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The objectives of "Psychophysical Tests for DWI Arrest" were:

(1) To evaluate currently used physical coordination tests to
determine their relationship to intoxication and driving impairment,

(2) To develop more sensitive tests that would provide more
reliable evidence of impairment, and C

(3) To standardize the tests and observation.

Criteria for the selection of sobriety tests and an initial list of
potential tests were derived from field observations, interviews with
law enforcement officers and from a literature review. Administration
and scoring procedures were standardized during laboratory pilot
studies of the tests. On the basis of these preliminary investi-
gations the following tests were chosen for an evaluation study:
One-Leg Stand, Walk-and-Turn, Finger-to-Nose, Finger Count, Alcochol
Gaze Nystagmus (AGN), Tracing, and alternate tests (Romberg body

sway, Subtraction, Counting Backward, Letter Cancellation).

For the evaluation study ten officers (police, sheriff, and highway
patrol) served as examiners, administering the tests of impairment
to 238 participants who were Light, Moderate and Heavy drinkers.
Placebo or alcohol treatments produced BAC's in the range 0-.15%.
The officer scored an individual's performance of each test on a
1-10 scale, and after administering the entire battery recorded

his decision as to whether the individual should be arrested or
released if the testing were occurring at roadside, assuming a
legal criterion of .10% BAC.

All of the tests were found to be alcohol sensitive. The arrest/
release decisions were correct for 76% of the participants, but the
officers' scoring indicated that they had adopted a lower level of
impairment as a decision criterion for arrest than would typically
be applied in the field. This resulted in a high rate of false-
arrest decisions.

{Continue on additional pages)
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A second approach to an arrest/release classification of parti-
cipants used a test-score criterion as determined by }inear
regression calculations.” On the basis of this apalysis a total
score greater than the criterion of 28 caused the individual to
be classified as at or above .10% BAC and thus subject to arrest.
Eighty-three percent of the classifications were correct, and
neither false arrest nor false release decisions were unduly
high.

A reduced "best" test set was determined by stepwise discriminant
analysis. It includes One-Leg Stand, Walk-and-Turn, and Alcohol
Gaze Nystagmus. This final, recommended sobriety test battery

can be administered without special equipment in most roadside
environments, and it can be adapted to yield more precise measure-
ment if administered in the station. The total test time in

most cases will be no more than five minutes. More than 83% of
the evaluation study participants can be correctly classified

on the basis of just these three tests.

If balance and walking skills are examined, and the eyes are
checked for the jerking nystagmus movement, the officer will
have as much information about intoxication level as can be ob-
tained at roadside. Alcohol gaze nystagmus is a particularly
valuable measure, which is underutilized in law enforcement and
which merits additional study and application.

The evaluation study data show that substantial impairment
typically occurs at a BAC lower than .10%, the current arbitrar-
ily defined level for DWI arrest. It is suggested that a more
appropriate legal BAC limit would be .08%.




1. INTRODUCTION

Nationwide traffic accident statistics show a high proportion
of alcohol-related fatalities and injury accidents, reflecting
the magnitude of the drinking-driver problem. Currently, the
principal approach to,the problem is deterrence by legal action,
and the officer in the field is the first link in the chain of
events aimed at the arrest and conviction of a drinking driver.
Successful performance by the police officer of the detection
and apprehension task, gquite apart from any subsequent action
directed toward the individual, also results in the immediate
removal of an alcohol-impaired driver from the highway.

Data presented by Beitel, Sharp and Glauz (1975) reveal substantial
deficiencies in the detection and arrest of DWIs, that is, drivers
whose blood alcohol content (BAC) is at or above .10%.  They
derived the distribution of drivers' BAC (from roadside survey
findings) and also the BAC distribution of drivers arrested for

DWI (from arrest records). Figure 1 graphs the two distributions.

As can be observed in the figure, a driver's BAC is almost three
times as likely to be in the range .10-.14% as to be .15-.19%.
Yet the smaller number of drivers in the latter, high BAC group
are much more likely to be arrested. The probability is .26 that
an arrested driver's BAC is .10 to .14%, compared to a .43 proba-
bility that it is .15 to ,19%.

The discrepancy between the two distributions reflects two major
problem areas. First, the officer must detect the drinking driver
by observing the vehicle and noting driving errors which may be
subtle and ambiguous. The experienced drinker-driver may exceed
the .10% level without obvious symptoms of impairment and with
very obvious and observable impaired driving behavior occurring
only at a quite high BAC. Understandably, the high BAC driver is
most frequently spotted by police officers.

The second major problem centers on the arrest/don't arrest deci~
sion which must be made once a vehicle has been stopped. Roadside
evaluation of a driver's alcohol-related impairment typically is
performed under less than optimal conditions, Time is severely
constrained; the individual must be arrested or released within

a few minutes. The environmental conditions (lighting, noise, space,
terrain) vary widely, and test procedures, which are part of the
officer’'s assessment process, must be adapted accordingly. 1Indi-
vidual differences in impairment at a given BAC are a function of
such variables as drinking history, age, physical condition, illness,
disability and fatigue. Also, intoxication may be confused with

a variety of other causes of impaired behavior.
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As a rule, a police officer is reluctant to arrest a driver unless
there is a high degree of certainty that the mandatory chemical
test (breath, blood or urine) will yield a BAC reading of .10%

or higher. ©Not only is it costly in officer time and effort to
transport and test a driver who cannot be booked, it also leads

to charges of harassment and generates bad community relations.
These considerations certainly contribute to an over-representation
among arrested drivers of those individuals whose BAC is guite

high and for whom there is less uncertainty regarding impairment.

As an adjunct to observation and interrogation, the police officer
in the field frequently uses behavioral tests to assist in the
arrest/don't arrest decision process. Widely-used tests examine
balance, coordination and speech, but the exact tests and proce-
dures vary between locales, agencies and officers with no well-
defined standards for performance or interpretation. This study
was undertaken to develop an improved test battery which will
facilitate the officer's identification of alcohol-impaired drivers
and provide the required evidence for court proceedings.




II. EVALUATION STUDY
A. Test Selection

A search of the literature was undertaken to locate potentially
suitable tests (Appendix l). Also, observations were made of
currently-used tests by riding with city and state police officers
and sheriff's deputies in several locations (Appendix 2). The
opportunities to observe the field conditions were of great value
in developing criteria by which to evaluate potential tests. For
example, it became apparent that it is not feasible to include
tests which burden the officer with equipment, or which reguire his
prolonged, concentrated attention. The officer must be alert to
potential dangers and fregquently this means surveillance of a
strange environment and hostile bystanders. Realistically, he
cannot be preoccupied with test devices nor be involved in any

way that impedes access to weapons.

The most common practice is to test a DWI suspect at roadside,

but it alsec is possible to delay all tests until the person has
been transported to the station. There is considerable advantage
to always giving tests in the same environment. Further, whatever
test appartus is useful can be made available in the station
without risk or difficulty for the officer.

It is clear that tests which add a substantial amount of time to
DWI procedures will not find wide acceptance. Drunk drivers are
costly; the are time-consuming when the arrest is made and again
when the officer is required to appear in court. At the same time,
effective utilization of police manpower is an ongoing concern.

At all levels, including the patrol unit, the officers are charged
with achieving maximum law enforcement. From this perspective, a
daily log with several DWI arrests may not "look good" in total
number of contacts and arrests, so it is scarcely surprising that
drunk-driver arrests sometimes are actively discouraged.

The test criteria which appear in Appendix 3 were developed to
insure that the battery can be used in the field (or in the station),
that the tests will be acceptable to the officers, and that they
will provide evidence of impairment. The tests which are described
below appeared to meet the criteria and were selected for a pre~
liminary battery.

Alcohol Gaze Nystagmus (AGN)

The jerking movement of the eye, which is known as Alcohol Gaze
Nystagmus, occurs upon lateral gaze when BAC exceeds a cri-
tical level (=.06%). The eye jerks in the direction of gaze,
independent of head position.

Person is asked to cover one eye and follow movement of a
small light or object with other eye without changing head
position., Light is moved slowly to points requiring 309 and
40~ lateral deviation of the gaze. Test is then repeated
with the other eye. Eye is observed for jerking movement.

7

Walk and Turn, Heel-Toe

Person is instructed to walk straight line, touching heel
to toe each step for nine steps, then turn anq return along
same line in the same manner. Demonstration is given.

Romberg (Balance)

Person is instructed to stand with feet toge?hgr, pead
tipped back, eyes closed, arms at side. Position is §emon-
strated. Observe anterior-posterior sway, 45 sec. trial.

Finger-to-Nose

Person stands erect with eyes closed, arms extended'horizon-
tally. Instructions are to touch nose with index finger,
alternating right and left hands as instructed. Demonstra-
tion is given.

One-lLeg Stand

Person is instructed to stand with one leqg held stra%ght,
slightly elevated off floor, forward, for 30 sec. trial.
Eyes remain open.

Finger Count

Person is instructed to touch and count each finger in suc-
cession, counting aloud. Demonstrate, "Watch what I do.
1-2~3=4-5-5=4-3~2-1."

Tongue Twisters

Person is asked to repeat such words as "methodist, episco-
pal, sophisticated statistics."”

Subtraction, Addition, Count Backwards

Person is instructed to subtract 3, beginning for examplg
at 102, continuing to some specified number (or add contin-
uously). Same general instructions are given for counting
backwards.

Tapping Rate

Person is instructed to tap a telegraph key as rap%dly as
possible. Number of taps are recorded by electronic counter
during 10 sec. trial.




letter Cancellation

Person is asked to cancel all of a given letter in a para-
graph of text during 30 sec. trial.

Tracing

Person is asked to trace paper pathway (maze)., Three 20 sec.
trials are given.

Grip Strength

Person is instructed to squeeze as hard as possible a dyna-
mometer of the type shaped like a pistol grip with grooves
for each finger. This instrument measures force exerted in
isometric contraction.

Coin Pick-Up

Three coins (or chips, matches) are placed on floor. Person
is instructed to stand in one location and to pick up the
coins one at a time, handing them to the examiner. Demon-
stration is given.

Two~Point Tactile Discrimination

Person is given 2-point tactile stimulation (forearm or back
of hand, eyes closed) beginning with no separation of the two
points, and is asked "How many places am I touching your arm?"
Trials are repeated with increasing separation. Response
measure is the first separation to which person responds
"two."

Color Naming (Attention Diagnostic Method, modified)

Card presents number 10-59, in random order, in 4 colors by
row. Person is instructed to find seqguence of 10 numbers,
beginning with some designated number, and to report the
color of each. Verbal response, for example, might be, "Ten-
blue, eleven-white, twelve-yellow, thirteen-red, etc..."
Response measure is the time to report the colors of ten
numbers.

Serial Performance

The device for this test consists of a small box. Five

toggle switches and a small bulb are mounted on the face of

the box. The box is presented to the subject with all switches
in the center position. Subject is told to move the switches
and that when they are in the correct sequence of up-down
positions, the red light will come on.

B. Pilot Studies

Tests of 19 participants at BACS 0-.10% identified certain tests
from the original list as being unswited to the conditions typically
applying to alcochol impairment testing. Grip strength and two-
point tactile discrimination show great variability between indivi-
duals and cannot be interpreted in the single case without baseline
data. The attention diagnostic method (color naming) requires
precise instruction and a standard test environment. The serial
performance scores did not justify the cost and inconvenience of

the apparatus.

After the first pilot study the following tests remained as candi=-
dates for the battery: Romberg (body sway), Finger-to-Nose, Alcohol
Gaze Nystagmus, Tongue Twisters, Walk and Turn, Finger Count, Cne-
Leg Stand, Subtraction, Tracing (paper maze), Letter Cancellation,
and Tapping. The latter three tests would be difficult to use at
roadside but were considered to have potential merit for van or
station settings. c

Thirty participants were examined with these tests, ten each at 0,
.10%, and .15% BAC groups.

In addition to the calculation of mean scores for these groups,
which appear in Table 1, scatter plots of individual scores were
constructed for each test. Those which best discriminated BAC were
chosen for the large-scale evaluation study. It also was considered
essential for the battery to represent a variety of skills; some
persons are unduly handicapped on certain kinds of tests due to

age, physical impairment, or language and cultural barriers. The
following include measures of balance, large muscle coordination,
cognitive skills and oculomotor control:

One-Leg Stand

Walk and Turn, Heel-Toe
Finger-to-Nose

Finger Count

Alcohol Gaze Nystagmus (AGN)
Tracing

Alternate Tests:

Romberg (Body Sway)
Subtraction

Counting Backwards
Letter Cancellation

(These tests are to be used when some factor precludes using part
of all of the regular battery.)

C. Experimental Evaluation

Evaluation of the test battery, as configured on the basis of the
literature review and pilot studies, was performed during ten day-
long sessions in the SCRI laboratories. Appendix 4 shows the layout
of the laboratory for the study. Figure 2 displays the cells of

the experimental plan. Participants were categorized as light,
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Table 1
Pilot Experiment
Mean Test Scores by BAC Group

Romberq Finger- Tongue Walks Finger l-Leg
Group n BAC (Body Sway) to-Nosc Nystagmus Twisters Turn _ Count Stand
0 10 0 2.00 .80 .85 .40 1.25 .60 1.20
2 10 .10% 5.10 4.05 8.80 1.60 7.80 4.50 5.30
1 10 .14% 4.65 6.05 12.00 2.10 6.80 4.06 6.00
Subtraction Tracing* Letter* Tapping
Time _ Errors (Maze) Cancellation $
ot 0 16 sec .4 17.16 22 26.02
2 30.5 2.7 12.80 17.30 25.92
1 49.6 2.1 8.33 16.30 25.63

*High score = good performance
Low score = poor performance
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moderate or heavy drinkers by the Quantity~Freguency-Variability
Index (Cahalan et al., 1969). They were assigned at random to

0, .05%, ,10% or .15% BAC groups with the restrictions that only
heavy drinkers were assigned to the .15% group, and light drinkers
were assigned only to 0 or .05% groups. The design permits exami-
nation of performance by individuals with widely differing alcohol-
use practices at different BAC's.

1. Participants and Officers

The drinking subjects were recruited through the California State
Employment Office and were paid $3.00 per hour for participation
in one session.

Police officer-examiners were recruited from Los Angeles area
agencies and were selected to represent a broad spectrum of exper-
ience with DWI testing. This ranged from relatively new officers
with less than 200 DWI arrests to veteran officers with as many

as 2000 arrests. Appendix 7 tables years of service and DWI arrest

experience for the ten officers who participated in the evaluation
study.

Each officer attended one training session where he was given
intensive instruction in the test administration and scoring pro-
cedures developed by SCRI during the pilot studies. The officers
practiced administering the test battery using immediate video-
feedback. The practice continued until the officer indicated that
he felt confident with the procedures and the Project Director
judged the officer's level of competence acceptable. Each officer
participated in two test days, testing 10-15 persons each day.

2. Apparatus

For the Alcohol Gaze Nystagmus measure a simple device was developed
by SCRI which utilizes the position of a small light to control

the angle of eye deviation (Figure 3). The individual was asked
to cover the left eye and to follow with the right eye the movement
of the small light as the examiner moved to it to 30° and 40° posi-
tions on the right. He then was asked to cover the right eye, and
the same procedure was followed for the left eye in the left visual
field. Floor markings were provided for Walk-and-Turn and One-Leg
Stand. In addition, vertical wall stripes were used to provide
contrast to body movements on videotape. Each examiner was pro-
vided with a stopwatch for exact timing of trials. Blood alcchol
levels were monitored with a breath sampling gas chromatograph.

No other apparatus was required.

It was considered necessary in the context of evaluation to standar- ) Gaze Nystagmus (AGN) Apparatus
dize test administration, but all of the tests can be used without FIGURE 3: Alcohél ystagm

special devices or setting. However, it is recommended that a
watch be available to precisely time the test trials. 1
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3. Alcohol Treatment

Alcohol was administered in the form of a beverage containing 60%
orange juice and 40% eighty proof vodka. . The total beverage was
given as three drinks over a 1k hour period. The drinking schedule
was adopted as .a best compromise between typical social drinking,
which may extend over several hours, and the constraints of the
experiment schedule. Alcohol doses were calculated by body weight
to produce peak BAC's of 0, .05, .10, or .15%.

4. Procedures

Potential participants were interviewed and scheduled by telephone.
They were instructed to take no food or stimulants for four hours
preceding a session and to abstain from alecohol for 24 hours.

These conditions were violated by a number of persons, some arriving
with positive BAC's and several admitting to having eaten within

the proscribed time, However, for the objectives of this study,
these violations were not considered sufficient cause for dismissal,
and they were allowed to remain.

The study was performed double-blind. Neither the participants,
the police officers, nor the SCRI research assistants knew the
alcohol content of the drinks, which were prepared by the Project
Director. A small amount of alcohol was floated on the placebo
drinks for the 0 BAC group to give the characteristic odor.

Police. examiners and observers were separated from the drinking
subjects, the treatment preparation area, and the gas chromato-
graph. Their interactions with the participants were restricted
to the time when a research assistant took an individual to the
test area. These conditions were very rigidly maintained since
it was felt officers might be able to pick up clues about BAC
level if permitted to observe participants outside the test area.
The intent was that the officer’'s contact with the participants
be closely similar to what would typically occur in the field.

Participants were scheduled to arrive at the SCRI laboratory
beginning at 8:00 a.m., with two persons arriving every 15 minutes
through 12 noon. Upon arrival the day's procedures were fully
explained to the individual, the participant agreement was read
and signed, and a breath reading was taken.

The first drink was given within 10-15 minutes of arrival. A
90-minute time period was allowed to complete the drinks, and an
additional 30 minutes elapsed to allow further absorption. The
second BAC reading was taken 2 hours after beginning to drink.

The participant then was taken immediately to the officer-examiner
for administration of the test battery. Participants were assigned
in advance to groups. Half of each experimental cell on each day
were designated Group 1, assigned to Officer 1; half were Group 2,
assigned to Officer 2.
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As a police officer administered the test battery, one of two
SCRI research assistants observed and independently scored the
performance of the participant, by the following schedule. Each
pair of officers examined participants on 2 successive test days.

Participants Scored By:

Officer 1 and Observer 1
Test Day 1 or
2

Officer 2 and Observer

Officer 1 and Observer 2
Test Day 2 or

Officer 2 and Observer 1

The two research assistants who functioned as observers were
involved with the development and pilot testing of the battery and
are well trained in administration and scoring. The observer pro-
cedure was necessary in order to determine whether incorrect arrest/
don't arrest decisions by the officers arose from administration/
scoring errors or alternately were due to difficulties in discri-
minating on the basis of a given individual's performance.

Appendix 5 presents the test protocol which examiners followed

and the score sheet which was completed for each participant by

one officer and one observer. Each test was scored on a 1-10 scale.
Examiners and observers also: 1) estimated BAC, 2) indicated
whether the person appeared to be alcohol-impaired, and 3) made an
arrest/don't arrest decision. A confidence rating was given for
each of these judgments on a scale of 1-5, very uncertain to very
confident.

A random sample of participants on each test day were video~-taped
during testing. Also, as discussed in a separate section, a subset
of participants were tested with an analogue of the driving task,
utilizing the SCRI Stimulus Programming System (SPS).

A participant was released when his BAC declined to .03%.
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