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ABSTRACT

This research is a population-based cross-sectional analytical study which
studied the reliability of Standard Field Sobriety Tests compared with breath analyzer
tests to determine alcohol intoxication of 103 healthy volunteers whose age range was
from 20-40. All volunteers had to drink alcoholic beverages and undergo the testing
conducted by well trained assistants. Each testing method had a high inter-rater
reliability (Horizontal Gaze Nystagmus, Walk and Turn and One leg stand were 0.968

(95%C1=0.907-0.991),0.977 (95%CI1=0.931-0.994) and 0.977 (95%CI1=0.931-0.994).

Results of the study showed that 76.7% of male volunteers, had blood alcohol
concentration averaging 58.3 mg%. Duration of the test administration for the 3
methods was 3.56 minutes. Criteria to decide the alcohol intoxication using the 3
testing methods is score = 1. For the HGN test, given the cut point of BAC 30 mg%
provided a level of accuracy of 93.2%, sensitivity = 97.1%, specificity = 84.8%, and
the excellent agreement was 0.840. For WAT and OLS tests, given the cut point of
BAC 50 mg%, the Walk and Turn possessed sensitivity, specificity, and accuracy of
76.4%, 64.6%, and 70.9% respectively, and agreement value 0.412, while the value of
One Leg Stand was 45.5%, 85.4%, and 64.1% respectively and kappa statistic was
0.300. HGN has the most reliable value when comparing the cut point of BAC at 50
mg%, which means the person is intoxicated based on the standard legal limit i.e.
accuracy=78.7%, sensitivity = 70.9%, specificity = 87.5%, and kappa = 0.576.

The Standard Field Sobriety Tests are still not legally applicable. However, it
should be used to conduct preliminary tests in drunk drivers to reduce numbers on the
road using the HGN test.

KEY WORDS : STANDARD FIELD SOBRIETY TEST/ HORIZONTAL GAZE
NYSTAGMUS/ WALK AND TURN/ ONE LEG STAND

96 pp.
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CHAPTERI
INTRODUCTION

1.1 BACKGROUND AND SIGNIFICANCE OF THE PROBLEM

Accident, an important health problem, was the second major causes of death
after AIDS in Thailand more than ten years. (approximately 50 per 100000 persons
per year).(1) The Bureau of Disease for Priority of Health Problem in Thailand 1999
was reported that 6.6 percent cause of death was traffic accident which was the
second order after AIDS. (2) Traffic accident was recorded the highest accident that
occurred comparing to other causes of accident. Trend of mortality rate resulting from
traffic accident varied during 1987 to 2002. It increased from 22 per100000 persons in
1993 to 28 per 100000 persons in 1996, then, decreased to the lowest rate to
12.8/100000 persons in 1998, after which the trend has continued to increase year by
year. (3). The mortality rate occurred in male more than female, age was between 15
to 29 years, and 3 out of 4 traffic accidents found the patients were motorists. The
mortality rate has been particularly high during songkran festival and long weekend.

The risk factor of traffic accident was drunk driving. In 1994, Siriraj Hospital
reported that 81.2 percent of motorcycle accident involved alcohol consumption(4),
and in 1996, also reported that 81.1 percent of injured patients caused by traffic
accident had Blood Alcohol Concentration(BAC) over 80mg% and 68.25 percent had
BAC over 100 mg%. (5) In 2004, Nakornratchasrima Hospital reported that 42.4
percent of severe injured patients caused by traffic accident had BAC over 40
mg%.(6)

According to the aforementioned reports, that alcohol drinking related to
traffic accident which increasing legal limit of BAC was over 50 mg%.(7) as same as
alcohol consumption that had related together. The volume of alcohol consumption
has double increased from 20.2 liter/person/year in 1988 to 41.6 liter/person/year in
2001. (8)

The enforcement of BAC detection to examine impaired drunk driver have

three methods - Blood test, Urine test, and Breath test. Testing Blood and Urine are
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not normally carried out because both of them are expensive, and collecting the
specimens for testing are more complicated.(9) So, police will usually conduct breath
test to detect BAC at the checkpoint. However, Breath test was not sufficiently carried
out because of expensive cost as the materials have to be imported from the USA and
UK, thus, resulted in the Police lacking enough breath test for screening on drivers
who are driving under alcohol influences.

In the USA, the Standard Field Sobriety Test (SFST) is the battery test which
could detect drunk driver. Comparing to breast test, SFST is easier to use with simple
materials. It is very effective as well as breath analyzer test in vary environment and
weather conditions. (10)

Application of SFST began since 1977 by Burns and Herbert Moskowitz who
was sponsored and funded by the National Highway Traffic Safety Administration,
USA. The SFST is a three component tests consisted of Horizontal Gaze Nystagmus
(HGN) (test involves following an object moving horizontally 12 to15 inches in front
of the face), One Leg Stand (OLS) (test involves standing on one leg while counting 1
to 30 by thousands) and Walk and Turn (WAT) (test involves walking a straight line
taking 9 steps up and 9 steps back, counting steps out loud).(11) Since, 1977 until the
recent year, SFST was successfully developed and accepted to use like a standard
drunk driver detecting and was used to classify the drunk driver who had BAC over
legal limit.

SFST could be developed to use widely in many countries but it is mostly used
for Caucasians more than Asians. All of studies had a few Asian who have different
alcohol consumption behaviors, (12) as well as metabolism function from Caucasians.
(13)

The SFST becomes more interesting to use because of its potential to classify
the intoxication and it’s very beneficial for a developing country like Thailand. The
purposes of this study are to estimate the possibility of using SFST with alcohol
consumption in Thai people and study the validity of this method compare with breath

analyzer test.
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1.2 RESEARCH OBJECTIVE
To study the validity of the standard field sobriety tests (SFST) compare with

breath analyzer test to determine alcohol intoxication in a sample.

1.3 RESEARCH HYPOTHESES
Validity of the standard field sobriety tests are the same as breath analyzer test

when determining alcohol intoxication.

1.4 SCOPE OF RESEARCH

The subjects in this study are 20 - 40 year-old healthy volunteers staying in
Buriram province. All volunteers have signed the consent form to participate in this
study. They are requested to drink alcohol beverages and detect intoxication by using

Standard field sobriety tests and breath analyzer test.

1.5 DEFINITION OF TERMS
1. Alcohol Beverages are defined as beer (usually contains about 5% to 8% of

alcohol). The data from a survey found that the majority of the people who live in
Buriram favorite beer Thai drinking. In this study alcohol beverage refer to Thai beer

contains ethanol 6.3 % v/v, 330 ml/can. To prevent the subjects from being drunk,
affected the BAC do not higher than 100 mg%, that is approximately two cans of beer
which are being calculated by widmark’s formula as following
b a*100

c*d

b = Blood alcohol concentration

a = amount of alcohol consumption (gram)

¢ = body weight

d = coefficient value (male = 0.7, female = 0.6)

2. Breath alcohol concentration (BrAC) means the percentage of alcohol in
blood which measured by breath analyzer test that readout which value is mg%.

3. History of alcohol consumption are three components which including

3.1 Duration of alcohol intake (year)
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3.2 Frequency of alcohol intake - person who has drunk alcohol beverage
per week (day).

3.3 Quantity of alcohol intake - amount of alcohol intake per week (gram
per week) (14)

6. EXPECED OUTCOMES AND BENEFITS

1. SFST can be applied detecting method to classify the drunk driver.

2. SFST can reduce the budget of purchasing comparing to purchasing breath
analyzer test.

3. If SFST is used wider than breath analyzer, it can screen drunk drivers on

the road to minimize chance of accident occurrence.
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CHAPTERII
LITERATURE REVIEW

This chapter of literature review consists of four major parts. 1.Basic
knowledge of alcohol including alcohol metabolism, individual differences in alcohol
metabolism, removing from circulation, effect of alcohol on brain and the nervous
system, definitions of levels of drinking, alcohol and accident, and alcoholic beverage
consumption. 2. Law enforcement of alcohol intoxication. Finally, about method of
detection alcohol intoxication include standards field sobriety tests (SFST) and breath

test.

1. ALCOHOL

Alcohol is a compound composed of Carbon (C) Hydrogen (H) and OH
(Hydroxy group) If it contains a single carbon, it is called Methyl Alcohol (CH3-OH)
use for cleaning wound. It contains two carbons, it is called Ethyl Alcohol (C,Hs-OH)
which is drinkable. Ethyl alcohol is commonly known as “liquor”

Alcohol Metabolism

Since the body can not store potential harmful alcohol, so it works extra hard
to get rid f it. To prevent alcohol from accumulating and destroying cells and organs,
the body quickly metabolizes alcohol before other compounds and has alternative
pathways to handle excessive consumption.

Individual Differences in Alcohol Metabolism

Individual are varied in their ability to metabolize alcohol and acetaldehyde,
and thus, differ in their susceptibility to inebriation, to hangover, and in the long term,
to addiction and organ damage. The result of individual differences is easiest to
observe in acute responses to alcohol. For example, when people of Asian descent
drink alcohol, about half of them experiences flushing around the face and neck. This
is probably a result of high blood acetaldehyde levels. These individuals lack gastric
alcohol dehydrogenase and have an inefficient form of hepatic aldehyde

dehydrogenase. This may explain why their ancestors depended on boiled water (for
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tea) as a source of safe fluid. On the contrary, Europeans are able to metabolize larger
quantity of alcohol, and historically, have relied on fermentation to produce fluids that
were safer to drink. Elderly people often find their tolerance for alcohol is less than it
used to be. Due to decreased tolerance, the effect of alcohol, such as impaired
coordination, occur at lower intakes in the elderly than in young people whose
tolerance increases with increasing alcoholic consumption. This reduction of tolerance
is compounded by age-related decrease in body water, so that blood alcohol
concentrations in blood of elderly people are likely to rise higher after drinking. Men
and women also respond differently to alcohol. Blood alcohol rises faster in women,
so they become more intoxication than men at an equivalent dose of alcohol intake.
Accordingly, moderate drinking is usually defined as “two standard drinks for men
and one for women.” Women also metabolize alcohol more slowly than men. Various
factors are attributed for alcohol’s greater effect in women. Body size and
composition is one. Women on average are smaller than men and have smaller livers,
and therefore have less capacity for metabolizing alcohol. Women also have lower
total body water and higher body fat than men of comparable size. After alcohol is
consumed, it diffuses uniformly into all body water, both inside and outside cells.
Because of their smaller quantity of body water, after drinking equivalent amounts of
alcohol, women have higher concentrations of alcohol in their blood than men. Less
enzyme activity is also another factor. For non-alcoholic, alcohol dehydrogenase (the
primary enzyme involved in the metabolism of alcohol) is 40 percent less active in the
stomachs of women than of men. This contributes to higher blood alcohol
concentrations and lengthens the time needed to metabolize and eliminate alcohol.
Chronic alcohol abuse--this exacts a greater physical toll on women than on men. (15,
16) Female alcoholics have death rates 50 to 100 percent higher than those of male
alcoholics. Further, a greater percentage of female alcoholics die from suicides,
alcohol-related accidents, circulatory disorders, and cirrhosis of the liver.

Removing Alcohol from Circulation

Despite its multiple alcohol-processing pathways, the liver can metabolize
only a certain amount of alcohol per hour, regardless of the amount in the
bloodstream. The rate of alcohol metabolism was depend on several factors, including

the amount of metabolizing enzymes in the liver, and varies greatly between the
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individual. In general, after one standard drink, the amount of alcohol in blood of
drinker (blood alcohol concentration, or BAC) reaches peak level in 30 to 45 minutes.
When absorption exceeds the liver’s capacity, a bottleneck is created and alcohol
enters the systemic circulation. Alcohol diffuses rapidly, dispersing equally into all
body fluids, including cerebrospinal fluid and the brain and, during pregnancy, into
the placenta and lungs, and through skin. Consequently, urine tests and breath
analyzer tests both reflect concentrations of blood alcohol as well as alcohol levels in
the brain, and can indicate how much a person’s mental and motor functions may be
impaired. Excessive alcohol consumption deprives the brain from oxygen. The
struggle to deal with an overdose of alcohol and lack of oxygen eventually causes the
brain to shut down functions that regulate breathing and heart rate. This shutdown
leads to a loss of consciousness and in some cases coma and death. When a drinker
passes out, the body is actually protecting itself when someone loose consciousness,
they can’t add more alcohol to their system. If people consume such a large quantity
of alcohol in short period of time that the brain of the victim was overwhelmed (called

alcohol poisoning death). Heart and lung functions shut down and the person died.
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Figure 1 Blood alcohol concentration over time
Source: National Institute on Alcohol Abuse and Alcoholism. Alcohol Alert
No0.35.PH371; January 1997.
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Alcohol in Brain and Nervous System
Alcohol diffuses rapidly into brain, and because a small amount is absorbed
directly from the mouth into blood circulation, its effects can be almost immediate,

reaching the brain in as little as one minute after consumption.

Blood alcohal

concantration .r;
0.05% Frontal lobe sedation — reasoning

. and ju ent impaired
Frontal lobe Judgement impai 5
0. 10% Speech and vision center sedation’= .

Impaired coardination, vision, driving 3

T
Volurtary muscla contrel iru:almd'&
staggering gait, slurred speech, 18
biurrad vision i

Inabillty 1o walk

Figure 2 Effects of alcohol on the brain. As blood alcohol concentration rises,
different parts of the brain are affected.

Source: American Dietetic Association, Nutrition 2002

Because alcohol is fat soluble, it can easily cross the protective fatty
membrane of nerve cells. Therefore, it disrupts the brain’s complex system in
communicating between nerve cells. Neurotransmitters that excite nerve cells and
those that inhibit nerve cells are thrown out of balance. Excessive neurotransmitters
cause sleepiness; high levels of other cause a loss of coordination, an imbalance of
other impairs judgments and mental ability. There are still other neurotransmitters
perpetuate the desire to keep drinking, even when it’s clearly time to stop. Changes in
these messengers are suspected of leading to addition and symptoms of alcohol
withdrawal. In a short time, they probably contribute to a hangover. Alcohol’s short-

term effect are dose related. One or two drink typically bring alcohol blood levels to
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0.04 percent and usually cause only mild, pleasant changes in mood and release of
inhibitions. With more drinks and rising blood alcohol levels, coordination,
judgments, reaction time, and vision are increasingly impaired. In some states and
Canadian provinces, it is illegal for a person whose blood level of alcohol has reached

or exceeds 0.08 percent to drive a motor vehicle.

Table 1 Alcohol impairment chart in MEN

Approximate Blood Alcohol Percentage

Drinks Body Weight in Pounds

0 100 § 120 | 140 | 160 | 180 | 200 | 220 | 240 | Only safe driving limit

1 0.0410.03 1 0.030.02|0.02|0.02|0.02|0.02 | Impairment Begins

0.08 | 0.06 | 0.05 | 0.05 | 0.04 | 0.04 ]| 0.03 | 0.03 | Driving Skills
0.11 [ 0.09 | 0.08 1 0.07 | 0.06 | 0.06 | 0.05 | 0.05 | Significantly Affected

0.15]0.12]0.110.09 | 0.08 | 0.08 ]| 0.07 | 0.06 | Possible  Criminal
Penalties

0.1910.16 | 0.13 | 0.12 | 0.11 | 0.09 | 0.09 | 0.08

0.230.190.16 | 0.14 | 0.13 | 0.11 | 0.10 | 0.09

0.26 1 0.22 1 0.19 | 0.16 | 0.15 | 0.13 | 0.12 | 0.11 | Legally Intoxicated

0.3010.2510.21|0.19{0.17 | 0.15|0.14 | 0.13

O | 0| Q| N| | B~ W| N

0.3410.281024(0.21(0.19|0.17 | 0.150.14

10 10381031]027]0231021]0.19]017]0.16 | Criminal Penalties

One drink is 1.5 oz. of 80 proof liquor, 12 oz. of beer, or 5 oz. of table wine

Subtract .01% for each 40 minutes of drinking
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Table 2 Alcohol Impairment Chart in Women
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Approximate Blood Alcohol Percentage

Drinks Body Weight in Pounds
0 | 90 [ 100 [ 120 [ 140 [ 160 | 180 [ 200 | 220 [ 240 Dnly safe driving limi
1 005[.05 [.04 .03 |.03 |.03 |.02 |.02 |.02 | Impairment Begins
2 [0.10]0.09]0.08 | 0.07 | 0.06 | 0.05 | 0.05 | 0.04 | 0.04 | Driving Skills
3 10.15[0.14 [ 0.11 [ 0.10 | 0.09 | 0.08 | 0.07 | 0.06 | 0.06 | Significantly
4 [020]0.18]0.15]0.13]0.11]0.10 [ 0.09 | 0.08 | 0.08 | Affected Possible
5 1025]023]019]0.16]|0.14 | 0.13 | 0.11 | 0.10 | 0.09 | CFiminal Penalties
6 1030]027/023]0.19/0.17]0.15]/0.14 | 0.12] 0.11 | Legally Intoxicated
7 1035]032/027]023]020]0.18]0.16 | 0.14] 0.13
8 1040]036]030[026]023]020]0.18]0.17]0.15
9 1045]0.41034]029]026]023]020]0.19]0.17
10 [051]045]038]032]028]025[023]021]0.19
Criminal Penalties

One drink is 1.5 oz. of 80 proof liquor, 12 oz. of beer, or 5 oz. of table wine.

Source: The National Clearinghouse for Alcohol & Drug Information Pennsylvania

Term

Moderate drinking (NIAAA) Men: < 2 drinks per day

At-risk drinking (NIAAA)

Definitions of levels of drinking

Criterion

Women: < 1 drink per day
Over 65: <1 drink per day

Liquor Control Board Alcohol Impairment Chart (revised 062304)

Men: > 14 drinks per week or > 4 drinks per occasion

Women: >7 drinks per week or > 3 drinks per occasion

Alcohol abuse (APA) Maladaptive pattern of alcohol use leading to clinically

significant impairment or distress, manifested within a 12-month period by one or

more of the following:
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Failure to fulfill role obligations at work, school, or home
Recurrent use in hazardous situations.

Legal problems related to alcohol.

Continued using despite alcohol-related social or
interpersonal problems.

Symptoms have never met criteria for alcohol dependence.

Alcohol dependence (APA) Maladaptive pattern of alcohol use leading to clinically

significant impairment or distress, manifested within a 12-month period by three or

more of the following:

Hazardous use (WHO)
Harmful use (WHO)

Tolerance (either increasing amounts used or diminished
effects with the same amounts).
Withdrawal (withdrawal symptom or use to relieve or avoid
symptoms).
Use of large amounts over a longer period than intended.
Persistent desire or unsuccessful attempts to cut down or
control use.
Great deal of time spent obtaining or using or recovering
from use.
Important social, occupational, or recreational activities
given up or reduce
Use despite knowledge of alcohol-related physical or
psychological problems.

Person at risk for adverse consequences.

Use resulting in physical or psychological harm

Note: NIAAA = National Institute on Alcohol Abuse and Alcoholism

APA = American Psychiatric Association
WHO = World Health Organization
Source: O’connor PG, Schottenfeld RS, Patients with alcohol problems. N Engl

J Med. (15)
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Alcohol and Accident

Accident was the second important health problem in Thailand. Death rate was
approximately 50 per 100,000 persons during 1997 to 2003. The mortality rate had
declined to the lowest at 35.5 per 100,000 persons in 1998. On contrary, it had
climbed to the highest at 56.1 per 100,000 persons in 2003. This has become a big
problem which required the prevention and treatment to ensure the life safety.(17)

Traffic accident is the most causes of accident and the trend of mortality rate
were varied during 1987-2002. It increased from 22 per 100,000 persons in 1993 to 28
per 100,000 persons in 1996, then decreased to the lowest rate of 12.8 per 100,000
persons in 1998, but the trend was continued increasing. Approximate 50 percent of
severe injury patients was detected of having drink alcohol. Male had mortality rate
more than female approximately 4:1 in every year. Lowest mortality rate was
recorded in 1987, and highest in 1995. Ages between 15 to 29 years had the highest
mortality rate every year. (3) The mortality rate in young and elder groups was lower
than worker group. It was extreme mortality rate occurred 20 to 24 years. Early month
had more mortality rate than the other month. Festive seasons in January, Songkran
Festival celebration and long weekend or long holidays are times when the highest
mortality rate is recorded.

Alcoholic Beverage Consumption

Thai people trends to consume more alcoholic beverages. In the past decade,
alcohol use rose from 721.8 million liters in 1988 to 1,604.3 million liters in 1997 or
about double increase. After the economic crisis, alcohol consumption had a declining
trend from 1,689.8 million liters in 1998 to 1,340.9 million liters in 1999. However, in
2001, alcohol consumption increased again to 1,926.1 million liters. Regarding
alcohol beverage category, liquor consumption among Thai people is relatively stable.
While beers and wines consumption are inclined to increase due to the
implementation of free-trade policy by Government in 1992 which enable the
establishment of several beer and wine factories. Market competition, product
advertisement and cheaper sell price introduced by the manufacturers made beers and
wines drinking popular.

Alcohol consumption of Thai people by person is also on the increasing

trend. During 1998 to 2001, volume of alcohol consumption was double increased
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from 20.2 liter/person/year in 1988 to 41.6 liter/person/year in 2001 and it is still

increasing.

Table 3 Concentration of alcohol by trade name of alcohol beverage in Thailand

Type of alcohol beverage Trade name Alcohol % vol. (degree)
1. Beer Chang 6.5
Leo 5.0
Singha 6.0
2. Wine 14
3. Liquor Maekhong 35
Hongthong, Hongthai 35
Sangshom 40
Regency 38
Chivas 43
4. Local liquor (home product) 35

2. Law enforcement of alcohol intoxication

In Thailand had used the law of traffic since 1979 and was edited to
law enforcement for detect amount alcohol intoxication in driver and labeled method
to determine in 1994. Detection method tested drunk driver to determine blood
alcohol level. The method includes breath analyzer is display the value in milligram
percent, urine test and blood test. If intoxication indication is over 50 mg% BAC, that

drunk driver will be arrested. (18)

3. Method of detection alcohol intoxication

3.1 Standard Field Sobriety Tests

The Standard Field Sobriety Tests is widely used to detect drunk driver in
U.S.A. It is simple and easy to use, effective, no complicated materials, and can be
used in various conditions. SFST was sponsored and funded by the National Highway

Traffic Safety Administration. It was launched began before1977 by Marcelline Burns
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and Herbert Moskowitz as part of DWI arresting procedures, test of alcohol
impairment may be used by police offices, either at roadside or in the station . It was
call ‘Psychophysical Tests for DWI Arrest’. The objective of this study included
evaluation of currently-used test, development of more sensitive and reliable measure,
and the standardization of test administration. Criteria for the selection of sobriety
tests and an initial list of potential tests were derived from field observation,
interviews with law enforcement officers and from literature review. Administration
and scoring procedures were standardized during laboratory pilot studies of the tests.
On the basis of preliminary investigation, six tests were chosen for an evaluation
study. They were One-leg-stand, Walk and turn, Finger to Nose, Finger Count,
Alcohol Gaze Nystagmus (AGN), Tracing, and alternate tests (Romberg body sway,
Subtraction, Counting Backward, Letter Cancellation).

Ten officers administration the six tests battery to 238 participants who were
light, moderate and heavy drinkers. They had BACs in the range 0 to 0.15 %. The
polices score the performance of each test on a 1-10 scale, and on the basis of the
entire battery judged whether the person should be arrested or released, assuming a
legal criterion of 0.10 %BAC.

All of the 6 tests were found to be alcohol sensitive, and the officers made
correct arrest/release decision for 76 percent of the participants. Data analysis led to
recommendations of a ‘best’ reduce battery of tests which includes examination of
balance (One Leg Stand and walking (Walk and Turn), as well as the jerking
nystagmus movement of the eyes (Alcohol Gaze Nystagmus). The sobriety test
battery can be administered without special equipment in most roadside
environments, and it can be adapted to yield more precise measurement if
administered in the station. The total test time in most cases will be no more than five
minutes, more than 83 percent of the evaluation study participants can be correctly
classified on the basis of just three tests. This study suggested that a more appropriate
legal BAC limit should be reduced from 0.10% to 0.08%.(12)

The SFST was successfully developed by many experts which made
administration and scoring more simple to used with more effectiveness. The standard

field sobriety test includes three tests. There are
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3.1.1 Horizontal Gaze Nystagmus

The test is imperative that the suspect’s eye be able to follow the stimulus in
front of the eye which moves side to side on horizontal level. It is involuntary jerking
of eyes. In intoxication indicate three signs will be observed. Each eye must be
checked separately. With only four exceptions, the maximum score of six HGN signs
was recorded for arrested drivers whose BAC's subsequently were found to be 0.05%
and above.

Instruments; Penlight or pen

Place; Quiet background, away from the moving objects so as to avoid the
probability of evaluating an induced condition, away from the viewing of passing
motorists, and certain environmental factors without wind and dust.

Condition and Limitation of test;

1. Eyeglasses are to be removed. If the suspect cannot see the stimulus after
removing the eyeglasses they must be allowed to perform it with them on.

2. Hard contact lenses are to be removed so as to avoid dislodging when the
eyes are out at maximum deviation or to prevent damage to the eyes.

3. A person with a glass eye or only visualize with one eye can not be given
this test. An evaluation of just one eye and double the score by assuming the other eye
will give the same results is both erroneous and improper.

5. If the suspect has what is known as the lazy eye condition, the officer is
trained to test one eye while the other eye is covered by the suspect’s hand, then,
switch side

6. A person who is color blinded is not valid for this test as they will
probably have a pathological Nystagmus which is normal, and natural for that person.
Three to four percent of the general population will exhibit a pathological Nystagmus.
This can be caused by some type of neurological disorder, brain damage, epilepsy or
pathological disorder which the suspect was born with or of unknown etiology. A
large disparity between the right and left eye can clue the officer into this problem. At
an accident scene, if the suspect sustains a concussion, this may bring on a

pathological Nystagmus there by invalidating this test.
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Performance and Scoring of test

The suspects; They must be instructed to look straight ahead, keeping the
head still while following and focusing on the stimulant with the eyes until being told
to stop. If the suspect moves his head to the side at any time, the score may be invalid
regardless of which clue we are looking for.

The observers; The observer holds the stimulus twelve to fifteen inches
in front of the suspect's eyes for ease of focus. The stimulus should be held
above eye level, so that the eyes are wide open when they look directly at it. Due
to narrowness of certain individual’s eyes, it becomes more difficult to make a
fair evaluation of the Nystagmus unless the eyes are wide open. If the observer
believes that the Nystagmus might be there, it can not be scored, as the benefit of
the doubt must be given to the person that is being tested.

Indicators to decide intoxication

The examination for three signs in each eye yields a possible total score of six.
The three signs are:

1. Lack of smooth pursuit

The eyes do not smoothly pursue the moving stimulus but instead move in a
jerky manner. The suspect's inability to pursue a moving stimulus smoothly while
focusing the stimulus being moved horizontally from side to side. If the suspect is
under the alcohol influence, the eyes will bounce or jerk.

The observer is instructed to check the left eye first by moving the stimilus to
the officer's right hand. The stilmulus must be moved smoothly, at a speed of about
two seconds, to bring the suspect's eye as far to the side as it can go. Any choppy or
shaky hand movements or movement that is too fast by the observer may induce a
Nystagmus in the suspect's eyes and invalidate the scoring and test. The observer is
instructed to make two or more passes in front of the eye to be absolutely certain that
what they are seeing is Nystagmus and a valid clue. If this clue is scored as
Nystagmus the suspect is assessed one point.

If the suspect has this clue emanating in one eye, it is no guarantee that it will
be exhibited in the other eye. This should be the easiest clue to see.

After they have checked the first eye for the smooth pursuit clue, they must

check the same eye for what is called distinct jerkiness at maximum deviation.
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Figure 3 Demonstration of lacking smooth pursuit

2. Nystagmus at maximum deviation

A distinct jerking occurs when the eyes are deviated as far as possible in the
horizontal plane. This is accomplished by simply moving the stimulus to the side until
the eye has gone to the side as far as possible. At maximum deviation, no sclera or
white will be showing at the corner of the eyeball. The observer must hold the eyeball
at that position for two or three seconds, and observe the eyeball for distinct jerkiness.
The jerkiness must be both distinct and obvious.

If the observer can not see this distinction from a slight nystagmus, the benefit
of doubt must be given to the suspect. The observer may make the mistake of not
inducing the eyes to the side as far as they can go or too rapidly return the stimulus
and incorrectly score this part of the test. The criteria of no white showing at the
corner of the eye must be met. A nystagmus may be incorrectly mistaken for
physiological nystagmus if the observer does not hold the stimulus to the side for two
or three seconds.

Approximately 50% of the suspects undergoing the testing, a physiological
Nystagmus will be apparent when the eye initially arrives at maximum deviation. This
is due to a person not normally following the stimulus all the way to the side with
their eyes, but turning their head to view that stimulus. Consequently, a certain degree
of uncomfortable is experienced, causing a slight twitching of the eyes at this
location. If the observer brings the eyes out to the side and then immediately brings

them back, he may be scoring this physiological nystagmus inappropriately.
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Everyone has a physiological nystagmus, but it is not visible to the naked eye.
The reason it exists is to exercise the eye muscles, lubricate them, and prevent

atrophy. Remember the jerkiness must be distinct and obvious to be scored a point.

Figure 4 Demonstration of nystagmus at maximum deviation

3. Onset of the jerking movement prior to 45 degrees

Nystagmus occurs and persists at an angle of gaze less than 45 degrees. This is
the most difficult to evaluate. If a suspect exhibits this clue in one eye, the probability
increases that all the other clues will be seen as well. This does not work in reverse
though. If a suspect has any of the first two clues, it is no guarantee that the third clue
will be observed. Because the 45-degree angle is a key factor in assessing the degree
of alcohol influence in a suspect. So, it is important to know how to estimate that
angle.

In the manual and demonstration of this by the State Police instructor, an eight
inch square template is shown to the students to assist them in estimating this angle,
but it is rarely, if at all, used by the student or the instructor other than merely
pointing out its existence. Even though this is the case, if used, this devise must be
held up so that the suspect's nose is above the diagonal line. One edge of the template
is centered on the nose and perpendicular to or at right angles to the face. The person

is told to follow the stimulus until they are looking down the 45-degree diagonal. This
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obviously is used as practice to recognize the angle. A rule of thumb that is being
taught is in order to estimate the 45-degree angles, the stimulus must be halfway
between the suspect's ear and nose on the side being tested or just outside the shoulder
area.

The estimation of this angle is critical. Since studies have shown that as the
alcohol increases, the angle will decrease. Although this may be the case, this angle
should not be used to estimate a specific amount of alcohol in the bloodstream. In
order to properly score this part of the test, the officer must move the object to the 45-
degree angle of gaze, holding about four seconds. As the eye follows the stimulus
looked for the jerking. If nystagmus is observed, stop the stimulus and the officer
must make observation if it is continuing at this point. If it continues, then, the officer
must make sure that there is still white showing at the corner of the eye, and the angle
must be estimated to be less than 45-degrees. If it does not, continue to move the
stimulus until the jerking occurred. Continues the movement or until the 45-degree
angle is reached. If no white of the eye is showing, the eye has either been taken too
far to the right, which would be maximum deviation that is being evaluated, or the
person has unusual eyes that will not deviate very far to the side. The criterion of
onset before 45-degrees can only be used if some white can be seen at the outer part
of the eye. Too often, the observer incorrectly estimates the angle or scores this with

no white showing at the corner of the eye or both.

Figure 5 Demonstration of onset of the jerking movement prior to 45 degrees angle
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This test is deemed the most reliable test in determining probable cause to
believe someone is under the influence of an alcoholic beverage. This depends on the
proper administration, proper scoring, and proper training

A score of four points out of possible six after the scores of each eye are added
up, the observer is instructed to decide if the suspect violates driving law. This test
should be carried out while the suspect is standing or sitting correctly. It is not
appropriate if the suspect is in a supine position. At an accident scene, with suspect
lying down and this test performed, it would be invalid due to positional alcohol
Nystagmus being the cause of the Nystagmus encountered. This is a vestibule type of
Nystagmus that is evident when the amount of alcohol in the vestibule system is in
unequal proportions to the amount of alcohol in the bloodstream and reacts to gravity

such as the changing position of the head.

3.1.2 Walk and Turn Test

The Walk and Turn test is an objective test based upon certain predictable
errors that a person under the influence will display, as well as scoring factors that
will give the tester a basis for passing and failing other than their subjective opinion.

The test was called ‘Divided Attention Test” which divides the suspect's
attention between mental and physical tasks. The physical tasks include balance and
coordination while the mental tasks include comprehension of verbal instructions,
processing of information and recall of memory. While a person may be able to
perform one task they may not be able to perform the other if under the influence of
an alcoholic beverage.

Place: It is required that Walk and Turn Test be performed on a hard, dry,
level, non-slipping surface with sufficient room for the suspect to complete nine heel-
to-toe steps. This test loses some validity when conducted in certain wind/weather
conditions that counters this criterion. The manual calls for a straight line, which must
be clearly visible on the surface but in the DWI course it is taught that the test can be
performed parallel to the curb. Conditions must be such that the suspect would be in

no danger if he or she were to fall.
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Condition and Limitation of test

1. Individuals wearing high-heeled shoes more than two inches should be
given the opportunity to remove their shoes as this may diminish the validity of the
results.

2. Performing this test to person over sixty five years old or weighting over
fifty pounds, having physical impairment that would affect body balancing is
exception. Individuals who can not see out of one eye may also have trouble with this
test because of poor depth perception and should not be given this test.

Performance and Scoring of test

The suspect: A suspect is given detailed, standardized instructions for
walking nine heel-to-toe steps along a line, turning, and returning along the line with
nine heel-to-toe steps. A WAT score reflects an individual's ability to attend to and
remember very specific instructions as well as to maintaining balance and walk.

The observer: The observer must observe the suspect from three or four feet
away and remain motionless while the suspect performs the test. Being too close or
excessive motion may cause the suspect to make errors they might not have
committed otherwise. This will cause some validity of the results to be lost as even a
sober person may have difficulty under these conditions.

The observer must give good verbal instructions and accompany this by
demonstrations when having the suspect perform this test. They must make sure that
the suspect understands the instructions and are trained to receive an
acknowledgement of same and to document that affirmative response.

Indicators to decide intoxication

This test is scored in relation to eight scoring factors that can be seen in two
separate stages.

1. Instruction Stage

The observer must verbally tell the suspect to assume the heel to toe stance
and must demonstrate this. The suspect is told to place their left foot on the line and
place their right foot on the line ahead of the left foot, with heel of right foot against
toe of left foot, look down at their feet while performing this stage of the test and to
count their steps out loud. This must be demonstrated because without demonstration

and using instructions alone decreases the tests validity. The observer is instructed by
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way of training to ensure the right foot is in front of the left foot at the start so to
maintain uniformity of this test. This also becomes important later in the test during
the turning evaluation. If the suspect is instructed or demonstrated improperly, it may
affect the suspect during this part of the test. After obtaining the correct starting
position, the observer must inform the suspect to remain in that position until they are
told to start walking. The observer must ensure the suspect understands this. If the
observer does not reiterate the question to check understanding or receiving an
affirmative response, the test may not be scored fairly and properly, thereby
invalidating the results.

There are two ways that the officer, if the procedures have been abided by that
the observer can assess a point to the suspect's performance.

1.1 Lossing balance during instructions; If the suspect cannot keep balance
while listening to the instructions, a point is scored. This item is only scored if the
suspect does not maintain the heel to toe position throughout the instructions. The
observer is trained to be conservative in their scoring and not to score a point if the
suspect sways or uses the arms to help balancing self, but maintains the starting
position during this stage. The observer must demonstrate two or three heel to toe
steps for the suspect. The observer then informs the suspect and demonstrates the
same, that when the turn is performed, the suspect must keep the foot on the line, and
turn by taking a series of small steps. If the observer demonstrates or instructs wrong
foot at the beginning, the way a suspect turns will be affected also. The observer then
continues with informing the suspect to keep their arms at their sides while walking,
watch their feet at all times, and to count their steps out loud. They must be told that
they can not stop once they start walking.

1.2 Starts before instructions are finished; a second scoring factor is known
as starting too soon. This is given when the suspect starts to walk before the officer
instructs them. This can only be scored if the observer specifically instructed the
suspect not to start until being told and the suspect stated they understood this

instruction.



Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Epidemiology) / 23

2. Walking Stage

The observer is to explain the test requirements, using verbal instructions and
accompanied by demonstrations. The suspect is told again when to start. They must
take nine heel to toe steps, turn around, and take nine heel to toe steps back.

There are six scoring factors that can be observed in this stage.

1. Stops while walking; the observer can not score this item if the suspect is
merely walking too slowly. The suspect must pause for several seconds after one step.
If this occurs, the observer is trained to request the suspect to repeat at that difficult
point instead of starting over again as this test looses sensitivity if it is repeated
several times.

2. Do not touching heel to toe: This can be very subjective unfortunately. If
the suspect leaves a one half inch or more between the heel and toe or does not walk
straight along the line, they can only be assessed one point-no matter how many times
this occurred.

3. Steps off the line: This means that one of the feet must be entirely off the
line and not merely diagonal. Even if the suspect steps off twice, they are only given
one point.

4. Sways or using arms to balance; The suspect raises one or both arms more
than six inches from the side in order to maintain balance. If this is noticed to be the
normal position of the arms, as in some body builders, the observer is trained to take
that into account and be conservative in their scoring. Any benefit of doubt must be
given to the suspect.

5. Loss balance while turning: This item can only be scored if the suspect
removes both feet from the line while turning or does not take several small steps, and
pivots in one movement as in an about face movement. It is imperative that the
observer has demonstrated and articulated this movement properly in order to be
scored correctly. It is important that the observer be conservative in their evaluation of
this turn and not be overly critical.

6. Take the incorrect number of steps: This item is scored only once, even if
the incorrect number of steps are taken in either direction. The suspect was instructed

to look down at their feet while performing this stage of the test and to count their
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steps out loud. But if they don't adhere to these instructions, they can not score a point
as these are not one of the scoring factors.

There are two ways that the suspect can receive a maximum of eight points on
this test. If they step off the line three times or more or they can not do the test. If they
can not do the test, it must be explained by the officer.

If the suspect receives two total points on this test, the observer is trained to
use this as probable cause to believe that the suspect is under the influence of an

alcoholic beverage.

Figure 6 Demonstration of walk and turn test
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3.1.3 One Leg Stand Test (OLS)

This test was to maintain balance self with one leg stand and counting by
thousand for 30 seconds. The test called ‘Divide Attention test’.

Place: It must be performed on a hard, dry, level, non-slippery surface.
Conditions must be such that the suspect would be in no danger if he or she were to
fall. Certain wind/weather conditions obviously may interfere with and affect the
validity of this test. There must be adequate lighting to perform it. In total darkness,
even the average, sober person may have difficulty with this test, due to their visual
frame of reference being taken away.

Condition and Limitation of test

1. Individuals wearing high heeled shoes higher than two inches should be
given the opportunity to remove their shoes as this may diminish the validity of the
results.

2. Performing this test to person over sixty five years old or weighting over
fifty pounds, having physical impairment that would affect body balancing is
exception. Individuals who can not see out of one eye may also have trouble with this
test because of poor depth perception and should not be given this test.

The suspect: The suspect is given detailed, standardized instructions to stand
with one leg

The observers: The test is imperative that the tester observe the DWI suspect
from at least three feet away, and remain as motionless as possible while the suspect
is performing this test. If this is not done, the test may be interfered with and
ultimately affect the results and validity. The observer giving verbal instructions and
demonstrate this test to suspect which must receive an indication.

Performance and Scoring of test: In the administration of this DWI test,
there is also two separate stages involved;

1. The Instruction Stage

The test is initiated by giving verbal instructions, followed and accompanied
by demonstrations of those instructions. The observer is trained to advise the suspect
to stand with their heels together and arms down at their sides. The observer must also
inform the suspect not to start the test until being told. The observer must receive an

indication from the suspect that they understand the instructions and document their
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acknowledgement. There are no scoring factors involved until the suspect move into
the next stage.

2. The Balance and Counting Stage

The observer is required to explain the testing requirements further by
instructing the suspect to stand on one leg, putting the other foot in front while the
observer is demonstrating. The suspect should be allowed to stand on either leg that
they wish. The suspect is instructed to keep the foot raised about six inches off the
ground. The observer demonstrates this and should advise the suspect if the observer
id not satisfied. The suspect is further instructed that while they are standing, they will
count out loud for 30 seconds, and the tester will demonstrate the count as "one

n

thousandth and one, " one thousandth and two’, etc., all the way to thirty-one
thousandth. The suspect is told to look down at their foot while counting and
throughout the entire test, to keep their arms at the sides at all times. They are told to
refrain from hopping or swaying while standing. The suspect must again acknowledge
that they understand the instruction to retain validity of the test. The test is then
begun.

A suspect may score a point for the following reasons.

1. Sways while balancing; the observer is trained not to be too critical in this
scoring as the suspect is a living, breathing person, and some sway will be noticed as
a result of this. The swaying that can be scored is a marked sway, such as a back-and-
forth motion while the suspect maintains the one-leg-stand position.

2. Using arms to balance; Suspect should put their arms six or more inches
from the side of the body. Again it must be taken into account the distance of arms
from the body that the suspect normally starts with such as in the case of
bodybuilders.

3. Put their foot down: Regardless of how many times, they are only given
one point on this scoring factor. The suspect should be allowed to repeat the
difficult point in stead of starting over again if it fails in the mid of the testing as
this test may lose sensitivity if repeated several times. The suspect has been
instructed to keep watching their raised foot and to count out loud. But if they do
not follow either of these instructions, they are not scored any points as it is not a

part of any scoring factor. If the suspect counts too slowly, it is imperative that the
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observer stop the test after thirty seconds have elapsed as this may affect the scoring
and validity of the test. The observer is trained to time thirty seconds of total test time.
If the suspect counts too fast, the observer must tell to slow down.

4. Hops on one foot: This is scored only if they resort to hopping on the
anchor foot in order to maintain balance. It should not be scored if the suspect is
having difficulty by moving the anchor foot back and forth. The observer is supposed
to be able to distinguish this as part of their training and to allow the suspect this
benefit.

The suspect can receive a maximum score on this test in two ways. Firstly, if
the suspect puts their foot down three times or more during the thirty second count.
And secondly, it is otherwise demonstrates that they can not do the test. The officer
must be able to articulate why they felt the suspect could not do this test.

If the suspect receives two total points on this test, the observer is trained to
use this as probable cause to believe that the suspect is under the influence of an

alcoholic beverage. (19)

Figure 7 Demonstration of one leg stand test
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The Standard Field Sobriety Tests have been widely used to detect drunk
driver over legal limit in U.S.A. for more than thirty years ago. It began study before
1977 to assist the officer to decide whether to arrest or release alcohol impairment
driver. The initial study included evaluation of currently-used test, development of
more sensitive and reliable measure, and the standardization of test administration.
Administration and scoring procedures were standardized during laboratory pilot
studies of the tests. On the basis of preliminary investigation, six tests selected for an
evaluation study were One-leg-stand, Walk and turn, Finger to Nose, Finger Count,
Alcohol Gaze Nystagmus (AGN), Tracing, and alternate tests (Romberg body sway,
Subtraction, Counting Backward, Letter Cancellation). Ten officers administration the
six tests battery to 238 participants who were light, moderate and heavy drinkers.
They had BACs in the range 0 to.15 %. The polices score the performance of each test
on a 1-10 scale, and on the basis of the entire battery judged whether the person
should be arrested or released, assuming a legal criterion of 0.10 %BAC. All of the 6
tests were found to be alcohol sensitive, and the officers made correct arrest/release
decision for 76 percent of the participants. Data analysis led to recommendations of a
‘best’ reduce battery of tests which includes examination of balance (One Leg Stand
and walking (Walk and Turn), as well as the jerking nystagmus movement of the eyes
(Alcohol Gaze Nystagmus). The sobriety test battery can be administered without
special equipment in most roadside environments, and it can be adapted to yield more
precise measurement if administered in the station. The total test time in most cases
will be no more than five minutes, more than 83 percent of the evaluation study
participants can be correctly classified on the basis of just three tests. This study
suggested that more appropriate BAC legal limit should be reduced from 0.10% to
0.08%.(11)

The many studies were development administration and scoring of SFST for
simple used and more effectiveness. For example, a sobriety battery was standardized
for effectiveness then evaluated in the laboratory and to a limited extent in the field.
The result shown that the officers were able to classify 81 percent of 297 drunk
volunteers, on the basis of their test scores, with respect to whether their BACs were
above or below 0.10%. Officer estimates of the BACs of drinkers they tested differed

by 0.03% on the average from the actual BAC. Inter rater and test-retest reliabilities
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for the test battery range from 0.60 to 0.80.(14) It was confirmed again that the test
can be easily and effectively used in the field and suggest that the gaze nystagmus test
is the most powerful of the three.(15) The Florida law enforcement officers were
repeated training under NHTSA guidelines to administer, score, and interpret the
SFSTs, who have developed experience and skill with the SFSTs, who use only the 3-
test battery to examine DUI drivers, and who do not have access to preliminary breath
tester (PBT) will be equal to or greater than 90 percent correct, as confirmed by
measured BACs. (21) The important study that evaluated the accuracy of the
Standardized Field Sobriety Testing (SFST) Battery to assist officers in making arrest
decisions for DWI at blood alcohol concentrations (BAC) which the trend to reduce
statutory DWI limits below 0.10 percent to 0.08 percent. The results of this study
provide clear evidence of the validity of the SFST battery to discriminate at 0.08
percent BAC, using a slightly modified scoring procedure. Furthermore, study results
strongly suggested that the SFSTs also accurately discriminate at 0.04 BAC. (22) In
addition to, assign officers' decisions and to examine the accuracy of the SFST
battery when used in the widely varying weather conditions of Colorado winter,
spring, and summer months. (10)

The application of SFST which was used in the marine environment That
overall correlation of the officers' FST based estimation and BACs obtained from
using breath analyzer test was approximately 0.70. This level is consistent with
similarly obtained correlations from highway studies. (Sussman, 1990 #67) and it was
adapted to detect marijuana intoxication in Australia which the result were correctly
assessed 76.3% of participants in the high THC condition as either impaired or not
impaired on driving, the correct identification of 84% of impaired drivers as
impaired, but only 61.5% of unimpaired drivers as impaired, and the One Leg Stand
test is the most sensitive, (23) as same as the evaluation trials for drug recognition
and field impairment testing in London, United Kingdom.(24) It can used to the
procedure for detection of drug impaired drivers, is a practical, effective and valid for
police (25). The resulted of the accuracy was 73% of it for classification of the
sample as either impaired or not impaired on the driving task after administration of

cannabis (26). It was the partial to determine individual behaviorally impaired of drug
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which can used to predict accurately acute administration by the drug evaluation and

classification program. (27)

Table 4 Validity of STST during 1977 to 1998

Year Sensitivity (%)  Accuracy (%) BAC limited legal(%)
1977 54 76 0.10
1981 81 0.10
1983 80 0.10
1995 84 0.05
1997 95 0.08
1998 90 91 0.08
1998 94 0.04

In conclusion, the SFST had been developed for easy to use in varied weather
conditions and is able to classify drunk driver, it was well acceptable by the police and
also adaptable to in marine environment or detect marijuana intoxication. The gaze
nystagmus test is the most powerful of the three tests. The most accuracy was 94 %
when discriminate at 0.04 percent BAC. It confirmed that the trend to reduce statutory DWI
limits should be below 0.10 percent BAC. The SFST is very effective as well as breath

test and led to penalize for drunk driver who have over BAC legal limits.

3.2 Breath test

The rule of breath analyzer test is the suspect must breaths from deep lung
into analyzer which is equipped with alcohol sensor inside. The sensor can change the
position which is obviously seen. For example, change color chemical, measure
energy and follow to a dial or readout which relation between alcohol in blood and
breath with Blood: Breath ratio was 1: 2100.

Breath analyzers used in this study are Lion Alcometer (AlcoSensor IV). The
AlcoSensor IV is a hand-held breath alcohol tester. It offers a simple, accurate and

economical method of determining a subject's alcohol level in blood. The AlcoSensor
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IV follows automated software driven test protocol. Each function is displayed on an
LED panel which provides the operator with step-by-step instructions for fail-safe
testing. The AlcoSensor IV automatically samples deep lung breath and show results
in a three-digit display. The unit has automatic calibration and a mouthpiece release
feature which eliminates operator contact with a used mouthpiece. The fuel cell
sensor generates a response that is proportional to the Breath Alcohol Concentration.
US DOT approved for evidential use. Meets and exceeds the federal model
specification for traffic enforcement and Omnibus Breath Alcohol Testing. The fuel
cell sensor is sensitive to alcohol. It does not respond to acetone or other substances
which are found in the breath. The Alco Sensor III can accurately detect breath’s
alcohol levels between .000 - .400 BrAC. The unit responds within 10 seconds on
negative samples and within 30 - 45 seconds on positive samples. The patented
analytical system permits quick results, more positive tests per time period with no
loss of sensitivity. Instruments will maintain calibration (plus or minus .005 at the
.100 level) for months. Checks and calibrations should be performed with either a
Thailand’s Ministry of Public Health approved wet bath simulator or a dry gas
standard. Alco Censor III can operate between 0° C and 40°C. The software to
monitor diagnostic system requires proper battery power, proper instrument
temperature, successful instrument pretest blank and the delivery of a "deep lung"
breath specimen before automatically taking a sample. The disposable one-way
mouthpiece is individually wrapped and can be automatically ejected from the
instrument to avoid personal contact. A quick seating one way check valve is
specifically designed to reduce the likelihood that a subject can suck back through the
mouthpiece while submitting a sample. This mouthpiece is designed in a manner that
it actuates the power up circuit on the Alco Sensor IV. Its design also facilitates the
automatic ejection of the mouthpiece for hands free removal at the end of the test.
(28)

Validity of breath analyzer test

Head space gas chromatography is the most validity to detect concentration of
blood alcohol, but it is too expensive and difficult to keep. So breath analyzer is a
substitution because it is less expensive and easily to carry for its small size. The last

study found a high value of validity with correlation co-efficiency recorded at 0.971
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(Blood: Breath ratio was 2378.93+440.26). There were few comparative studies of
correlation co-efficient between breath test and blood test. Result had shown an equal
value of correlation coefficient which was 0.987 and was very significant in statistic
value at the level of 0.001. They studied of relationship of blood and Breath analyzer
test (Alco-Sensor IV) in 120 patients who were traffic victims in the division of
trauma, department of surgery, Siriraj hospital. (5) Another study had compared two
breath analyzer test and gas chromatograph in 29 healthy volunteers after drinking
alcohol beverage. The correlation coefficient (r) between two breath analyzers was
0.975 (n=143). The correlation coefficient (r) between Lion-Alcolmeter and GC was
0.977 (n=217), Alco-Sensor IV and GC was 0.971 (n=143). (20) In addition to the
study about desktop (Alcohol Countermeasure series DATATEST JE-1100) and
mobile breath analyzers (Alcohol Countermeasure system series PBA 3000) which
had gas chromatograph was the goal standard in 140 study subjects included 90
volunteers and 50 polices who drank various alcohol beverage. The results of the
study indicated that the desktop Breath Analyzer had a sensitivity of 96.46%,
specificity of 74.04%, accuracy of 92.17% and the correlation was 0.925. The mobile
Breath Analyzer had sensitivity of 44.25%, specificity of 92.59%, accuracy of
52.57% and the correlation was 0.625. (29)

In conclusion, the breath analyzer has high correlation coefficient value that
can be used confidently to detect blood alcohol concentration. The effective of test

was very close to blood test.
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Figure 8 Conceptual Framework
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CHAPTER I
MATERIALS AND METHODS

This chapter presents the research methodology, which consists of research
design, population and sample, sampling method, sample size estimation, research
instrument, reliability and research method. The purpose of this study focuses on the
validity of the standard field sobriety tests.

1. RESEARCH DESIGN
This study was a cross-over design to study cross-sectional research on

validation of the standard field sobriety tests for determining alcohol intoxication.

2. POPULATION AND SAMPLE
The study population in this study was 103 volunteers who live in Muang

district, Buriram province. They were aged between 20 to 40 years.

3. SAMPLING METHOD

Inclusion criteria: participants were male and female from Buriram province,
who accepted the informed consent, age between 20 to 40 years old, healthy; no
history of underlying disease (renal, heart, liver, gastrointestinal, pulmonary disease
or diabetes, and hypertension), no history psychotic disorder including substance
abuse, or taking any prescribed psychoactive medication, no problem about vision or
operated eyes (except short or long vision), and no problem about balance or operated
knees area.

Exclusion criteria: the subject could not participate until the end of this study
and who did not complete their breathe alcohol concentration testing always any
period of the study.
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4. SAMPLE SIZE
Sample size estimation are calulated by this formula (Zhou, X., Obuchowski,
N.A., and McClish, D.K., 2002) (30)

n = Z: ., (%)
LZ
2y 42=1.96
v(é) = the variance function of & (accuracy of SFSTs) = 0.94 (Sluster, J.

and Burns, M., 1998)
L = the desired width of one half of Cl = 0.05

n =~ 87
n = 103
5. MATERIALS

The instruments of this study are composed of three parts as follow:
1. Questionnaire
It was recorded data of alcohol consumption: age start drinking, type of
alcohol beverage, frequency and amount of drinking and health status: vision or
operated eyes, balance or operated knees area
2. Breath analyzer test
The measurement of alcohol concentration in blood was performed by
blasting into the breath analyzer. The Breath analyzer using in this study was the
AlcoSensor 1V which is a hand-held breath alcohol tester and automatically samples
deep lung breath. The results are displayed in three-digit readout in mg% unit. The
volunteers must rinse their mouths after drinking alcohol beverage to get rid off the
remains of alcohol. Before using in this study, it has calibrated from agency that
produced it.
3. Standards Field Sobriety Tests (SFSTs)
The SFSTs are the procedure to detect sober people who drink alcohol
beverage. It used to perform coordination between mention and physical ability. The

standardized battery includes three tests
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3.1 Horizontal Gaze Nystagmus (HGN)

The HGN examination, the volunteer have to gaze the stimulus which moving
horizontally. It is involuntary jerking of eyes. The examination for three signs in each
eye yields a possible total score of six. The three signs are:

3.1.1 Lack of smooth pursuit: The eye of the volunteer can not smoothly
pursue the moving stimulus but instead move in a jerky manner.

3.1.2 Nystagmus at maximum deviation: A distinct jerking occurs when the
eye are deviated as far as possible in the horizontal plane.

3.1.3 Onset of the jerking movement prior to 45 degrees: Nystagmus occurs
and persists at an angle of gaze less than 45 degree.

3.2 Walk-and-Turn Test (WAT)

A suspect is given detailed, standardized instructions for walking nine steps
along a line as well as turning around and returning. A WAT score reflects an
individual's ability attention and remember very specific instructions as well as
balance and walk. The assistants record errors with the following checklist.

3.2.1 Loses balance during instructions

3.2.2 Starts before instructions finished

3.2.3 Stops while walking

3.2.4 Doesn't touch heel-to-toe

3.2.5 Steps off line

3.2.6 Uses arms for balance lose balance

3.2.7 Loses balance while turning

3.2.8 Incorrect number of step

3.2.9 Can't perform test
The WAT criterion for decision is two or more errors from a maximum score of eight.

3.3 One-Leg Stand (OLS)

This balance test requires each person stand with his/her arms at his side and
lifts one leg approximately six inches off the ground. He/she looked at the raised foot
and maintains the stance while counting from one thousand-one to one thousand-
thirty. This test is in 30 seconds and scored as shown below.

3.3.1 Sways while balancing

3.3.2 Uses arms for balance
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3.3.3 Hopping
3.3.4 Puts foot down
3.3.5 Can't perform test
The criterion for decision is two errors; it can be assumed that the decisions to

intoxication were based on other signs of impairment. (21)

6. VALIDITY AND RELIABILITY

1. Content validity: one expert appropriate of language. It was then improved
to be trained the researcher and two public health personnel.

2. Reliability testing: The inter-rater reliability was conducted by a researcher
and two assistants. The value of reliability of pilot study using 10 volunteers was
separated 2 phase folow as;

The pilot project was performed within two days. The first day is training the
assistants of this work to gain understand the procedure and how to give a score
correctly using the guideline from National Highway Traffic Safety Administration,
USA. The assistants try to understand the guideline then study about movement of eye
and balancing act from VDO. The balancing act is included walking step by step
along a line and standing with one leg. The assistants try to test such procedure with
the normal people to make sure they can measure correctly. The researcher
demonstrated an example to assistants. The volunteer who have 150 mg% alcohol in
their blood were brought to be examples. The researcher did measurement together
with explanation abnormality of such volunteer and how to give a score. The
assistants will do test by themselves began from Horizontal Gaze Nystagmus, Walk
and Turn and One leg stand. The assistants do the test repeatedly until they were sure.
The ne xt day, the assistants will do the test with the two volunteers who have 124
mg% and 32 mg% alcohol in their blood to confirm that they are really sure.

The second phase, the ten volunteers including eight male and two female were
prohibited to have meal within four hours and drink within twenty four hours before
testing. The researcher measured the alcohol level in their blood to make sure that all
of them are not contaminated. The volunteers have to drink alcohol beverage one, two

and finally four cans within one hour. Thirty minutes later, begin to measure alcohol
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level using breath analyzer then do Horizontal Gaze Nystagmus, Walk and Turn and
One leg stand testing, respectively. The assistants marked and recorded.

7. PROCEDURES

This study was separated into 2 phases:

Phase 1 Pilot study; Training for three research assistants by using the
guideline from National Highway Traffic Safety Administration, USA. The assistants
did the pre-test with ten volunteer, they have to do repeatedly until they are sure in
procedure. (Inter rater will be calculated to evaluation of assistants testing)

Phase 2 Study phase; Announcement for invitation the volunteer, screening
and selecting the healthy volunteers, explaining the objective of this study,
demonstrate breath test. Administration divided the subjects by breath analyzer test
and SFST. The subjects and assistants are blinded for BAC.

The Subjects were required to stop drinking any alcohol and having any meal
for twenty four and four hour prior to testing, respectively. The first breath test will be
checked for BAC = 0 mg% before begin the study. They have got the first drink after
10-15 minutes of arrival, and they have to complete drinking within one hour. They
were randomly separated into three groups; the sober group (drink water), and drunk
group including drinking two, and four cans of beer, respectively. Thirty minutes
later, the participants were taken to breath test and performance of the SFST battery.

The subjects who have no BAC are requested to perform SFSTs to baseline
assessment. They are request to detect alcohol level by breath analyzer and classify to
sober and no sober at 50 mg% BAC then perform SFST all 3 tests (Horizontal Gaze
Nystagmus, Walk and Turn, One leg stand). The criteria of decision sober are
indicated each tests. In this study, we set the clock and record time when begin each
tests until the end of performance.
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Figure 9 A plans of procedures in this study

7. STATISTICAL ANALYSES

The Statistical Package of Social Science for Personal Computer Window
version 11.5 is used to analyze the data.

1. The frequency, percentage, mean and standard deviation are used to
descriptive statistics which describe the demographic data such as sex, age, marital
status, education level, occupation, family income, vehicle, duration of alcohol intake,
age of the first drink, frequency, quantity of alcohol intake and type of alcohol
beverage.

2. Sensitivity, specificity and predicted value were obtained to confirm the
validity of the score when compare to breath analyzer test which blood alcohol
concentration cut-off point BAC. Sensitivity represents the rate of participants who
were sober identifies by breath test. Specificity refers to rate of participants who were
not sober identified by the same test. The positive predicted value indicates the rate of
participants who were sober as cut off point of BAC identified by breath test, and
negative value refers to the rate of participants who were not sober as legal limited
below cut off point of BAC. The area under the curve (AUC) of the receiver-
operating characteristic (ROC) was calculated to asses the overall validity of the score
and it can present 95% confidence interval for AUC. The ROC is used to confirm the
validity and decision — making the efficiency score. The ROC graph can be drawn by
linking the points on the coordinates consisting of the sensitivity on Y-axis and 1-
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specificity on the X-axis using all the values in the score. A high AUC value means a
high validity. If the test presents a high AUC, it can identify and classify the
participants who are sober or not sober as legal limited.

3. Kappa coefficients are measures of correlation between two tests. The
statistics is a way to quantify the level of agreement. It is quantified actual levels of
agreement which can verify exceeds chance levels such as;

Exceeding 0.75 excellent agreement
0.40-0.75 fair to good agreement

Less than 0.4 poor agreements. (31)
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CHAPTER IV
RESULTS

This study investigated the efficiency of the standard field sobriety test for
determining alcohol intoxication from volunteers who living in Buriram province.
The results are presented in term of sociodemographical, historical alcohol
consumption, blood alcohol concentration of breath analyzer test and the reliability,

validity and agreement of the standard field sobriety test.

Part 1 Data of sociodemographical

The participants in this study are consisted of 103 healthy persons who living
in Buriram province. The majority of them were male, mean age was 26.5 years old,
single, achieved only primary school, labour employee, income less than 3,000 bath

per month. Approximately 3 in 4 of their vehicle were motorcycle.

Table 5 Sociodemographic characteristics of participants

Characteristics N %
Sex
Male 79 76.7
Female 24 23.3
Age (Years)
20-24 51 49.5
25-29 20 19.5
30- 34 16 15.5
35-40 16 15.5
Mean (SD) 26.5 (6.4)
Marital status
Single 66 64.1
Couple 34 33.0

Separated 3 2.9
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Table 5 Sociodemographic characteristics of participants (continued)

Characteristics N %

Education level

[lliterate 4 3.9
Primary school 43 41.7
High school 32 31.1
Vocational school 8 7.8
University 16 15.5
Occupation
Agriculturist 32 31.1
Labor employee 46 44.6
Household job 3 2.9
Others 22 21.4
Family income per month (Bath)
< 3,000 69 67.0
3,001-5,000 25 243
5,001-7,000 9 8.7
Vehicle
None 27 26.2
Motorcycle 69 67.0
Car 7 6.8

Part 2 Data of historical of alcohol consumption

The first drinking of the participants began from aged 12, while mean of age
of drinking was 17.9 years old. More than half of them had intake alcohol beverage
were less than 8 years. Interestingly, approximately half of them drank 1-2 days per
week (42.9 %) and intake at least 56.4 gm in the part week (48.6%).

Table 6 Historical of alcohol consumption of the participants

Characteristics N %
The first drunk (years)
12-18 71 68.9
19-25 27 26.2
>26 5 4.9

Mean (SD) 17.9(3.8)
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Characteristics N %
Duration of alcohol intake (years)
<8 59 57.3
9-16 33 32.0
>17 11 10.7
Mean (SD) 8.7(5.7)
Frequency of drinking per week (days)
<1 27 26.2
1-2 45 43.7
3-4 31 30.1
Quantity of alcohol intake per week (gm)
<55.0 49 47.6
55.0-109 34 33.0
>110 20 19.4
Mean (SD) 55.9 (52.6)

Part 3 Blood alcohol concentration of breath analyzer test

The blood alcohol concentration of the participants falls within the range 0 -
161 mg%. The majority of them had BAC groups 0-9 mg% (12.6%), both of groups
20-29 mg% and 60-69 mg% were 11.7% and 70-79 mg% (9.7%). The average of

BAC was 58.3 mg% (SD=42.6 mg %).

Table 7 Blood alcohol concentration of breath analyzer test

BAC (mg %) N %
0-9 13 12,6
10-19 8 7.8
20-29 12 11.7
30-39 8 7.8
40 -49 7 6.8
50-59 5 4.9
60-69 12 11.7
70-79 10 9.7
80-89 4 3.9
90-99 6 5.8
100-109 5 4.9
110-119 2 1.9
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Table 7 Blood alcohol concentration of breath analyzer test (continued)

BAC (mg%) N %
120-129 3 2.9
130-139 2 1.9
140-149 2 1.9
>150 4 3.9
Total 103 100.0
Mean (SD) 58.3 (42.6)
Range 0-161

Part 4 The reliability, validity and agreement of the tests

The reliability of the standard field sobriety test was assessed from three
observers and ten volunteers. Mean of age are 32.5 years old and the volunteers who
are 21-40 years old posses alcohol level in their blood 58.8 mg %. SD=40.1, range 0-
129 mg %). The inter-rater reliability found intraclass correlation coefficients of each
test; horizontal gaze nystagmus, walk and turn and one leg stand were 0.968

(95%CI1=0.907-0.991), 0.977 (95%CI=0.931-0.994), and 0.977 (95%CI1=0.931-0.994),

respectively.
The average duration of administration was 3.56 minutes. (horizontal gaze
Nystagmus = 1.08 minutes (SD=0.27), walk and turn= 1.21 minutes (SD=0.46), and

one leg stand = 1.27 minutes)

Table 8 Duration of administration of the standard field sobriety test

Test Mean (minutes) SD

Nystagmus 1.08 0.27
walk and turn 1.21 0.46
one leg stand 1.27 0.47
Total 3.56 0.71

The validity screening tests and agreement for a newly tests are summarized
each test when compare to breath analyzer test which blood alcohol concentrate cut-
off point separate 16 intervals (range = 10) were performed on 103 participants. The

data collected as follow:
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1. Horizontal Gaze Nystagmus (HGN)

The validity of horizontal gaze nystagmus test has been shown by scoring as
follow;

Score = 1, the receiver operating characteristics (ROC) curve to assess this test
and the area under curve (AUC) was 0.980 (95%CI = 0.960-1.001), was statistical
significance at p-value < 0.001. The validity of horizontal gaze nystagmus test; the
appropriately cut point of BAC was 30 mg%, it was given the value of sensitivity,
specificity, positive and negative predictive value were 97.1%, 84.8%, 93.2%, and
93.3%, respectively. It had the highest value of the accuracy was 93.2 and the
excellent agreement was 0.840

Score = 2; the sensitivity, specificity, positive and negative predictive value,
and accuracy appropriately was cut off 70 mg%BAC; were 84.2%, 80.0%, 71.1%,
89.7% and 81.6%, respectively. The kappa value was 0.623, acceptable level that was
statistical significance at p-value < 0.001. It was confirm with the receiver operating
characteristics (ROC) curve, area under curve (AUC) was 0.895 (95%CI = 0.835-
0.956), was statistical significance at p-value < 0.001.

Score = 3; the cut point of BAC found appropriately was 80 mg%BAC was
given the best validity; sensitivity, specificity, positive and negative predictive value,
and accuracy were 64.3%, 92.0%, 75.0%, 87.39%, and 84.5% respectively. The value
of kappa was 0.589 that the high value which fair to good agreement. The area under
curve of the receiver operating characteristics (ROC) was 0.906 (95%CI = 0.845-
0.966), was statistical significance at p-value <.001.

Score = 4; 0.813 (95%CI = 0.714-0.912) was the area under curve (AUC) of
the receiver operating characteristics (ROC) which was statistical significance at
p-value < .001. The validity of it at the cut point of BAC found appropriately was 80
mg%BAC; sensitivity, specificity, positive and negative predictive value were 32.1%,
94.7%, 69.2%, and 87.4%, respectively. The accuracy value was 77.7% that poor
agreement of kappa statistical (0.322)

Score = 5; The accuracy value was 89.32%, sensitivity=15.4%,
specificity=100%, positive predictive value=100% and negative predictive
value=89.1% which cut point of BAC appropriately was 110 mg%BAC the receiver

operating characteristics (ROC) curve to assess this test and the area under curve
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(AUC) was 0.926 (95%CI = 0.862-0.989), was statistical significance at p-value
=0.040. The kappa statistical was 0.241 that poor agreement.

Score = 6; the validity was sensitivity=7.7%, specificity=100%, positive
predictive value=100%, negative predictive value=88.2%, and accuracy=88.2%,
appropriately was cut off 110 mg%BAC. The kappa value was 0.127, acceptable level
that was statistical significance at p-value < 0.001. It was confirm with the receiver
operating characteristics (ROC) curve, area under curve (AUC) was 0.887 (95%CI =
0.826-0.949), was statistical significance at p-value < 0.001.

The study of the reliability of standard field sobriety test by HGN using score
0-6 to determine alcoholic intoxication found that score=1 has the highest validity
when sensitivity, specificity, positive and negative predictive value were 97.1%,
84.8% and 93.2%, 93.3%, respectively, and value of accuracy was 93.2% and the
excellent agreement was 0.840 provided the cut point of BAC was 30mg%.

Table 9 Validity of HGN

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg%o) (o) (%) (%) (%) (%)
1* 30 97.1 84.8 932 933 93.2 0.840
2 70 84.2 80.0 71.1  89.7 81.6 0.618
3 70 57.9 96.9 91.7 799 82.5 0.594
4 70 28.9 96.9 84.6  70.0 71.8 0.300
5 110 15.4 100 100 89.1 89.3 0241
6 110 7.7 100 100 88.2 88.3 0.127

2. Walk and Turn (WAT)
The validity screening tests of walk and turn test was shown value by
score was;
Score = 1, the receiver operating characteristics (ROC) curve to assess this test
and the area under curve (AUC) was 0.734% (95%CI = 0.635% - 0.832%), was
statistical significance at p-value <.001. It appropriately BAC cut off was 50 mg%

which had the sensitivity, specificity, positive predictive value, negative predictive
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value and accuracy were 76.4%, 64.6%, 71.2%, 70.5%, and 70.9%, respectively. The
high value of the agreement was 0.412 that fair to good level.

Score = 2, the sensitivity, specificity, positive and negative predictive value,
and accuracy appropriately was cut off 110 mg%BAC; were 61.5%, 68.9%, 22.2%,
92.5% and 68.0%, respectively. The kappa value was 0.173, acceptable level that was
statistical significance at p-value < 0.001. It was confirm with the receiver operating
characteristics (ROC) curve, area under curve (AUC) was 0.743% (95%CI = 0.648%
- 0.839%), was statistical significance at p-value < 0.001.

Score = 3, 0.704 (95%CI = 0.601% - 0.807%) was the area under curve
(AUC) of the receiver operating characteristics (ROC) which was statistical
significance at p-value < .010. The validity of it at the cut point of BAC found
appropriately was 70 mg%BAC; sensitivity, specificity, positive and negative
predictive value were 28.9%, 92.3%, 68.8%, and 69.0%, respectively. The accuracy
value was 68.9% that poor agreement of kappa statistical (0.242)

Score = 4, ; the cut point of BAC found appropriately was 70 mg%BAC was
given the best validity; sensitivity, specificity, positive and negative predictive value,
and accuracy were 15.8%, 98.5%, 85.7%, 66.7%, and 68.0%, respectively. The value
of kappa was 0.172 that the poor agreement. The area under curve of the receiver
operating characteristics (ROC) was 0.719% (95%CI = 0.580% - 0.858%), was
statistical significance at p-value =0.054.

Score = 5, the receiver operating characteristics (ROC) curve to assess this test
and the area under curve (AUC) was 0.621% (95%CI = 0.454% - 0.789%), was
statistical significance at p-value =0.413. It appropriately BAC cut off was 70 mg%
which had the sensitivity, specificity, positive predictive value, negative predictive
value and accuracy were 75.0, 64.6, 7.9, 98.5 and 65.0, respectively. The high value
of the agreement was 0.078 that poor level.

Score = 6, the validity was sensitivity=2.6%, specificity=98.5%, positive
predictive value=50.5%, negative predictive value=63.4%, and accuracy=63.1%,
appropriately was cut off 70 mg%BAC. The kappa value was 0.014, acceptable level
that was statistical significance at p-value < 0.001. It was confirm with the receiver
operating characteristics (ROC) curve, area under curve (AUC) was 0.520% (95%CI
=0.282% - 0.758%), was statistical significance at p-value =0.924.
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The study of the reliability of the standard field sobriety test by WAT using
score 0-6 to determine the alcoholic intoxication found that score=1 has the highest
validity when sensitivity, specificity, positive and negative predictive value were
76.4%, 64.6% and 71.2% and 70.5%, respectively, and value of accuracy was 70.9%
and the excellent agreement was 0.412. These given value was considered relative fair
to good when the cut point of BAC was 50mg%. It has the validity to determine

alcoholic intoxication correctly 76.4%.

Table 10 Validity of WAT

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy

S N ) W ) WO 07> W SN 0 W
1* 50 76.4 64.6 71.2 705 70.9 0.412
2 60 56.0 84.9 71.8 672 80.6 0.412
3 60 28.0 96.2 87.5  38.6 534 0.247
4 70 15.8 98.5 85.7  66.7 68.0 0.172
5 70 7.9 98.5 75.0  64.6 65.0 0.078
6 70 2.6 98.5 50.0 634 63.1 0.014

3. One leg stand (OLS)

The validity screening test of one leg stand test was shown each score follow as;

Score= 1, the receiver operating characteristics (ROC) curve to assess this test
and the area under curve (AUC) was 0.695% (95%CI = 0.591% - 0.799%), was
statistical significance at p-value =0.002. It appropriately BAC cut off was 60 mg%
which had the sensitivity, specificity, positive predictive value, negative predictive
value and accuracy were 46.0%, 83.0%, 71.9%, 62.0% and 65.0%, respectively. The
high value of the agreement was 0.293 that poor level.

Score= 2, the sensitivity, specificity, positive and negative predictive value,
and accuracy appropriately was cut off 50 mg%BAC; were 34.5%, 91.7%, 82.6%,
55.0%, and 62.2%, respectively. The kappa value was 0.251, acceptable level that was

statistical significance at p-value < 0.001. It was confirm with the receiver operating
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characteristics (ROC) curve, area under curve (AUC) was 0.664% (95%CI = 0.561%
- 0.767%), was statistical significance at p-value =0.017.

Score= 3, the receiver operating characteristics (ROC) curve to assess this test
and the area under curve (AUC) was 0.696% (95%CI = 0.586% - 0.807%), was
statistical significance at p-value =0.053. It appropriately BAC cut off was 50 mg%
which had the sensitivity, specificity, positive predictive value, negative predictive
value and accuracy were 16.4%, 100%, 100%, 51.1% and 55.3%, respectively. The
high value of the agreement was 0.154 that poor level.

Score= 4, 0.730% (95%CI = 0.609% - 0.852%)), statistical significance at p-
value =0.059 was the area under curve (AUC) of the receiver operating characteristics
(ROC) which was statistical significance at p-value < .001. The validity of it at the cut
point of BAC found appropriately was 70 mg%BAC; sensitivity, specificity, positive
and negative predictive value were 13.2%, 98.5%, 83.3%, and 66.0%, respectively.
The accuracy value was 67.0% that poor agreement of kappa statistical (0.141)

Score= 5, the cut point of BAC found appropriately was 120 mg%BAC was
given the best validity; sensitivity, specificity, positive and negative predictive value,
and accuracy were 9.1%, 97.8%, 33.3%, 90.0% and 88.38%, respectively. The value
of kappa was 0.102 that poor level. The area under curve of the receiver operating
characteristics (ROC) was 0.722% (95%CI = 0.518% - 0.926%), was statistical
significance at p-value =0.192.

Score= 6, the validity was; sensitivity = 9.1%, specificity = 98.9%, positive
predictive value = 50.0%, negative predictive value=90.1%, and accuracy = 89.3%,
appropriately was cut off 120 mg%BAC. The kappa value was 0.125, acceptable level
that was statistical significance at p-value < 0.001. It was confirm with the receiver
operating characteristics (ROC) curve, area under curve (AUC) was 0.703 (95%CI =
0.406 — 1.00), was statistical significance at p-value =0.327.

The study of the reliability of the standard field sobriety test by OLS using
score 0-6 to determine the alcoholic intoxication found that score=1 has the highest
validity when sensitivity, specificity, positive and negative predictive value were
45.5%, 85.4% and 78.1% and 57.7% respectively, and value of accuracy was 64.1%

and the excellent agreement was 0.300 and cut point of BAC was 50 mg%
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Table 11 Validity of OLS

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg%) (%) (%) () (%) (%)
1* 50 45.5 85.4 78.1 577 64.1 0.300
2 50 34.5 91.7 82.6 550 62.2 0.251
3 50 16.4 100 100 51.1 55.3 0.154
4 70 13.2 98.5 833  66.0 67.0 0.141
5 120 9.1 97.8 333 90.0 88.3 0.102
6 120 9.1 98.9 50.0  90.1 89.3 0.125

When analyzing the data by Ven diagram (17) using the cut point of BAC 50
mg% and applying the most appropriate validity score of each testing methods, i.e.
HGN score =2, WAT and OLS score = 1), it was found that HGN, WAT and OLS
could determine following number of intoxicated volunteers 44, 59 and 30
respectively. But when using combined methods between HGN and WAT, the
highest number of intoxicated volunteers, 35 people, were identified. If combining the

3 mehtods, 21 volunteers were identified to intoxicated.

WAT (59)
HGN (44)

Figure 10 Venn diagram of SFST
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When analyzing the validity to select each method by considering various

conditions i.e. applying 1 method, applying 2 (parallel multiple tests-it had a high

sensitivity, low specificity, sample in the border line of BAC was selected to positive

group, for another test was positive, the result of all will be positive too.) (33) and 3

combining methods, it was found that the highest value of accuracy (78.7%) derived

from HGN testing, and kappa value was 0.576 (p-value<.001) was considered fair to

good.

Table 12 The reliability of the standard field sobriety test

Method test Sen(soi/‘([)i)vity Spe(c(;of;city I(’(i)\)/ IEI;)\)/ Acz:;;)acy kappa
Single HGN 70.9 87.5 86.7 72.4 78.7 0.576
WAT 76.4 64.6 71.2 70.5 70.9 0.412

OLS 45.5 85.4 78.1  57.7 64.1 0.300

Combine HGN&WAT 87.3 56.31 69.6 794 71.43 0.443
HGN&OLS 78.2 75.0 782 75.0 76.7 0.532
WAT&OLS 78.2 62.5 70.5 714 70.9 0.410

Overall 87.3 78.8 68.6 78.8 71.85 0.423
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CHAPTER V
DISCUSSION

As a result of validity of standard field sobriety test in drunkard, it can be
divided into two sections; study design and methodology, and study result with the

following details.

Discussion on study design and methodology

This study was cross-sectional analytic study, which study both of healthy
men and women whom 20-40 years old. Everyone had received a basic vision field
check such as the operation, blindness or ability of vision that would be consequence
with horizontal gaze nystagmus Test and balance test to maintain body, for example,
leg operation, unbalanced legs or the disease about bone and joint. This factor had an
effect with walk and turn test and one leg stand test. For the genuine result of drunk,
study in adjoining age group should be reducing a problem of ensuring drunkard that
naturally occurs in person who always drinking or drunk for a long time. The ensuring
person would not or a little bit express the drunken symptom that would pull the truth
of result down (11)

This project had studied by three observers; researcher and two assistant
researchers. They were public health officers who had trained for the correct methods
of test, observe the symptom, including the way to give scores to separate drunk and
usual. They were processing on pilot project which divided into two parts. The first
one was theory that researchers had instructed and practiced by guideline from
National Highway Traffic Safety Administration, USA (19) and also learned from
video source about the way that eyes change their position in line level and balance
way to maintain body. After that maad an experiment between drunk and usual, the
drunkard who had more than 50% compare with the one who had less than 50% of
alcohol level, deadline to divide drunk and usual in law. Continue to second part,

practicing, three researchers were given practice to testers who had different level of
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beer by all of three methods each. Then used the result to calculate for inter-rater
reliability. In each method had found that the age of ten testers were average in 32.5
years old (SD= 7.4), 20-40 years old group had an average alcohol level 58.8
mg%(SD=40.1, range 0-129 mg%), inter-rater reliability of horizontal gaze
nystagmus = 0.968 (95%CI1=0.907-0.991), Walk and Turn = 0.977 (95%CI1=0.931-
0.994) and One leg stand = 0.977 (95%C1=0.931-0.994). It had a really high level
which made confident that testers had no different to test on this equipment as same
as the study of the early equipment in 1981 with inter-rater reliability in each method,;
horizontal gaze nystagmus= 0.66, walk and turn=0.83, and one leg stand=0.86 (32)

Testers and observers were blinded, rejecting to aware of alcohol level by
breath. Testers had been randomed to drinking alcohol in different level that also
allow equipment test in many levels. However, testers were hard and unnaturally that
was the problems of walk and turn test and one leg stand test. Observer’s bias was not
occur if they known the level of alcohol in blood of testers so they had more intend
and gave more or less scores to be in agreement with alcohol level that made the
result inexactly. (33)

Discussion on study result

The results of BAC which test by breath was 0-161 mg%, average 58.3 mg%
(SD=42.6) that less than the studied before. In 1997 (N=256) had a level of alcohol in
blood amount 0-151 mg%, average 110mg% (16) and in 1998 (N=297) had an
average 122 mg%. It shown that when the average of BAC was high, sensitivity was
high either. That’s mean high BAC was more sentitive to separate drunkard than low
level as same as this study result (22).

Table 12 Mean of BAC, 1977-2006

Year N Mean (SD) Range Sensitivity (%) Cut-off BAC (mg%)
1977 238 0-150 54 100
1981 297 0-180 81 100
1997 256 110 0-151 95 80
1998 297 122 90 80

2006 103 58.3 (42.6) 0-161 50
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The validity of SFST in three methods (HGN, WAT, and OLS) was highest
respective when judged at one point such as HGN (cross point of alcohol level in
blood at 30mg %), sensitivity, specificity, and accuracy were 97.1%, 84.8%, and
93.2% respectively which the excellent agreement (0.840). WAT (cut point of BAC
at 50mg%), sensitivity = 76.4%, specificity = 64.6, accuracy = 70.9%, and value of
agreement is fair to good point (0.412). OLS had sensitivity, specificity, and accuracy
at 45.5%, 85.4%, and 64.1% respectively. Value of agreement was poor (0.300). The
approximately validity of HGN when used cut off BAC was interval 10mg% to 40
mg% which score as 1 but more 50 mg% that score as 2 was better. In contast, score
as 1 of the two balance test were better all cut off BAC. That’s mean to observe eyes
vision is faster than observe balance. When the bBAC was low (30 mg%), it was good
to observe the unusual from eyes vision but to observe the balance to maintain body
was only do in higher level (50 mg%). At the same time when alcohol level in blood
was equal (50 mg%), to observe eyes vision was better (sensitivity =70.9%,
specificity = 87.5%, and accuracy = 78.7%). The value of agreement was fair to good
(0.576) by use two points as a judgment. It was linked with the study result in the past
that eyes vision test had more efficiency than two tests of the balance (11, 20, and 22).
It mean when the BAC was increasing, eyes vision should bel shown more unusual
symptom (symptom = scores). It was natural reaction of abnormal eyes vision when
there weree alcohols in blood. Eyes muscle central control in center nerve system
should been irregular, eyes had more difficult to roll and jerk when gaze at object that
move to the most remote from eyes canthus (35, 36). From last studied, was found
that level of alcohol at 50 mg% was effect eyes vision in case of to guess the deep of
object and to accommaodation after glare (18), linking to this study which found that
low BAC (30 mg%) can indicate the abnormal of eyes vision and it was increase
when level was higher (50mg%). Two methods of balance test maintain body were
the connecting work between nerve systems and body movement that had to be
related with the strong muscle and good sense of touch. From this study, the testers
were between 20-40 years old and healthy. Most of them were agriculturist and wage
earner. Besides, the average of alcohol level in blood is 58.3 mg%, stays in border
line of drunk or usual judgment, cause of low respective of two methods of balance

From the past research was found that level of alcohol in blood at 60 mg% changed
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nerve system situation effected to body movement control, at 90 mg% affected to
connection of nerve and muscle, at 100 mg% occurred apraxia symptom, difficult
movement, unknotting muscle, and deteriorate of joining of nerve thought and muscle
(7, 18). Shortly, alcohol level in blood at 50 mg% will be effect to nerve and
movement system cause of unusual expressing. Furthermore, the average of BAC was
less than the level that two methods of balance way to maintain body could be check;
the respective was less than eyes vision checks also. According to Thailand’s law, the
level of BAC at 50 mg% was drunk, it occurred to prevent accident made by the
accident study from risk of blood alcohol level. In conclude, at the BAC 100 mg%, 80
mg%, and 50 mg% had a chance to cause accident 16 %, 10 % and 6 % respectively.
Thus, the illegal compel of alcohol level in blood was 50 mg% to decrease the number
of accident from Thai drunk (37). Therefore, SFST equipment to separate drunk and
usual had to use HGN that would be successfully 78.7 %.

Table 14 Validity of SFST each test, 1983 to 2006

SFST  Year N Sensitivity(%) Specificity(%) Accuracy(%) BAC
(mg%)

HGN 1998 297 87.0 93.0 88.0 80
2006 103 70.9 87.5 78.7 50
WAT 1998 297 82.0 69.0 79.0 80
2006 103 76.4 64.6 70.9 50

OLS 1998 297 86.0 73.0 83.0 80
2006 103 45.5 85.4 64.1 50

Limitations of the study

This research studies a small group of people in Buriram province because of
limit time and budget. There were 103 testers who live in same area with observers
for the comfortable transportation.

Actually Thai people had many choices of alcohol drink but in this research

“Beer Thai” was one selected.
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Strength of the study

This was the first time of equipment study, Standard Field Sobriety Test, in
Thailand which different from European or white people in body and metabolism
including alcohol drinking culture. Moreover, this research had already eliminated the
causes that were problem the result such as limited in adjoining age group and healthy
that different from research in the past. All of three observers had trained and they
could observe with the same quality result. As a result in pilot project section had a
really high inter-rater reliability. While the test observers blinded for the BAC before
so the result was exactly validity.
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CHAPTER VI
CONCLUSION AND RECOMMENDATION

1. Study summary

This research was a population-based cross-sectional analytical study. The
purpose was to study the validity of the standard field sobriety tests (SFST) compare
with breath analyzer test to determine alcohol intoxication in Thai people. The data
collected by researcher and the assistants between 2006, July 10-15. There were 103
healthy volunteers co-operated in this research. The calibrated breath analyzer test
using in this study was the Alco Sensor IV. The study has separated into 2 phases.
The first phase was pilot study. Three research assistants were trained and ten persons
were put on initial trial study (the inter-rater reliability value of Horizontal Gaze
Nystagmus, Walk and Turn and One leg stand were 0.968 (95%CI1=0.907-0.991),
0.977 (95%C1=0.931-0.994) and 0.977 (95%C1=0.931-0.994). The second phase was
study period; the volunteers were randomized to classify to three groups of varied
blood alcohol concentration. Then, they underwent a breath test and performing the
SFST battery which blinded blood alcohol concentration.

The data was analyzed by descriptive statistics using to explain socio-
demographical and alcohol consumption. The validity of the tests was analyzed to
confirm the results of decision of the tests and confirm correlation and agreement
between two tests with kappa coefficient. The ROC curve is used to calculate the cut-
off the score of the tests the validity and decision — making the efficiency score. The
average duration of administration was 3.56 minutes. (horizontal gaze nystagmus =
1.08 minutes (SD=0.27), walk and turn=1.21 minutes (SD=0.46), and one leg stand =
1.27 minutes)

The majority of volunteers were male which had blood alcohol
concentration within a range 0 to 161 mg%. The average BAC was 58.3 mg% (SD=
42.6 mg %). The standard field sobriety tests was concluded orderly; horizontal gaze
nystagmus, At score = 1, at the cut off 30 mg%BAC possesses sensitivity, specificity,

and accuracy were 97.1%, 84.8%, and 93.2%, respectively which the excellent
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agreement was 0.840. At score = 1 with cut off 50 mg%BAC Both of balance test:
walk and turn, possesses sensitivity, specificity, and accuracy 76.4%, 64.6%, and

70.9%, respectively , and agreement value was 0.412. The one leg stand possesses

sensitivity, specificity, and accuracy was 45.5%, 85.4%, and 64.1%, respectively
which kappa statistic was 0.300. At the same cut off BAC of both balance test found
that the best validation and agreement of horizontal gaze nystagmus were score = 2,

accuracy = 78.7%, sensitivity = 70.9%, specificity = 87.5% and kappa =0.567.

In conclusion, the standard field sobriety tests could not apply to use as the
detecting method as breath analyzer test to classify the drunk driver who was
alcoholic intoxication or sober person because it show no good agreement. The
horizontal gaze nystagmus test was suitable to use with the best predicted decision for
sober or not sober based on the legal limit BAC when it was used as a single test. But
it can use for the first screening of people who was under alcohol influences to reduce

accident.

2. Recommendation on this study result

Standard field sobriety test was good applied to determine the conscientious of
alcoholic drinkers so as to reduce the road accidents caused by drunk drivers.
However, the Standard field sobriety test could be more effective if it was applied

together with the breath analyzer test.

3. Recommendation for further study

1. The standard field sobriety tests should be done in the field and a various
kind of population to assess the effective of this test.

2. The standard field sobriety tests should be studied in larger population for
the most powerful result

3. This test should be used by the police to apply on the road side for a real
study.

4. A variety of alcohol beverages should be used in this test.
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Figure 11 Mortality rate of traffic accident per 100,000 persons in Thailand during
1987-2002

Source: Injury surveillance system, epidemiology bureau, prevention of disease

department, ministry of public health, Thailand
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Figure 12 Percentage of drunk driving of severe injury motorist in Thailand during
1998-2003
Source: Injury surveillance system, epidemiology bureau, prevention of disease

department, ministry of public health, Thailand
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Figure 13 Trend of mortality rate from traffic accident per 100,000 by sex in
Thailand during 1987-2001
Source: Bureau of health policy and plan, ministry of public health, Thailand
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Figure 14 Mortality rate of traffic accident by age group in Thailand during 1997-2001
Source: Bureau of health policy and plan, ministry of public health, Thailand
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Figure 15 Mortality rate from motor vehicle traffic accident per 100000 by month in
Thailand during 1997-2001
Source: Bureau of health policy and plan, ministry of public health, Thailand
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Figure 16 Number of injury and drunk alcohol patients from traffic accident
Source: Epidemiological surveillance report, December 19, 2003, epidemiology

bureau, public health ministry
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Figure 19 ROC curve of horizontal gaze nystagmus test score = 2
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Figure 20 ROC curve of horizontal gaze nystagmus test score = 3
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Figure 21 ROC curve of horizontal gaze nystagmus test score = 4
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Figure 22 ROC curve of horizontal gaze nystagmus test score =5
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Figure 23 ROC curve of horizontal gaze nystagmus test score = 6
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Figure 24 ROC curve of walk and turn test score = 1
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Figure 25 ROC curve of walk and turn test score = 2
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Figure 26 ROC curve of walk and turn test score = 3
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Figure 27 ROC curve of walk and turn test score = 4
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Figure 29 ROC curve of walk and turn test score = 6
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Figure 30 ROC curve of one leg stand test score = 1
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Figure 31 ROC curve of one leg stand test score = 2
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Figure 32 ROC curve of one leg stand test score = 3
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Figure 33 ROC curve of one leg stand test score = 4
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Figure 34 ROC curve of one leg stand test score =5
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Figure 35 ROC curve of one leg stand test score = 6
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Table 15 Validity of HGN classify by BAC category

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy

mg) ) ) ) (k)
1 10 81.1 100 100 433 83.5 0.520
20 87.8 95.2 98.6  66.7 89.3 0.716
30* 97.1 84.8 932 933 93.2 0.840
40 100 73.2 84.9 100 89.3 0.767
50 100 62.5 75.3 100 82.5 0.640
60 100 56.6 68.5 100 1.7 0.559
70 100 46.2 52.1 100 66.0 0.387
80 100 40.0 384 100 56.3 0.266
90 100 38.0 32.9 100 524 0.222
100 100 35.5 24.7 100 46.6 0.160
110 100 333 17.8 100 41.7 0.112
120 100 32.6 15.1 100 39.8 0.094
130 100 31.6 11.0 100 36.9 0.067
140 100 30.9 8.2 100 34.9 0.050
150 100 30.3 5.5 100 33.0 0.033
2 10 50.0 100 100 224 56.3 0.202
20 54.9 100 100 36.2 64.1 0.332
30 62.9 97.0 97.8 552 73.8 0.498
40 69.4 95.1 95.6 672 79.61 0.602
50 70.9 87.5 86.7 724 78.7 0.576
60 74.0 84.9 822 7176 79.6 0.591
70%* 84.2 80.0 71.1  89.7 81.6 0.618
80 89.3 73.3 55.6 9438 1.7 0.526
90 87.5 69.6 46.7  94.8 73.8 0.438
100 88.9 65.9 356  96.6 69.9 0.344

110 92.3 63.3 267 983 70.0 0.271
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Table 15 Validity of HGN classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg%) (%) ) (%) (%) (%)

120 90.9 62.0 222 983 65.0 0.224

130 87.5 60.0 156 983 62.1 0.152

140 83.3 58.8 1.1 983 60.2 0.104

150 75.0 57.6 6.7 98.3 58.3 0.055

3 10 26.7 100 100 16.5 359 0.084
20 29.3 100 100 26.6 43.7 0.144

30 343 100 100  41.8 55.3 0.251

40 38.7 100 100 519 63.1 0.335

50 41.8 97.9 95.8 595 68.0 0.382

60 44.0 96.2 91.7 64.6 70.9 0.408

70 57.9 96.9 91.7 799 82.5 0.594

80* 64.3 92.0 75.0 873 84.5 0.589

90 62.5 88.6 62.5 88.6 82.5 0.511

100 72.2 87.1 542  93.7 84.5 0.527

110 84.6 85.6 458 975 85.4 0.515

120 81.8 83.7 37.5 975 83.5 0.431

130 87.5 82.1 292 98.7 82.5 0.363

140 83.3 80.4 20.8  98.7 80.6 0.265

150 75.0 78.8 12.5  98.7 78.6 0.158

4 10 14.4 100 100 144 252 0.041
20 15.9 100 100 233 33.0 0.071

30 18.6 100 100 36.7 45.6 0.128

40 21.0 100 100 456 52.4 0.174

50 21.8 97.9 923 522 57.3 0.187

60 22.0 96.2 84.6  56.7 60.2 0.186

70 28.9 96.9 84.6  70.0 71.8 0.300
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Table 15 Validity of HGN classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg%) (%) ) (%) (%) (%)
80* 32.1 94.7 692 874 77.7 0.322
90 29.2 92.4 53.8  81.1 77.7 0.257
100 33.3 91.8 46.2  86.7 81.6 0.282
110 38.5 91.1 385 91.1 94.2 0.296
120 36.4 90.2 30.8 922 84.5 0.246
130 25.0 88.4 154 933 83.5 0.104
140 333 88.7 154  95.6 85.4 0.142
150 25.0 87.9 7.7 87.4 85.4 0.062
5 10 22 100 100 129 14.6 0.006
20 2.4 100 100 20.8 223 0.010
30 29 100 100 327 34.0 0.018
40 32 100 100 40.6 41.7 0.026
50 3.6 100 100 475 48.5 0.034
60 4.0 100 100 525 53.4 0.041
70 5.3 100 100  64.4 65 0.066
80 7.1 100 100 743 74.8 0.101
90 8.3 100 100 722 78.6 0.122
100 11.1 100 100 842 84.5 0.171
110* 154 100 100 89.1 89.3 0241
120 9.1 98.9 50.0 90.1 89.3 0.125
130 12.5 98.9 50.0 89.1 92.2 0.174
140 16.7 99.0 50.0 95.0 94.2 0.228
150 0.0 98.0 0.0 96.0 94.2 -0.027
6 10 1.1 100 100 127 13.6 0.003
20 1.2 100 100 20.6 21.4 0.005

30 1.4 100 100 324 33.0 0.009




Fac. of Grad. Studies, Mahidol Univ. M.Sc. (Epidemiology) / 87

Table 15 Validity of HGN classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(me%) (%) ) (%)% (%)
40 1.6 100 100 40.2 40.8 0.013
50 1.8 100 100  47.1 47.6 0.017
60 2.0 100 100 52.0 52.4 0.021
70 2.6 100 100 63.7 64.1 0.033
80 3.6 100 100 735 73.8 0.051
90 4.2 100 100 775 77.7 0.063
100 5.6 100 100 833 83.5 0.088
110* 7.7 100 100 88.2 88.3 0.127
120 0.0 98.9 0.0 89.2 88.3 -0.018
130 0.0 98.9 0.0 92.2 91.3 -0.018
140 0.0 99.0 0.0 94.1 93.2 -0.017
150 0.0 99.0 0.0 96.1 95.1 -0.016
Table 16 Validity of WAT classify by BAC category
Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg%o) (o) (%o) (%) (%) (%)
1 10 62.2 76.9 949 227 64.1 0.194
20 64.6 71.4 89.8  34.1 66.0 0.256
30 70.0 69.7 83.1 523 69.9 0.365
40 72.6 65.9 763 614 69.9 0.380
50%* 76.4 64.6 712 705 70.9 0.412
60 76.0 60.4 644 727 68.0 0.362
70 73.7 52.3 475 773 60.2 0.233
80 75.0 49.3 356 84.1 63.1 0.181
90 79.2 49.4 322 88.6 56.3 0.189

100 88.9 49.4 27.1 955 56.3 0.202
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Table 16 Validity of WAT classify by BAC category (continued)
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Score

BAC

Sensitivity = Specificity

PPV

NPV  Accuracy

(ng%) (%) M WO M) M
110 92.3 47.8 203 977 53.4 0.159
120 90.9 46.7 16.9 977 SL.5 0.129
130 87.5 45.3 1.9 977 48.5 0.084
140 83.3 44.3 8.5 97.7 46.6 0.054
150 75 434 5.1 97.7 44.7 0.024

2 10 38.9 92.3 972 179 45.6 0.112
20 42.7 95.2 97.2 299 534 0.209

30 48.6 93.9 94.4 463 63.1 0.334

40 50.0 87.8 86.1  53.7 65.0 0.341

50 54.5 87.5 833  62.7 69.9 0.410

60 56.0 84.9 77.8  67.2 80.6 0.412

70 52.6 75.4 556 731 67.0 0.283

80 50.0 70.7 389 791 78.6 0.190

90 50.0 69.9 333 821 65.0 0.167

100 61.1 70.6 30.6  89.6 68.9 0.227

110* 61.5 68.9 222 925 68.0 0.173

120 54.5 67.4 16.7 925 66.0 0.110

130 50.0 66.3 1.1~ 94.0 65.0 0.063

140 33.3 64.9 5.6 94.0 63.1 -.005

150 25.0 64.6 28 955 63.1 -.021

3 10 17.8 100 100 149 28.2 0.052
20 19.5 100 100 24.1 359 0.090

30 229 100 100 37.9 47.6 0.160

40 22.6 95.1 87.5 448 SL.5 0.149

50 25.5 95.8 87.5 52.9 58.3 0.202
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Table 16 Validity of WAT classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy

(ng%) (%) M WO M) M
60 28.0 96.2 87.5  58.6 53.4 0.247
70* 28.9 92.3 688  69.0 68.9 0.242
80 21.4 86.7 37.5 747 68.9 0.094
90 16.7 84.8 250 770 68.9 0.017
100 16.7 84.7 18.8  82.8 72.8 0.014
110 7.7 83.3 6.3 83.2 73.8 -0.082
120 9.1 83.7 6.3 88.5 75.7 -0.060
130 12.5 84.2 6.3 92.0 78.6 -0.023
140 0.0 83.5 0.0 93.1 78.6 -0.093
150 0.0 83.8 0.0 95.4 80.6 -0.066
4 10 7.8 100 100 13.5 19.4 0.021
20 8.5 100 100 21.9 272 0.037
30 10.0 100 100 344 38.8 0.066
40 9.7 97.6 85.7 417 44.7 0.059
50 10.9 97.9 85.7 49.0 51.5 0.083
60 12.0 98.1 85.7  54.2 56.3 0.104
70%* 15.8 98.5 85.7  66.7 68.0 0.172
80 10.7 94.7 429 740 71.8 0.070
90 8.3 93.7 286 T77.1 73.8 0.027
100 11.1 94.1 28.6 833 79.6 0.069
110 7.7 93.3 143 875 82.5 0.013
120 9.1 93.5 143 89.6 84.5 0.031
130 12.5 93.7 143 927 87.4 0.066
140 0.0 92.8 0.0 93.8 87.4 -0.067

150 0.0 92.9 0.0 95.8 93.2 -0.052
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Table 16 Validity of WAT classify by BAC category (continued)
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Score

BAC

Sensitivity = Specificity

PPV

NPV  Accuracy

(ng%) (%) M WO M) M
5 10 4.4 100 100 13.1 16.5 0.012
20 4.9 100 100 21.2 243 0.020
30 5.7 100 100 333 35.9 0.037
40 4.8 97.6 75.0 404 41.7 0.019
50 5.5 97.9 75.0 475 48.5 0.032
60 6.0 98.1 75.0 525 53.4 0.042
70* 7.9 98.5 75.0  64.6 65.0 0.078
80 3.6 96.0 250 727 70.9 -0.006
90 0.0 94.9 0.0 75.8 72.8 -0.071
100 0.0 95.3 0.0 81.8 78.6 -0.068
110 0.0 95.6 0.0 869 83.5 -0.063
120 0.0 95.7 0.0 88.9 85.4 -0.060
130 0.0 95.8 0.0 919 88.3 -0.055
140 0.0 95.9 0.0 93.9 90.3 -0.049
150 0.0 96.0 0.0 96.0 92.2 -0.040
6 10 2.2 100 100 12.9 14.6 0.006
20 24 100 100 20.8 22.3 0.010
30 29 100 100 32.7 34.0 0.018
40 1.6 97.6 50.0 396 39.8 -0.007
50 1.8 97.9 50.0  46.5 46.6 -0.002
60 2.0 98.1 500 515 SL.5 0.001
70%* 2.6 98.5 500 634 63.1 0.014
80 0.0 97.3 00 723 70.9 -0.038
90 0.0 97.5 0.0 76.2 74.8 -0.037
100 0.0 97.6 0.0 822 80.6 -0.036
110 0.0 97.8 0.0 87.1 85.4 -0.035
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Table 16 Validity of WAT classify by BAC category (continued)

Score

BAC

Sensitivity Specificity

PPV NPV  Accuracy

(mg%) (%) %) ) ) () PP
120 0.0 97.8 0.0 891 87.4 -0.034
130 0.0 97.9 0.0 92.1 90.3 -0.032
140 0.0 97.9 0.0 94.1 92.2 -0.030
150 0.0 98.0 00 96.0 94.2 -0.027
Table 17 Validity of OLS classify by BAC category
Score BAC  Sensitivity Specificity PPV NPV  Accuracy kappa
(mg%) (%) ) ) (%K) (%)
1 10 34.4 92.3 969 16.9 41.7 0.092
20 36.6 90.5 93.8 2638 47.6 0.144
30 41.4 90.9 90.6 423 57.3 0.248
40 43.5 87.8 84.4  50.7 61.2 0.279
50 45.5 85.4 781 57.7 64.1 0.300
60* 46.0 83.0 719 620 65.0 0.293
70 42.1 75.4 50.0 69.0 63.1 0.181
80 42.9 73.3 375 7715 65.0 0.155
90 41.7 72.2 31.3 80.3 65.0 0.124
100 50.0 72.9 28.1 873 68.9 0.176
110 46.2 71.1 18.8 90.1 68.0 0.106
120 54.5 71.7 18.8 93.0 69.9 0.143
130 62.5 71.6 156 958 70.9 0.144
140 50.0 70.1 9.4 95.8 68.9 0.066
150 50.0 69.7 6.3 87.2 68.9 0.045
2 10 25.6 100 100 16.3 35.0 0.080
20 28.0 100 100 26.3 42.7 0.137
30 31.4 97.0 95.7 40.0 52.4 0.206
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Table 17 Validity of OLS classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy kappa
(mg) () (%) (%) (R (%)

40 323 92.7 87.0 475 56.3 0.215
50%* 34.5 91.7 82.6  55.0 62.2 0.251
60 34.0 88.7 739  58.8 62.1 0.230
70 28.9 81.5 478  66.3 62.1 0.114
80 25.0 78.7 304 738 64.1 0.039
90 20.8 77.2 21.7 763 64.1 -0.020
100 222 77.6 174 825 68.0 -0.001
110 15.4 76.7 8.7 86.3 68.9 -0.060
120 18.2 77.2 8.7 88.8 70.9 -0.031
130 12.5 76.8 4.3 91.3 71.8 -0.057
140 16.7 77.3 4.3 93.8 73.8 -0.026
150 25.0 77.8 4.3 96.3 75.7 0.008

3 10 10.0 100 100 13.8 21.4 0.027
20 11.0 100 100 223 29.1 0.048
30 12.9 100 100 35.1 40.8 0.086
40 14.5 100 100 43.6 48.5 0.119
50% 16.4 100 100 5I1.1 553 0.154
60 14.0 96.2 77.8 543 56.3 0.105
70 15.8 95.4 66.7  66.0 66 0.133
80 14.3 93.3 444 745 71.8 0.097
90 8.3 91.1 222 76.6 71.8 -0.007
100 5.6 90.6 1.1 819 76.7 -0.048
110 7.7 91.1 1.1 872 80.6 -0.014
120 9.1 91.3 11.1 894 82.5 0.004
130 0.0 90.5 0.0 91.5 83.5 -0.090

140 0.0 90.7 0.0 93.6 85.4 -0.075
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Table 17 Validity of OLS classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy

(mg%) (%) MO BN Wil
150 0.0 90.9 0.0 957 87.4 -0.057
4 10 6.7 100 100 134 18.4 0.018
20 7.3 100 100 21.6 26.2 0.031
30 8.6 100 100 34.0 37.9 0.057
40 9.7 100 100 423 45.6 0.079
50 10.9 100 100 495 52.4 0.102
60 10.0 98.1 833 53.6 55.3 0.083
70%* 13.2 98.5 833  66.0 67.0 0.141
80 10.7 96.0 50.0 742 72.8 0.089
90 8.3 94.9 333 773 74.8 0.044
100 5.6 94.1 16.7 825 78.6 -0.004
110 7.7 94.4 16.7  87.6 83.5 0.028
120 9.1 94.6 16.7  89.7 85.4 0.046
130 0.0 93.7 0.0 918 86.4 -0.071
140 0.0 93.8 0.0 93.8 88.3 -0.062
150 0.0 93.9 0.0 959 90.3 -0.049
5 10 3.3 100 100 13.0 15.5 0.009
20 3.7 100 100 21.0 23.3 0.015
30 4.3 100 100 33.0 35.0 0.028
40 4.8 100 100 41.0 42.7 0.039
50 5.5 100 100 43.0 49.5 0.051
60 4.0 98.1 66.7  52.0 524 0.022
70 5.3 98.5 66.7  64.0 64.1 0.046
80 7.1 98.7 66.7 74.0 73.8 0.081
90 4.2 97.5 333 77.0 75.7 0.024

100 5.6 97.6 333  83.0 81.6 0.048
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Table 17 Validity of OLS classify by BAC category (continued)

Score BAC  Sensitivity Specificity PPV~ NPV  Accuracy

(mg%) (%) MO BN Wil
110 7.7 97.8 333  83.0 86.4 0.082
120%* 9.1 97.8 333 90.0 88.3 0.102
130 0.0 96.8 0.0 92.0 89.3 -0.044
140 0.0 96.9 0.0 940 91.3 -0.040
150 0.0 97.0 0.0 96.0 93.2 -0.034.
6 10 22 100 100 129 14.6 0.006
20 24 100 100 20.8 22.3 0.010
30 29 100 100 32.7 34.0 0.018
40 3.2 100 100 40.6 41.7 0.026
50 3.6 100 100 475 48.5 0.034
60 2.0 98.1 50.0 515 51.5 0.001
70 2.6 98.5 500 634 63.1 0.014
80 3.6 98.7 500 733 72.8 0.032
90 4.2 98.7 50.0 77.2 76.7 0.043
100 5.6 98.8 50.0 832 82.5 0.067
110 7.7 98.9 50.0 88.1 87.4 0.103
120%* 9.1 98.9 50.0  90.1 89.3 0.125
130 0.0 97.9 0.0 921 90.3 -0.032
140 0.0 97.9 0.0 941 92.2 -0.030

150 0.0 98.0 0.0 96.0 94.2 -0.027
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Participants (%)

Race
1981 1995 1997
Caucasians 533 52.1 84.4
Blacks 19.0 0.7 1.6
Latin/Hispanic 17.8 13.8 34
Orientals/Asian 3.9 1.3 1.1
Other/unknown 33 32.1 9.5
Table 19 Validity of SFST at BAC cut off 50 mg%
test Score  BAC Sensitivity Specificity PPV~ NPV  Accuracy kappa
mgh) (%) k) () (k) (%)
HGN 1 50 100 62.5 75.3 100 82.5 0.640
2% 50 70.9 87.5 86.7 724 78.7 0.576
3 50 41.8 97.9 95.8 595 68.0 0.382
4 50 21.8 97.9 923 522 57.3 0.187
5 50 3.6 100 100  47.5 48.5 0.034
6 50 1.8 100 100 47.1 47.6 0.017
WAT 1* 50 76.4 64.6 71.2 705 70.9 0.412
2 50 54.5 87.5 833 627 69.9 0.410
3 50 25.5 95.8 87.5 529 58.3 0.202
4 50 10.9 97.9 85.7 49.0 51.5 0.083
5 50 5.5 97.9 75.0 475 48.5 0.032
6 50 1.8 97.9 50.0 46.5 46.6 -0.002
OLS 1* 50 45.5 85.4 78.1  57.7 64.1 0.300
2 50 34.5 91.7 82.6 550 62.2 0.251
3 50 16.4 100 100  51.1 553 0.154
4 50 10.9 100 100 49.5 52.4 0.102
5 50 5.5 100 100  48.0 49.5 0.051
6 50 3.6 100 100 47.5 48.5 0.034
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