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THE RELATION OF LICENSING TEST SCORES TO

SUBSEQUENT DRIVER PERFORMANCE1

A 2x3 multivariate analysis of variance
was used to study the relations between test
scores recelved by drivers at the time of 1li-
censing and future driving performance. Three
groups of drivers were defined: those with no
accildents or violations, those with minor vio-
lations but. no accidents, and those with acci-
dents and violations. The sex of the driver
defined the second dimension of the MANOVA.
The dependent variables consisted of 39 scores
taken from the road test and other tests given
to all driver license applicants.

No significant differences were found on
the multivariate tests. However, univariate
tests on the total road test score did yield
significant results, and the multivariate tests
for Driver Performance did yield a probability
of .062. Hence, six contrasts were defined
and subsets of variates that contributed most
heavily to the differences defined by these
contrasts were found. Discriminant function
coefficients based on these reduced sets of
variates were then used to construct new
weighting systems for the items on the road
test, and these new welghting systems were
validated using an independent sample of dri-
vers.

The conclusion of the study is that a
linear composite of the items on the road test
can be used to differentlate among various
categories of drivers.

1This research was supported in part by PHS Training grant
MH-8258 from The National Institute of Mental Health, Public
Health Service and in part by the Highway Safety Research
Center at the University of North Carolina. The author
would like to thank Dr. Lyle V. Jones, Dr. Elliot M. Cramer,
and Dr. B. J. Campbell for their guidance throughout the
preparation of this report, and Mr. Edward A. Youngs for

his work on several of the computer programs necessary for
this research. A more complete description of this research
is available in the author's M.A. thesis.



In general, the causes of automoblle accidents may be
grouped 1nto two catepories, one concerned with the environ-
ment in which a driver performs, and the other concerned with
the driver himself. The first category includes all the phys-
ical characteristics of the driving situation, includlng the
design and functioning of the automobile, the design of high-
ways, proper placement of highway signs, etc. Much attention
has been devoted in recent years to this area of highway safety.
Attention also has been focused on the human variable, by the
introduction of safety campaigns, through efforts to modify
the driving habits of chronic accident and violation repea-
ters, and by developing tests with which to screen driver
applicants.

Research on the human variable 1n highway safety may
also be divided into two areas: the prediction of future
driving performance, and the development or modification of
driving habits (Schuster, 1966). Research on prediction of
future driving performance generally deals with the search
for relevant variables and combilnations of variables that
yileld significant prediction. The research reported in this
paper falls under the heading of prediction; more particularly,
this study investigates the use of specific driving skills
as the predictor wvariables.

Review of Literature. A number of different classes
of variables have been investigated as possible predictors
(for summaries, see Goldstein, 1961 and 1964). Physical
characteristics of potential drivers, personality and attil-

tude characteristics, previous driving record, situational
variables (effects of fatigue, effects of alcohol), and
various types of personal data (age, sex, etc.) have all
been shown to yield some differentiation between different
classes of drivers, but predictive ability has been limited.
Other variables, such as reaction time measures, psychomotor



task variables, sensory perceptual tests, and cognitive mea-
sures have yielded less promising results.

Little research has been done on the class of predictors
investigated in this study, actual driving skills (AMA, 1966,
p.265). Three World War II Army studies are summarized by
Goldsteln as yielding non-significant validity coefficients
of .01, .03, and -.04, prompting the comment "This lack of
relationship between road testsand accidents makes road tests
extremely dubious as measures of safe driving." In another
Army research project, Uhlaner (1966) concludes that "...
present day selection procedures in public licensing of dri-
vers can make only dubious contribution to the accldent re-
duction problem."

Campbell (1958) compared the licensing test scores of
1100 motor vehicle operators involved in fatal accidents
with 1100 operators selected at random. Only 3 items (par-
allel parking, second left turn signal, and third left turn
signal) of 36 significantly differentiated between the two
categories of drivers. In view of such results, A.R. Lauer
of the Driving Research Laboratory at Iowa State University
has suggested that the skills portion of the driver licensing
examination be limited to a dembnstration of proficlency at
parallel parking (AMA, 1966, p.265).

Methods

This study attempts to relate two sets of variables:
driver's licensing test scores gathered during the licensing
procedure and subsequent driving performance as measured by
accidents and violations. Information on both sets of vari-
ables is kept by the Motor Vehlcles Department (Raleigh,
North Carolina) for all current North Carolina drivers who
were originally licensed in North Carolina.

The study can be divided into two parts. First, there
is an attempt to discover whether there are any significant



differences between drivers with distinguishing kinds of dri-
ver performance records (good and bad drivers) on the test
scores assigned during the licensing procedure. Second, there
is an attempt to use these differences to predict the perfor-
mance records for an independent sample of drivers.

The analysis done for the first part is a multivariate
analysis of variance (MANOVA) in which the variates are the
test scores from the licensing procedure. The major factor
(or dimension) of interest is that of driver performance.
Variables controlled for in this section of the study include
age, sex, amount of driving, time of licensing, and time silnce
licensing.

The second part of the study is described in the Validity
section. The discriminant function coefficlents associated
with the significant roots on the driver performance dimen-
sion were used to construct new weighting systems for the
road test items. An independent sample (validity sample) of
drivers was then scored on these new scoring systems in an
attempt to validate the developed systems. The developed
scoring systems were also compared to the existing scoring

system.

Controlled Factors. Five factors or variables were
controlled in this study either by 1nclusion in the dimensions
of the analysis of variance or by limitation of the sample
selected. The five factors were:

1. Time of Licensing. Although there have been no
major changes in the method of licensing drivers in North
Carolina for the past 20 years, minor changes have occured

and accumulated over time. For example, the parallel parking
item on the road test was eliminated about five years ago.
For this reason, it was declided to 1limit the study to those
drivers who received their licenses during a relatively short



specified period of time. This period of time was June 26,
1964 to May 31, 1965,

. 2. Time Since Licensing. The further in time one gets
from the licensing procedure, the less predictive value the
test scores are likely to have. Hence, only the first two
years after licensing were considered for each driver in the

study.

3. Amount of Driving. This variable is of great im-
port: a driver with one or two minor violation citations’, -s
if he drives often, may be a better driver than one who drives
very little and has a clear record. Unfortunately, informa-
tion‘on exposure to driving was not available. Some attempt
was made to control this variable in the ﬁefinition of the
driver performance categories (see below); no claim 1s made
that this variable has been adequately controlled in this
study.

4. Sex. Previous studles (Campbell, 1958; Schuster,
1966; Levonian, 1967) have found that sex is related to dri-
ver performance. This variable was included as one dimensilon
in the MANOVA design.

5. Age. Previous studles also have indicated that
age is related to driver performance. As a control for age,
the study was limited to individuals llcensed between the
ages of 16 and 20.

Definition of the Driver Performance Categories. A
natural way of defining good and bad drivers might be to
classify drivers with clear records as "good" and drivers
with a certain number of aocidents and/or violations as "bad".
As pointed out above, this categorizatlon suffers from a '
lack of control on the amount of driving, particularly in the
"good" category where a clear record may indicate a good dri-
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ver, or alternatively, a driver who drives very little.

An approach toward control of this variable was made by
assuming that persons with minor violations but no accidents
represent better drivers than do persons involved in accidents
in which they have also been charged with a violation. Hence,
two categories for driver performance were defined with some
small confidence that the amnunt of driving variable was taken
into account: first, an "acceptable" category consisting of
drivers with a small number (not more than two) of minor vio-
lations but no accidents, suspensions, or revocations; and’ et
second, an "unacceptable" category consisting of drivers in-
volved in a certain number of accidents in which they have
also been charged with a violation (hereafter called "at-
fault" accidents). A third category of dri&ers, those with
clear records, was also included in the design.

The "acceptable" category of drivers was defined to con-
sist of drivers with minor violations but no accidents. The
restriction "minor" was operationalized by defining any vio-
lation assigned a point value2 of four or greater a '"major"
violation and any violation assigned a point value of three
or less a "minor" violation.

The "unacceptable™ category of drivers was originally
defined to include drivers involved in two or more at-fault
accldents. It was anticipated that there would not be an
adequate number of drivers meeting this criterion; hence,
an alternate criterion was developed, to include drivers in-
volved . in one at-fault accident and, in addition to the vio-
lation assoclated with the accldent, at least one other major
violation. Apbroximately 45 percent of the accident category
drivers used in the study actually met the requirements of

2A prespecified number of points 1s assigned to a North Caro-

lina driver's record for each violation citation he receilves.
Accumulation of points over a perlod of time may lead to sus-
pension or revocation of the driver's license.



the alternate definition.

Summary of Design. In summary, the design for this study
is a 2x3 (sex x driver category) multivariate analysls of
variance. Only those persons licensed between June 26, 1964
and May 31, 1965. between ages 16 and 20 were elgible for the
study. Admission to the driver performance categories was

as follows:

A: Clear records 1n the two years following original
licensing; ;

B: At least one but not more than two minor violations,
together with no accidents, suspensions, or revoCa-
tions, 1In the two years following original licensing;

C: 1Involvement in at least two "at-fault" accidents 1in
the two years following original licensing; or in-
volvement in one "at-fault" accident and, in addi-
tion to the violation associated with the accident,
at least one other major violation in the two years
following orlginal licensing.

Choice of Variables. The varlates for the study were
chosen from the U47 scores on the items of the road test and
the three total scores -~ scores on the knowledge of signs
tests, the knowledge of rules test, and the total road test
score. Since the total road test score is a linear combi-
nation of the 47 items of the road test, 1t cannot be in-
cluded in the multivariate analyses; separate univariate
analyses were performed with this score. On the road test,
each turn is scored separately for lane, turn, speed, and
signal. By combining the first three of these under the
general heading "turn", the number of variates is reduced
to 37 from the road test plus two total scores (signs test
and rules test). A list of the variates used in the study

is given in Table 1.

Data Collection. Two programs were written to select
the subjects for this study from records on magnetic tape




Table 1: Variates

Points Deducted

Quick stop

Backing- 50 feet

Hand brake stop

Turn about

Stop and start on grade
Shifting going down
Posture

Clutch

Attention

Distraction

Keeping in lane
Following

Overtaking

Belng overtaken

Right of way

Use of horn

Time (compared to normal)
First start

Second start

First approach to corner
Second approach to corner
First slow sign

Second slow sign

First stop sign

Second stop sign

First traffic signal
Second trafflc signal
First left turn

First left turn: signal
Second left turn

Second left turn: signal
Third left turn

Third left turn: signal
First right turn

First right turn: signal
Second right turn
Second right turn: signal

Signs test
Rules test

Total road test

Good
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at the Motor Vehicles Department. The first program examined
the accident and violation record (and appropriate demographic
information) for each driver licensed between June 26, 1964
and May 31, 1965. For each driver who met all criteria for
admission into one of the cells in the deslign, the name, 1li-
cense number, and cell identification code were written onto
another magnetic tape. The second program randomly selected
approximately 600 drivers per cell from the pool of drivers
determined by the first program. The sample was randbmly ‘
sorted down to 450 drivers per cell and the data collec%igh
proceeded to 1ts second stage, the recording of test scores
from the licensing procedure onto punched cards..

- For each of the 450 drivers per cell, the original appli-
catlons were pulled from the master files at the Motor Ve~
hicles Department. A preliminary check of this information
Indicated that a small percentage of the drivers did not
have complete scores on all sectlons of the licensing pro-
cedure. Elimination of thesedrivers left 420 to 435 per
cell, At random 300 of these were chosen for the primary
MANQVA analyses. The rest were saved to form the pool of
drivers from which the valldity sample was sélected.

Sample Size. The original design for this study called
for an n of 300 per cell (N=1800). However, only 29 females
were found to meet the criteria for admission into the Ac-
cident category. In additlon, after the data were collected,
a percentage of the data were found to be inconsistent, 1in
that the total road test score was not a simple sum of the
variates on the road test. Elimination of these drivers .
left the following non-orthogonal MANOVA design:

Clear Record Minor Violétion Accident

Male 263 256 257
Female 266 253 24




All analyses reported in the Results section of this report
are based on this sample.

The original design for the validity sample called for
an n of 100 per cell (N=600). However, no drivers remained
for the female Accident category, and a percentage of the
selected drivers for the other cells has the inconsistency
described above, Elimination of these drivers left the
following design for the validity study:

¥ y‘
Clear Record Minor Violation Accident <
Male 85 88 82
Female | 94 - .89 - | 9

All analyses reported in the Validity Study section of this
paper are based on this sample.

Analyses. The major analysis was the multivariate analy-
sis of variance on the 39 variates listed in Table 1. The
major hypotheses of this study involve differences among var-
ious levels on the driver performance factor. Since there
are two degrees of freedom, tests may be obtained for a num-
ber of different contrasts. In all, three sets of two inde-

pendent contrasts were obtained:

Category: Clear Record Minor Violation Accident

Set I: Contrast 1: 0 1 -1
Contrast 2: 2 -1 -1
Set II: Contrast 1: 1 0 -1
Contrast 2: -1 . 2 -1
Set III: Contrast 1: 1 -1

Contrast 2: -1 -1 - 2
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These contrasts may be interpreted as direct tests for dif-
ferences between the categories specified: 1.e., Con-
trast 1 of Set I is a test for differences between the Minor
Violation group and the Accident group on the 39 variates,
Contrast 2 of Set I tests for differences between the Clear
Record group and the average of the Minor Violation and
Accident groups, and so nn. These sets of contrasts are not
independent, and hence, caution must be taken in their inter-
pretation. It was felt that the inclusion of a validity.
sample in the design of thils study would serve as a precau-
tionary measure agalnst overinterpretation of these indivi-
dual degree of freedom tests.

- Several contrasts seemed to have more subjective impor-
tance than others. Particularly, Contrast 1 of Set I singles
out the differences between the Motor Violation category and
the Accident category, and hence makes maximum use of the
control for amount of driving. Contrast 1 of Set II looks
at the differences between the Clear Record category and
the Accldent category and hence is a direct test of "no
record”" vs. "record" drivers. Finally Contrast 2 of Set III
tests the differences between the average of the Clear Re-
cord and Minor Violation categories and the Accident cate-
gory, and hence tests all-drivers of the "good" or "acceptable"
class against the "unacceptable" drivers.

All of the above analyses were performed using all 39
variates listed in Table 1. Since not all 39 variates con-
tribute equally to the differences between categories of
drivers, an attempt was made to identify subsets of vari-
ates that contributed most heavily to these differences.
Subsets of variates were found for the overall Category
analysis, and for each individuél degree of freedom analysis.
This was done using analyses of covariance: for each analysils,
a subset of varlables was found such that, when used as co-
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variates, the rest of the variates add essentially nothing

to the differences between groups, and hence may be discarded
(Rao, 1965). Variates yielding univariate probability levels
of 0.15 or less, or unusually large discriminant function co-
efficients (see immediately below), were included 1n these
subsets as variates to be kept for further analysis.

As part of the multivariste analysis of variance, the
discriminant function coefficlents associated with all roots
significant at the .15 level were obtained. These. coefficients,
properly weighted, can be applied to the raw scores from the > .4
road test to form weighted composite scores that optimally
discriminate among the various categories of drivers. These
welghted composite scores are of central interest in the
validity study.

Finally, several variables were recorded on the data
cards for each driver but were not included in the primary
analyses. Included under this heading is information on
race, on the model year of the car in which the road test
was taken, on the condition of the car, and on the form of the
rules test administered. Appropriate analyses of variance
were performed on these variables.

Results

The total number of drivers receiving their license in
North Carolina between June 26, 1964 and May 31, 1965 was
134,327. Of this number, 70,889 were under age 21 at time
of licensing. Drivers who failed to meet criteria specified
for the three driver categories were discarded. Population
totals for the cells in the design appear in Table 2.

Results of the Primary Analyses. The analyses of vari-
ance for this study used the MANOVA program described by
Clyde, Cramer, and Sherin (1966). This program yields an
exact least squares solution for the non-orthogonal case.




Miner
Clear Record , Violation Accident 'Discarded
Males 13,412 4,871 588 21,084 39,955
(18.9) (6.9) (0.8) (29.7) (56.4)
Females 22,340 1,377 28 7,189 30,934
(31.5) (1.9) (0.0) (10.1) (43.6)
35,752 6,248 616 28,273 70,889
(50.4) (8.9) (0.8) (39.9) (100.0)
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The overall multivariate tests for Sex X Category, for
Category, and for Sex are presented in Table 3. The "Root
2" line indicates the residual test; i.e., the test based
on the differences remalning after the largest root has been
extracted. The multivariate tests are exact. Note that none
of the multivariate results are significant at the .05 level.
Nevertheless, since thils study was exploratory in nature, and
since the multivarlate results for the Gategory analysis were
significant at the .10 level, it was decided to continue the,
study according to the design presented in the Methods sectiony
despite the non-significante of the primary results. Hehce,
the multivariate tests for each of the six individual degree
of freedom contrasts were found; these results are presented
in Table 4,

In addition to the multivariate tests, corresponding
| univariate tests were performed on the total road test score.
Recall that thils score is a linear composite of the items
on the road test. The results of these univariate analyses
(overall and individual contrasts) are presented in Table 5.
The fact that the overall test and a number of the contrasts
are significant indicates promise for differentiation among
categories of drivers using a linear composite of the items
on the road test.

Finally, the category means, adjusted for the Sex effect,
for the 39 variates in the multivariate analysls and for the
total road test score are presented in Table 6. These means
will be needed for some of the results discussed in the
Validity section. '

Reduction of the Number of Variates. As explalned in
the methods section, not all variates contribute egqually to
the multivariate results presented‘in Tables 3 and 4. Rather,
it 1s the general case that a small subset of the variates
account for a large part of any differences found. Hence,
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Table 3: Primary Multivariate Results

ar P

Category X Sex

Roots 1 and 2 78/2550 .132

Root 2 39/1275 .315
Category

Roots 1 and 2 78/2550 .062

Root 2 39/1275 24y
Sex .

Root 1 39/1275 .093

Table U4: Multivariate Results on Individual Degree of

Freedom Tests

daf P

Minor Violation vs. Accident 39/1275 .251
Clear Record vs. average of

Minor Violation and Accident 39/1275 .085
Clear Record vs. Accident 39/1275 .193
Minor Violation vs. average of

Clear Record and Accident 39/1275 .130
Minor Violation vs. Clear Record|39/1275 .054
Accident vs. average of Clear

Record and Minor Violation 39/1275 L2TH
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Table 5: Univariate results for the total road test

score
ar o]
Category X Sex 2/1313 021
Category 2/1313 .019
Sex | 1/1313 .001
Contrasta: -
dar CXS Category

‘Minor Violation va,. K
Accident 1/1313 .006 .008

Clear Record vs, aver-
age of Minor Viola- '
tion and Aceldent 1/1313 067 2111

Clear Record vs.
Accident 1/1313 .011 012

Minor Violation vs.
average of Clear
Record and Accident |1/1313 017 .066

Clear Record vs.
Minor Violation 1/1313 662 874

Accident vs. average
of Clear Record and
Minor Violation 1/1313 .006 .005
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Table 6: Category means adjusted for Sex

Clear Minor

Record Violation Accldent
Quick stop .756 609 «733
BaCRing 2.079 2.10 2.289
Brake stop .051 .09 «113
Turn about 2.509 2.304 2,212
Stop and start .586 772 .780
Shifting .057 024 .039
Posture o257 .232 322
Clutch .201 «255 .34%2
Attention 578 o741 .718
Distraction .094 .106 .090
Keeping in lane 654 715 775 4
Following JOlU5 .0 . 4067
Overtaking .006 .01 .010
Being overtaken JO017 .026 012
Right of way .083 .138 .150
Use of horn 062 .073 .053
Time .816 .672 .981
First start .149 .130 170
Second start .066 .073 .OZS
First approach «308 «303 «341
Second approach .178 153 .129
First slow sign 125 <206 .146
Second slow sign .093 084 .106
Pirst stop sign .246 «265 .283
Second stop sign v Q72 .086 .081
First traffic signal 094 .118 144
Second traffic signal +OUT 045 .029
First left turn 729 725 772
First left: signal .488 <523 451
Second left turn 737 572 797
Second left: signal « 367 LU401 .323
Third left turn .635 562 612
Third left: signal .352 .314 «313
First right turn . .710 715
First right: signal «195 .198 J1Th
Second right turn .639 542 679
Second right: signal .199 234 222
Signs test 3.838 3.705 4,692
Rules test 18,276 18.503 19.958
Total road test 15.218 15.162 16.323
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for the overall Category result, and for each individual de-
gree of freedom contrast, an attempt was made to reduce the
number of variates to a relatively small subset that accounts
for a relatively large portion of the differences between the
groups of drivers 1in question. Thils was done using the analysis
of covariance procedure described earlier. The multivariate
and univariate results, and st2ndardized discriminant function
coefficients for the selected subsets of varlates for the
overall Category test and for each individual degree of free:
dom tests are presented in Table 7. The discriminant fuﬁction
coefficients are normalized, and hence must be multiplied by
the reciprocal of the raw score standard deviation before

they can be applied to raw score data.

4

Additional Analyses.

Rules test. The ruleé test was significant on the
driver performance category dimension for the overall Cate-
gory analysls for several of the individual degree of free-
dom analyses (see Table 7). There are six different forms,
supposedly parallel, for the rules test: flve written forms
and one oral form. By 1including the form of the test as the
third dimension in a three-way analysls of variance, a further
analysis of the rules test can/be made. The results of this
analysis are presented in Table 8. The main effect for Form
is significant. Post hoc contrasts indicated that Form 3
was significantly easier than the other forms.

Race.' Information on the Race of the examinees
was recorded on the data cards. To see whether there were
any differences between the Races on the total road test
scores, Race was added as a dimension in a three-way analysis
of variance. Results are presented in Table 9. Due to the
non-significance of the results, no further analyses were -
made on thls variable.
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Table 7: Multivariate analyses on reduced sets of
varliates

o SDFC

Overall Category: Roots 1 and @: p = 001

Root 2: p = 006
Stop and start 145 400 033
Clutch 051 364 321
Attention 131 353 -024%
Right of way 029 475 150
First slow sign 017 LY -314
Second left turn 007 -319 582
Sizns test 109 029 _ ho9
Rules test 022 257 434

Minor Violation vas,. Accident:

Multivariate p = 001

Posture

Following

Time

First slow sign
Second left turn
Second right turn
Signs test

Rules test

111 281
106 308
056 344
100 -320
006 496
092 271
041 302
021 365

Clear Record vs, average of Minor

Violation and Accident:

Multivariate p = 001

Brake stop
Turn about

Stop and start
Clutch
Attention
Keeping in lane
Rlght of way
First slow sign
Rules test

092 238
061 -284
055 358
025 390
058 288
134 313
008 - 435
061 339
043 351
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Table 7: . continued:

o) SDFC

Clear Record vs. Accident: Multivariate p = 001

Brake stop 136 276

Turn about 036 -270

Stop and start 140 277

Clutch ol hos

Keeping in lane 136 370

Right of way 028 426 _
Signs test 076 309

Rules test 007 446 .

Minor Violation vs. average of Clear '
Record and Acclident: Multivariate p = 001

Following 119 ° 322
Time 063 342
First slow sign 010 -518
Second left turn 002 584
Second right turn 056 304
Signs test 124 274

Clear Record vs, Minor Violation :
Multivariate p = Q01

Turn about 150 277
Stop and start 076 -363
Attention v 054 -324
Right of way 025 -409
First slow sign 005 ~-54]1
Second left turn 012 488

Accident vs., average of Clear Record '
and Minor Violation: Multivariate p = 001

Posture 135 309
Cluteh 033 435
Time . 109 332
Second left turn 059 395
Signs teat ' 038 354
Rules test 007 483

Decimal points omitted.
- SDFC: Standardized Discriminant Function Coefflcients
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Table 8: Form of rules test analysis

ar p
Form 5/1278 .011
Sex X Form 5/1278 413
Category X Form 10/1278 176
Sex X Category X Form 10/1278 643
Table »9; Race analysils
Race 1/1297 .237
Sex X Race 1/1297 691
Category X Race 2/1297 618
Sex X Category X Race 2/1297 .978 !
Table 10: Condiltion of car analysils
Condition of car 2/1299 .271
Sex X Condition 2/1299 473
Category X Condition 4/1299 .281
Sex X Category X Conditior 4/1299 413
Table 11: Model year of car analysis
Sex 1/1313 .001
Category 2/1313 .718
Sex X Category 2/1313 .064
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Condition of Car. The examlner records the condition of
the car in which the road test 1s taken. By including this
variable as one of the dimensions of a three-way analysils of
varlance, it may be tested on the total road test score. Re-
sults are presented in Table 10, Once agaln, the results were
not significant, and no follow-up analyses were done.

Model Year of the Car. In addition to the condition of

- the car, the model year is also recorded. To analyze this
variable, it was used as the dependent variable in a two-way =~ 4
analysis of variance. The results of thils analysis are pre-
sented in Table 11. The Sex dimension is significant; the

means for this dimension adjusted for Category (1960.182 for
females and 1959.404 for males) indicate that females take the
road test in significantly newer cars than do males.

Validity Study
The results reported above were based on a sample of
size 1319. During the data collection, the appropriate infor-
mation was recorded for an additional 438 drivers. These data
were used for the Validiﬁy Study.

Development of the Composite Scores. As part of any
multivariate analysis of variance, the discriminant function
coefficlents associated with each root may be obtained. These
coefficients, when applied to the actual data, yield a com-
posite score that maximally discriminates between groups for
the data in question. For the validity study, the discriminant
function coefficients obtained in the main analysls were applied
to the raw data of the validity sample to develop composite
scores for the validity sample.

The MANOVA program used for this étudy prints standard-
i1zed discriminant function coefficiénts assoclated with all
roots significant at the .15 level. The coefficlents used to
develop the composite scores for the valldity study were pre-
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sented in Table 7. Note that these coefficients are based on
the analyses of reduced sets of variates; hence, the composite
scores are based on only a small percentage of the variates,
those found to contribute heavily to the differences between
categories.

Composite scores were obtained for each contrast and for
both roots of the overall Category analysis. These eight
scores, together with the total road test score for each valil-
dity sample driver, provided the data for the validity analygsis.

Analysis and Results. The total road test score was
analyzed in a 2X3 univariate analysis of variance with one
‘missing cell. The results of this analysis are presented in
Table 12. Note that the probability level for Category
(p<.174) does not reach the same level of significance obtained
in the main analysis (where p<.019).

Two composite scores were computed based on the discrimi-
nant function coefficients from the overall Category analysis.
The results of the multivariate analysis of the two composite
scores uslng the validity sample are given in Table 13. The
fact the the second composite score ylelds better differentia-
tion among categories of drivers in the validity sample than
does the first composlte score can only be due to randon fluc-
tuations between the main sample and the validity sample.
Neither composite score 1s significant at the .05 level; hence,
it 1s concluded that the disecriminant welghts identified in
the overall Category test of the primary analyses are not con-
flrmed by the validity study.

Composite scores were also computed for each driver in
the validity sample for each of the six contrasts. These six
scores were each submitted to a univariate analysis of vari-
ance. Since each of these scores was based on the discriminant
function coefficients of an individual degree of freedom con-
trast, the same contrasts were used in the validity analysis.
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Table 12: Roaa test analysts tor valtdity sample
af . p
Sex 1/433 .208
Category 2/433 174
Sex X Category 1/433 .948

Table 13: Multivariate results on the two composite
scores derived from the overall Category

analysis-
Multivariate test: F P s |4
Roots 1 and 2 : | 1.947 .101
Root. 2: L 0.736 .391
Univariate tests: F P SDFC
Overall score 1 1.130 . 324 «553
Overall score 2 2.579 077 8Tk

SDFC: Standardized Discriminant Function Coefficients

Table 14: Contrast results for the composite scores
ar E <l

Minor Violation vs,
Accident | - 1/433 | 0.753 .386

Clear Record vs. average
of Minor Violatlon
and Accldent 1/433 5.750 .017

Clear Record vs.
Accident 1/433 8.359 .00k

Minor Vioclation vs, aver-
age of Clear Record
and Accident 1/433 0.001 .975

Clear Record vs,
Minor Violation 1/433 0.198 657

Accldent vs, average of
Clear Record and
Minor Violation 1/433 3.912 .0l2
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The results of these analyses are presented in Table 14. Evi-
dence for the validity of the primary analysis is given by the
probability levels obtained for three of the composite scores:
Clear Record vs. the average of Minor Violation and Accildent,
Clear Record vs. Accident, Accldent vs. the average of Clear
Record and Minor Violation. Note that these three contrasts'
form an intuitively meaningful set, centering around the
differences between the C.car Record category and the Accident

category.

Graphic Representation. The results of the previous gec-
tion indicate that different categories of drivers can be dif-
ferentiated using a weighted composite score of the items on
the road test. Despite the statistical significance of these
results, the differences between the categories are not great.

To gain insight concerning the differentiation that this
study has identified, the distributions of scores for the
validity sample Clear Record category and Accldent category
were plotted for the Clear Record vs. Accident composite score
(Figure 1) and for the total road test score (Figure 2). The
differentiation between the two categories i1s not readily
apparent for either score. Nevertheless, if one uses a cut-
ting point suggested by the adjusted means of the main analy-
sis, the Clear Record vs. Accident composite score yilelds
the following 2x2 Chi Square result:

Below Above
CR .64 .36

' x2 = 4,577 (p<.05)
Ac b9 .51 :

The total road test score does not yield a significant Chi

Square result:
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. |
! Cut-off point: 1.676

<« o8B 0 C 0 0 KB M
L

00 SO (-4 WS 2.00 2.50 308 350 4.00

Pigure 1: Clear Record (solid) and Accident (dotted)
categories plotted for the CR vs. Ac composite score,

13
\ Cut-off point: 15.77

9 0P o a0 o0 B o
o)

e

o-:l $-6 9-10 3-K . - Al-ak  arl ‘:1'1-30
Figure 2y Clear Record (solld) and Accident (dotted)
categoriles plotted on the total road test score.



Below Above

CR |.60 LU0 5
x~ = 0.501 (NS) .

Ac |.55 U5

These analyses confirm the finding that the composite score
does differentiate between the Clear Record category and the
Accident category in the validity sample, whereas the total
road test score currently in use fails to differentiate. = -4

New Weighting System. One of the major purposés of
this research was to develop a new set of weilghts to apply
to the individual maneuvers of the road test. The suggested
new set of welghts are given in Table 15. These suggested
weights were chosen to correspond to the results presented in
Tables 7 and 14; those maneuvers heavily weighted on the
three contrasts receiving supporting evidence from the validity
study were weighted 10 or 8, those not appearing in the re-
duced sets were weighted 2, etc. A number of weights were ad-
Justed on other bases; i.e., second and third turns were more

heavily welghted than first turns, and so on.

Discussion and Conclusion _

The results of this study indicate that drivers with
varying types of performance records do exhibilt differing
patterns of driving skills as measured by the licensing exa-
mination. Whether these differences can be used successfully
to predict future driver performance records is an issue un-

resolved.

Limitations in the Design of the Study. Several short-
comings in the design of the study should be noted: '
1) Exposure. As stated in the Methods section, one
variable important for a study of this type is the amount
of driving that a person does. The criterion for admission
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Table 15: Suggested weightling system

(oe)
]
fe})

Good Failr

Quick stop

Backing 50 feet
Hand brake stop
Turn about

Stop and start
Shifting goling down
Posture

Clutch

Attention
Distraction
Keeping in lane
Following
Overtaken

Being overtaken
Right of way

Use of horn

Time (compared to normal)
First start

Second start

First approach
Second approach
First slow sign
Second slow sign
First stop sign
Second stop sign
First traffic signal
Second traffic signal
First left turn
First left: signal
Second left turn
Second left: signal
Third left turn
Third left: signal
First right. turn
First right: signal
Second right turn
Second right: signal

o

o

Signs test
Rules test

OO0 OO0 O0DOO0DOD0O0O0O0O0DOOOOODOOODDOODOO0OOO
VIE HREFWHRSRHEFWHHRRRWERHEDDOUOFUIRFFODUFWUOIWH SESDW
HO NONOANONONONNNNAN NN EISN R N R ROV OV 0000 &0

0

Exclusing Signs test and Rules test, there are 174
possible points to be deducted. The present scoring system
has 174 possible points to be deducted.
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into the Accident category was a certain number of accidents
and associated violations. A person who drives quite often
exposes himself to accident and/or violation opportunities more
than a person who seldom drives. Likewise, a person may have

a clear record simply because he seldom drives, and despite

the fact that evaluation of hils driving skills indicate that
"he 1s not a good driver.

Some effort was made to control this variable in the 4
present study by‘definition of two categories of accéeptable
drivers. The first category was drivers with clear records,
and, 1t was assumed, drlvers who had clear records elther be-
cause they were good drivers or because €hey did not drive
often. The second category was drivers with minor violations,
drivers who hag relatively acceptable records despite the
‘assumption that, as a group, bhey had greater driving exposure
than the first category. Hence, 1t 1s hypothesized that .the
major difference between these two categories was the driving
exposure varilable.

The results of the study did not show clear differences
between these two groups. This result neither verifies nor
contradicts the assumptlon that the minor violation group had
greater driving exposure'than the clear record group; rather,
it says that differences between the groups on the road test
are not statistically significant.

The driving exposure variable also has implications in
conjunctlion with the Sex factor in this study. The drivers
considered in the study were under 21, and it may be hypothe-
sized that for this age group males have greated driving ex-
posure than do females. It may also be hypothesized that
females, when they do drive, stay out of trouble more than do.males.
Both of these hypotheses are consistent with the results pre-
sented in Table 2, where the proportion of males who fall into
the Minor Violation and Accident categories 1s far greater
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than would be expected by chance.

Due to the importance of this variable, it 1is recommended
that future studies attempt to control it in a more systematic
fashion than does the present study. Two 1ndices that might
be considered are miles driven per given period of time, aﬁd
number of times driving per given perlod of time. Cholce of
an index should depend on the characteristics of the group of
drivers studied. Finally, it should be noted that investiga-
tions based on professional drivers (truck drivers, bus dri-
vers, ete,) do control for the exposure variable, but generali-
zation from this type of driver to drivers in general may hot be
valid.

S |

2) Scale of Measurement. A second methodological limita-
tion to this study was the scale of measurement used for each
item on the road test. Recall that each item was scored on a
three-point scale (Good, Fair, Bad) with zero points deducted
for a Good rating, and a variable number of peints deducted for

a Fair or Bad rating on any given item. The vast majority of
the examinees received good ratings for most of the litems; hence,
the item distributions were heavily skewed, and the assumption
of multivariate normality was not met.

Not much 1s known concerning the violation of assumptions
for multivariate analysis of variance (Jones, 1966). Transfor-
mations for the data were conslidered, but the data were so
skewed (more than 80 percent scored Good for most items) that
the transformed data would probably have been just as badly
skewed. Other possible solutlions lie either in collecting data
on a scale of measurement that 1s likely to meet the multlvariate
normality assumptlon, or ln analyzing the data by a non-metric
multivariate technique that doés not require the multivariate
normality assumption (Bock, 1966).

3) Restricted Population. A third limitation was the
fact that the study does not deal with the population of all
possible drivers. Theoretically speaking, it should, since
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we would like to be able to predict the future driving perform-
ance of any possible driver. The population from which the
sample was drawn for this study was limited to those who had
already passed the licensing examination. Although this res-
triction should be noted, 1t cannot be rectified within the
context of the present study, because the data required to
categorize the applicant who fails do not exist.

The above discussion does not imply that the data on
the applicant who fails cannot be used in the context of
another study. Unfortunately, these data are not kept under
the present record-keeping system in North Carollna, but data
could be collected to compare the patterns of test scores of
the fallure group against the patterns of test scoresfor the
Clear Record group, the Minor Violation group, Bnd the Accil-
dent group. In addition, the number of times a license appli-
cant takes the road test may be a valuable piece of informa-
tion; it may be, for example, that differing sets of welghts
should be assigned to the road test items depending on whether
the applicant is taking the test for the first, second, etc.,
time. If data on drivers who fail the test oneor more times
can be made availlable, research could be designed to answer

these types of questilons.

Discussion of the Results. The differences between the
categories of drivers identified by this study are small but
statistically significant. Furthermore, the differences be-
tween the Clear Record category and the Accident category
are consistent enough to be valldated by an independent sample

of drivers.

As shown in Figure 1 above, the distributions of the
categories of drivers overlap considerably. Nevertheless,
using the cutoff points suggested by the adjusted means from
the main analysis, statistical significance 1s agaln obtained
for the composite scoring system developed in this study.
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The suggestion might be made that the cutting point sug-
gested in Figure 1 would be optimal for discrimination and
therefore should be used as a basis for pass or fail on the
licensing examination. For argument sake, let's say that
using this cutoff, the true situation in the population of
all pOSSible drivers 1s the followlng:

Pass Fail
Future good 65 percent 35 percent
Future bad 50 percent 50 percent i

The above situation is close to the results given in Figure
1. Using the suggested cutoff would then require failure of
35 percent of all future good drivers in order to fail 50
percent of future bad drivers. Recall that Table 2 shcwd only
1.69 percent (616 of 36,368) drivers are ldentified as acci-
dent category drivers out of all drivers in the population
that were either clear record or accident drivers. This means
that approximately 40 future good drivers would receive failure
scores for every one future bad driver receiving a fallure score.
The implementation of such a system is likely to be impracti-
cal. , _ |

The discussion so far has been on the pessimestilc side,
which perhaps 1s misleading. The primary results of the study
show that various categories of drivers can successfully be
distinguished on the basis of patterns of scores on driver
skill tests. Reports in the llterature so far have pointed
to individual driving skills (Campbell, 1958) as possible dis-
tinguishers, or have indicated non-significant results, but
none has reported patterns of skills that yield significant
differences between categories of drivgrs.. These patterns
of skills were given in Table 7. A look at this table indi-
cates that two different classes of skills seem to contribute:
First, a "physical handling of the automobile" class, including
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brake stop, turn about, stop and start, énd clutech. The second
class is an "interaction with traffilc" class, including atien—
tion, keeping in lane, right of way, and first slow sign. With
the identification of patterns of skills, further research may
now be designed to investigate these patterns, perhaps identi-
fying an underlying complex of skills that yields better re-~ .
sults than the systems identifled in this study. '

Finally, it should be pointéd 6ut.that a number of.otherA
types of variables have also been shown to discriminaté signi-
ficantly between drivers: for instance, measures of driGef‘ |
attitudes, previous driver performance, ete. This disc;iﬁ&n- -
ation has generally been found using statistical methods some-
what less powerful than the one used in ﬁhis study;-fThe mul- '
tivarilate analysis of variance paradigm could be applied to
these areas of research, perhaps yielding clearer results than
now are available. In addition, the multivariate analysis of

- variance paradigm could be used to study the interrelation of

all the classes of variables in an attempt to get a general
overview to the relevant varlables that might be used to suc-—-
cessfully distingulish between categories of drivers.

Conclusions. The research reported in this paper 1is only
a modest beginning. The results of this research provide no
clear answer to the question "Which driving skills are most
important?" but they do offer some insight into the patterns

-of skills most important. The patterns 1dentified may now be
further studied to more sharply define them and to get a closer

approximation to thelr predictive ability.

A number of suggestions concerning future research were
gilven above. Of these, the éxposure to driving variable 1is
the most important to control in future research. The com-
position of the categories of drivers defined for this study
is still an unknowr due to the lack of control over the expo-

sure varlable.
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In conclusion, 1t can be saild that thils study indicates
a future for the "driver skills' class of variables in the
differentiation and prediction of future driver performance.
The results are not conclusive, but do seem to be conslstent.
This class of variables may not lead to adequate prediction
of driver performance by itself, but it is possible that in
conjunction with other classes of varlables, better predictlon
can be made. ‘
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