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CHAPTER 1: INTRODUCTION

Alcohol use contributes to a large proportion of the fatal and
injury 7related accidents nationwide. Currently, attempts to deter
the drinking driver consist of informing the public of the hazarde
of driving while impaired (DW1) and of the threat and consequences
of being arrested. Unfortunately, the perceived risk by the public
is quite low, since the combined probability of having an accideant
or of being arrested for onme DWI trip is estimated to be 0,00089
(Summers and Harris, 1978) or less than one in 1000,

One reason for the low probability of being arrested in a DWI trip
is that large deficiencies exist in the detection and arrest of
drivers with blood alcohol concentrations (BACs) over 0.107.
Drivere on the road, as estimated by Beitel, Sharp, and Glauz
(1975), are three times as likely to have a BAC in the range of
0.102 to ©0.147 as in the 0.15% to 0.19% range. In contrast, the
probability of an arrested driver having a BAC in the 0,10% to
0.14% range is half as great as that of having a BAC in the 0,15
to 0.192 range. This deficit may be directly attributed to the
police officer in the field, who must detect and arrest the alcohol
impaired driver,

The discrepancy betwveen the distribution of BACs among drivers and

the distribution of BACs among arrestees vTesults from the
following: (1) the high BAC driver makes more frequent driving
errors which are detected by the police; (2) decisione to arrest
are easier to make with the highly intoxicated stopee; and (3)

many police officers are nmnot motivated to srrest drunk drivers,
especially those with lowver BACe. These discrepancies may be at
least partially offset by training police officers to discriminate
BAC Jevels wore effectively by using a standardized field sobriety
test battery.

A. EPRELIMINARY ASSESSMENT OF FIELD SOBRIETY TESTS

Much of the svailable literature om sobriety testing comes from
couatries in vhich a medical examinstion by a physician is required
to determine iotoxication. For example, Finland has mno statutory
blood alcohol 1limits for driving, but the courts give severe
peunalties for driving undey the influence of alcohol. Pentilla,
Tenhv, aod Kataeja (1971) exsmined the sobriety test performance of
6839 Finuish drivere suspected of driving under the influence of
alcobol, In this study, the test battery included: walking, gait
in turoing, balance, finger-to-nose, picking up matches, counting
backvards, time and place orientaticun, end observations of speech
and general behavior. The three most sensitive tests were counting
backwvards by threes from 102, balancing with the eyes open, and
walking dovn a corridor with eyes closed. The counting test,
however, was particularly difficult for people of low socioeconomic
background.

In 8 subsequent study, these investigators (Pentilla, Tenhu, and
Kataja, 1974) analyzed the test records of 495 individusls in order
to develop an optimal test battery. The most important change from
previously wused tests was the inclusion of observations of the
eyes, (e.g., gaze nystagmus, post-rotational nystagmus, pupillar
diameter, and pupillary reaction to light) and the walk-the-line
test. The gaze nystagmus and the walk-the-line tests proved to be
the best for predicting the BAC, vwhereas physicians' subjective
estimates of the level of intoxication were found to be of 1o
value.

Io Nev Zealand a medicasl examination is given in cases vhere a
driver suspected of driving vhile intoxicated pleads not-guilty.
Simpson-Crawford and Slater (1971) have developed a <cligical
examination consisting  entirely of eye signs of alcohol
intoxication. Their six point ‘"oculiser scale™ includes the
following: (1) conjunctivae are suffused (i.e., "bloodshot" eyes);
(2) the eyelids drag behind vhen the eyeball moves up and down;
(3) the pupillary light reflex is sloved; (4) peripheral vision is
dimipished; (5) nystagmus is seen when the eyes follow & moving
object; and (6) the pupils tend to be dilated.

Burns and Moskovitz (1977) evaluated a number of sobriety tests
currently used by police in the United States to determine their
relationship to intoxication. Based upon preliminary pilot work,
the following tests were selected for ar evaluation study: one-leg
stand; walk-snd-turn; finger-to-nose; <finger count, alcohol gaze
nystagmus; tracing; Romberg body sway; subtraction; backward
counting; snd letter cancellstion. Ten police officers
administered these tests to 238 participants. The participant-
vere light, moderate, and heavy drinkers who had consumed enoug

alcohol to produce a BAC in the range of 0% to 0.15%I. All of the
tests were found to be semsitive to alcohol, but & reduced "best

test set" vas determined by means of atepwise discriminant
avalyses. The three "best" tests were (1) the ome~leg-stand; (2)
the walk-and-turn; and (3) alcohol gaze nystagmus. This

recommended test battery could correctly classify more than 83X of
the evaluation etudy participants with respect to whether they were
above or below a BAC of 0,10%.

B. PILOT WORK WITH THE SELECTED JEST BATTERY

The purpose of Phase I of tbis contract (DOT-HS-8-1970) was to
complete the laboratory development and validation of the sobriety
test battery identified by Burns and Moskowitz (1977), PFirst, the
development of the test battery involved identifying variables, in
addition to alcohol, which influence performance om the test
battery. As a result of this identrification, standardized
administration and scorinmg procedures were developed. A literature
review of the variables affecting the three test battery is
included in Appendix A. A summary of the pilot work aiming at
standardizing the scoring and administrstion procedures is included
in this chapter.




deviation (i,e., with less lateral movement) as the BAL incregwes,
In addition, the magnitude of the nystagmus at extremc Jateral
l. Standardization deviations is much larger with increasing BACs (i.e., the jerking
movement is larger).
Cronbach (1970) defines & standardized test as being "one in which
the procedures, apparatus, and scoring have been fixed so that Second, we learned that a divided attention task could be
precisely the same testing procedures can be followed at different incorporated into the walk-and-turn test by having the suspect
times snd places.” The process of gathering normative data is also stand heel-~to-toe on the line while the directions of the test are
called "standardization," but this process is not very profitable being explained. An intoxicated person can typically either listen
until the procedures and scoring have been standardized. to the instructions or keep his balance, but cannot do both.

The first step ipn standardizing a field sobriety test battery is to 3. PRilot Suybjects
determine what aspects of the test battery make the teste
particularly sensitive to alcohol intoxication. That is, the first Tventy-five subjects were given alcohol and run as pilot subjects
etep 16 to fine-tune the tests to best discriminate between the in the laboratory. Initially, three subjects were used to rule out
intoxicated person and the sober person. These variables wmost many of the unimportant variables in the three tests. Fifteen
sensitive to alcohol intoxication are discussed in Appendix A. subjects were then rum to determine the effectiveness of the more
important variables and to aid in determining howv the test battery
Testing is a social Telationship in which the interactions between should be scored. Five subjects were tested bhourly for 18 hours --
the tester and the testee are very important. These interactions both sober and at a BAC of 0.10% -- to determine the combined
between stopee and police officer will be impossible to influence of alcohol and fatigue. Finally, we also tested 42 sober
standaxdize, For example, we have found during police ridealongs subjects for nystagmus in order to determine the effects of age,
that most stopees are fairly calm about getting a ticket, although visual acuity, and alcoholiam history on the incidemce of nystagmus
302 to 407 will srgue with the officer. About 5% of the stopees in sober subjects. The results of these pilot studies are
can be very hostile, hovever, displaying behavior ranging fromw summarized below as they relate to each of the three tests in the
temper tantrums to hysterics. Intoxicated etopees, who are sobriety test battery,
generally the ones given sobriety tests, are much more likely to
display these behavior extremes. Hostile behavior, or the police a. Walk-and-Turn Test. The suspect is asked to assume 2
reactions to it, is impossible to duplicate in the laboratory heel-to~toe position on a designated line, with his/her arms at the
situation for purposes of standardization. tides, while the remainder of the instructions are given. He or
she is then told to make nine heel~to-toe steps on the line, t¢
The police officer, in scoring the Ffield sobriety tests, is turn around keeping one foot on the line, and to return in nine
interested both in how well the suspect can perform (i.e., is the heel-to-toe steps. The suspect is requested to watch his/her feet
ivdividual iwspaired?) and how well the stopee's performance at all times, making sure that every step is heel-to-toe and that
coppares with that expected from drivers at various BACs., The the steps are taken in a straight line.
Primary rteason that a field sobriety battery is given (i.e.,
instead of wueing s portable breath analyzer) is to show that the Asking the suspect to balance heel-to-toe while listening to the
driver's performsnce is impaired. In this sense, the field rest of the task instructions effectively creates a divided
sobriety tests wmust be content referenced, so that the police attention task in this test. We found that this addition greatly
officer capr observe what the suspect can do. However, the police impreved the seositivity of the test to alcohol. Intoxicated
officer in some areas also may know from experience that mo wmatter subjects either keep their balance, while ignoring the subsequent
how impaired the suspect's performsnce is, the suspect will not be imstructions, or are unable to keep their balance while listening
convicted of driving while intoxicated unless the individual's BAC to the instructions. The sensitivity of this addition to the task
is above 0.151 or comvicted of reckless driving unless the supports the contention of Moskowitz (1973) that divided attention
individual's BAC is above 0.10X. Thus, the police officer is also tasks are very sensitive to alcohol intoxication.
igterested in a norm-referenced test 8o that he can estimate the
suspect's BAC. Requesting that people "watch their feet" while performing this
test 8160 increases its sengitivity to slcohol, but makes the tLask
2. Field QObservation difficult for people with monocular vision (i.e., poor depth
, . . . perception), Performing the walk-and-turn task with the eyes open
A critical phase of our pilot testing involved observing o highly with enough light to see some frame of reference is essemtisl if
efficient traffic tesm working out of the Los Angeles Central sober individuals are to perform the test without difficulty.
Police Facility which specializes in arresting intoxicated drivgrs. Finally, ve found that the time taken to walk the line and the
These officers were all using nystagmus in their sobriety testing. number of steps taken were relatively unimportant varisbles in
We noticed from observing their arrestees that the angle of onset terms of altering the sensitivity of the test to alcohol.

of the nystagmus, which occurs as they follow a moving object to
the side with their eyes, occurs with fewver degrees of latersl



Certain individuals have difficulty with this test whem sober,

igcluding: people over 65 years of age; people with back, leg, or
middle~ear problems; and people with high-heeled shoes (over two
inches ). We recommend that only the nystagmus test be used with

the first four categories of stopees, while people with high-heeled
shoes should be asked to remove them.

Standardizing this test for every possible road condition wvas
beyond the w@ecope of this project, so we recommend that the
valk-and-turn test be performed on a dry, hard, level, nonslippery
surface and under relatively safe conditoms. If these requirements
cannot be met at roadside, we recommend that the suspect be asked
to perform the test elsevhere or that only the nystagmus test be
used. The test also requires a line which the police officer can
manufacture. Finally, the police officer and the suspect should be
able to communicate fluently. Performance of this test was not
worse under the combination of alcohol snd fatigue in the 24 hour
pilot study of circadian effects, than under alcohol alone.

b. One-leg Stand Test. The suspect is asked to stand with his/her
heels together, feet at a slight angle and arms at the sides. He
or she is then asked to raise one leg about six inclies off the
ground (i.e., with both legs kept straiiht) and to hold that
position while counting rapidly from 1001 to I030. Either leg may
be raised.

Generally, few variables slter the sensitivity of the ome~leg stang
test. The most sepnsitive variable was time., We found that a
sugpect at & BAC of 0.10% might easily keep his/her balsnce for
20~25 seconds, but would 1likely falter after that time period.
Consequently, the officer must ask the stopee to count =zloud from
100)] to 1030 in order to estimate the passage of 30 seconds.

Tvo other important variables are that: (]) the suspect wust bte
sble to 8ee in order to orient himeelf or herself; and (2) the
police officer must stand back from the suspect im order not to
provide an artifical referemce frame which could distract the
suspect. Generally, if the stopee cannot 6ee or oriemt with
respect to a perpendicular frame of reference, thenm this test wil)
be difficult to perform evemn if sober.

Certain individusls will have difficulty performing this test under
sober <conditione, including: people over 65 years of age; people
with leg, back, or middle ear problems; people who are overveight
by 50 or more pounds. These individuals should only be given the
nystagmus test. Suspects who are wearing over two-inch heels
should remove them before performing the test.

The one-leg stand test should be performed only omn a hard, dry,
level, nonslippery surface under relatively safe conditions. When
these Tequirements ate not met at roadside, then the stopee should
be asked to perform the test elsewhere or only the nystagmus test
should be vsed, Performance on the one-leg stand test was no worse
than alcohol alone under the combination of slcohol and fatigue in
the 24 hour cixcadian pilot study.

FIGURE 1

NYSTAGMUS DEVICE. ANGLES ARE PRINTED ON THE FRONT
OF THE DEVICE FOR EASIER READING.




cs. Gaze Nystagmus Test. Gaze nystagmus is a jerking movement of
the eyes that sometimes can be seen when the eyes are deviated to
their lateral extremes (Toglia, 1976). The jerking has a slow and
fast phase, with the fast phase being in the direction of the gaze
(Goldberg, 1963). Gaze nystagmus is considered to be pathological
vher it occurs at & less extreme lateral gaze (Toglia, 1976), such
a8 with brain damage or depressant drugs.

We checked for nystagmus in 42 sober individuals, including 27
former alcocholics and 25 etaff members. Approximately half of the
people tested showed a slight nystagmus in at least one eye when
their eyes were deviated maximally, The occurrence of mystagmus in
theses sober individuals was not related to (1) age, (2) visual
scuity, or (3) a history of alcoholism., We did notice that the
maxima) angle of deviation, measured twice by each of two observers
using the device shown in Figure 1 was 3.03 degrees larger in the
left eye than in the right eye (t, 40, = 5.8, p .00I). Thics
occurred dip 28 of the 42 subjects and was not related to
haudednees. We sav no tendency for nystagmus to occur more often
iv one eje than the other.

A atrorg ccrrelation exists belween the BAC and the angle of onset
of the nystagmus. Regression lines for the right and left eyes sre
illustrated in Figure 2. The <correlation between the angle of
oveget end the BAC was -0.78 for the left eye and -0.74 for the
right eve. In every pilot subject, the sngle of onset decreased zs
the BAC increased and vice versa. Both correlations obtained were
quite close to the -0,788 correlation reported by Lehti (1976)
between the BAC and the angle of onset (measured in five degree
incresents) for 56 arrestees at the time of arrest. We found that
at 5 BAT of 0,107 oyetagmus onset occurs at about 4] degrees of

latersl deviatizn.

In vur imitisal pilot work with gaze nystagmus in intoxicated
fubjecre, wve were eble to rule out a number of unimportant

var.ahiea. These variables ipclude: (1) stimulus brightness; (2)
recis  t1ightnese (3) fixation distance; (4) wvelocity of the
s*1rulvf wovezent: (5) morocular versus binocular fixation; (6)
inttTurt "AnR te iahibit nystagmus; and (7) the wvertical
rositinriry of the eyes, Some of these variables, however, arve
importens iv aiding 8v observer to record the occurrence cf
nvgtagsue. As a result, we recommend the following edministraticn

P1ocedure:

First. wiorrective lenses should be removed. The stimulus should be
pleced :taove the eyes in order to elevate them and reduve
squinutive At night, if the street lightinmg dis inadequate, &
perligrt must be used as the stimulus or a flashlight is required
to illuminate the face. In looking for the onset of nystagmus, we
recormend that the ftimulus be moved fairly slowly (i,e., at about
10 degreea per secomd), but not too elowly, otherwise normal
oscillaticsn of the eyekall wmay be mistaken for nystagmus. The
thsuld keep bis/her hesd still, The officer's free hand

good chin rest for suspects who persist in moving his/her
and

svspect

makes &
hesd. Thre officer should move the stimulus twice to the left
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twice to the right, looking at the eye on the side of the head to
vhich he is moving tbe stimulus. On the first wmovement, the
officer should observe whether or not the onset of the unystagmus
cccurs before 45 degrees with at least 10X of the conjunctiva
(i.e., the white of the eye) showing. The 45 degree angle is easy
to estimate as it splits the angle connecting the tip of the nose
apnd the <center of the ear with the middle of the head. Some
individuals caonnot deviate their eyes more than 45 degrees, so at
least 102 of the white of the eye must shov to ascertain that
nystagmue is not occurring at the most extreme deviationm for that
individual,

The second movement in each direction should be faster (about 20
degrees per second) and the observer should note whether or mot the
suspect can follow smoothly and how distinct the nystagmus is at
the maximum lsteral deviation. The breakdown of the smooth pursuit
and grester amplitude nystagmus at maximum deviation sre also good
signs of a BAC over 0.10%. Thus, the police offier has three eye
signs to look for: (1) onset of nystagmus before 45 degrees; (2)
the distinctness of the nystagmus at the maximum lateral deviation;
and (3) the breakdown of smooth pursuit eye movements.

The gaze nystagmus_ test may not be applicable to individuals
vearing contact lenses, since hard contacts may prevent extreme

lateral eye movements, About 32 of the population will show
early~onset mnystagmus, and impaired balance, with no alcohol im
their system. This nystagmus could be the result of drugs other
than alcobol <(e.g., barbiturates or phencyclidine), the result of
brain damage, of illoess (e.g., Korsakoff"s syndrome), or of
unknown etiology.

Since police officers often arrest intoxicated persoms after
midnight, possible effects of fatigue or circadian rhythms on gaze
nystagmus could be significant. Five subjects were individually
checked for nystagmus each hour between 9 a.m., and 4 p.m. and
between 5 p.m. and 4 a.m., at a BAC of 0.10%7 and without alcohol.

Thus, subjects came to the laboratory four times: (1) between 9
s.o. 2an0d 5 p.m., with no alcohol; (2) between 9 a.m. and 5 p.m.
at 8 maintained BAC of 0.10%; (3) between 5 p.m. and 4 a.m. when

sober; and (4) between 5 p.m. and 4 a.m. at a maintained BAC of
0.102.

Figure 3 illustrates the angle of onset plotted against time for
all four conditions. Under sober conditions when no nystagmus was
seen, the maximum lateral deviation was recorded. These data were
divided into four-hour segments and analyzed with a fully repeated
ANOVA, with the factors being alcohol and time. There was a
significant alcohol effect ouv angle of onset with the drug
decreasing the angle of onset by about 15 degrees, There was also
2 significant interaction between the effects of alcohol and time
in that the alcobol dose decreased the angle of onset by an
additonal 5 degrees (i.e.,, by 20 degrees) after midnight. 1In all
cases the angle of onset had returned to the baseline level at
about 9 a.m. the following morning , at which time the BAC was
0.02%7 or less and the subject had slept 5 bours. The average BAC
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fluctuation betveen test periods under alcohol wvas less than 0,01%.
When the observed BAC was introduced as a covariate, only the
interaction between the effects of the drug and time remained
significant,

TABLE 1

BACKGROUND OF OFFICERS WHO SCORED AND ADMINISTERED
THE FIELD SOBRIETY TEST BATTERY

YEARS DWI DWI SUBJECTS
OFFICER FORCE EXPERIENCE STOPPEES ARREST TESTED
#1 LAPD 9 7,000 1,750 46
¥ 2 LAPD 13 8,000 2,400 48
3 LACSD 1 5 4 42
i 4 LACSD 8 350 250 40
#5 CHP 13 3,000 300 43
i 6 CHP 7 3,500 900 42
t 7 CHP 13 300 240 45
+ 8 LACSD 4 25 8 43
9 LAPD 9 5,000 750 47
110 LAPD 19 10,000 3,000 45
LAPD - Los Angeles Police Department

LACSD - Los Angeles County Sheriff's Department

CHP - California Highway Patrol
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