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S Y N O P S I S 

The American Transit Motor Ability Test was applied to 290 bus and street car 
operators during their first week in training and the test scores were later cor
related with the accident responsibility rates of the men per 100,000 hours of 
operation and with ratings of the individuals based on their total desirabilities 
as employees. 

The test attempts to sample such functions as ability to learn quickly, ability 
to react quickly and accurately, ability to follow directions, ability to execute 
movements and coordinate them with visual stimuli, and avoidance of emotional 
disturbance in difficult situations. The test equipment utilizes a steering 
wheel, gear shift lever and two foot pedals which are activated by the subject 
in response to light patterns produced by a signal board carrying a series of small 
green, amber and red lights and a regulation traffic signal with green, amber and 
red lights. The test was administered in accordance with detailed instructions 
which allow the examiner little discretion. The tests are in five consecutive se
quences which increase in difficulty and complexity. 

The scoring of the test is in terms of accuracy and speed of reaction. The 
subject must make the correct movement for the stimulus presented and in terms 
of two time intervals; the initial response time and the lapsed time to perform 
the movement. 

The product-moment correlation between accident responsibility rate and test 
scores was found to be: street car operators, r = 0.292; bus operators, r = 0.432; 
combined, r = 0.331. 

The correlation of the test scores with supervisory ratings was 0.089, while the 
correlation of accident responsibility rate with supervisory ratings was 0.482. 

Although the correlations between accident responsibility rate and test scores 
are too low for clinical diagnosis of individuals they are significant for establish
ing usable employment ranges of test scores. As used by the Capital Transit 
Company these are: 

Scores of 65 or more indicate the most suitable candidates. 
Scores between 50 and 64 indicate candidates who should be employed if other 

factors are favorable. 
Scores of 49 or less indicate those who should be rejected. 

Prior to the first World War industry ap- aware that individual differences existed in 
peared to give little thought to the problem the output and eflSciency of various employees; 
of improving selection methods in their em- possibly a few were aware of the fact that 
ployment of personnel. The transit industry much of the difference was due to abilities 
was no exception. Most industries were which had been inherited or acquired. How-
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ever, little was known about testing as a means 
of discovering which men were the best risks 
for employment until the work of U. S. Army 
scientists began to appear in print. Soon 
many industries began to experiment with 
the idea, but the depression came before the 
movement gained much headway. The vast 
manpower demands and shortages of the 
second World War again forced the armed 
services and industry to make tremendous 
efforts in the direction of scientific selection 
of personnel. 

As a matter of fact, the transit industry 
found little need for any great amount of 
selection in its early existence. Up to the age 
of the automobile the job of operating a street 
car was at best a low-skilled occupation. 
The vehicles moved slowly and the objects 
which might get into position to be hit moved 
even more slowly. Quick thinking or fast 
reaction time were not vital elements in the 
situation. Today the operating problem is 
as different from that of former days as is the 
modem streamlined car from the street car at 
the turn of the century. The traffic condi
tions of a modem city demand that the opera
tors of street cars and buses be highly skilled 
professional drivers who have been carefully 
selected and trained. 

The Milwaukee Electric Railway and Trans
port Company was an early pioneer in the use 
of scientific method in the selection and train
ing of street car operators. A motor ability 
test somewhat similar to the present appa
ratus was installed there in 1925. Cleveland 
Transit System adopted a variation of the 
test in 1930 along with other innovations in 
their personnel program. 

The American Transit Motor Ability Test 
was designed under the supervision of Glen 
U. Cleeton for the American Transit Associa
tion. The forerunner of present apparatus, 
and its basic model, was installed by the 
Kttsburgh Railwaj^s Company in 1935, and 
valuable flata have been obtained there. 
While the fundamental principles of the pres
ent test are the same as those of the Pitts
burgh apparatus, many mechanical improve
ments have been made and various methods 

. of scoring have been investigated. Thus it is 
believed that a more valid selection test has 
been developed. 

The Capital Transit Company, Washing
ton, D. C , started an ambitious program of 

personnel research, selection, and training in 
1936.' Although progress has been slow, it 
has been continuous and steady since the in
ception of the program. The Company was 
selected in 1944 to undertake the initial valida
tion of the present Motor Ability Test. 

O B J E C T I V E S O F T H E MOTOR A B I L I T Y T E S T 

The motor ability test is a performance 
test. There is no intent to simulate actual 
operating conditions, so it is not a work sam
ple. The responses of the subject are unlike 
those he would use in driving an automobile, 
bus, or street car. The stimuli resemble 
actual driving conditions only in the use of a 
traffic light during portions of the test. Even 
this similarity could be changed without alter
ing the intent or results of the test. 

The test is not, per se, a skill test, even 
though both skill and a considerable amount 
of motor coordination are involved. The 
functions tested are those which should be 
included in any statement of qualifications of 
street car or bus operators. That is, we at
tempt to sample such functions as the ability 
of the testee to learn quickly; his ability to 
react quickly and accurately; his ability to 
concentrate attention over an extended period 
of time; his ability to distribute his attention 
in a composite situation; his ability to under
stand and follow directions which become in
creasingly complex as the test progresses; his 
abihty to execute given movements and to 
coordinate them with visual stimuli; and, in 
a minor way, his ability to avoid emotional 
disturbance when faced with a complex and 
difficult situation. No attempt is made to 
isolate these functions, to assess their relative 
weight in the situation, or to measure them 
separately. The test yields a single score 
which is supposed to measure the testee's 
ability to meet the situation as an integral 
whole. 

* The continuous interest and support of 
E . D. Merrill, President, Capital Transit 
Company, has made this program possible. 
His decision to undertake the present experi
ment merely brings to light the progressive 
thinking he has brought to the transit industry. 

The personnel program itself has been under 
the direction of Alexander Shapiro, Director 
of Personnel. His untiring determination to 
put our selection and training methods on a 
sound and scientific plane has been a constant 
source of inspiration to those who have worked 
with him. 
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We could hardly do less than use such a 
t«st as a whole. We are rather certain that 
all or nearly all of the functions enumerated 
are involved in the job of operating ears and 
buses. We do not know just when or to what 
extent each function is involved. We are 
moderately confident that the various func
tions given do not operate as constants from 
individual to individual, nor indeed, is the 
constellation constant for a given individual. 
At one moment emotional balance might be 
the dominant component in the operator's 
behaviour, whereas at still another moment 
the ability to react quickly and accurately 
represents the means of avoiding a serious 

steering wheel, gear shift lever, and two foot 
pedals (See Fig. 1). 

2. Examiner's Control Panel: This consists 
of a lighted panel carrying a number of 
switches which are used by the examiner in 
giving instructions and in releasing the auto
matic mechanism that operates in different 
parts of the test. 

3. Signal Board: This is a board on which 
are mounted a series of small green, amber, 
and red lights as shown in Figures 1 and 3. 
Separately mounted so they may be placed on 
the left and right sides of the signal board 
respectively are a pilot light (which in reality 
serves as a distraction element) and a regula-

Figure 1. The American Transit Motor Ability Test Apparatus 

accident. The test has thus been designed to 
involve all the functions outlined, but to leave 
the amount of their involvement to the "idio
syncrasy" of the individual being tested. It 
is our feeling that this is more probably an 
approximation of the job situation than any 
effort to isolate and weight various factors. 

T H E T E S T AND I T S O P E R A T I O N ^ 

The American Transit Motor Ability Test 
equipment is made up of five main parts: 

1. Response Mechanism: This utilizes a 

^ The description of the test apparatus and 
of the test itself is taken from the manual of 
instructions for the .\mcrican Transit Motor 
Ability Test issued by the American Transit 
Association. The use of quotation marks is 

tion traffic signal. The traffic signal has the 
regular green, amber, and red lights. 

4. Aviomatic Signxil Control: This part of 
the apparatus is a special program device 
which regulates time intervals in presenting 
stimuli (See Fig. 2). 

5. Recording Apparatus: This part of the 
test mechanism is an Esteiline-Angus Re
corder which records responses on a moving 
tape. 

The response mechanism and the signal 
board arrangement are placed 16 ft apart. 

omitted because the material contained herein 
has been changed slightly in some places. 
These changes were necessar}' since the original 
was designed to appear in the form of instruc
tions and not as a part of a report. 
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Figure 2. Automatic Signal Control and Recording Mechanism of the American 
Transit Motor Ability Test 

The examiner's control board is placed in a 
specially constructed desk which also has com
partments for the automatic signal control 
and the recorder. This desk is placed to the 
right of the applicant who is seated on the 
response platform. 

During the conduct of the test the testee is 
required to make specific movements of the 
steering wheel, pedals, and gear shift lever in 
response to light patterns which appear on the 
signal board and traffic signal. The test pro
vides for definite and fixed instruction or prac
tice periods at various intervals during the 
test. During these practice periods the light 
patterns are operated manually by the ex
aminer. In the test proper, the light patterns 
are presented at timed intervals through the 
operation of the automatic signal control. 
This insures that the presentation of stimuli 
will be constant. Both stimuli and responses 
are recorded on a moving paper tape by a 
bank of pens contained in the recording appa
ratus; thus, a complete record of accuracy and 
speed of responses is obtained. 

The subject is seated in the response mech
anism which faces the signal board directly 
across the room from him. As the light pat
terns appear on the signal board, the subject 
is required to make the appropriate move-

Figure 3. Scale Drawing of Signal Board. 
Letter In circle indicates the color of the light. 
Letter beside the circle indicates the stimulus 
pattern of which the light forms a part. 



344 TRAFFIC AND OPERATIONS 

meats with the wheel, pedals, and gear shift 
lever. Electric contacts are attached to the 
steering wheel, pedals, and gear shift lever 
and these contacts are connected in series with 
the pens of the recording apparatus. 

A D M I N I S T E A T I O N O F T H E T E S T 

The test was administered in accordance 
with detailed instructions. The examiner was 
allowed very little discretion, deviation con
sisting mostly of minor changes in wording. 
In addition to the author, the test was admin
istered by two trained examiners. These men 
are supervising instructors of the Training 
Division of Capital Transit Company. Each 
of them had been carefully trained in adminis
tering the test. 

The role of the examiner was two-fold. It 
was his job to put the subject at ease and ob
tain complete cooperation. In addition, the 
examiner had the duty of maintaining an ac
tive interest on the part of the subject. As a 
second role, the examiner served as an in
structor in explaining to the testee the various 
movements and stimufi, and in administering 
the practice routines. Each part of the test 
is preceded by a practice of the sequences to 
be followed in that part of the test. Each of 
these is fixed in nature and amount by the 
written instructions for administering the test. 
Thus, each subject received exactly the same 
number of practice trials on each part of the 
test. 

At no time during the course of the test was 
there any intimation to the subject that he 
might be doing poorly. At the end of each 
part of the test the examiner said to the sub
ject "That is fine, you are doing very well" 
regardless of how well the subject was doing. 
No other comments were allowed, nor were 
comparisons with others permitted. 

It is our feeling that the test administrations 
herein reported were as nearly constant as it 
is possible to obtain when more than one 
examiner is used. 

Upon completion of the test, the examiner 
recorded the total testing time. Some sub
jects learn more quickly than others, resulting 
in time variations. The total time varied 
from 38 to 53 min. with a mean of about 
45 min. 

The e.xaminer also recorded his subjective 
judgment of the subject including: learning 
ability, cooperativeness. attitude and ap

proach, effort, interest, temperament, and an 
estimate of the man's capacity for bus and 
street car operation. These judgments have 
not been analyzed at this date, but offer 
possibilities for future study. 

R E S P O N S E S MXDH B T S U B J E C T 

During the test, the subject was seated with 
both hands on the steering wheel, and both 
feet on the floor (called his "starting posi
tion"), and he resumed this position following 
each response. Three sets of responses were 
taught the subject. These are designated as 
movement 1, movement 2, and movement 3. 

Movement 1 is a coordinated response re
quiring the use of both hands in moving the 
steering wheel and gear shift lever. The sub
ject was instructed to make two quick move
ments of the wheel to the right (the wheel was 
so fixed that it would turn only to the right 
about 30 deg and was returned to original 
position- by a spring) and then take the right 
hand and push the gear shift lever forward as 
far as it would go. 

Movement 2 involved the use of the clutch 
pedal, two movements of the wheel, and the 
gear shift lever in that order. Exact sequence 
was demanded. Thus, the second movement 
is a coordinated response of both hands and 
the left foot. It is movement 1 preceded by 
a single depression of the clutch pedal. 

Movement 3 involved the use of the brake 
pedal. This movement is movement 2 fol
lowed by a single depression of the brake 
pedal. It is a coordinated response which 
includes the use of both hands and both feet. 
Exact sequence was required. 

T E S T S E Q U E N C E S 

Part I. 

The candidate is told to familiarize himself 
with the response mechanism by moving the 
steering wheel, gear shift lever, and pedals. 
He is told and shown how to make quick de
cisive movements. The examiner then dem
onstrates movement 1 and allows practice 
trials. Lights "A" are then switched on by 
the examiner while the subject makes ten 
repetitions of movement 1 as rapidly as 
possible. 

Movement 2 is then demonstrated and the 
subject is given practice trials. Lights "B" 
are switched on while the subject makes ten 
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repetitions of movement 2 as rapidly as 
possible. 

Movement 3 is demonstrated and the sub
ject is permitted to practice it. Lights " C " 
are switched on while the subject makes ten 
repetitions of movement 3 as rapidly as 
possible. 

This part of the test is essentially an abbre
viated training period during which the sub
ject is attempting to fix the movements in his 
mind and gain some facility in making them. 
Cumulatively, the results probably measure 
learning ability of the subject, as well as cer
tain reaction factors. 

Part II. 
For the second sequence of the test, the 

subject is instructed to make a single response 
each time the lights on the signal board flash. 
The "A" lights flash at three second intervals 
and the subject responds with a No. 1 move
ment after each flash. There are ten re
peated flashes of the "A" lights. Then the 
same procedure occurs with the "B" lights 
flashing and movement 2 as a response. 
Finally, there are ten repetitions of the "C" 
lights to which the subject responds with a 
No. 3 movement. 

Port 777. 
Here the subject meets the first mixed series 

of Ughts. The "A", "B", and " C " lights 
flash in mixed sequence and with varying time 
intervals between the lights. The subject 
must identify the light, associate the proper 
movement, and then make the movement. 
The responses are the same as in Part I I ; 
"A" No. 1, "B" No. 2, and " C " No. 3. There 
are 20 light presentations in this mixed series. 

Part IV. 

In this part of the test, the traffic signal is 
presented for the flrst time. The subject is 
told that during the remainder of the test one 
of the traffic lights will flash together with the 
lights on the signal board. He is also told 
that these traffic lights will modify the re
sponses he has previously made. The new 
response pattern is: 
Moiemaa Signal Board 

No. XAVMS 

1 "A" 
2 "B" 
3 " C " 

"A" or"B" 

Traffic LigU 

Green 
Green or Amber 
Green-Amber-Red 
Red 

After an appropriate practice, the combina
tion signal board and traffic signal lights are 
flashed in mixed sequence and with varying 
time intervals intervening. This series is com
posed of 25 stimuli. 

PartV. 

The subject is told that another mixed 
series, similar to the one just completed, will 
follow, but that the light flashes will be pre
sented in more rapid sequence. The response 
pattern for Part V is the same as that for 
Part IV except that a new light combination 
is added, "A" with amber, for which the 
appropriate response is movement 2. This 
combination of lights did not appear in Part 
IV. A short practice period with this com
bination is given, but there is no practice of 
the combinations from Part IV. The time 
intervals between lighls in this series average 
about one second less than those in Part IV. 
They are barely long enough to allow the sub
ject to complete his response and return to his 
starting position. Any hesitation after a light 
appears is disastrous in this series. There are 
twenty stimuli in this series and they appear 
in a mixed sequence. 

E E C O H D I N G AND S C O R I N G T H E T E S T 

Electrical circuits to the Esterline-Angus 
recorder are so fixed that a complete test 
record appears on the paper tape. The pens 
make a record of the inception and duration 
of the stimuli and a record of each movement 
of the steering wheel, gear shift lever, clutch, 
or brake (each of these response mechanisms 
registers on a separate pen). The paper tape 
moves through the time recorder at a constant 
speed of 14 in. per sec' As long as a pen 

' The constancy of speed of the tape was 
determined experimentally despite the assur
ances of the manufacturers upon this point. 
Three hundred measurements of the speed were 
taken by starting and stopping the tape simul
taneously with a stop watch. Time intervals 
varied from 5 to 30 sec. and measurements were 
made on 20 different days. Slight variations 
in speed were noted, but these were totally in
consequential. The mean error in speed was 
0.005 in. per sec, with a standard deviation of 
0.001. The maximum error noted in the 300 
trials was 0.6 in. for an interval of 30 sec. The 
degree of this error can be noted when it is 
remembered that the tape moved 45 in. in this 
period. 
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circuit remains open, the pen makes a straight 
line on the chart. When the pen circuit is 
closed the pen is deflected i in. to the right 
of the straight line, and returns to normal 
position when the circuit is broken. The 
chart thus shows the movements called for 
and the responses which were made. This 
record permits determination of the accuracy 
of the response and the measurement of the 
time intervals pertaining to the responses. 

The scoring of the test is in terms of accu
racy and speed of response. The subject must 
make the correct movement for the stimulus 
presented, and in terms of two time intervals. 
These time intervals are (a) initial response 
time—that is, the time interval between the 
light flash and the start of the first movement 
in the response (wheel in No. 1 and clutch in 
No. 2 and No. 3) and (b) lapsed time—that is, 
the time interval between the start of the first 
movement in the response and the start of the 
last movement in the response. Reference to 
Figure 4 should clarify the measurement of 
these two time intervals. 

The time interval is read from the tape by 
means of a graduated scale. This scale is 
graduated to tenths of a second and inter
polation permits measurement with a maxi
mum error of 0.03 sec. 

The details of the scoring of each section 
of the test are to be found in subsequent dis
cussion of the treatment of the data. The 
method was derived as a result of considerable 
experimentation. It was adopted because it 
gave maximum correlation (of those tried) 
with criteria, and is subject to further change 
if a method can be found that will increase 
this correlation. A study is now being made 
of some refinements in the scoring methods. 

T H E POPULATION' ' 

The population comprised a group of 290 
bus and street car operators who were eni-

< This test had previously been administered 
to a population of 300 employees who were 
employed during 1938, 1939, 1940, and 1941. 
The results were analyzed along with those 
obtained from several other tests given in an 
employment battery. The results were more 
or less what we might have expected from such 
a population. Factors of selection had operated 
for too long a period to make any differentia
tion possible. These factors were: (a) Pro
motion of the better men to jobs where they 

ployed by Capital Transit Company between 
July 1st, 1945 and December 31st, 1945. It 
includes all men employed during that period. 
About a dozen men were missed in the process 
of testing or had tests which could not be 
scored due to failure of the apparatus. The 
test was administered to each man during the 
first week in training, and, as far as possible, 
on the second day of his training period. The 
group was made up of 199 men who operated 
street cars only and 91 men who operated 
buseis only during the criterion period. 

T H E C R I T E K I . i 

One of the most elusive factors involved in 
industrial testing is that of valid and reliable 
criteria. This is particularly true of objec
tive criteria. It has long been known that 
the number of accidents each individual has 
can not be used to any advantage. Accident 
rates per unit of time or per unit of distance 
covered are also subject to many justifiable 
criticisms. Nevertheless some function of the 
accidents attributable to an individual is a 
highly desirable part of the measurement of 
his efficiency as an operator. With this in 
mind two criteria were developed: 

1. The accident responsibility rate per 
100,000 hours of operation for each in
dividual in the population. 

2. A rating of each individual based on his 
total desirability as an employee. 

Accident Responsibility Rate 

While the accident responsibility rate lacks 
some of the refinements introduced by Kraft 
and Forbes,* it includes one important element 

were not operating during the criterion period; 
(b) the worst men in the original group -had 
been eliminated; (c) the selective service act 
had drawn off the best of the men not pro
moted ; (d) the leavening effect of several years 
of training and experience tended to make the 
group even more homogenous. The testing of 
the population used in this study was in prog
ress during the time used in statistical analysis 
of the first group. It is planned to make still 
another analysis of a group who were given the 
test previous to employment. 

' Kraft and Forbes developed an "Accident 
Index" which eliminated non-personal accident 
hazard factors such as variations in mileage 
operated, differences in accident hazard of the 
various routes or lines, seasonal variation, day 
of the week, and hourly differences. Using 
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they could not obtain, a measure of the re
sponsibility of the individual for the accident. 
On the whole, it represents a rather fair ap
proximation of the individual's ability to avoid 
being involved in accidents. 

For the purpose of this study, accidents in
cluded only collisions, that is, those accidents 
where the vehicle collided with another ve
hicle, a pedestrian, or a fixed object. The 
accidents for each individual were tabulated 
together with the degree of responsibility of 
the individual for the accident. 

The responsibility of the individual for an 
accident is determined by persons specially 
trained for this task. Each accident is rated 
after a careful review of all available data, in
cluding witness statements, on a five category 
scale. This rating is entered on the accident 
card of the individual along with a brief de
scription of the accident. These ratings 
range from "A" (no responsibility) through 
"B", "C", and "-D" to " E " (operator totally 
responsible). Since this procedure is a part 
of the regular personnel progralm at Capital 
Transit Company, this work had already been 
done and was not a special rating for this 
study. 

Several weighting schemes were tried. 
None seemed to give any better results than: 
"A"-l, "B"-2, "C"-3, "D"-4, and "E"-5. It 
can be seen that starting with "A"-0 would 
give the same comparative results. However, 
zero is a difficult concept to deal with statisti
cally, and the author is opposed on philosophi
cal considerations to rating any operator's 
responsibility for an accident as zero.' 

The criterion period varied somewhat in 
length for the different individuals in the 
group. The period covered was from date of 
employment to April 1st, 1946. However, 

factors they established an accident "expect
ancy" for eac'Ii individual. The index was ob
tained by dividing the actual number of acci
dents by the expectancy. (Kraft, M. A. & 
Forbes, T. W., "Evaluating the Influences of 
Personal Characteristics on the Traffic Acci
dent Experience of Transit Operators," Pro
ceedings, Highway Research Hoard, Vol. 24, 
p. 278 ri944).) 

" We can always ascribe at least the responsi-
bilitj' for taking the car or bus out on the street 
in the first place. Had he been absent that 
day the accident would not have happened to 
him. 

since \ve are dealing with the rate per 100,000 
hours, this factor was comparatively minor. 

The total accident responsibility of the in
dividual was obtained by multiplying each 
accident by its appropriate weight for re
sponsibility, and summing for all accidents. 
The number of hours of operation were ob
tained from payroll records. The accident 
responsibility rate per 100,000 hours was 
obtained by dividing the total accident re
sponsibility by the number of hours of opera
tion. 

In any comparison of bus operators to street 
car operators it is necessary to take into con
sideration the differential accident rates of 
cars and buses. Results of analysis over an 
extended period of time indicate that cars 
have 2.15 times as many accidents as buses 
for the same mileage operated or for the same 
time operated. Thus, if we wish to combine 
bus operators and car operators into a single 
distribution, it is necessary to multiply the 
accident rate of the bus operators by 2.15. 

Rating Method 
' The second criterion, a rating, was derived 
in a series of conferences which included: (a) 
the superintendent of transportation per
sonnel; (b) the superintendent of operational 
training; (c) two of the supervising instruc
tors. These men had available at the time of 
rating complete records of the men including 
training data and follow-up records. Rating 
was made after thorough discussion of all 
pertinent data in accordance with the follow
ing instructions. 

"Suppose that you were told that you had 
to discharge 10 per cent of this group of men. 
You have full authority to pick the men with 
no other consideration except to get rid of the 
worst men in the group. Select the 29 you 
would let go first". 

"Now suppose that you were told that you 
had to discharge all of the group except 10 per 
cent. The only consideration is to keep the 
best 10 per cent of the men. Select the 29 men 
you would keep." 

The raters were told to repeat the process of 
selecting the worst and the best 29 men suc
cessively from each remaining population un
til all were arranged into 10 groups. These 
groups represented the order in which the 
men would be eliminated on the basis of total 
desirability as operators. The ratings were 
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made numerical by assigning numbers 1 to 10 
to each ascending group. Each man in a 
group received the number of the group as a 
criterion score. 

C O L L E C T I O N A N D P E E L I M I N A E Y T H E A T A I I E N T 

O P D A T A 

The first attempt at devising a method of 
scoring the tests was not successful. When 

Part I . The total time consumed in 
making ten complete movements. Correct
ness of response was ignored in this part 
of the test. Three scores are obtained in 
this part of the test. 

Parts I I , III.. IV, and V. In these parts 
of the test the subject had to get the re
sponse right to obtain any score. If the 
response was correct, then two time inter-

Figure 4. Portion of Paper Tape from the Recorder Showing the Scoring of a No. 1, No. 2, and 
No. 3 Movement. These are the first three stimuli of Part IV of the test 

T A B L E 1 

S C O R E S H E E T F O R L I S T I N G P R E L I M I N A R Y D A T A F O R E A C H I N D I V I D U A L 

F a i t n P a i t l l l Part I V Part V 

O K Init. Lapsed No. OK Init. Lapsed O K Init . Lapsed O K Init. Lapsed 

A—*1 
1 * 48 98 1 X • 80 90 • 68 108 

2 0 2 • 55 83 • 103 100 « 100 95 

3 * 30 80 3 * 83 101 • 92 83 « 92 120 

4 4 32 78 4 * 85 85 • 103 96 

B—*2 5 0 • 93 136 • 102 120 

1 « 60 93 6 * 78 118 • 90 140 0 
2 X 7 X • 74 138 • 133 88 

3 * 51 100 8 * 78 82 * 68 118 X 
4 * 40 92 9 * 77 138 X 

C - « 3 10 • 90 127 • 109 81 * 125 120 

1 X 11 * 70 92 • 108 108 * 85 75 

2 * 88 135 12 X • 93 84 * 71 84 

3 * 60 128 13 * 84 100 X • 68 75 

4 * 57 125 14 * 62 94 X * 88 110 

Jfart 1: Movement » i , liia; movement mz, z i iz ; aiovemeni » o , auaa. 
• Correct Response; X Incorrect Response; 0 No Response; Time is m iiundredths of a second. 

the scores thus obtained were correlated with 
the accident criteria it was found that the 
correlation was not high enough to be sig
nificant. However, this first method is de
scribed as foUows in some detail, because of 
the bearing of the study upon the develop
ment of the scoring method finally adopted. 

The first step m scoring the tests consisted 
in tabulating for each subject the information 
for each part of the test shown below: 

vals were taken: (a) initial response time; 
(b) lapsed Time (see Fig. 4). 

A sample score sheet for one subject is shown 
as Table 1. This individual had an average 
score on the test. As can be seen, this sheet 
contains about half of the test. The symbols 
used in the OK column are: the * indicates a 
correct response, the x an incorrect response, 
and the 0 no response at all. The time in 
each case is in hundredths of a second. 
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The first step in obtaining a score on the 
test involved the computation of the means 
and standard deviations of (a) the total time 
consumed for the ten repetitions of each 
movement in Part I ; (b) the initial time and 
the lapsed time for Parts I I , I I I , IV, and V. 
These are shovm in Table 2. 

T A B L K 2 

T H E M E A N S A N D S T A N D A R D D E V I A T I O N S F O R 
T H E V A R I O U S P A R T S O F T H E M O T O R A B I L I T Y 

T E S T (N-290) 

Part I Mean* Standard 
Deviation 

Movement 1 . . . 12.23 2.37 
Movement 2 22.78 3.83 
Movement 3 28.04 4.96 

F a i t n Initial Lapsed Initial Lapsed 

A—No. : .382 .865 .072 .145 
B—No. 2 .S40 1.000 .087 .166 
C—No. 3 . . .S27 1.310 .156 .218 

Part I I I . .840 1.080 .129 .165 
Part I V .987 1.104 .167 .172 
P a r t V . . . . .834 .989 .150 .151 

* AU time is in terms of seconds. 

It was now possible to set up a scoring scale 
based on the mean time taken for a response 
in each of the parts of the test. This was 
done by allowing i point for each correct 
initial response and i pomt for each correct 
lapsed response if completed within the fol
lowing time limits: 

Part Initial Lapted 
IIA—No. 1 45 1.00 

B—No. 2 60 1.15 
C—No. 3 70 1.45 

I I I 95 1.20 
IV 1.15 1.25 
V 95 1.10 

Allow 2J points for each series of repeated 
movements if completed within the following 
time limits: 

Part I 
Movement 1 14.50 
Movement 2 25.00 
Movement 3 32.00 

This method of scoring provided scores 
within a theoretical range of 0-102.5. As can 
be seen, the allowable time for obtaining 
points was roughly the mean plus one stand
ard deviation in each case. 

A N A L Y S I S O F B E S U I / T S 

All tests were scored using the scoring 
method outUned. It can be seen from the 
distribution of scores in Table 3 that the 
distribution is not normal. It is heavily 
weighted in the higher categories. 

T A B L E 3 

D I S T R I B U T I O N O F S C O R E S O N T H E M O T O R 
A B I L I T Y T E S T ( I N I T I A L S C O R I N G 

M E T H O D ) 

Frequency 
Score Totab 

Car Bus 
Operators Operators 

10-19 3 1 4 
20-29 6 3 9 
30-39 14 10 24 
40-49 26 11 37 
50^9 32 12 44 
60-69 31 16 37 
70-79 39 15 54 
80-89 38 13 51 
90-99 10 10 20 

N 199 91 290 
Mean 64.0 63.9 64.0 

66.1 65.6 65.7 
S. D 18.9 20.3 19.4 

T A B L E 4 

D I S T R I B U T I O N O F A C C I D E N T R E S P O N S I B I L I T Y 
R A T E S 

Frequency 
Rate ToUls Rate 

Car 
Operators 

Bus 
Operators 

ToUls 

0-9 101 60 161 
10-19 58 21 79 
20-29 20 6 26 
30-39 14 2 16 
40-49 4 2 6 
50-59 2 0 2 

N 199 91 290 
Mean 13.3 10.2 12.3 
Median 10.0 7.8 9.9 
S. D . 11 0 8.8 10.5 

The accident responsibility rate for each 
man was derived. These are sho\vn in 
Table 4. This distribution is rather typical 
of accident distributions. It is heavily 
weighted with men in the lower accident rates. 
It might be well to point out that the men in 
the highest categories of this table have all 
been eliminated. Many of them were sepa
rated from company rolls before the time of 
tabulation. 
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The correlation of motor ability test score 
with accident responsibility was computed (a) 
for street car operators, (b) for bus operators, 
and (c) for the two groups combined (care 
being taken to weight the rates of the bus 
operators by 2.15). (See Table 5.) 

The correlation of the motor ability scores 
with ratings by supervisors was 0.046. No 
separation was made between car operators 
and bus operators in the rating. The low 
correlation with supervisory ratings made it 
apparent that the test would not pick out 
men whom the supervisors consider the best 
operators, or at least the men whom the super
visors consider it most desirable to retain, 

T A B L E 5 

P R O D U C T - M O M E N T C O R R E L A T I O N O F M O T O R 
. A B I L I T Y T E S T S C O R E S W I T H A C C I D E N T 

R E S P O N S I B I L I T Y R A T E 

Population r N 

- .139 199 
Bus Operators - .190 91 
Combined Groups -.141 290 

As a matter of fact, it was apparent at this 
point that we did not have enough validity 
in the test to justify using it as a tool for the 
selection of new personnel. We were faced 
with one of two courses: to seek for revisions 
that would increase the validity, or to abandon 
the test entirely. 

D E V E L O P M E N T O F N E W S C O R I N G K E Y S 

Several revisions in scoring method were 
tried. Details of these methods would add 
considerable length to this report without 
adding anything to the worth thereof. Suffice 
it to say, three were tried and discarded be
cause they did not increase the validity co
efficients. 

Study of the implications of the scoring 
method already described reveals the glaring 
weakness that both factors in the test, accu
racy and speed, are operating largely as all 
or none elements. That is, the subject had to 
get the response right to get any credit. 
Moreover, a critical time limit was set and 
the response had to come within this time 
limit or no credit was given. 

The following reasoning formed the basis 
of the new scoring method: 

1. Accuracy must be retained as an all or 
none element. 

2. If time is an element, then the shorter 
the time used by the subject, the more 
credit he should get. 

3. Part I and Part I I are largely practice 
periods and, as such, should be excluded 
from the test score. To include them 
would merely dilute the score and make 
it less sensitive. 

Acting upon the reasoning outlined, a new set 
of scoring keys was derived. With these keys 
the subject could obtain from 0 to 4 credits 
for any initial response time or for any lapsed 
time where the response made was a correct 
one. Only Parts I I I , IV, and V were used in 
obtaining the score. The scales for the credits 
in the various parts of the test are shown in 
Table 6. 

T A B L E 6 

T I M E L I M I T S F O R S C O R I N G C R E D I T S F O R P A R T S 
I I I , I V , A N D V O F T H E M O T O R A B I L I T Y T E f - ', 

Test Sec. 
Points Credit 

0 1 2 3 4 

Part I I I 
Initial Time 106 up 86-105 66-85 46-85 45 or less 
Lapsed Time. 131 up 111-130 91-110 71-90 70 or less 

Part I V 
Initial Time.. 121 up 101-120 81-100 61-80 60 or Jess 
Lapsed Tjme. 141 up 121-140 101-120 81-100 80 or less 

Part V 
Initial Time.. 106 up 86-105 61-«5 46-65 45 or less 
Lapsed Time. 136 up 116-135 96-115 76-95 75 or less 

A N A L Y S I S OP R E S U L T S W I T H R E V I S E D S C O R I N G 

The tests were rescored using the new scor
ing method. It was apparent as we scored the 
tests that many of the men were not changed 
in their relative standings. However, many 
others were changed radically. The ejctremes 
of the distribution, either high or low, were 
not materially affected, but many in the 
middle ranges were shifted up or down past 
the mean. Most of these men had appeared 
out of position in the original correlation 
plots. The distribution of scores with the 
revised scoring is shown in Table 7. 

This new distribution conforms more closely 
to what might be termed the usual test score 
distribution. It is possible that the greater 
range contributed somewhat to this change 
in shape of the curve, but it is our feeling that 
the probability of this being so is small. It 
is interesting to note that the means and the 
standard deviations show comparatively small 
change from the results of Table 3. 
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The product-moment correlation between 
accident responsibility rate and these revised 
motor ability test scores was computed and 
found to be: 

Group r 
Street Car Operators - .292 
Bus Operators —.432 
Combined Groups —.331 

These are comparative low correlations when 
regarded from the standpoint of mathematical 
certainty. They are far too low to use for any 
cUnical diagnosis or for individual guidance. 

T A B L E 7 

D I S T R I B U T I O N O F M O T O R A B I L I T Y T E S T S C O R K S 
( R E V I S E D S C O R I N G ) 

Frequency 
Score ToUls Score 

Car 
Operators 

Bus 
Operators 

ToUls 

10-19 5 0 5 
20-29 10 9 19 
30-39 21 11 32 
40-49 38 9 47 
50-59 34 14 48 
60-69 38 21 59 
70-79 19 9 28 
80-89 20 5 25 
90-99 5 6 11 

100-109 6 3 9 
110-119 3 4 7 

N 199 91 290 
Mean 58.7 61.5 59.6 
Median 57.7 61.4 58.6 
S. D . 21.2 23.7 22.1 

As validity coefficients for a single test in a 
battery of selection tests for industrial em
ployment, they are high enough to be very 
significant. 

The correlation of the revised motor ability 
test scoies with supervisory ratings seemed 
little affected. The new correlation was 
0.089 as compared to 0.046 under the original 
scoring. This was somewhat surprising. We 
offer no explanation for this apparent incon
sistency. The correlation of accident re
sponsibility rate with supervisor's rating is 
0.482. It would appear from the facts at 
hand that the two criteria are measuring 
different functions. Furthermore, one of 
these functions cannot be predicted at all 
with the motor ability test scores. 

U S E O F T H E MOTOR A B I L I T Y T E S T A S A 

S E L E C T I O N T O O L 

A test is one source of information about 
an individual. It is a good source of informa
tion insofar as it is valid and reliable. It is 
not intended to supplant other normal 
sources of information, but to supplement 
them. The motor ability test would not be a 
perfect selection instrument even if it gave 
absolute mathematical certainty of prediction 
of the individual's accident record. Many 
other factors must be considered. 

The results we have obtained are significant, 
not perfect. The effectiveness of the use of 
the test can be seen from some additional 
analyses we shall present. 

Suppose we define a satisfactory accident 
record as any accident record which was better 
than the mean accident responsibility rate, 
and an unsatisfactory one as being worse 
than the mean. Using these definitions we 
can compute the bi-serial coefficient of corre
lation between accident responsibility rate 
and motor ability test scores. The point of 
dichotomy in the accident responsibility rate 
is the mean for the particular group with 
which we are dealing. These computations 
showed biserial correlations of: 

Group 
Street Car Operators 
Bus Operators 
Combined groups.. .. 

- . 4 8 
- . 6 2 
- . 5 4 

Thus, if we desire to predict only whether 
the man will eventually be satisfactory or un
satisfactory, we can do so with much more 
accuracy than we can predict his exact loca
tion in the scale of accident responsibility. 
Out of the group of 290 men, 114 who scored 
above the mean of the motor ability test were 
better than average on accident responsibility-
rate; 92 who were below the mean of the motor 
ability test were worse than average on acci
dent responsibility rate. These 206 men 
were correctly placed by the test if we are 
considering them on a satisfactory-unsatis
factory basis. This gives a correct pi-ediction 
on approximately 71% of the individuals. 

Another analysis might be noted from 
Table 8. 

These figures tell the same story in a slightly 
different way. If we confine our selection for 
employment to those who make a score of 65 
or more on the motor ability te.st, then the 
chances are about 4.5 to 1 that we will get a 
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man with a better than average accident 
record. In the range of scores 50 to 64, our 
chances are about even that the man will be 
above average or below average as an acci
dent risk. When a man gets a score of 49 or 
less the chances are about 2 to 1 that he will 
have worse than an average accident record. 

An additional fact might be pointed out 
here. Of all the operators who scored above 
65 on the motor ability test, only one bus 
operator was as much as one standard devia
tion worse than the mean accident responsi
bility rate; and only five street car operators 
were as much as one standard deviation above 

T A B L E 8 
M O T O R A B I L I T Y T E S T S C O R E 

Accident Responsibility 
Rate 

Car Operators Bus Operators 
Accident Responsibility 

Rate 
0-49 SO-64 65-119 0-49 50-64 65-119 

Better than average 34 33 50 8 14 32 
Worse than average 40 30 12 21 10 6 

aceptance, we would have eliminated 25 of 
the 29 men who had the worst accident 
records. We would have lost only 2 of the 
men who had the best accident records. 
Moreover, the net gain in men who scored 
65 or more is 16 and in the men who scored 64 
or less is 1, and that man had to be retrained 
before he was successful. We point out this 
net for the reason that it is the key figure in 
such an analysis. The cost of employing and 
training a bus or street car operator has been 
variously placed at from $300 to $500. When 
such an investment must be made in each 
man employed, it is vital that every means 
possible be utiUzed to train only those who 
will succeed and who will stay with the com
pany. The investigation herein reported 
appears to indicate that the American Transit 
Motor Ability Test, while it does not guaran
tee results, does furnish significant information 
for use in isolating from the general popula
tion of applicants the group likely to furnish 
the best accident risks. 

T A B L E 9 

Car Op- Bus Op- Com
erators erators bined 

4J —> 
m e O 

n 
o 0) 

n 1 a 
m 

No Scoring 65 or more 3 19 1 8 4 27 
No. Scoring 64 or less 17 1 8 1 26 2 
No. Dismissed. 15 2 6 0 21 2 
No. Resigned 5 7 2 4 7 11 
Net after trial period . . 0 11 1" 5 1 16 

• T h i s man was retrained and improved his record 
materially. 

the mean accident responsibility rate. None 
of these men were as much as two standard 
deviations above the mean accident responsi
bility rate. It is possible that by using the 
motor ability test we might avoid the very bad 
accident risks even though we still would get 
those with poor records. 

One other analysis which is frequently used 
for validation is the comparison of the test 
scores of the 10 per cent who had the worst 
accident records with the test scores of the 
10 per cent who had the best accident records 
as given in Table 9. 

Had we been using the motor ability test 
as a selection tool in our employment proce
dure, and had we set 65 as a minimum for 

SUMMARY 

We do not regard the results of this study 
as conclusive, but feel that sufficient evidence 
has been adduced to warrant an extensive 
trial use of the American Transit Motor Abil
ity Test. We beh'eve that such use will add 
new evidence of the validity of the test as a 
selective factor for the employment of bus and 
street car operators. The significant points 
of this study appear to be: 

1. An accident criterion which is objective 
and usable was established. This criterion 
has validity based only on lo^cal reasoning, 
but is an essential factor in any investigation 
of the efficiency of operators of transit ve
hicles. Its reliability has not been estab
lished. 

2. A significant relationship between the 
accident criterion and scores on the American 
Transit Motor Ability Test was established 
for a population of 290 operators of street 
cars and buses. 

3. No reliability coefficients were estab
lished for the test. 

4. Rating methods were found to be of 
little use in this study. No relationship was 
found between the ratings and the test scores, 
and the ratings were not highly related to the 
objective criteria. 

5. Usable employment ranges of test scores 
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were established. These are now in use at 
Capital Transit Company. For the sake of 
claiity these might be stated as: 

(a) Men whose score is 65 or more furnish 
the most suitable candidates for em
ployment. 

(b) Men whose score is between 50 and 64 
should be employed if other factors in
dicate that they will be suitable. 

(c) Men whose score is 49 or less should be 
rejected unless there is strong evidence 
from other factors that they will be 
suitable. 

6. Based on the evidence of this study, the 
use of the American Transit Motor Ability 
Test will materially aid in reducing the num
ber of men who must be eliminated after a 
training and trial period. 

Another evaluation of this test is planned. 
The population for that study will be drawn 
from the group which is being tested prior to 
emplojanent. At that time we shall also in

vestigate the relationship between test score 
and the ability of the candidate to complete 
training. 
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SYNOPSIS 
The diversity of opinions and policies with respect to the toll system is leading 

to serious inquiry as to the relative effects and values of free and toll bridges. A 
rational approach to the problem is attempted in this report. 

This paper presents the development of a mathematical method for measuring 
objectively the restraint imposed upon highway traffic operation by toll bridges. 

A fonnida is developed for measuring the monetary value placed upon time by 
the composite motorist. The application of the formula depends upon a meas
urement of sphere of influence of adjacent free and toll bridges, toll rate, and 
rates of vehicular speeds in the area studied. 

Conversely, the formula may be used to determine the sphere of influence of 
the toll facility when the monetary value of time is given. 

The method presented comprehends the analysis of time and delay studies, cor
related to origin and destination surveys made before and after freeing toll 
facilities. 

A number of specific cases were studied during 1946 by the Planning Division 
of The State Road Commission of West Virginia to develop a reservoir of ex
perience . An interpretation of the analyses of cases studied (of which this paper 
presents but one case) indicates that: 

1. Each toll facility has its own peculiar sphere of influence as determined by 
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by the writer in partial fulfillment of requirements in Highway Traffic Engineering at the 
Bureau of Highway Traffic, Yale University, 1946. 
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