index and the
fatality index of similar population groups with the geographical size of

area varyinge

TABLE 5

A further study of reasons for this observation is being made.

RELATION BETWEEN REPORTED ACCIDENTS AND FATALITIES

BY AREAS USING ACCIDENTS AS THE CRITERION

Number of Accidents

Group Counties Actual Expected x2

1 1 150 344459 109.885
11 2 138 203.40 21.028
III 3 217 232.83 1.076
Iv 5 19, 203.40 0.436
\'f 5 138 159.82 2.979
VI 8 182 136.59 13.168
VII 10 216 153,67 25,282
VIII 10 205 155.22 15.965
IX 1 175 180.09 O.14ly
X 12 206 127.28 48.687
a 15 203 152.12 17.018
XIT 17

160 135,04 46,135
Total chi square .... 301.803

This table shows the incidence of accidents at different age levels
for men. It is quite obvious that the trouble spot here lies with ages 18

to 23 inclusive.
be evolved.

TABLE 6

Ways and means of dealing with this group of drivers must

SIGNIFICANCE OF DIFFERENCES FOUND IN REPORTED ACCIDENTS
AT VARIOUS AGE LEVELS - MEN. BQUATED FOR MILEAGE

Accidents

Age Actual Expected X2
15-17 2L 16.85 3.085
18-20 103 62.85 2732,/
21-23 117 72.7% 28.988b/
2426 116 99.22 3.142
27=29 103 96,32 0.498
30-32 78 87.12 1.043
33-35 52 71,64 5.7893/
36-38 6L 66,86 0.131
39-41 50 58,13 1,205
L2-L1, 48 55,06 0.956
L5=L7 L6 55.12 1.595
48-50 37 L9.LL 3.289
51-53 33 45,01 3.352
54,-56 29 46,03 645892
57-59 27 37.63 3.117
60 & over 98 10497 0,468

a/ - Significant at the 5-percent level.
b/ ~ Significant at the l-percent level.
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Such techniques may also be used to spot areas of poor enforcement, low
accident-reporting indices, or other conditions affecting highway safety.
They may be useful in diagnosing the conditions related to the incidence of

accidents and fatalities.

A great deal of valuable information on the causes

of accidents by repeated comparisons could be gainede The method with some

modification may be valuable in solving certain problems of traffic engi-
neering.
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These figures are more or less self-explanatory. Figures 1 and 2 show
distributions of the reported mileage driven by men and women at all driv-
ing ages. The first shows anmal mileage while the second indicates day-
light-driving mileage. By deriving a third curve it would be possible to
secure estimates of night driving at different age levels. Since a satis-
factory grouping of data could not ke secured for night driving, it was
decided to make a separate analysis of this aspect of the youthful driving
problem,

Figure 3 shows a smoothed curve of all the accidents reported for men
during 1948-49 irrespective of mileage. The index is much higher for these
two years than it was for any previous years as shown by Table 3.
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Figure 4 shows the results obtained from plotting mileage-corrected ac-
cident indices for all age groups of men and women. It is to be noted that
the index curves for men and women cross each other several times. The
wider points of separation are significant. Again it mst be cautioned that
the mileage characteristics will likely change from year to year and such
data must be kept up to date to be useful.

GENERAL SUMMARY AND CONCLUSIONS

A study of 7,692 Iowa drivers sampled from the drivers license files
was made to answer two fundamental questions: Are reported accidents equally
distributed among the population, age and number of licensees? Are accidents
distributed equally among licensed drivers when mileage is held constant?

A number of secondary questions were posed, the answers to which may be
sumnarized in the following conclusions subject to the nature and limitations
of the study:

1. There is a preponderance of evidence that male drivers 30 and under
contribute very heavily to the accident total. The differences from 18 to
23 are highly significant.

2. Male drivers spend 5 years before improvement in their reported ac-
cident record appears. Women improve their records from the beginning of
their driving period.

3., Women differ from men at various age levels with respect to acci-
dents reported against them. They drive much fewer miles a year than men
and hold only about 25 percent of the licenses, They do about 10 percent
of the driving and have about 9 percent of the accidents reported to the
state. The chi-square test of men's and women's reported accidents was not
significant, being 1.818, with a slight advantage in favor of women,

L, There is little correspondence for equal population areas, graded
from most-dense to least-dense populations, between reported accidents in
these areas. There tends to be an excess of accidents reported in larger
cities and deficiency of reporting in sparsely settled districts, counties
and areas.

5. The techniques used are suggested for spotting various conditions
and situations which may be related to highway accidentse.

6. Both the primary and corollary hypotheses set up for testing are
rejected and the results would suggest a careful analysis of accident con-
ditions within a state be made and used as the basis for a systematic high-
way accident reduction program,

7« One of the most serious problems is that of youthful male drivers.
Whether the answer is probational licenses, driver education, closer sur-
veillance and stricter enforcement, governors on cars, or other means is
beyond the realm of this investigation., It appears that something will
need be done, since a reasonable estimate would indicate the reduction of
at least 10 percent in automobile fatalities by bringing accidents of men
below 30 down to the average of other ages,
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HUMAN FACTORS in HIGHWAY-TRANSPORT SAFETY

Ross A. McFarland
Associate Professor of Industrial Hygiene
Harvard University

AS OUR envirorment has become more mechanized and our population more mobile,
accidents have increased at an alarming rate. The loss of life and incapac~
ity from this source is as great or greater than from any known disease en-
tity and constitutes one of the major causes of death and injury in both
civilian and military populations. Existing concepts of public health,
therefore should be extended to include safety at home, in the factory and
in transportation from one place to another.

The control of accidents falls within the province of preventive medi-
cine and public health because of the important role played by human vari-
ables. It is not generally appreciated that injuries, as distinguished from
disease, are also amenable to the epidemiological approach and that accidents
follow some of the same biological laws as do disease process. In most in-
stances, there is miltiple causation and attempts at control should involve
consideration of the interaction of agent, host, and envirorment. Although
the host is of primary medical concern, the agent and the environment must
also be considered.

The extensive movement of people, goods and materials from one place to
another in some form of transport vehicle is one of the outstanding features
of modern life. The number of passengers using buses far exceeds those us-
ing railways, steamships or air transportation. About nine billion revenue
passengers use buses each year, while somewhat less than one billion reve-
nue passengers use the railways. Thus it appears that practically everyone
uses some form of highway transport each year in the United States, not only
once but many times. The American Trucking Association estimates there are
approximately six million truck drivers--one of the largest job classifica-
tions in the country. The volume of supplies these drivers move from one
place to another is enormous. In 1949, it amoupted to about 82 million
tons for intercity service by common carriers. Approximately 4O percent of
the nation's freight is transported over the highways.

In spite of the many loss prevention measures which have been developed
and applied in the motor transport and other industries, there are still too
many accidents. Outside the home, the largest proportion of accidents oc~
curs in some form of transport vehicle. According to the National Safety
Council, each year in the United States there are approximately 40,000
motor vehicle deaths, 100,000 permanent injuries and about 1,000,000 tempo-
rary total disabilities resulting from this source. The problem of vehicu-
lar accidents is even more serious in the federal government. For each 100
million miles driven by the 360,000 motor vehicles in government service,
there are 15 fatal accidents, or twice as many as the national average of
Teh. Due to the increased mileage and exposure, the actual number of deaths
and injuries has increased to such an extent that the National Safety Coun-
cil estimates that 10 percent of the population of the United States may be
expected to be killed or injured in highway accidents in a period of about
15 years.
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INVESTIGATIONS IN ACCIDENT PREVENTION

A broad research program in accident prevention is currently being con-
ducted at the Harvard School of Public Health in the Department of Industrial
Hygiene. The program is sponsored by the American Trucking Associations,
Inc., the National Association of Motor Bus Operators and the National Asso-
ciation of Automotive Mutual Insurance Companies, It is under the direction
of Dr. Ross A. McFarland, and includes in its full-time staff Mr. Alfred L.
losely (Experimental and Clinical Psychology), Mr. Jack W. Dunlap (Psychol-
ogy and Engineering), and Mr. William A. Hall (Anthropology and Engineering).
Additionally, the project involves a number of part-time workers from the
fields of physiology, statistics, psychiatry, anthropology, engineering,
psychology, and sociology.

It is not possible here to describe all the projects undertaken by this
group, but investigations are being carried out in the following areas (1)
analysis of activities and distribution of work loads of bus drivers, (2) se-
lective placement of persons by objective tests and standardized interviews,
(3) health maintenance examinations, (4) study of accident repeaters, (5) hu-
man factors in the design of equipment, (6é) environmental influences, (7) in-
juries from high decelerative forces, (8) personal adjustments and morale,
(9) supervision and leadership, and (10) a study of near accidents and the
critical components in driving.

DESIGNING TO SUIT THE OPERATOR

If significant progress is to be made in the future, mechanical design
mist be related more directly to the physiological and social habits of man.
One of the first principles in accident prevention, therefore, is to design
equipment to suit the operator instead of selscting an operator to fit the
equipment or redesigning after the equipment is built.

A1l possible faults in equipment and in the working areas of vehicles
should be subjected to an advance analysis in order to prevent accidents.
If defects are present, it is only a matter of time before some operator
vfails" and has an accident. An advance analysis involves several assump-
tions. The first is that an operational job analysis should include a sur-
vey of the nature of the task, the work surroundings, the locations of con-
trols and instruments and the way an operator performs his duties. The sec-
ond implies a functional concept of accidents; that is, it anticipates the
errors that may occur while the operator is working at the machine. The
repetition or recurrence of near or real accidents clearly indicates a need
for redesign. A third consideration relates to human limitations. It should
be assumed that no pilot or truck or bus driver is a perfect one. In fact,
he may be far below the ability assumed by the designer. If his duties are
too complex, the cumulative burden is great, and he reaches or exceeds his
limits of attention and ability. Finally, a wide margin of safety should be
provided to eliminate any possible situation that places the operator near
his maximum ability with regard to aptitude or effort, especially when ad-
verse factors enter the picture.

The compilation and use of anthropological measurements in relation to
the design of eauipment offer a very fruitful approach to the reduction of
accidents. In order to improve the ease, efficiency and.safety of equipment,
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consideration must be given to dynamic body measurements, an unobstructed
view for all operations, the location of controls so that they can be worked
at a bio-mechanical advantage, and restraining or protective devices in ve-
hicles which will be decelerated rapidly. It is reasonable to demand that
machines be designed from the man outward, with the instruments and controls
considered as extensions of his nervous system and body appendages.

The use of "average" values to provide for the physical proportions of
drivers may account for many defects. The average value cannot be employed
directly, since, by definition, arrangements based upon an average would be
unsuitable for 50 percent of the operators in a normally distributed group.
Provision for 90 or 95 or any other predetermined percent of potential op-
erators will require identifying the correct cut-off point. i/here, for ex-
ample, arm reach for the operation of manual controls is under consideration,
the cut-off point should be well below the average reach; where strength of
a structure intended to support one man or where body clearances are con-
cerned, due consideration must be given to the 25 percent of the drivers
whose dimensions exceed the average values as well as to the 25 percent
whose measurements are below the average.

DEFECTS IN 1951 MODELS

Several examples may be given to illustrate defects in design of equip-
ment which have direct implications for safety, comfort and efficiency:

1. Marked variations have been found to occur in the over-all working
space provided for the drivers of trucks and tractors. In one instance,it
was estimated only the drivers representing the smallest 4O percent of the
group could be accommodated.

2. Many errors were observed in regard to human sizing. In several
models, for example, only 5 percent of the drivers could comfortably reach
and operate the hand brake. In others, only 60 percent could be accommo-
dated for knee height between the pedals and the steering wheel. Some of
the taller drivers are unable to adjust their sitting positions to obtain
maximum visibility with regard to their instruments and the road ahead.

3. Failure to provide for adequate seat adjustments to allow for var—
iations in human size was frequently noted.

Lo There was no standardization of shift patterns in the various mod-
els studied. This predisposes the driver to error in the event that he is
transferred from one model or type to another.

5¢ Adequate vision from the cab remains a serious problem in all mod-
els during operation in residential and busy areas. This contention is sup-
ported by an analysis of 57 light truck accidents, some 50 percent of which
involved pedestrians. During bad weather, the range of forward vision is
reduced approximately 50 percent, and visibility from the side is reduced
even more because of no provision for cleaning or defogging.

6. Many errors have been observed in the location and design of elec-
trical switches, especially with respect to headlamps, fog lamps and marker
lights. In two instances, the dimmer switch was found to be located directly



39.

beneath the foot pedals, behind the steering post. In these models, the
driver may inadvertently operate the air horn or fog lamp while attempting
to dim his headlamps. Even when he operates correctly, more complex motions
and longer reaction times are required to avoid the pedals.

7. In studies of carbon monoxide concentration in trucks and tractors,
the maximum safe levels were exceeded in almost every instance in which the
sample was taken after the cab had been closed 15 min., with the engine
idling. On repeated tests with one tractor, the level was high enough to be
lethal in one hour. However, in no instance during normal cargo or passen-
ger operations was an unsafe carbon monoxide level found. The maximum op-
erational finding was 0.0025 percent, which is a safe level.

8. More attention should be given to the location of instruments in
the panel with respect to ease of visibility. For example, in many cases
the air gauge was placed directly behind the steering wheel and could not
be seen by the driver without his twisting his body out of a good driving
position. In another instance, the RFM indicator is placed on the extreme
right of the dashboard, making it virtually impossible for the driver to
read it accurately.

Design improvements alone cannot solve the accident prevention problem,
and many studies point to the role of human variables in accident causation.

HUMAN FACTORS IN ACCIDENT CAUSATION

In an attempt to obtain additional information on the causes of acci-
dents, a study was made of the records in insurance company files. The an-
alysis included 305 cases in which a total of approximately two million
dollars was paid in claims., The total rmumber of serious accidents involved
82 drivers of fleet trucks, 63 of straight trucks, 34 of buses, and 126
long-haul drivers. The study revealed a number of significant findings.

For instance, a large majority of the accidents occurred under the following
conditions: at intersections or on country highways; on a dry level road
surface made of concrete or macadam, having two lanes and with no reported
structural defects; in daylight hours, when traffic was light. It should be
noted that all of these conditions are favorable for safe operation. Human
errors accounted for 90 percent of the accidents, and about 10O percent were
attributable to mechanical failure. The causes which were traceable to the
drivers were: (1) nonadjustment to the driving conditions, (2) inattention,
(3) following too closely, (4) fatigue, (5) driving under the influence of
liquor, (6) driving too fast for the range of vision and reaction time and
(7) faulty meeting and passing.

PREVENTION OF ACCIDENTS BY SELECTIVE PLACEMENT OF PERSONNEL

There are several important considerations in the selection of drivers.
One concerns psychological fitness, including mental ability, aptitude and
temperament. Another relates to the possibility that certain employees may
have repeated accidents. A third area deals with medical fitness, includ-
ing such factors as vision, heart disease, susceptibility to fatigue, momen-
tary lapses of attention or loss of consciousness, and age.
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The first step in selective placement is to make an accurate job analy-
sis. In so far as reducing accidents is concerned, this helps to identify
the critical components of the job or to determine the way in which human
errors may occure. An example will be drawn from the field of airline pilot-
ing. The information was obtained by "off-the-record" personal interviews
as well as by direct observations. In one study it was found that 229 of
L60 specific acts contributing to pilot error were due to confusion of two
controls, and 83 to forgetting to operate a control. The results of these
studies indicate not only that the design of equipment might be improved but
also that great care must be given to the selection and training of pilots.

The next step is to develop and standardize suitable psychological
tests to appraise the ability of the candidate. The tests should be given
at the time of original selection to prevent labor difficulties later on.
Critical scores should be determined experimentally for each job, for it is
assumed that a candidate with low intelligence will be more subject to error
if placed in a critical setting. It is equally important to determine cut-
off points at the higher level, for it is obvious that the worker with su-
perior ability may be bored and make errors while day-dreaming or thinking
of other matters.

ANALYSIS OF THE CONCEPT OF ACCIDENT PRONENESS

The aspect of selection with which we are chiefly concerned relates to
the detection of the so-called accident-prone individual. The word, "prone-
ness" has been used to imply a series of personality traits which have not
been precisely identified thus far, The term, "accident repeater" is pref-
erable.

In any large group of workers it is often reported that a small per-
centage of the group give rise to most of the accident problems. In one
large company, for example, it has been stated that "80 to 85 percent of
the visits for injury or medical complaints are produced by 30 percent of
the people. In this group there was a preponderance of neurotics and other-
wise below par individuals with a high liability to hurt themselves and
frequently involve others." Numerous studies from other companies includ-
ing transport fields have also showvn that some individuals tend to have a
higher frequency of accidents than chance alone would indicate even when
the exposure is controlled.

In order to demonstrate the existence of accident proneness, it is
necessary to show that accidents do not distribute themselves br chance
among the total group. Two lines of evidence show that this is so. 1In the
first place, there are more people with no accidents at all and more people
with multiple accidents than would be predicted by chance. Secondly, there
is a tendency for those individuals who have multiple accidents in one per-
iod of time to continue to have multiple accidents in later periods of ob-
servation.

Before the importance of the purely personal factors in accident 1li-
ability can be evaluated, it is first neces:ary to control such factors as
amount of exposure in a given occupation. Furthermore, the criteria of
what constitutes an accident must be controlled. If some individuals re-
port even the slightest injuries as accidents, while others report only
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more serious injuries, there will be an apparent difference in liability due
to this factor. Another reason which tends to make tests less successful
than they might be is the muitiplicity of personal factors involved. Thus,
one person might have repeated accidents because of a slow reaction time,
another because of a special eye defect and a third because of frequent
quarrels with his wife, and so on for many other reasonse.

A MAN 'DRIVES AS HE LIVES'

Our approach to the study of psychological fitness for driving relates
to an exploration of the concept that a man drives as he lives. If a driver
is maladjusted in his personal life, is unhappily married, is in debt, is
drinking excessively and manifests other traits of personal and social mal-
adjustments, his chances of becoming involved in an accident are much great-
er than if he were well adjusted. The fact that many serious trucking acci-
dents occur toward the beginning of trips suggests that worry or apprehension
carry over into the working periods, giving rise to distraction or lapses of
attention. Furthermore, many drivers, who have become involved in serious
accidents are known to be maladjusted in their personal lives.

In a preliminary study of high-accident as compared to low-accident
taxi drivers, Dr. /o A. Tillman found that the former had a significantly
high frequency of the following: divorced parents, excessive parental strict-
ness and disharmony, excessive childhood phobias, excessive childhood ag-
gression, truancy and disciplinary problems in school, frequent job changes,
the history of being fired from employment, admitted hetero-sexual promis-
cuity, admitted bootlegging on the job, consciousness of physique and low
interest in hobbies. Many of these items can be covered by the employment
interview or identified in public records.

A study was then made of 300 passenger car operators from the general
population. One hundred accident-free drivers and 100 accident repeaters
were located through highway department records, and 100 additional accident-
free drivers were located from insurance files. The records covered a 15-
year period, and the drivers were matched for age but not for exposure. The
following records were then

» NUMBER OF UNFAYORABLE REPORTS INVOLVING checked: social service agency
:::::m oAl DEPY WiGevAY GO files and credit bureau, public
bt st caous health venereal disease records,

and adult and juvenile court rec-

ords. The accident repeater was
known to one or more agencies in
66 percent of the cases, as com-
pared to only 9 percent for the
accident-free group.

vy eor JUEELE  PusCHATY - Soci sLavice In our studies of truck driv-
ers, additional refinements were
Figure 1. Social background of accident made in regard to matching acci-
free and accident repeaters. dent-free and accident-repeater
drivers. The accideni-free driv-
ers were not involved in any accident at all, and the accident repeater had
three or more chargeable accidents within a 12-month period. Bxposure was
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controlled by matching the drivers on the following factors: (1) the traf-
fic area in which they drive, (2) type of unit, (3) the length of the normal
working day, (4) periods of operation with respect to peaks of traffic,

(5) commercial driving experience, (6) marital status, (7) age, and (8) em-
ployment status. The checks made on a group of 102 drivers showed similar
results to those mentioned above. The most important practical implication
is that failure to check various records constitutes a serious omission in
employment procedures.

PHYSICAL FITNESS

In regard to physical fitness, careful studies have shown little re-
lationship between accidents and physical defects as revealed in the medical
examinations., This may be related to the fact that the various tests are
either (1) not related to the specific duties which the driver mist perform,
or (2) are not reliable. The physical examination for drivers should be re—
vised on a functional basis. In other words, after the critical components
of the driver's job are understood, it should then be possible to appraise
those traits or functions and devise reliable tests.

One of the most important areas, which should concern the physican and
safety director, relates to the basic causes of lapses of attention, distrac-
tion or temporary loss of consciousness. In many serious accidents on the
highway, loss of attention may occur because of overeating, excessive fa-
tigue or hypnotic effects of monotony. Loss of consciousness may also re-
sult from head injuries, epilepsy, advanced heart disease or diabetes. The
basic causes cannot be revealed in a cursory physical examination.

If health maintenance examinations are carried out routinely and tho-
roughly, it is only very occasionally that a person is elimimated, and many
are made safer and their useful lives prolonged if defects are detected
early enough for correction.

As an illustration, consider the case of the Boston streetcar driver
who was a patient of the late Dr. Soma Vleiss, a specialist in the field of
circulatory diseases and fainting attacks. The streetcar conductor had
fainted at a particular corner on his run on several different occasions,
Certain aspects of his behavior suggested that a psychological or emotional
factor was involveds Dr, .Jeiss amazed his staff by asking to see the man's
collar, He established the fact that when the conductor turned his head at
the corner to look back for approaching traffic, his high collar stimulated
the bundle of nerves (cartoid body) in his neck which controlled the blood
supply to his brain. The man was put back to work with a low collar and
had no further difficulty. This is what is meant by corrective action based
on insight into the physical condition of the operator.

OPERATIONAL ASPECTS OF FATIQUE

In recent years, we have devoted a great deal of attention to the prob-
lem of fatigue in pilots, drivers and others engaged in the operation of
machines. One of the most interesting findings relates to the deteriora-
tion of skills or habits which usually operate unconsciously. Studies have
shovm that the early signs of skill fatigue are as follows: (1) a tendency
to require a stronger stimulus before action takes place, (2) a reduction in
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the ability to anticipate what may take place, (3) inaccurate timing of con-
trol movements, and (4) increased sensitivity, with more aggressive action
both towards people and towards the machine being operated. The fringe
skills or subtler reactions, which usually operate unwittingly, are lost and
more effort and attention are required to carry out the tasks successfullye.
Finally, there seems to be a loss of insight into the extent of one's own
deterioration. Such behavior naturally forms the basis for errors or acci-
dents.

AGING AND ACCIDENTS

Not many months ago a bill was introduced into the Massachusetts State
Legislature to limit the licensing of aircraft pilots to those who are 50
years of age and younger, following a fatal accident to a private pilot who
was over 60 years of age. At present there is insufficient evidence to set
an arbitrary retirement age for pilots or drivers. The ability to perfomm
duties, i.e., functional age, is far more important than chronological age.
Furthermore, there is a great deal of evidence to suggest that the older
pilots and drivers are as safe as, or possibly safer than, younger ones. It
might be possible to utilize the older worker safely if more facts were
known about the functional changes which occur with age. He could then be
taught how to compensate for his deficiencies. No better illustration can
be given than the results which we have obtained from studies of the ability
to see under low illumination in relation to age. Older people are markedly
handicapped in regard to this function, and drivers over 60 or 65 years of
age might be confined to day rather than night runs in order to utilize
their abilities without hazard to others.

CONCLUSIONS

Our studies emphasize the fact that many variables contribute to motor
transport accidents rather than any one single causative factor. Improve-
ments can be brought about only through increased vigilance and research
with regard to the design of equipment, the selection and training of per-
sonnel and safe operating practices. The prevention of accidents requires
the teamwork of (1) research specialists, (2) operators who are concerned
with routine scheduling and maintenance of equipment, and (3) the management
groups interested in making an operating profit. It is only through co-
ordinated efforts that any real and permanent improvement can be accomplish-
ed.
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ANALYSIS of CERTAIN VARIABLES RELATED to SIGN LEGIBILITY

H. W, Case, J. L. Michael, G. E. Mount, and R. Brenner
Department of Engineering, University of California

THE RECENT development of high-speed urban freeways has increased the need
for destination signs of maximum legibility. One factor thought to influ-
ence legibility is the letter-background arrangement, with the usual altern-
atives being black letters on a white background and white letters on a
black background. A survey of the literature revealed nine published stud-
ies in whigh the legibilities of these two combinations were systematically
compared.l The results of these studies throw little light on the problem
as it relates to highway destination signs.

All but one of the studies were conducted in the laboratory with illum-
ination levels ranging from 1 to 100 foot~candles, Since outdoor daylight
may range as high as 10,000 foot-candles, results obtained in lower illumi-
nation levels may not be directly applicable to the usual daylight situation,
However, if the results are considered only in terms of the low levels of
illumination, the problem still remains unresolved because of the inconclu-
sive and contradictory results obtained. Furthermore, the earlier experi-
ments were, in general, based on the principle that all variables but one
should be held constant. Therefore, it was assumed that the relationship
between letter-background arrangement and legibility was independent of
other factors. The failure to assume interaction between several relevant
variables may be responsible in part for the contradictory nature of the
findings.

As a result of the survey and analysis of the experimental literature
related to the subject, it was decided that an investigation should be made
in a field situation to attempt to determine whether or not outdoor, day-
light letter legibility varies with letter-background arrangement, and in
turn how this letter-background legibility is influenced by spacing between
letters and rows,

CONSTRUCTION OF THE TEST SIGNS

Letter—background Arrangement., Using the Bureau of Publjc Roads Stand-
ard Alphabet for Highway Signs, 1945, as a model, 3-in.-high Series E (stroke
width approximately one sixth of letter height) rounded capital letters were
carefully drawn and then contact photographed. Contact prints were made
from the negative and from a paper positive on white, semimat (G-81 contact)
photographic paper.

The letters B, C, D, E, F, Oy P, and R were used for the experiment.
These particular letters, which appear in the American Optical Company Snel-
len Chart for visual acuity, were considered appropriate for this experiment.

1/ - Details of these nine studies are presented in the annotated bibliog-
raphy starting on page 55.
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From the black and white letter reproductions, 40 random groups of
eight letters were then chosen so that for each "randomly" selected group of
eight black letters there was an identical group of eight white letters,
However, the order of appearance of the letters was not the same for both
the black and the white card of a particular pair. In addition, all of the
eight different letters used did not necessarily appear on any single card,
since the selection method resulted in some letters appearing more than once
in a specific group. Thus, there were 20 matched pairs of letter groups..

Spacing. The matched pairs of letter groups were then fastened on
black or white mat boards, 20 by 30 in. Eight letters appeared on each
board in two rows of four letters each. Ten of the 20 paired eroups were
placed on the boards so that there was 1} in. (half the letter height) be-
tween each of the letters in a row of four, and 2 in. between the two rows,
The other ten pairs were spaced 4 in. between letters (1 1/3 of the letter
height) and 4 in. between the two rows.

The experimental material, therefore, consisted of 20 black signs and
20 white signs, Half of the black and half of the white signs contained
eight closely2 spaced letters; the other halves contained eight widely
spaced letters. This gave a matching of pairs in which each member of the
pair had the same spacing.

PLACEMENT OF THE SIGNS

Several problems arose in determining the most adequate distance of the
signs from the subject for best observation purposes. Undoubtedly the view-
ing range is important, for if the signs are placed at distances such that
the subject can read either none of the letters or all of them, no legibil-
ity differences resulting from the black and the white letters can be ex~
pected. It is also not known whether the effect being studied remains con-
stant over the range between these extremes, or manifests itself differenti-
ally for different degrees of difficulty, i.e., different distances.

The problem of cooperation on the part of the subject became an impor-
tant factor since the experiment involved a restricted routine task taldng
approximately £ hr. of the subject's time. If cooperation was to contirue
throughout the observation period, the task should permit a reasonable num-
ber of successes.

In a preliminary study an attempt was made to find a single range com-
posed of five equally spaced distances, so that none of the subjects would .
read less than half of the letters correctly and none would get more than
80 percent correct. A single range containing observation distances meeting
these requirements was not found. However, it was possible to establish two
separate ranges. When the subjects with better visual acuity were tested on
the distant range and the subjects with poorer visual acuity were tested on
the close range, each range was found to be satisfactory for its appropriate
group of subjects. The distant range consisted of five equally spaced posi-
tions between 295 and 355 ft. The close range consisted of five equally
spaced positions between 220 and 280 ft.

2/ = Actually, these closely spaced letters were as far apart for their
height as those on any highway destination sign.
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SIGN PRESENTATION

Each range contained five distances, and since there were 4O signs in
all, eight signs, or four matched pairs, were shown at each distance. The
letters on two of the matched pairs were closely spaced and those on the
other two were widely spaced. Thus, any differences between white letters
and black letters at a particular distance would not be due to differences
in letter difficulty.

To exclude the possibility of presentation order affecting the results,
a different random order of the 20 pairs of signs was used for each subject.
‘Both members of a matched pair appeared at the same distance; and at each of
the five distances, half of the signs were closely spaced and half were wide-
ly spaced. The order of appearance of the five distances was randomized for
each subject.

SELECTION OF SUBJECTS

Subjects were initially screened for visual acuity of 20/40 or better
on the Keystone Industrial Telebinocular No. 46i. For further refinement
of measurement of the visual acuity levels of each subject a large-scale
eye chart was constructed using the same letters (both black and white) as
those used in the experiment, This was scaled on the basis of the results
of preliminary measurements. There were 28 letters on this chart. If a
prospective subject could read 19 or more of the letters at a distance of
280 ft., he was assigned the more distant range in the experiment; if he
read 11 to 19 letters, he was assigned the closer distance; and if he was
unable to read 11 letters, he was not used in the experiment.

All of the subjects were volunteers from enrolled students at the Uni-
versity of California, Los Angeles, Summer Sessions of 1951.

FIEID LAYOUT

A large, flat area which had just been leveled for construction pur-
poses was chosen as the experimental site. An apparatus consisting of an
exposure shutter was placed at one end of the field and a movable sign hold-
er at the other. The two ranges on which the signs were to be shown were
marked off on the field.

The shutter-like apparatus was painted olive drab, and the background
against which the signs were shown was the light brown of recently turned
earth,

EXPERIMENTAL PROCEDURE

One experimenter and one subject sat behind the shutter device. An-
other experimenter stood beside the sign holder, which had been moved to
the first position at which this subject was to see the signs. A decision
was made as to whether the close or distant range was to be used on the
basis of the prior acuity measurements.

A number of small cards had been prepared showing random sign orders
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and distance orders. Before the subject's arrival, the 40O signs had been
stacked according to one of these cards., All 4O signs were placed in the
sign holder so that when one was removed the next one in order was revealed.

The subject was told what letters were being used (B, ¢, D, E, F, O, P,
R) and was handed a small card on which these letters were shown.3/ The
shutter was then opened and the subject instructed to read the letters at a
rate which suited him, and to say "blank" when a letter was completely un-
recognizable, The experimenter at the shutter recorded the letters as the
subject read them., When the subject finished with a sign, the experimenter
signalled the man at the sign holder to remove the observed sign, thus re-
vealing the next one.

When all eight signs at a particular distance had been read, the shut-
ter was closed, the sign holder moved to a new position, and the shutter re-
opened, This procedure was contimed until the subject had seen eight cards
at each of five positions.

No instructions were given as to rest periods or means of reducing eye
strain. The subjects werefree to view the signs in whatever manner they
chose., Nor were they told the exact nature of the experiment; however, this
was obvious to most of them after a few of the signs had been shown.

STATISTICAL TREATMENT OF RESULTS

The results consist of four scores for each subject. These scores are
the number of letters correctly identified for each of the four different
kinds of signs. Since there were ten signs of each kind and eight, letters
on a sign, the maximum possible number of correct letters is 80.4 Thus, in
Table 1, for subject 1, the score 36 means that Subject 1 correctly identi-
fied 36 of the 80 closely spaced white letters on a black background.

With two experimental variables and two degrees or qualities of each,
a two-by-two factorial analysis of variance with replication was selected as
an appropriate analytic designe. Since each subject experienced all four ex-
perimental conditions, the number of replications is equal to the number of
subjects.

From the subject totals (Column 6, Table 1) it is apparent that a fair-
1y wide range of visual acuity was sampled. However, if the Bubjects are
grouped with respect to visual acuity, it is possible to examine one more
factor, since it is not known whether the relationships between letter-

3/ - This was due to finding, through preliminary measurements, that the sub-
jects tended to make consistent errors due to erroneous first judgments. For
example, if it happened that the subject's first sign was seen at such a dis-
tance that he misread the R, calling it an N, he would continue to make this
error even at closer distances., It appeared that this was due to careless
reading, since if urged to study the letter carefully at the closer distances,
the subject would correct the error.

Q/ -~ Each of these four scores actually represents sums of correct letters

for all five distances even though distance is orthogonal to letter-background
arrangement and spacinge. Distance was not analyzed as a separate factor, be-
cause the wide individual differences in visual acuity render it relatively
meaningless.
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TABLE 1
Close Spacing Wide Spacing
white black white black Subject's Total
Subject letters letters letters letters for all letters
1 36 L3 61 58 198
2 26 L1 L9 56 172
3 28 33 51 L2 154
L 38 43 66 66 213
5 L2 52 63 67 224
6 34 36 55 54 179
7 56 68 72 69 265
8 36 32 51 6l 183
9 37 L7 61 63 208
10 19 22 60 L7 18
1 28 45 55 61 189
12 45 L7 70 68 230
13 20 29 35 3L 118
A7 25 28 50 38 11
15 27 24 52 L5 8
16 31 30 59 L6 166
17 55 56 6L 68 24,3
18 23 LO 46 50 159
19 57 57 70 71 255
20 40 L3 57 57 197
21 49 52 62 59 222
22 LO 51 60 61 212
23 32 36 57 63 188
2L 40 49 58 63 210
25 L7 40 54 54 195
26 3l 38 55 53 180
27 Sk 39 72 67 232
28 22 26 L6 L, 138
sums 1021 1347 1811 1588
means 36.5 41.0 575 5647

Combined Means

white letters on black background 94.0
black letters on white background 97.7
close spacing 77.4
wide spacing 114.2
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background arrangement, spacing, and letter legibility are independent of
visual acuity (or reciprocally, independent of the difficulty of the task).
The grouping was accomplished by ranking the subjects with respect to total
correct letters and dividing the 28 subjects into four groups of seven, as
shown in Table 2. Thus, the analysis of variance design is a two-by-two-
by-four analysis with replicatione-

The calculatiog7 for the two-by-two-by-four analysis were accomplished
in the usual mannerZ/ with the results shown in Table 3.

One of the assumptions of analysis of variance is that the variables
being dealt with are distributed normally. A chi-square goodness-of-fit
test was made and the distribution was found not to differ significantly
from a normal distribution with the same mean and variance.

Another assumption made when using analysis of variance to test the
significance of the differences between means is that the varianges are
homogeneous. This assumption was tested using Bartlett's method_/ and found
to hold. The uncorrected value for chi sguared with three degrees of free-
dom was 2.,21. The probability of obtaining this value, or a larger one, is
greater than .50.

INTERPRETATION OF RESULTS

Spacing. 1In Table 3 it is seen that a highly significant F was obtain-
ed for the difference between the close and wide spacings. The means shown
in Table 1 reveal that the widely spaced letters were much more legible than
those closely spaced. A possible explanation in terms of fixation shifts is
as follows.,

Due to head movements, eye movements, and instability in the visual
mechanism, the image of an object shifts about slightly on the retina, even
though the observer may try to keep his head and eyes still. When there is
wide spacing between two objects, the only effect of this shifting is a
slight blurring of the edges of the objects. If the spacing between them
becomes sufficiently small, the net result of the shifting is a superposi-
tion of adjacent letter parts which could decrease letter legibility.

Interaction Between lLetter-Background Arrancement and Svacing. The
highly significant F obtained for the interaction of the two variables means
that the legibility of the two letter-background arrangements is not inde-
pendent of the letter spacinge Black letters on white background is the
most legible arrangement when the letters are closely spaced, but this is
not true when the letters are widely spaced., It may even be that white let-
ters are superior when wide spacing is involved. A possible explanation may
be found in the phenomena of irradiation and the fixation fluctuation men-
tioned above.

2/’— Edwards, Allen L., Experimental Design in Psychological Research, Rine-
hart and Co., Inc., 1950, ppe 237-260.

6/ - Eisenhart, C; Hastay, M. W.; Wallis, W. A., Technigues of Statislical
Analysis, McGraw-Hill Book Co., 1947, pp. 387-338.
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TABLE 2
Close Spacing Wide Spacing Subjectts Total
for all letters
. . White Black White Black
Visual Acuity Letters Letters Letters Letters
56 68 72 69 265
57 57 70 71 255
55 56 64 68 243
Group 1 5L 39 72 67 232
45 L7 70 68 230
L2 52 63 67 224,
49 52 62 59 222
38 L3 66 66 213
L0 51 60 61 212
L0 L9 58 63 210
Group II 37 47 61 63 208
36 L3 61 58 198
40 L3 57 57 197
L7 40 54 54 195
28 L5 55 61 139
32 36 57 63 188
36 32 51 6l 183
Group III 3 38 55 53 180
34 36 55 54 179
26 41 49 56 172
31 30 59 L6 166
23 L0 L6 50 159
28 33 51 42 154
19 22 60 L7 wms
Group IV 27 24 52 L5 s
25 28 50 38 ua
22 26 L6 L, 138

20 29 35 34 1ns




TABLE 3

ANALYSIS OF VARIANCE

51.

Source of Variation daf SS MS F P
within 96  2617.58 27,27
black and white 1 9473 973 3.47 grearer than ,05
spa cing 1 9’-}90 072 910'% . 72 3Ll8 003 less than 001
visual acuity 3 8451.53 2817.18 103,31 1less than ,001
black and white by 1 198.22 198,22 7427 less than .0l
spacing
black and white by 3 L .66 24.89 o oo
visual acuity
spacing by visual 3 147.53 49.18 1.80 greater than .10
acuity
black and white by 3 8L.03 28.01 e o o
spacing by visual
acuity

Total 111 21159.00

Column Heading Legend

df = degrees of frcedom.

W
W
]

sum of squared deviations from the mean.

M S = mean sum of squared deviations.

x
it

F ratio

jav}
n

probability of obtaining an F as great or greater.
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A dbright object on a dark background appears to be wider than a simi-
larly sized dark object on a bright background. Though the underlying casu-
al factors are not agreed upon//, this phenomenon has long been known and is
called irradiation. Such irradiation was easily observed in the case of our
letters. The white ones appeared to be considerably wider than the black
ones., Conversely it may be that the black letters were affected in an op-
posite manner, and seemed narrower due to the irradiation of the white areas
surrounding them.

The overall effect of this irradiation is an increase in the apparent
stroke width of the white letters and therefore a decrease in the apparent
spacing between letters. The stroke width of the black letters appears to
either remain constant or actually decrease, thereby increasing the apparent
spacing between the letters. Thus, even with constant distances between
letters, the apparent spacing is decreased for the white letters and possi-
bly increased for the black letters. It follows that the white letters
would be expected to suffer more interference due to fixation shifts and
therefore to be less legible.

As spacing increases in magnitude, it eventually becomes so great that
interletter interference does not occur, or at least is not the limiting
factor affecting the legibility. For widely spaced letters then, an increase
in the apparent stroke width of the white letters would not necessarily de-
crease legibility. In fact, if the letters were viewed at such a distance
that the stroke widths became the limiting factor, the white letters might
be expected to be more legible than the black letters, due to their greater
apparent stroke width.

It will be remembered that letter-stroke width remained constant dur-
ing the experiment. Therefore, the results, strictly speaking, are limited
to this stroke width. However, if this eplanation of the results is valid,
it would seem quite possible to predict what the effects of varying stroke
width would be.

For the closely spaced letters we would expect an increase in legibil-
ity with a decrease in stroke width for both black and white letters. This
would be due to effectively increasing spacing and, therefore, decreasing
the interference between the letters which is caused by fixation fluctua-
tions. Eventually a point would be reached where further decrease in stroke
width would decrease legibility., It is at this point that steoke width it-
self becomes the limiting factor in legibility. However, we would expect
this maximally legible stroke width to be smaller for white letters than
for black letters, due to irradiation.

Jfith the closely spaced letters, fixation fluctuations and irradiation
are thought to be of considerable importance, as these may be the cause of
interference between the letters. 1In the case of the widely spaced letters,
however, consideration must be given to the overall shape, size of crucial
distances between letter parts, knowledsre of what letters are being pre-
sented, and other factors somewhat more complex. The manner in which these
factors interact with irradiation and fixation fluctuation will depend on

1/ - Bartley, 3. Howard, Vision, D. Van Nostrand Co., Inc., 1941, p. 235 ff.
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many additional factors including the design of the letter itself. For these
reasons, any general inferences with respect to the widely spaced letters on
the basis of this one experiment would be unwarranted.

Visual Acuity or Difficulty of the Visual Task. 1t is interesting to
note that there were no significant interactions involving the variable of
visual acuity. Hence, the other relationships investigated in this experi-
ment appear to be reasonably independent of visual acuity or the difficulty
of the task for the general conditions of this experiment.

Letter-Background Arrangement as a Main Effect. A sizable F was ob-
tained for letter-background arrangement as a main effect. The means in
Table 1 indicate that black letters on white were better than the opposite
arrangement. If the spacings used had been selected randomly, this effect
might be interpreted to mean that, in general, black letters on white are
superior to white letters on blacke Actually, no such interpretation should
be made, since the spacings were not chosen at random and the significance
of this effect is due entirely to the result of close spacinge.

SUMMARY

Black letters on a white background and white letters on a black back-
ground were compared with respect to legibility. Both closely spaced and
widely spaced signs were used. The subjects were divided into four levels
of visual acuity, on the basis of the results. The results indicated that
the widely spaced letters were more legible than those closely spaced, and
that the legibility of the black-white arrangement as compared with the
white-black arrangement was dependent on the letter spacing. This inter-
action was discussed in terms of irradiation and fixation fluctuations, and
these concepts were then used to infer the effects of decreasing stroke
width. These inferences were limited to the closely spaced letters.

REFERENCES

Aldrich, Milton H., "Perception and Visibility of Automobile License
Plates", Proceedings, Highway Research Board, Vol. 17, pp. 393-
L, (1937).

Forbes, T. W., "A Method for Analysis of the Effectiveness of Highway

Signs", Journal of Applied Psychology, Vol. 23, pp. 669-68L,
(1939).

Forbes, T. W., and Holmes, Robert S., "Legibility Distances of Highway Des-
tination Signs in Relation to Letter Height, Letter Width, and
Reflectorization", Proceedings, Highway Research Board, Vol. 19,
ppe 321-335, (1939).

Forbes, T. W.; Moskowitz, Karl; and Morgan, Glen; "A Comparison of Lower
Case and Capital Letters for Highway Signs", Proceedings, Highway
Research Board, (in press).



5he

Janda, H. F., and Volk, Wayne N., "Effectiveness of Various Highway Signs",
Proceedings, Highway Research Board, Vol. 14, ppe 442-447, (193L).

Lauer, Alvah R., "Improvement in Highway Safety", Proceedings, Highway Re-
search Board, Vol. 12, Part I, pp. 389-399, (1932).

Lauer, A. R., "The Effect of Increased Illumination on Acuity Readings of
Singly Exposed Letters at Different Distances™, Year Book of Op-

Otuka, J., and Honda, T., '"Relationship Between Visual Acuity and Contrast
Under Several Light Intensities", Acta Societatis Ophthalmologicae
Japonicae, Vol. 44, Dpe 2253-2259, (1540).

“Wilcox, Warren We., "The Basis of the Dependency of Visual Acuity on Illumi-

nation", Proceedings, National Academy of Sciences, Vol., 18,
pp. L7-56, (1932).




55.
ANNOTATED BIBLIOGRAPHY

Berger, Curt, "Stroke-Width, Form and Horizontal Spacing of Numerals as De-
terminants of the Threshold of Recognition,” Journal of Applied Psychol-
ogy, Vol. 28, pp. 208-231, (1944).

Threshold distances were found (for single numbers and number
groups) by moving a sign toward the observer until he could
recognize it, and moving it away until he could no longer rec-
ognize it. The outer area of numbers was kept constant (80 mm,
by 42 mm,) while the stroke width was varied. Three numbers
(8, 5, and 2) were used in a comparison of black and white leg-
ibility. The optimal stroke width for white was found to be

6 mm., and that for black was 10 mm. V/hen these optimal widths
were compared, it was found that the white was better by about
9 percent. Two subjects of normal vision were used. No meas-
ures of variability or reliability are presented.

Holmes, Grace, "The Relative Legibility of Black Print and White Print,"
Journal of Applied Psychology, Vol. 15, pp. 248-251, (1931).

The relative legibility of white and black print are studied by
the "distance method.” Isolated 5-letter words (64 words in all)
were mounted, 16 at a time, on 83-by-1ll-in. cards. Four of the
cards were uniformly lighted with an intensity of 35 foot-
candles per sguare foot. Hach card was started at one end of a
bench with the subject seated at the other end. He was instruct-
ed to read as many of the words as he could. The card was then
moved forward 20 centimeters. The procedure was continued until
the subject had correctly read all 16 words on each card. Twenty
subjects were used. The distance at which each word was correctly
read was recorded and the means of these distances for the white
and black print were compared. The difference was found to be
highly significant. All relevant variability and reliability
data are given,

Kirschmann, A., "Uber die .irkennbarkheit Geometrischer Figuren und
Schriftzeichen im Indirecten Sehen," Achiv fur die Gesante Psychologie,
Vol. 13, pp. 352-388, (1908).

Utilizing a campimeter he had geometric figures and letters pre-
sented to one subject. The criterion of legibility was the dis-
tance in centimeters from the fixation point at which the letter

or figure could be correctly identified. For the white stimulus
object the total background was black and vice versa for the

black stimulus object. The illumination was 5 foot-candles through-
out the experiment. EZach alphabet was presented several times.
Averaging the distances for all letters and figures, it was found
the white on black could be seen 16 percent further from the fix-
ation point than the black on white.

Lauer, A. Re., "Certain Structural Components of Letters for Improving the
Efficiency of the Stop Sign," Proceedings, Highway Research Board,
Vol. 27, pp. 360-371, (1947).

After a discussion and evaluation of past results dealing with
sign effectiveness, the author presents a description of 7
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series of experiments carried out at Iowa State College. These
were titled: (1) Differential Perceptibility of Certain Let-
ters, (2) The Optimal Spacing of Block Letters, (3) Ontimal
Background Letter Combinations, (4) Optimal Letters' Shapes,

(5) Relative Perceptibility of Sign Shape and Color, (6) Com-
parison of Thresholds for Visability, Color, and Shape, (7) Com-
parison of Laboratory and Outdoor Results on Typical Signs Used.
The method used to compare black and white letters was one of
gradually increasing the illumination (in the laboratory situa-
tion) until the letter was perceived correctly. The comparison
was in terms of light units required for accurate perception.
The results indicated that black letters required about 20 to 25
percent less light units than white letters. This method was
also used in series 2, The author states that "in all regular
experiments the conclusions given are based only on cases shown
to be significantly different." However, no measures of sig-
nificance are presented and the level of significance considered
is not reported.

Mills, F. W., "The Comparative Visibility of Standard Luminous and Non~
%umingus Highway Signs," Public Roads, Vol. 14, No. 7, pp. 109-128,
1933).

The workers at the Bureau of Standards attempted to investigate
the visibility of standard traffic signs (STOP, SLOW, CURVE,
etc.). A tachistoscopic arrangement was used to limit the time
of observation. Five signs (each of different dimensions) were
used at each of 5 distances (200 to 500 ft.). The signs were of
three different shapes. Three sets of the five signs were made:
black letters on white, black letters on yellow, and white let-
ters on black. These three were compared in terms of percentage
of correct identifications for each distance. Between 10 and 20
subjects were used at each distance and a total of from 600 to
800 observations were made at each distance, With respect to
the black on white and the white on black, the results were in-
conclusive. It is difficult to tell from the report exactly
what procedure was followed in the exposure of the signs. No
variability measures of any kind are presented. The study also
dealt with night observations on non-luminous signs, night and
day observations on luminous signs (three different sizes and
shapes of reflector buttons), and recognition of a sigh from
its shape.

Paterson, Donald G., and Tinker, Miles A., "Studies of Typographical Fac-
tors Influencing Speed of Reading: IV Black Type vs. White Type,"
Journal of Applied Psychology, Vol. 15, pp. 241-247, (1931).

Black print on white and white print on black are compared with
respect to speed of reading. A control group read two speed-
of-reading tests, both orinted black on white, while an experi-
mental group read the same tests with the second printed white

on black. Each group contained 140 subjects. A small signifi-
cant difference in favor of the first test was found for the
control group, whereas, a large significant difference in favor
of the first test (black on white) was found for the experimental
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group. On the basis of these figures it is estimated that there
is about a 10.5 percent difference in legibility as measured by
reading speed in favor of the black print on white ground. The
standard formula for determining the statistical significance

of obtained differences for correlated measures are employed.
A1l relevant variability and reliability data are given in tabu-
lar form.

Scott, Walter D., The Theory of Advertising, Small Maynard and Co., 1907,
Ppe 138-114-00
Specially prepared cards containing combinations of white letters
on black and vice versa were shown individually to a number of
subjects for one-seventh of a second per card. The results show-
ed that black letters on white were seen oftener than the white
type on black,

Starch, D., Advertising, New York, Scott, Forsman, and Co., 1914, pp. 189-
190.
Forty persons were given two tests of reading speede One test
was black on white and the other was white on dark gray. The
average number of words per second was 4.26 for the white on
gray and 6,06 for black on white,

Taylor, Cornelia D., "The Relative Legibility of Black and i/hite Print,"
Journal of Educational Psychology, Vol. 25, pp. 561-578, (1934).

Four different measures of legibility were used. These were
(1) the span of visual apprehension method of Scott, (2) Kirsch-
mann's legibility in peripheral vision, (3) a photographic rec-
ord of eye movements during reading, and (4) the distance method
of Holmes. Four separate experiments are involved, each requir-
ing separate description. In the first experiment, 3-by-4i-in.
block capital letters were cut out of white, light gray, dark
gray, and black paper and pasted on 7-by-28-in. cardboards, nine
letters at a time., The cardboard was black for the white letters
and white for the other three colors. These cardboards were
then exposed for three seconds each and the number of letters
correctly identified was recorded. Each brightness combination
appeared four times. The apparatus was a projection type appa-
ratus making it possible to present the material simultaneously
to 30 subjects at a time. The total N was 128, Mean correct
identifications (out of a possible 36 for each brightness com-
bination) were as follows: black on white, 24.63; dark gray on
white, 24,70; light gray on white, 23.29; white on black, 23.93.
The standard errors of these means were all about 0.31l. The
differences betwsen means are all significant above the 0.05
level except the black, dark gray comparison. Standard errors
of correlation differences were used and the correlations were
glvene

The second experiment was an attempt to duplicate Kirschmannt's
experiment. Three slightly different white alphabets were com-
pared with the black one. Six subjects read each white alpha-
bet in comparison with the black alphabet. The presentations
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were distributed over a three day period and mixed so as to con-
trol practice and fatigue effects. The mean distance from the
fixation point for all three white alphabets was 11.66 ecm. The
mean distance for the three readings of the black alphabet was
9.32 cm, This difference between these means is significant
above the 0.0l level and in the opposite direction from the re-
sults of Kirschmann.

In a third experiment, Taylor utilized photographs of eye move-
ments to compare reading performance on white~and-black print.
Ten subjects were used and each read 2 sections from form A of
a reading test (black on white) and 2 sections from form B
(white on black)e All four sections were read at a single sit-
ting but they were rotated to control fatigue and practice ef-
fects. Three of the four measures of reading performance show-
ed significant differences (S.E. of differences between corre-
lated means) in favor of the black print while one showed an
insignificant difference in favor of the white print.

The last experiment is really a series of several experiments
all utilizing the method and apparatus of Holmes with a con-
stant illumination of 100 ft. candles. Ten subjects were pre-
sented with six different sets of stimlus cards. The factors
varied were size of print, type of print (Scotch-Roman, simple
block, and Kabel lite), and meaningfulness of the material.

For type size, black on white was superior for all sizes. With
respect to type face, black on white was significantly superior
for Scotch-Roman face, whereas for Kabel the results were in-
significant. The superiority of black on white was found to
increase as the meahingfulness of the material decreased.
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35-MILLIMETER AIRPHOTOS for the STUDY of DRIVER BEHAVIOR

Te. We Forbesi* and Robert J. Reissitt
Institute of Transportation and Traffic Engineering
University of California, Los Angeles

SYNOPSIS

IN 1940 an attempt was made by one of the authors to use 16-mm. movies from
a blimp to study driver behavior on the highway. Results were not satis-
factory. This report deals with another attempt to obtain a rapid sequence
of airphotos cheaply enough to make their use feasible, using a small, com—
pact, relatively cheap, 35-mm, movie camera and a light airplane. The cam~
era was slightly modified, and a single-frame electric drive was added so
that it could be mounted externally, if desired, thus obviating the need of
a special plane and allowing use of an electric interval timer. Automatic
recording of a sweep-second watch and counter was provided on the film.

For least error of parallax, photos should be taken as nearly vertical-
1y as possible. In order to follow the turns in a highway, however, it is
necessary to bank the airplane. To make this possible with the device
mounted externally, a self-orienting-and-aiming mechanism was planned, but
the project was terminated before it vas built., The camera was tried out
in the air by means of a metal frame and cowling, which allowed it to be
placed on the step of a light plane flown with the door off at about 4,000
feet of altitude. Pictures were obtained which were sharp enough to pro-
Jject, thereby easily enlarging the image by as mich as 40 diameters to show
traffic clearly.

Although further work is necessary on the interval timer, aiming mech-
anism, and procedure for keeping vertically over the highway, the method has
been shown to be practical. Such pictures can obtain, in a short time, in-
formation on the adequacy of interchange design from driver-vehicle behavior
and on passing practices and other driving procedures. The method should
also lead to the development of longitudinal or "sweep" sampling of street
and highway traffic as contrasted to the single location or "ambush type"
of sampling.

IN 1928 use of aerial photographs for traffic studies was made in the Mary-
land Aerial Traffic Survey (l). A mapping camera was used to obtain aerial
photos for a traffic volume count on the Baltimore-washington Highway.

Now executive secretary of the Committee on Highway Safety Research of the
National Research Council, National Academy of Sciences, Washington.
A1l interpretations and conclusions are those of the first author person-
ally and are not necessarily those of any other persons or organizations
involved.

#%Now shop superintendent, Enterprise Iron Works, Los Angeles, who design~
ed and built the electric drive and the time-and-frame-count recording
chamber.
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In 1939 Forbes (2) described use of air photos made with a 16-mm. movie
camera for the study of driver behavior on the highway. Subsequently a
£light was made in a Goodyear blimp from New York to New Haven over the Mer-
ritt Parkway, in which pictures were taken at 8 frames per second with a
16-mn, Kodak Cine Special. Results were not satisfactory, however, and were
not reported.

In 1947 Greenshields (3) reported an attempt by Shapiro and himself to
use a movie camera from a helicopter and, later, from military aircraft.
Both were unsatisfactory, and it was concluded that the use of a standard
mapping camera witha larger size of film was necessary.

In 1948 two helicopter flights were made for the Dayton Plan Board (4)
using a 16-mm, movie camera for obtaining parking-survey data and traffic-
volume counts., This attempt was not entirely satisfactory but was said to
show that the method was feasible for such surveys.

The use of airphotos for mapping, highway location, and similar appli-
cations has become an established field and has been treated by numerous
authors. Mapping cameras have also been used for traffic studies since 1928.
A K24 aerial-mapping camera, which utilizes 53-in. film was used by Terry
(5) from a light plane in 1949, and various others have used cameras taking
large-size pictures, both hand-held and rigidly mounted.

SHORTCOMINGS OF PREVIOUS METHODS

Although satisfactory for mapping, alignment, and some traffic studies,
the standard methods of aerial photography are unsatisfactory for studying
the behavior of drivers on highways. The use of mapping cameras requires
large-sized, expensive film, Furthermore, most mapping cameras are limited
to a maximum of 120 to 150 pictures on a roll. A longer sequence would re-
quire rapid change of several magazines, so a long series of pictures taken
at short intervals would not be very practical.

The necessity for the use of a special airplane with a camera port in
the floor limits availability of equipment to many organizations, and if a
specially equipped plane mst be brought from one location to another to
take the pictures, it is often impossible to take advantage of the good
weather necessary for the pictures,

REQUIREMENTS FOR DRIVER BEHAVIOR STUDIES

In order to follow the behavior of drivers on the highway, a long series
of single exposures is required. These should be spaced at a short interval
(down to 1.0 sec.). For least parallax the pictures should be cheap enough
to be within the reach of the universities, research laboratories, and sim-
ilar organizations which might carry on traffic engineering and highway safe-
ty research. And to be of maximum usefulness, the method should be usable
in standard light planes available in any part of the country.

SELECTION AND MODIFICATION OF A CALERA

Accordingly, a standard 35-mm, movie camera of a less expensive make
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was modified for aerial use. The camera unit was kept light enough so that
it could be used with any high-wing, four-place light plane. Such a plane
can be rented for from $8 to $15 an hour with another $3 or $4 if the pilot
is also hired. Such planes are available at almost any small airport in
the United States, and a skillful pilot can maneuver such an airplane over
a highway in slow flight without too much difficulty (except possibly over
crooked mountain roads).

A De Vry 35-mm. Model A news camera was chosen. This camera is ordi-
narily spring driven and used by hand for news photos where a larger, more-
camplex camera cannot be usede It uses a 100-ft. roll of 35-mme. movie film,
which provides 1,200 individual exposures.

This camera is equipped with an extra shaft which allows hand opera-
tion when it is disconnected from the spring-drive mechanism. An electric-
motor drive with a single-frame exposure mechanism was built to drive this
shaft. Thus a drive was provided which could be remotely controlled and
which, therefore, would allow mounting the camera outside the plane if de-
sired. An electrical interval timer for spacing the photos could also be
used. An exposure counter and clock were built into the camera unit in such
a way that the frame count and time were thrown onto the film automatically.
By a combination modification of shutter and drive speed, the camera was
given exposure speeds suitable for aerial photography.

For the electric drive, a 24~ to 28-volt D.C. motor from a surplus
aerial gun camera was utilized. These motors are high-speed, governor-
controlled motors with a step-down gearing unit built into them. Further
step down was obtained by gearing.

Fast operation of the camera shutter required that the motor be contin-
uously operated, since otherwise it would take a considerable interval to
bring the camera up to speeds In order to obtain such operation the motor
was run contimiously and was coupled to the drive shaft of the camera
through a planetary gearing mechanism. The motor drive shaft was connected
to the sun gear, while the planet gears were mounted on a plate which was
attached to the drive shaft. A braking mechanism operated on the ring gear
of the planetary drive., A solenoid operated this brake to start the camera
(see Figs. 1 and 2).

A hook-and-detent mechanism was devised in order to make single-frame
exposures positive when a single, short impulse was sent to the solenoid.
A second solenoid raised this hook just previous to the operation of the
brake solenoide The brake solemoid then started the rotation of the camera
drive shaft. The latter was stopped by the hook which dropped into a de-
tent when the trip solenocid was released and an exposure was completed.

AUTOMATIC RECORDING OF EXPOSURE NUMBER AND TIME

The De Vry camera is fitted with a small, movable plug to allow view-
ing a scene through the lens if desired. Such viewing is made possible by
a small mirror mounted directly behind the film gate. Advantage of this
was taken in order to throw the image of a watch and a three-digit counter
onto the back of the film at one corner of the exposure. This area was then
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masked from further exposure by a slight addition to the film gate in front
of the film. A standard watch with black face and white hands, such as is
used in aerial cameras, and a three-digit, 24-volt counter were mounted in
a chamber which was fastened to the outside of the camera., This chamber was
light proof and was fitted with a mirror and lens in such a way as to focus
an image of the watch and counter onto the mirror inside the camera and
thence onto the film.

Figure 1. Camera and frame disassembled.

A 24~volt, gun sight lamp was used to provide a flash of light after
the film was advanced. The lamp current was controlled by relays connected
to the exposure solenoid while sufficient time for the filament to heat was
furnished by the use of an eddy-current delay relaye.

INTERVALOMETER

A special intervalometer was designed which would allow the use of se-
lected time intervals such that, if desired, miles per hour could be read
directly in terms of feet on the highway. This intervalometer, however,
was not built (again due to lack of time and manpower).

Therefore, for try-out purposes a surplus Air Force B2 intervalometer
was adapted for use with the camera.

SELF-ORIENTING MOUNT

For most effective results, it was planned to develop a self-orienting
pod in which the camera would be mounted and which would keep the camera
aimed vertically downward at all times. This is necessary if the plane is
to make turns and follow the highway without breaking the sequence of the
pictures of the highway. It was possible, of course, to fly straight and
level as is done in the conventional aerial mapping procedures, but ex-
perience showed that, at the altitude required, pictures will miss the
highway as it curves. Most highways will be found to include considerable
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curvature. Flight at higher alti-
tude would preclude the use of a
small film, such as the 35-mm. movie
film used by the camera described,
while the use of such film is nec~
essary in order to keep the cost
within reason.

It proved impossible to build a
self-orienting pod within the lim-
its of time and manpower available,
and therefore a frame and cowling
was built to allow use of the camera
by hand.

FRAME AND COWLING

PN 1030IA This frame was fashioned out of
DRIVE SHAFT alumimum strip and designed so that
3750 the camera could be clamped into

the frame by means of thumb screws
Figure 2, Exploded view of plan- and rubber pressure pads. A cowling
etary drive,. was also bitilt to reduce air resist-
ance and tb protect the camera from
oil or other flying particles. A
steel pin and rubber shock pad were provided on one corner of the assembly
g0 that it could be set inside the steel bar which forms the cabin step on
the particular airplane used.

TEST FLIGHTS

After suitable checks of the camera on the ground, a series of four
flights was made to test the practicability of the camera in the air.
Flights were made during the last two weeks of July 1951 and pictures were
taken over Los Angeles freeways at an altitude between 3,500 and 4,000 ft.
A 1947 Piper Super-Cruiser was used with the door removed.

The camera was loaded, locked into its frame and cowling and checked
for operation before take-off. For safety in handling, the camera was se-
cured to a cross member of the baggage compartment supporting frame by a
doubled rope just long enough to allow the camera to be set fnto position
and held vertically against the slip stream.

No actual sighting mechanism was used, but rough sighting was done by
means of bolts on the camera frame and cowling. Since very little aiming
of the camera was possible to keep it vertical in turns, the attempt was
made to fly straight and level over as much of each freeway as possible,
the pilot sighting by means of a spot on the landing gear below him.

RESULTS OBTAINED
After eliminating certain mechanical difficulties with the camera in

the early flights, two 100-ft. rolls of satisfactory pictures were obtain-
ed. These were sharp enough to project up to a width of L ft. or more,
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without losing definition (a magnification of 4O diameters). In fact, great-
er magnification might be possible.

Standard 35-mm. black-and-white Eastman Plus X film was used with an
Aero No., 2 Eastman filter. Figure 3 shows a sequence selected from one of
these films.

Due to the curvature of the highways and the lack of an automatic ori-
enting device for the camera, it was possible to obtain only relatively
short stretches of highway contirmously in the picture before a turn was
necessary. It was soon demonstrated that most highways contain more curva-
ture than one often realizes,

The experimental flights indicated that a sighting device for the cam-
era, as well as one for the pilot, is neededs The rough sighting method
used often resulted in losing part of the highway just off the edge of the
picture.

The flights were made at between 3,500 and 4,000 ft. and 60 to 65 mph.
indicated air speed. This altitude was convenient, due to certain defense
zone flight regulations, but proved to be somewhat lower than might be de-
sirable. Somewhat greater altitude could have been used without too great
loss of detail in the picture and would have given a longer record of a
given group of vehicles.

The adapted B2 intervalometer was not entirely satisfactory, since the
intervals were not sufficiently accurate in the minimum time range (2 and
3 secs)and since it usually resulted in taking more than one frame at each
exposure, thus using more film than necessary.

Even so, a sufficient number of useful sequences were obtained to show
that the method is practical for the study of many phases of driver-vehicle
behavior. For example, in Fipure 3 the entry of vehicles onto a high-speed
freeway from an interchange ramp can be followed. It will be seen that the
drivers of incoming vehicles were merging smoothly with the traffic stream.
The pictures also show the contrast between a freeway intersection and an
ordinary street intersection under heavy-traffic conditions.

Since the pictures sweep over the highway more or less with one group
of vehicles but against those coming in the opposite direction, a new type
of sampling of traffic is obtained. Thus, instead of the behavior at a
single location only, driver activities, traffic volumes, etc., can be
sampled over a number of miles of streets and highways with ease.

SURMARY AND CONCLUSIONS

l. Aerial pictures of highway traffic were obtained using a reasonably
priced, 35-mm. movie camera modified for the purpose. Satisfactory defini-
tion was obtained by projecting the pictures at a magnification up to 4O
diameters with a 2- by 2-in.,-film slide projector. The use of such a camera
will allow 1,200 exposures without reloading, thus making it possible to
follow driver behavior on the highway without excessive cost for film.



Figure 3. Secuence showing traffic at a street intersection and entering a freeway interchange.
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2. Pictures taken from a light airplane at between 3,500 and 4,000 ft.
obtained information on driver behavior which would be very difficult to ob-
tain in any other way. Somewhat greater altitude could have been used to
advantagee Rental of a light plane is not excessive in cost, relatively
speaking.

3., Further work is necessary on aiming and sighting mechanism for ob-
taining vertical pictures while following the curvature of highways, and a
special intervalometer must be developed for the modified camera. The or-
dinary aerial-mapping technique of taking photos in straight and level
flight is not satisfactory for the study of driver behavior if cost is to
be held within the range of most university and traffic research organiza-
tions.

Le Acquaintance with the usual problems of air photography and some
practice on the part of the pilot in maintaining a track vertically over
the highway will be necessary even when these devices are available., How-
ever, the method has been shown to be both feasible and promising for the
study of driving behavior on the highways.

5. A new type of traffic sample is provided by the sweeping charac-
teristic of the pictures.
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