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PREFACE

This report describes the development and evaluation of an Automobile
Oriver On-road Performance Test (ADOPT). The work was performed by the
National Public Services Research Institute (NPSRI) under contract to the
National Highway Traffic Safety Administration (NHTSA), U.S. Department of
Transportation (Contract No. DOT-HS-9-02092). Ors. Mark Lee Eawards,

A. James McKnight, and Kenard McPherson served as Principal Investigators
during the various phases of the project.

Tne project staff is grateful to Dr. Stephen V. Versace and Michael F.
Smith, NHTSA Contract Technical Managers, for tneir guidance throughout the
project. Or. Versace served as CTM during initial development and pilot
testing. Mr. Smith served as CTM during the field evaluation and final
developmental work.

We acknowledge the contributions of the Project Advisory Committee mem-
bers, wno graciously provided their time and advice to the project staff,
Committee members were: DOr. Mark Lee Edwards, NPSRI (formerly with Texas
Transportation Institute); Wayne Green, Nebraska Department of Motor Vehi-
cles; Dr. Margaret H. Jones, University of Southern California; John F.
U'Brien, New York State Departiment of Motor Vehicles, Mike Rudisill, Michi-
gan Departinent of State; Maj. Howard R. Showe, Maryland Motor Vehicle Admin-
istration; and Maj. Thomas Tennery, Oklahoma Department of Public Safety.

We wish to express our appreciation to Rodger Koppa, Texas Transporta-
tion Institute, Texas A & M University, who directed subcontract work con-
ducted by TTI in determining the feasibility of and techniques for measuring
certain behaviors under consideration for inclusion in the ADOPT.

We also wish to express our thanks to staff of the Oklahoma Department
of Public Safety (DPS), who provided support for the pilot and field tests
of the ADOPT. 1In particular, we acknowledge the help of Maj. Thomas
Tennery, Capt. Bill Williams, Capt. John Holland, and Lt. Kenneth Thompson,
who were in charge of the DPS effort. We are grateful to the examiners from
the Oklahoma City and Tulsa/Jenks axamination offices, who provided their
time and assistance.

Finally, we acknowledge the assistance of the following NPSRI staff
members who contributed to the project: Phil Durham, Ruth Freitas, Curtis
Goode, Anne Knipper, and Michael Sadof.

Tne following two volumes complete this report series:

o Automobile On-Road Performance Test (ADOPT), Volume II: Admin-
istrator's Manual

o Automobile On-Road Performance Test (ADOPT), Volume III:
Examiner's Manual
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INTRODUCTION

A1l States administer a road test to thase persons seeking their first
driver's license. Road tests are needed to meet State statutory require-
ments that applicants demonstrate minimal operating skills. The overwhelm-
ing majority of Americans will at some time take road and written driving
tests, and it is nard to think of other tests that are as widely accepted as
these licensing tests are by those who administer them and those who take
them. There are few who question the need to test drivers' knowledge of
laws, signs, and safe driving practices or their ability to handle a car in
traffic.

what is guestioned is the effectiveness of tne existing road tests. In
the Tight of increasing costs of administration, some have questioned
whether all of the various driving tasks assessed during the road tests
really reflect the applicant's ability to drive safely. Several studies
have attempted to assess the effectiveness of existing road performance
tests by correlating test scores with subsequent accident and violation
experience. Campbell (1958), McRae (1968), and Harrington (1973) all found
significant but very small correlations. Kaestner (1964), as well as Waller
and Goo (1968), found botn positive and negative correlations, with results
dependent on the age and sex of applicants. Wallace and Crancer (1969) and
Dreyer (1976) found no correlation.

In each of those studies, the investigators concluded that the road
tests lacked sufficient predictive validity to support their use as a
screening device in determining who will be permitted to drive. This was
not really surprising because road tests are not aimed at predicting acci-
dents. They are aimed at preventing accidents by assuring that those who
drive have the ability to do so safely. The American Association of Motor
Vehicle Administrators has stated (1967) tnat the purpose of the road test
is "to assure the applicant's ability to drive safely." That is precisely
what existing State road tests nave attempted to do. The tests are meant to
assure that persons who are licensed have demonstrated their apility is of
acceptable quality.

The problem with existing road tests lies principally in the fact thnat
they have not been developed from a systematic analysis of critical driving
tasks. They have evolved unscientifically, and tneir content validity,
examiner reliability, and sampling reliability are unknown. What is needed
by the States is a road test that is:

Q0 Valid, It must assess tnose benavigrs that are critical to
safe operation of an automobile.

0 Reliable. Each sample of behavior must provide a reliable
. estimate of total driving performance, regardless of .variation
in route or traffic characteristics.

0 Objective. The scores applicants receive must. depend totally
upon performance and must not vary as a function of differences
among examiners.



0 Feasible. The test must be administrable under constraints
imposed by limitations in applicant and examiner time, avail-
able manpower, personnel skills, and the characteristics of
available routes.

o Safe. The test must not expose the applicant or the examiner
to hazards beyond those that prevail in everyday driving.

o Effective. Administration of the test should result in .
improved safety, evidenced by a reduction of accidents.

This report describes a study that was conducted to develop such a
test: the Automobile Driver On-road Performance Test--ADOPT.

PROJECT PHASES

Project work was essentially divided into three phases.

Phase l--Identification and Selection of Candidate Behaviors

During this initial phase, project staff conducted a review of relevant
literature and examined the research performed in the development of other
on-road performance tests. A preliminary list of candidate behaviors for
the ADOPT was identified. Following review of tne list by groups of
experts, a panel met to discuss the list and make a final select1on of can-
didate behaviors.

Phase 2--Study of Measurement Methods

In this phase, certain candidate behaviors were subjected to testing in
order to determine their measurability, as well as.the best methods for
achieving valid and reliable measurement. The study also established rele-
vant criteria for use in assessing performance.

Phase 3--Development and Testing of the ADOPT

In this last phase, a preliminary ADOPT was prepared and pilot tested

to assess its validity and reliability. Following revisions based on
results of the pilot test, the ADOPT was field tested and d?veloped in final
form. The test was documented in an Administrator's Manualt and an Exami-
ner's iManual?

The following sections of this report describe the work carried out
during the three phases of the project.

1 Automobile Driver On-Road Performance Test (ADOPT), Volume II:
Administrator's Manual.

2 Automobile Driver On-Road Performance. Test (ADOPT), Volume III:
Examiner'S Manual.

-2-
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IDENTIFICATION AND SELECTION OF CANDIDATE BEHAVIORS

buring this initial pnase of the project, project staff identified
candigate benaviors for inclusion in the RDUPT. They also reviewed the
research conducted in the development of other road tests and reviewed all
relevant literature. Once a list of candidate behaviors had been developed,
groups Oof experts screened the list. Following this, a panel was convened
to make the final selection of benhaviors.

IDENTIFICATION OF CANDIDATE BEHAVIORS

To identify candidate behaviors for an Automobile Oriver On-road Per-
formance Test (ADOPT), project staff reviewed the Driver Education Task
Analysis, Volume 1, Task Descriptions (McKnignt and Adams, 1970). Tnis
report contains detailed descriptions of approximately 1,700 behaviors
required of passenger car drivers. The analysis separates tne tasks into
on-road and off-road oenaviors as follows:

On-Road Behaviors

Basic Control Tasks

general Oriving Tasks

Tasks Related to Traffic Conditions
Tasks Related to Roadway Characteristics
Tasks Related to the Environment

Tasks Related to tne Car

Off-rRoad Benaviors

Pretrip Tasks
M3aintenancs Tasks
tegal Responsibilities

Initial Screening of Behaviors

Many of tne benaviors listed were clearly unsuitable for inclusion in
an on-road performance test. To identify benaviors tnat mignt be suitadble,
project staff screened the 1,700 tasks to eliminate those that were:

0 Nonoperating--3ehaviors tnat were not directly relatea to the
operation of tne automobile, 2.g., maintenance, pushing and
towing, loading.

0 Infrequent--3ehaviors required for response to situations tnat
rarely occur, e.g9., avoiding a collision.

0 Unsafe--8enaviors tnat would create undue risks for tne appli-

cant and tne examiner or that could result in damage to the
applicant's vehicle, e.g., off-road recovery.

0 Safety-Unrelated--3enaviors tnat were not related to safety,
e.g., trip planning.




Eliminating benaviors in those four categories resulted in a prelim-
inary list of 165 candidate behaviors for further consideration. The com-
plete list is provided in Appendix A.

Classification of Behaviors

Tne behaviors surviving the preliminary screening were separated into
tne following five categories.

1. Driver/Vehicle Readiness--Behaviors required prior to driving.

2. Vehicle Control--Benaviors involved in simple control of vehi-
cle motion.

3. Vehicle Maneuvering--Benaviors involved in control of vehicle
motion during specific maneuvers.

4. Interacting witn the Highway/Traffic Environment--Benaviors
required for effective interaction with components of the
nighway/traftic environment.

5. Interacting with dighway/Traffic Hazards--Benaviors of a hign
skill level tnat are involved in interacting witn highway/
traftic hazards.

The five categories were used primarily to facilitate further develop-
ment work. Tne categories permitted tne behaviors to be grouped logically
and providea an efficient means of locating individual benaviors, since
without some type of division a searcn of the entire list would nave been
required in order to locate a specific benavior.

The categories can be furtner grouped into “Skills" and "Practices" as
follows:

Skills

Vehicle Control
Venicle Maneuvering
Interacting witn Hignway/Traffic Hazards

Practices

Driver/Venicle Readiness
Interacting witn the Highway/Traffic Environment

gehaviors in tne "Skills" category are tnose in which successful performance
is dependent primarily upon tne mastery of manipulative and perceptual
skills. Tnhose in tne "Practices" category are not in and of themselves
neavily dependent upon skills (anyone can signal a turn). Rather tney
reflect day-to-day ways of oenaving. Tne two categories of behavior wera
belijeved to differ substantially in tneir-implications for measurement pro-
cedures. These implications will pe discussed more fully later in the
report.
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REVIEW OF SELECTED DRIVER PERFORMANCE TESTS

A review of selected tests of driver performance was undertaken to
identify:

o Operational factors that should be taken into consideration in
developing a licensing test of driver performance.

o Candidate benaviors and measurement techniques appropriate for

a test of driver performance within the context of driver
licensing.

The review was limited to performance tests meeting the following
criteria:

Opjectivity of Measurement--Driver performance is objectively
measured and scored. Tests utilizing performance measures based
solely on tne examiner's subjective interpretation of the driver's
performance were excluded from the review.

Demonstrated Reliability--Only tests with documented reliability
coefficients for such test characteristics as interexaminer
agreement, sampling reliability, and route-to-route reliability
were reviewed.

Clearly Defined Test Situations--Those tests with inadequate (or

no) descriptions of test situations, scoring methods, or criteria
were excluded from the review.

Three tests of driver performance were selected for review on the basis
of these criteria. They were:

University of Southern California Safe Performance Test
Michigan State University Uriver Performance Measure
Motorcyclist In-Traffic Test

A general description of each test, outlining test content,

administration requirements, and measures of reliability, is provided below.

Safe Performance Test (SPT)

This test of driver performance was developed by the University of
Southern California, under NHTSA sponsorship, as an intermediate criterion
for evaluating the Safe Performance Curriculum for driver education
students. It has been designed to measure selected behaviors considered
critical to the safe operation of a motor vehicle, as defined in the Driver
Education Task Analysis (McKnignt and Adams, 1970). Only those behaviors

rated as either "high" or "moderate" in criticality are included.



Test Content

A total of 30 individual test items, grouped into several major cate-
gories of driver performance, comprises this test. The more important of
these major categories are:

Vehicle Path--Position of the vehicle in travel lanes during left
and right turns, and lane changes.

Speed--Vehicle speed during turns, lane changes, and straight
roadway sections.

Observation--The driver's use of head/eye checks to observe traf-
fic conditions during turning, intersection approaches, and lane
changes.

Mirrors--Use of mirrors prior to lane changes and turns.

Gap Judgment--Judgment (and maintenance) of proper gaps when fol-
Towing other vehicles and traversing intersections.

Additional test items provide for measures of more basic driver skills
involved in: backing, turnarounds, stopping, preoperation, and shutdown of
the vehicle. Separate measures of the driver's response to hazards that may
occur during the test, as well as the frequency with which the examiner must
take control of the vehicle, are also provided.

Test Administration

The total time required to administer tnis test is approximately 30
minutes. Two examiners are needed. A front seat examiner is responsible
for scoring the driver's response to hazards, maintaining control of the
vehicle, and administering route instructions. The second examiner, located
in the rear seat, scores the driver's performance in all other test situa-
tions. Approximately 40 hours of training are required to administer this
test.

Scoring

The driver's response to each test item is scored as either correct,
incorrect, or unobservable. Individual scores are recorded by coding a
schematic of the test route. Item scores are summed to provide "subtest"
scores, which are then summed to provide an overall test score.

A1l item scores are calculated in terms of "percentage of correct
responses" to correct for differences in the.frequency with wh1ch individual
test items are encountered in the test route.
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Test Reliability

Examiner agreement, one measure of interexaminer reliability, is
approximately 80% for total test score. The percent agreement for subtest
scores ranges from 76% to 82%.

Sampling reliability, measured by correlating examiner scores for the
same applicant on the same route over two administrations of the test, is:

0 Total Test Score: r = .80
o Subtest Scores:? r = .51 to .90
o Test Items: r = .10 to .85

No measures of route-to-route reliability have been reported for this
test.

Driver Performance Measure (DPM)

This test was recently implemented by the Michigan Department of State,
Driver License Division, as a replacement of their road test for initial
applicants. It is based on a concept for observing and measuring driver
behavior originally developed by Forbes (1975). A principal assumption
underlying this test is that valid measures of driver performance must be
sensitive to the dynamics of traffic and roadway conditions and the driver's
reaction to them. '

Little has been written regarding specific behaviors or measurement
techniques employed in this measurement approach. Individual test situa-
tions are couched in terms of BETSS (behavioral-environmental-traffic-
situational sequences). Individual BETSS are comprised by a number of sub-
BETSS (approximately three per BETSS). The examiner, when scoring driver
performance in response to these BETSS, attempts to gauge the driver's over-
all response to the various characteristics of each BETSS and sub-BETSS.

Test Content

The content of individual BETSS and sub-BETSS varies. The overall
suitability of the driver's response to these various test situations is
assessed in consideration of the following factors:

0 Driver search behavior
0 Speed control
0 Direction control

o Pattern of driver's response -

o Total score



The examiner scores driver performance as either "suitable" or "unsuit-
able" given the overall nature of the driver's response to the individual
conditions that arise within a given BETSS.

Test Administration

Approximately 15 to 30 minutes are required to administer the DPM. A
single examiner is required, located in the passenger side of the front
seat. Scoring is accomplished by checking the appropriate performance indi-
cator on a schematic of the test route.

t
Scoring
The driver's overall response pattern is scored as either "suitable" or ?
"unsuitable." Additionally, three general observations are made throughout
the test route between individual BETSS. These are:
0 near-miss accidents.
0 hazardous moving violations.
o performance below minimum acceptable levels.
Performance is evaluated at three levels: item score values, subscore
values, and total score. Scores are derived by simply totaling the number
of suitable responses. Approximately 120 hours of training are required for
administering this test.
Test Reliability
Interexaminer reliabilities for item scores, subscores, and total
scores were determined by utilizing two examiners to administer the DPM to
the same driver over a single route. The reliability coefficients obtained
for each scoring element are:
0 Individual score values: r = .56
0 . Subscore values: r = .58
o Total score: | r = .59
No estimates of sampling reliability have been determined as yet for
this particular test of driver performance.
Motorcyclist In-Traffic Test (MIT)
The MIT was developed by tne National Public Services Research Insti- f

tute under NHTSA sponsorship. The objective of this particular teést is to
provide an in-traffic measure of motorcycle operator performance as an
alternative to an off-street test previously developed. Its intended use is
as a licensing test only, for initial or renewal applicants.

-8-
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Test Content

The MIT provides for testing of applicant performance in 21 different
highway and traffic situations. Both basic skills and safe operating prac-
tices are included. The individual behaviors comprising this test are
grouped in five major categories:

Observation--The rider's application of head/eye checks to detect
the position and actions of other drivers.

Signaling--The application of turn signals to communicate the
rider's intentions to otner drivers.

Longitudinal Positioning--Positioning of the motorcycle in
response to leading vehicles and following vehicles.

Lateral Positioning--Positioning of the motorcycle within lane
boundaries during turns and over-the-road riding situations.

Gap Selection--Judging intervenhicle gaps at intersections.

Each of these major categories of driver behavior subsumes a number of
individual behaviors. For example, Observing behaviors are subdivided into:

0 Observing ahead.
o Observing to the sides.
0 Observing signs, signals, and markings.
0 Observing travel restrictions.
Basic skill measures included in the test are:
o Starting the motorcycle.
0 Putting the motorcycle in motion.
0 Maintaining directional control.
0 Stopping the motorcycle.

The test is structured so tnat the applicant's performance is scored in
the light of responses to specific behaviors imbedded in selected traffic
maneuvers. No overall assessment of the driver's performance of the maneu-
ver is made by the examiner. Instead, maneuvers are selected to maximize
the lTikelihood that specific behaviors will be exhibited by the driver.

Only these behaviors are scored, regardless of what other behaviors might be
elicited during the driver's performance of the maneuver.



Test Administration

Approximately 10 to 15 minutes are required to complete the actual
on-road testing activity. A single examiner is needed. The applicant is
followed by the examiner in a separate vehicle. Route instructions are com-
municated to the applicant via a one-way FM radio. The examiner drives the
following vehicle, administers instructions, and scores applicant perform-
ance. Where required, "safe" zones are established in the route to allow
the examiner to pull off the roadway to complete performance cnecks.

The applicant's performance is scored for each behavior as follows:
Yes--Applicant performéd to specified criterion level.
No--Applicant did not perform according to criterion.
N/A--Opportunity to observe behavior was not available.

The applicant's total score is derived by totaling the number of cor-

rect responses. Approximately 16 hours of training are required to admini-
ster this test. '

Test Reliability

Interexaminer reliability, determined by correlating examiner judgments
for the same rider over a single route, ranges from an r of .32 to .87 for
major performance categories. Total score interexaminer reliability is
approximately .60.

Sampling reliability (obtained by correlating a single examiner's
assessment of performance over two routes for the same applicant) is approx-
imately r = .62. The correlation of tne MIT total score with scores on an
of f-street skill test--the Motorcycle Operator Skill Test (MOST)--is approx-
imately .50.

Summary

The most important.characteristics of each of the performance tests
just described are summarized in Table 1 on the following page.

The various methods for assessing driver performance identified in this

review of selected driver performance tests were examined in relation to the

candidate behaviors for the ADOPT. This helped in the determination of:

0 Alternative measurement approaches--for individual behaviors to
be included in an on-road test of driver performance.

0 Measurement techniques--to be developed or.refined in those -
instances where no existing measure was available.

0 Behavioral Definitions--required to objectively define perform-
ance criteria for specific driver behaviors.

-10-
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REVIEW OF HUMAN PERFORMANCE ASSESSMENT LITERATURE

A review of literature relevant to the assessment of human performance
(particularly driver performance) was undertaken as a preliminary step in
the development of the ADOPT to identify individual behaviors and techniques
for measuring behaviors appropriate for application in an on-road test of
driver performance. Particular emphasis was placed on those studies
addressing:

Psychological Characteristics of Drivers--The relationship between
personality characteristics of the driver and accident involve-
ment.

Psychomotor Abilities--The driver's capacity to control speed,
path, and direction of a motor vehicle.

Perception and Vision--Visual acuity and the use of proper search
patterns.

Safe Operating Practices--The utilization of accepted principles
of safe motor vehicle operation in the driving task.

The review was confined to studies attempting to quantify, either by
direct measurement or observation, specific driver behaviors. Publications
of a purely descriptive nature and those presenting nothing more than con-
ceptualizations of driver performance characteristics were excluded from
this review.

Psychological Characteristics

A number of studies have investigated the relationship between accident
involvement and basic personality or attitudinal characteristics of the dri-
ver, most being devoted to simply describing the personality characteristics
and the nature of their relationship. Few studies have attempted to deter-
mine, in an experimental setting, the causal relationships between specific
personality characteristics and accident involvement.

Studies such as those performed by Tillman and Hobbs (1949), Thorndike
(1951), Selzer and Payne (1962), Tabachnick et al. (1966), Brown and Bonhert
(1968), Selzer, Rogers, and Kern (1968), Crancer and Quiring (1970),
McMurray (1970), Haviland and Wiseman (1974), and Phillips (1977) are repre-
sentative of the former approach to studying the relationship between per-
sonality characteristics and accidents. In these studies, and numerous
others, significant correlations have been found between such driver charac-
teristics as criminal record, credit rating, employment history, personal
problems, suicidal tendencies, etc. While studies of this type provide some
insights into the interaction between personality characteristics and driv-
ing styles, they are purely descriptive in nature and provide no direct evi-
dence of any "causal" relationship between personality attributes and acci-
dent risk. -
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Quenault (1968) attempted to assess in a more direct fashion the influ-
ence of personality characteristics on specific driving styles, and was able
to identify two basic personality types associated with high accident
involvement:

(1) Disassociative "active"
(2) Disassociative "passive"

Orivers classified as disassociative active were characterized by their
general edginess and impatienge while driving. Quenault found their behav-
ior to be unpredictable, such drivers often responding differently in simi-
lar situations or similarly in vastly different driving situations. Disas-
sociative passive drivers, on the other hand, were found to behave in the
same general manner regardless of the particular driving situation being
faced.

Edwards (1972) correlated responses to a pencil-and-paper personality
inventory with the accident history of approximately 1,000 drivers under the
age of 22. The results of a factorial analysis of data indicated that acci-
dent-involved drivers did possess some basic personality characteristics
that distinguished them from their "accident-free" cohorts. However, subse-
quent analyses concluded these traits were as descriptive of the "youth"
population in general as they were of accident-involved drivers, indicating
a possible confounding of the relationships between personality characteris-
tics and accident involvement as a function of age.

Perhaps the most thorough investigation of the role personality factors
play in accident involvement was undertaken by Mayer and Treet in 1977. The
initial study focused on two groups of college students (accident-involved
and accident-free) matched for age, sex, and annual mileage. All accident
group members had three or more accidents during the prior three-year time
period. A battery of tests measuring some 20 personality characteristics
was adminstered to members of both groups. Six tests were identified as
capable of distinguishing the control group from the accident group. A fol-
Tow-up study using a cross-validated prediction model permitted the authors
to correctly identify 12 of 14 other drivers as being either accident-
involved or accident-free.

Tnese results are supportive of those obtained in other studies; namely
Haviland and Weismann (1974), Schmidt et al. (1976), and McGuire (1976).
A11 concluded that reliable discriminations between accident-free and acci-
dent-involved drivers could be made on the basis of personality characteris-
tics measurable with pencil-and-paper instruments.

Personality Characteristics and Licensing

The difficulties associated with utilizing personality characteristics
as a means of determining driver "fitness" within the context of driver
licensing is obvious. State-operated driver licensing programs are designed
(and required by law) to assess the skills and abilities of drivers to oper-
ate a motor vehicle safely. While personality characteristics are related
to accident involvement, in and of themselves they do not comprise a measure
of performance ability. Furthermore, the evidence amassed to. date has
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failed to establish any causal relationships between personality character-
istics and driving ability. In fact, some evidence suggests those relation-
ships that have been found to exist merely reflect the obvious, i.e.,
personality characteristics influence virtually all aspects of an individ-
ual's life style. As such, personality characteristics related to accident
involvement are in turn related to the probability of divorce, the probabil-
ity of engaging in antisocial behavior, etc.

Psychomotor Abilities

The driver's ability to control vehicle path, speed, and direction and
other basic vehicle control abilities have been assessed in a variety of
experimental settings. For the most part, studies of the psychomotor abili-
ties of drivers have attempted to develop objective descriptors of basic
vehicle control behaviors. These studies investigated such aspects of vehi-
cle control as: steering behavior, speed selection and maintenance, lateral
positioning, and headway estimation.

In a majority of these studies, efforts have focused on the measure of
one (or only a very few) of these basic vehicle control characteristics.

Comparisons of Novice and Experienced Drivers

Greenshields (1963) authored one of the initial attempts to quantify
basic vehicle control behaviors. In this particular study, the fregquency
and magnitude of steering wheel reversal among novice and experienced dri-
vers in a normal over-the-road driving situation was examined. Novice dri-
vers were found to require more frequent steering inputs to maintain proper
road position when compared to experienced drivers.

A later study undertaken by Greenshields and Platt (1964) compared the
frequency of steering reversals, brake pedal applications, and accelerator
use among experienced and novice drivers. Significant differences were
found among these two driver populations for each of these measures. In all
cases, novice drivers were found to exhibit more frequent control inputs
(reversals) than experienced drivers. These basic control abilities were
subsequently found to be related to accident invovement; better control
capability (as measured by these variables) positively correlated with lower
accident rates.

Kimball, Elingstad, and Hagen (1970) assessed the basic vehicle control
abilities of novice and experienced. drivers in a driving simulator. Only
two categories of basic vehicle control abilities were assessed: speed con-
trol and steering control. Experienced drivers were found to exhibit sig-
nificantly superior performance as evidenced by fewer steering inputs to
maintain vehicle path, lower tracking error rates, fewer speed changes, and
lTittle variability in lateral positioning. .

A study by Quenault and Parker (1973) identified two variables (average

speed and incidence of poor vehicle control) to be significantly related
with age of the driver, and thus driving experience. Speed was founa to.
increase with experience, while incidences of poor vehicle control

-14-
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decreased. The authors concluded that mastery of basic vehicle control
skills, as measured by the frequency of vehicle control errors, permitted
the experienced driver to operate at higher speeds with lower error rates.

Tnese results have been confirmed in other studies (Edwards et al.,
1966; Zell, 1969; Harootyan, 1969; Shinar, McDonald and Treat, 1978; and
others. Collectively, they demonstrate that observable and substantial dif-
ferences exist in the basic vehicle control abilities of novice and experi-
enced drivers.

Comparison of Accident-Free and Accident-Involved Drivers

Crancer (1968) employed a driving simulator to measure five types of
driver basic control errors: speeding, steering, braking, accelerating, and
signaling. Resulting measures of these errors were found to be positively
correlated with accident involvement, providing additional evidence in sup-
port of research conducted by Greenshields, Platt, and others.

The results of in-depth analyses of selected traffic accidents as
reported by Shinar, McDonald, and Treat (1978) provide further evidence of
the relationship between basic skill abilities and accident involvement. In
comparing accident causes observed for experienced and inexperienced dri-
vers, it was found that inexperienced drivers were more likely to be
involved in accidents contributable to improper directional control of the
vehicle.

Acquisition of Basic Vehicle Control Skills

Studies of tne rate at which basic vehicle control skills are acquired
indicate that mastery is attained at relatively low levels of driving exper-
ience. This is best exhibited in a study conducted by Mourant and Rockwell
(1970). Novice drivers were tested before, during, and after driver train-
ing. A majority of drivers were found to have mastered a majority of the
basic vehicle control skills measured. Examples include speed control,
headway estimation, and car following. Most were mastered within a two-to-
three-week period following the inception of training. It was noted, how-
ever, that those driving tasks requiring substantial decision-making skills
required Jonger time periods for acquisition. In fact, several had not been
mastered at the completion of the study.

Basic Vehicle Control Skills and Licensing

The assessment of basic vehicle control skills within the context of a

road test of driver performance would appear valid from at least two per-
spectives. )

(1) Available evidence suggests that a mastery of basic vehicle
control skills permits the driver to devote "increased atten- .
tion" to decision-related driving activities. Examples
include adjusting speed to traffic conditions, observing
traffic, maintaining adequate intervehicle separation, and
navigating..
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(2) Inadequacies in basic control capability may or may not pre-
cipitate accident situations. No direct evidence is avail-
able. It is, however, these skills that permit the driver to
ultimately avoid or minimize the consequences of an accident
once an accident-producing situation arises.

Perception and Vision

The relationship between perception/vision and accident involvement has
yet to be well established. This is due not so much to the technical diffi-
culties encountered in measuring the perceptual and visual characteristics
of drivers, but the inability to vary such factors in an experimental sett-
ing. Virtually all studies in this area of driver performance have relied
on correlational techniques to investigate relationships between these fac-
tors and accidents.

Visual Acuity

Evidence of the role visual acuity plays in accident involvement has
been provided in the studies conducted by Silver (1936), Lauer (1937),
Lauer et al. (1939), Cobb (1939), Fletcher (1949), Henderson et al. (1971),
and others. These studies have identified small but significant correla-
tions between various measures of visual acuity (botn static and dynamic)
and accident involvement. Henderson, Burg, and Brazelton (1971) measured
200 drivers witnh at least 20/40 vision as measured by Snellen acuity, hexo-
bar acuity, and checkerboard acuity. Snellen acuity was found to be
significantly correlated with accidents, tnhough the correlation was small
(r = .15). Tnese results were essentially confirmed in a later study by
Henderson and Burg (1974), although significant correlations between Snellen
acuity and accident rates were found only for drivers 25 to 49 years of age.

Hofstetter (1976) analyzed the role of binocular visual acuity in acci-
dents. His sample consisted of approximately 14,000 drivers across 27
States. The percentage of drivers with poor visual acuity who had three or
more accidents was approximately two times greater than the percentage of
drivers with good visual acuity for all age groups in this sample.

Visual Search

The requirement for sophisticated equipment and techniques to accu-
rately measure driver visual search patterns has limited the investigatiom
of this behavioral characteristic. Studies by Zell (1969) and Mourant and
Rockwell (1970) utilizing eye movement recording equipment have documented
significant and unique differences in the search and scan patterns of novice
gnq experienced drivers. In general, these results indicate that novice

rivers: :

o Rely less on peripheral vision. .

o Scan for shorter distances down the roadway.
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0 Scan unsystematically.

o Fixate on nonrelevant cues for potential hazards.

Implications for Road Testing

The results of virtually all studies of driver search and scan behavior
.seem to be of value in the development of a road test of driver performance.
The principal difficulty in applying much of this research to the testing of
drivers is the requirement to’employ sophisticated measurement instruments
and techniques to measure such characteristics of visual search as:

o Fixation points
0 Scan patterns
o Fixation time

A1l evidence suggests that visual search behavior is of sufficient
importance to warrant the development of less sophisticated techniques
(relying solely on unaided observation) to assess driver visual search beha-
vior. While many techniques for doing so have been developed and remain in
use (principally in driver education), little evidence as to their objectiv-
ity and reliability exists.

Safe Operating Practices

Studies devoted to the use of safe operating practices represent some
of the first attempts to quantify driver performance characteristics. The
studies by Quenault and Parker (1973), Greenshields and Platt (1964), and
Greenshields (1963) cited earlier also attempted to develop techniques for
defining and subsequently measuring safe operating practices.

In one of the early studies concerned solely with safe operating prac-
tices, conducted by Edwards and Hahn (1964), drivers were filmed from a fol-
lowing vehicle. Behavioral errors were recorded by a group of law enforce-
ment officers. Common errors in safe operating practices identified
included -failure to signal, failure to maintain lane position, and failure
to stop completely. Unfortunately, an analysis of the relationship between
these errors and previous accident and/or coniction involvement produced no
significant correlations. A replication of this study (Edwards and Hahn,
1970) using a different technique for assessing safe operating practices
produced similar results.

More recently, Lohman et al. (1976) observed "unsafe driving actions"
at selected high accident locations. The frequency with which these unsafe
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driving actions were observed was combined with tne frequency of accidents
at these locations to derive an index of relative risk. Among those behav-
iors naving the highest risk indices were: turning in front of oncoming
traffic, pulling out in front of oncoming traffic, following too closely,
ignoring traffic controls, driving left of center, and speeding.

A study of driver signaling behavior at intersections by Barch (1958)
found that drivers signaled right turns about half the time and left turns
about two-thirds of the time. No analysis of the relatjonship between these
errors in safe operating practices and accidents was performed. ’

»

Implications for Licensing

The results of these studies provide evidence to support the inclusion
of measures of safe operating practices in an on-road test of driver per-
formance. Indeed, the majority of road tests developed to date focus pri-
marily upon this aspect of driver performance.

The principal difficulty involved in including measures of safe operat-
ing practices in any test is that of specifying the behavior precisely in
the light of the dynamic nature of the driving task. The requirement to
engage in and properly execute safe operating practices varies as a function
of the situation to which the driver is responding at the moment. The tran-
sjent nature of the situations makes difficult the quantification of safe
operating procedures in a manner that permits their reliable and accurate
measurement.

Conclusions

The results of this literature review provide evidence to support the
development of specific measurement techniques applicable in an on-road test
of driver performance. To a great extent, however, the results of these
studies (and their application to the development of an on-road test) are
limited due to their measurement requirements, low validity, and lack of
acceptability to license agencies.

Mesurement Requirements

Many of the behaviors identified as appropriate for inclusion in an
on-road test of driver performance require the use of sophisticated measure-
ment in