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8STRACT

A first order criticol tracking task is evalucted for its potential to discriminote between
sober ond Intoxicated performances. Mean differences between predrink and postdrink per-
formances as a function of BAC ore onalyzed. Quontificotion of the results shows that
intoxicated fallure rates of 50% for blood alcarnl concentrotions (BAGs) ot or chove

0.1%, ond 7% for BACs o1 . :tave 0.14%, con be attalned with no sober fallure rotes.

A high initia) rote of learning is observed, perhops due to the very noture of the task
wheraby the operator is alwoys pushed to his limit, and the scores approach o stable
asymptote after approximately 50 trials, Finally, the implementotion of the tosk o8 on
ignition Interlock system in the automobile environment is discussed, It is pointed out
that lowsr critical parformance (imits are onticipated for the mechanized automotive units
becouse of the introduction of lorger hardware ond neuromuscular logs, Whether such
degradation in performance would reduce the effectiveness of the device or not will be
determined in o continuing program involving a broader based somple of the driving

population and performonce correlations with both BACs ond driving proficiency.
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I INTROOUCTION

It hos become common knowledge that alcoho! is Involved in the majerity of troffic fatolities
(1), (2)*, ond thot casalties in terms of both human lives and moterial lcsses have reached
phenomenol levels, Consequently, General Mrtors has been actively punuing meams of

alleviating the problem through on alcohol countermeosures program.

Several technologicol cppreaches to the "driving while Intoxicated” problem were discusied
in Reference 3, having for common objectives the Iduntification of the Intoxicated driver
through performance or chemical (breath) tests (4), (5), Two philosophies were distinguished:
one where the Identificatian process takes ploce prior 1o deiving by a test,~behaviorel or
chemicol ~of short duratiun, and the other involving the continuous monitoring of driver
performance. The latter appraoch could Involve warning mechenlsms (e.g., hozord flashers),
and the predriving test could involve the vctual Inhibitian of the vehicle's storting through

ignition Interlocks.,

A discussion of some of the drowbacks ond odvontoges of the above opproaches is in order.

in the case of direct BAC mecsurement, it Is well acceptend that greot individuol variebliity
1n capobilities exists at equal BACs; and, olthough it is well estoblished thot as blood alcohol
concentration rises basic performence capobilities deteriorate, the relationship between

BAC and driving performance Is not ¢ perfect one. It is, for instonce, often orgued that

experienced drinkers ore less impaired than inexperienced drinkers ot lower blocd elechol

*Numbers in porentheses designate Paferences at end of poper.,



concentrations,and, that indeed, large individuol differences do axist in tolerance to alcohol .
On the other hand driving is o behaviorel task, and a bahcvioral testing procedure seems,
therefore, mar- logical than a chemical one for exemining an individual's current ability to
drive. This would be true even if olcchol were the only agent or condition that produced
temporary driving impairment. it is not, of course, and to devise avtometic chemical means

of detecting other possible agents or any large subset of them has mojor technical drawbecks.

In the case of o predriving performance test,however, the intoxicated driver might on some
occasirns be able to "pull himself together” sufficiently to pass the predriving test even
though his blood alcohol level exceeds legol Jimits and though his driving copabltity Is

impaired to the poinr of gravely increasing his probabllity of invalvemert in on accident,

The time involved for the absorption and me rabolism of alcohol and the resulting delay in its
effects on driving performance also deter from this approach. In aadirion, the Implicit
assumption that the performance task will be degraded by alcohol consumption in a similor
fashion to driver performance must be justified. Nevertheless, on interlock system is designed
not to keep people from drinking, but to keep them from driving when their ebifities ore im=

paired to the extent that their risk of having on accident is greotly increased.

indeed, no predriving behavioral or psychomotor test provides the utopian -ystem that could
continuously monitor driving performance and bring the vehicle to o safe holt when performance
impairment is detected (8). While it is believed necessory to devote efforts towards golning

a better understanding of the perceptual, decision, and motor response processes thot comprise
the driving task, ond towards establishing quontitative meons of assessing them on o

-ontiruous and possive monitoring basis, it is felt thot the predriving identification
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of the unfit individual and temporory inhibition of his vehicle from starting by virtue of
an interiock system promise more immediate benefits. Indeed, o recently completed
Accident Cousation Shudy ot General Motors showed that on effective behavicrel pre-
delving totk would be one of the highest payoff occident countermecwures avalicble.,
Although General Motors hos put more emphosls on this type of countermeciure, we ore
olio puruing the olternative opprooches mentioned, namaly, thove based on brecth test

ond on the continveus munitoring of driver performence.,
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)l PREDRIVING PERFORMANCE TESTS fore, performonce on the predriving task should be correloted with driving ability, the main
varicble of interast. Consaquently, the collection of such data would ollow one to compore

legol restrictions sought by many stotes, nomely, having a cutoff for driving according to BAC
A.  Obijectives and Desired Characteristics

{e.9., passing oll below 0.109%) with hoving o performance check implying that one why Is
The main objectives for a predrivin , performance lest implemented as an alcohol ignition
too Intoxicated fo poss should not be driving.
interlock can be stated simply as follows:

*  Lorge discriminotion against intoxicated individuals B, Operationol Modes
(positive rejection rates) . There exist two distinct philotophies in selecting the design or test parameters for eny behavioral
*  No discrimination ogainst saber individuals copable task to be used as an olcohol interlock. One approcch calls for vniversol thresholds, that is,
of driving® (folse rejection rates) . fixed parometers for the entire driving ¢ ~wlation; the other allows for the individuolization
While most programs to date were conducted primarily with the goal of quantifying indiviaual of the test parumeters for each subject. The trodeoff here is primorily between cost ond
test sensitivities to BAC by assessing the above reject on rafes, the following additional effectivenass.

characteristics are desired and must be considered in any comparative analysis:
It is clear thot unless interlocks ore to be directed only to a selected few offenders, individuol=
*  High correlation with driving ability.
izotion on o universal basis would be costly and complicated, since the baseline performonce
Short duration of test. -
of eoch driver would hove to be estoblished. In most instonces, however, the effectiveness
*  Ropid learning rote.

of the test is greotly enanced by individualizationsince the veriability in performance
Easy integration in vehicle.

between subjects is eliminated.
+  Insensitivity to age, sex, intelligence, and
social and educational backgrounds.
*  Not easily compromised.
Low cost.

Although the correlation between traffic occidents and rising BACs is well establithed, lorge

voriubilities in driving capabilities are attributed to different tolerances tu alcohol. There-

*Toleroble false rejection rotes would depend on the application, with higher rotes permitted

if applied only to those with o driving while intoxicated record.



i A CRITICAL TRACKING TASK {11}
AS AN ALCOHOL INTERLOCK SYRTEM

The CT1 devio - o5 implemented in 1 cutomotive erironment {71 otitizes axisting systems
an the cor; nomel, the steeciay steel L = meter mounted on the intrumest nowel he

mater use could be shured with other systems, hoe fuel mensurement). The test consists
of steering to keep the ne~dle within o bounded . =3, just o3 o would steer his cor on o

bounded road. Figure 1 shows the current sxperimen system,

The test resembles somewhat the steering of & eor o g slipoery surfoce, such os lew, while
the speec of the cor gradually increoses (without the driver’s control), [t involves controiiing
an unstohis syestem which groduolly becomes mare unitoble (81, 1 control s succenfully
maintaines vo to 2 oreset fevel of instability 1y f},hm,m the analogy of driving on ize up

to o certaie peed, o green light comes on ong the cor con be vtorted, If the needle wovers
sutiide of the desigrated sreg, o red Hight comey on ond the starter i immobilized. In this
event he may be sliowes ciditional wials.  Thot is, whether the threshold volue N is

esached or not determines whether the triol is o succen of o failure . it apopeurs thot the

i / . Lo e .
imitinl volue for the unstoble mode, b 1! andy, con be selected Yo imit the duration of

the test to aporoximately 10 seconds. The development and charocterizotion of "ariticol

sasks” are well dosumented in the literoture {83, 9hand (10},

CTT - Current experimantal installotion o o cor, The
muter could be Hme=shored with tome other function such
us fuel measurement,
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v EXPTRIMENTAL DESIGN

A. Subjects
Seventy-six subjects (47 males and 29 females) ranging in age from 17 to 65 porticipoted in
the study. The subjects were part of o lorger study on the effects of alcohol conducted ot

Beoumont Hospital under General Motors sponsorship.

In order to avoid any potential complications from the ingestion of alcohol, the volunteers

were selected by medical personnel ot Beaumont following o study of their medical history.

Those under medication, which if combined with alcohol could prove harmful, and those with

diobetes or past liver problems, etc., were eliminated from the studies.

B.  Test Protocols

All troining and testing were conducted at the hospital on o first order Critical Tracking Task
mechanized with an oscilloscope display. The room provided by the hospital was located in
a nonmedical building of the hospital complex. During the training and test sessions the

room was furnished and arranged to provide an informal, nonclinical setting.

The score, or value of ~at which control wos lost, was indicated to the subject at the end of
each trial by the location of the line on the face of the oscilloscope. The score wos read direcHy

off the markings on the oscilloscope and reset to the center po “tion for the next triol.

During the training and test period the subjects could rest briefly between each trial ol their

discretion, ond they controlled the start of each triof.

Two sessions were used for training on the Critical Tracking Task. In Sessior 1 the subject wos
first familiorized with the equipment and the nature of the task. Following *his the subject
was given 30 trials on the task, and the scores were recorded. Two weeks later the subject
returned for the second session, Session 2 consi- 1d of 20 additionel training trials, followed

by alcohol consumption and 10 test tricls. Toble | illustrates the overall Testing Plan,

During Session 1, subjects were given training on the CTT on an individuol basis. In order
to provide a more socicl, Informal setting, four subjects porticipoted together in the training

ond test phase during Session 2.,

The schedule for Session 2 was as follows: Upon arrival each subject wos given o Breatholyzer
test, followed by 20 trials on the CTT. Next, the subject received four dr'nks, evenly spoced,
in an 80-minute period. Following a 40-minute intervol ofter the lost drini:, the subject wos
given 10 test trials on the CTT. A breathalyzer test to determine BAC leve' wos then given,

and a blood sample was taken,

C. Administration of Alcohol

One-hundred-proof vodka mixed with either oronge juice or tomato juice was used in the study.
The total volume of vodko administered to each subject was based on the subject's body weight

and his reported drinking habits. Based on his report, each subject wos identified as to one of

the following four categories and received the corresponding volume of vorka indicoted,

- 1.00ml/1b body weight

- 1.25ml/lb body weight

- 1.50ml/Ib body weight
- 1.75ml/1b body weight

Very Light Drinker
Occasional Drinker
Average Drinker
Above Average Drinker



TESTING PROGRAM

SESSION 1 SESSION 2
2 WEEK
30 TRIALS INTERVAL 20 TRIALS 10 TRIAWS
(st BAC = ) 1 (st BAC = @) | (at Peak BAC)
Table 1
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During tha drinking period changes were occasionally made in the omount of vodka given per

subject, based upon visuol evidence of intoxicotion, or lock of it, and on verbal reports of nousec.

All drinks were odministered by an attending physician, and the Breathalyzer measurements
ware taken by o troined operater. Calibration of the Brectholyzer wos checked after each

session.



V' SOBER VS INTOXICATED PERFORMANCE

A.  Sober Performonce
The overall performance of the subjects during the two training sessions Is presented in
Figure 2. For summory purposes the mean score on the CTT of successive five trial blocks

for all subjects and the stondard deviation of the scores for each triol block ore presented.

Trial blocks 9 and 10 reveal that performonce has reached or opproached o asympiote by
the end of session 2. A stable boseline such as this is o requirement for quantifying the

deterioration in performance following the consumption of alcohol.

B. Into.icoted Performance

Of the 76 original subjects, seven were unable to complete the test phase of the study as

o result of illness which developed during or following the drinking session,

Figure 3 shows the terminal performance at the end of troining ond the performance of the
remoining subjects on the 10 test trials. Here the mean score hos been plotted for eoch
trial. BAC levels obloined by Breathalyzer readings ranged from 0.056 10 0,195, with o

mean level of 0,11%,

As indicated in the figure, the mean performence of the g-oup on the test trials is considerably

below that of the predrink performance,

A t-ratic for the difference between the mecns of the lost five training trials and the First

five test trials was highly significont. (t=11.03, P< 0,0005)
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C.  Group Compoarisons

The range of BAC levels obtained in the test session provided an cppurtunity to exomine the
degree of deterioration on the task os o function of various BAC levels, For this anolysis the
subjects were assigned to one of the five groups indicoted below occording fo the BAC level they
reached,

Group 1 BAC 0.05 1o 0.08% N=9

Group 2 BAC 0,081 10 0,099% N=16

Group 3 BAC0.10100.119% N=i9

Group 4 BAC 0.120 10 0,149% N=21

Group 5 BAC 0.150 to 0.20% Ne=4
The mean decrement in CTT scores for the five groups between the lost block of troining t-ials and

the first block of flve test *riols for each subject is presented I~ Figure 4.

As indicated In Figure 4, all groups showed o detericrotion in performance in the postdrirk test
session, The meon difference in performance between the last block of five fraining fricls and the
first five postdrink trials ranged from 15.4% for the low BAC Group 1 to 48.9% for the high BAC

Group 5.,

A i-ratic for the difference between the meons of the lost five troining triols and the first five
test trials was computed for eoch of the five groups and Is presented in Table Il. As indicoted,

the difference in performance for each group wes significant at the 5,0% level.

D.  Test Rewlts Summary

This se .lon presents the experimentol doto in o form thot Hiustrates the effectiveness of the
Critical Tracking Tosk as a potential alcohol Ignition interlock device when the universol
threshold opproach is used. In particular, the dato ore analyzed by onswering the two following

questions:

209~



s Defimvuts Srimson Pre 200 Pu.t Ouah Sasim
M

| T T - |
®. % oWt NN M Wit N
RABGE ARO MEAR SAL VAL UES ) OR GROUN

G2 I FEAERCE SITWREN PRE ARG POST DAMIK SCORES
FOR THE § PAC GROUPE (N - lie of Sutsoom 1 Geoup)

Figure 4

210~

T-RATIOS FOR THE DIFFERENCE
BGETWEEN PRE AND POST DRINK CTT SCORES
FOR THE FIVE BROUPS
MEAN
GROUP | BAC RANBE | DIFFERENCE 8D | TRATIO | df 4
1 066 - .om " 219 in ] < .08
2 088 - 090 .78 220 3.8 16 < .06
3 100118 1.16 A76 8.63 18 <06
4 120188 148 132 na 2 < .06
§ 48 - 992 230 5 38 . ]
Toble 1}




(@) If the CTT were mechanized as an ignition interlock, ond o maximum
limit on the percentage of sober failures {false rejection rates) that
would be tolerated were stated, what would be the corresponding

intoxicated failure rate ot various BACs?

The answer to this question is given by Table 111 for oscending values of sober

foilure rotes ranging from 0% to 3.0%. In oddition, Table 1] stipulates the

answers for:

(i) several test criterio (ratio of number of number of required successes
to rumbes of triols allowed) given in decreasing order of difficulty
and involving the following: 1/1, 2/3, 1/2, ond 1/3.

(i) corresponding threshold values, )\ o required.

As 'ndizated, all trial criteric and “, conditions resulted in 100% failures for BACs equol
1o of g:eater than 0,15%, wim decreosing intoxicoted foilure for lower BAC levels and

lower » ] threshold levels.

(b) If the CTT were mechanized as an ignition interlock, what would be the
sober and intoxicated failure rates for various threshold values, )\', for:
(i) the following test criterio: /1, 2/3, 1/2, 1/3, in decrecsing
order of difficuity?

(ii) vorious blood clcohol concentrations ?

The onswer to this question is given by Toble 1V, where the doto are presented

s o function of increasing threshold levels (\ ‘_s) As expected, both the sober

ona intoxicated failure rates decreose with decreasing criterion difficulty.

As indicated in the fables the data presented are for «xpesiments involving 67 sober subjects

and 40 subjects ot BACs of o obove 0.10%.

Table 111

SOBER VS INTOXICATED FAILURE RATE SUMMARY
FOR UNIVERSAL THRESHOLDS

CRITERION
;?u:!u:a mn(%un ! .:! INTOXICATED FAILURE RATE (%)
RATE (% ]
éi ;l 8AC BAC BAC BAC BAC
201 2012% ]| 2013% | >0M% | >818%
9 2 1 1| s 025
H 31,3839 | 2 30 o 1 -1 HH b
0 T} 1 2] = "2 625 71 0
° 1 3{ a3 1 583 Y 100
18 Y] 1 1| 25 s
15 wse2 | a) s 83 o s -
38 “ 1 t| as %7
38 atae2 |1 2 { e “? e s -
1 “ ' 31 s 708 ns ns 0
L X 1] N-40 N=28 N=10 Ne11 Nes
N = Ne. of Subjects



Table IV

SUBJKCT FAILURE RATES FOR THE CTT
USING UNIVERSAL THRESHOLDS

CRITERION 8LOOD ALCOHOL CONCENTRATION (%)
UNIVERSAL 3 T
THRESHOLD 5; I H |
(A1) s§ | ® g
2§ s3] o 010 42| 013 G148 | 018
1| 16| 675 | 625 | 688 | <18 100
38 2 | 3 @ | 550 | 6256 | 758 | 818 | 109
v | o2 6 | 456 | 508 | 663 | 636 160
1] 3 ¢ | 326 | 35 | se8 | 545 | 109
1] 30| 600 | 667 | 758 | 818 100
39 2 | 3 o | %60 | 625 | 750 | 818 100
1] 2 @ | a5 | se0 | %63 | 638 100
1] 3 o | s | a7 | sa9 . ©45 | 100
11 38| 626 | 687 | 759 | 88 | 100
.8 2 | 3 15! 68 | 625 | 758 | 818 | 160
1] 2 0 | 500 | s42 | 625 | 727 100
1| 3 o | 325 | 589 | 583 | 638 100
vy sl 128 | e | &3 | sis 100
. 2 | 3 a5 | 660 | 708 | #8123 | eae | 169
1| 2 30| 600 | 667 | 750 | 818 100
1] 3 @ | a75 | 583 | 688 | 727 100
1 | 1 {ea| 78 | 7292 | s5 | ses | 1e0
a8 2| 3 Jue | e1s | 19 | ™5 | se9 100
v | 2 75 ( 656 | 750 | 815 | 988 100
1| 3 30 | 625 | 708 | 876 | 969 180
4O OF SUBJECTS & | a0 2 18 1 s
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vl DISCUSSION

The doto from the present study indicate that the CTT is a sensitive meosure for detecting
behavioral impoirment resulting from alcohol (Tables 11l ond IV). In fact, the date indicate

thot intoxicated failure rates of 50% for BACs ot or above 0.1% and fallure rates of 75% for
B8ACs at or above 0.14% con be ochieved with no sober failures. Perhaps one of the

greotest ass=ts of the tosk is that o ly o few porameters are involved in the test configurotion,
thus simplifying the optimization of the task and tending fo minimize voricbility in performonces.
As mechanized in the study the fask was readily iearned, ond most subjects opprooched on asymp~
totic level of performance in the unimpaired stote within a relotively short time (Figure 2). Fost
Jearning of the tosk is expected, since the operotor is olways pushed to his limit when the task is

pursued until control is lost.

In addition to the use of existing vehicle hardware, the mechanization of the CTT in the outomo-
bile environment appeoars to correlate readily with the driving task, since it resembles the rood-
tracking portion required of driving. This is an importont issue in the development of a performonce
test to be implemented os an ignition imterlock system. Any such task should exercise those

faculties that ore considered dominant in driving ond therefore have a significant correlotion with

the driving task.

Perhops the must significant change between the loborotory unit used in the experiments reported
herein ond a vehicle integrated unit is the dynamic response of the Driver/CTT System, While
the laboratory unit involved o small Fand=control stick requiring only slight movements of the
fingers and wrist, the steering wheel requires lorger motions of the hand ond orms, thus including

lorge neuromuscular logs in the system. An additional hordware lag would undoubtedly be included



when replacing the oscilloscope display with a meter. The net expected effect of these
time delays is o decrease in the critical limits ( kcr ) reached, but not necessorily o reduction

or increase in the effectiveness of the task. E.uvivolent degradation in performance for the

sober and intoxicated states would not affect the expectec effectiveness of the device; however,

the relative decrement in proficiency would hive o Ue reevaluated. It will be important also
to assess the relative performance decrement on o brooder based somple of subjects statistically

representing the driving populiotion.

The dilemma faced in the development of ony clcohol ignition interlock system is that under
prezent laws the legal criterion for impairment resulting from the consumption of alcotwol is
bosed upon o BAC measure rather thon o measure of behavioral impairment, While there exists
o relationship between the two, there is obviously wide varicbility in proficiency omong
individuols both in @ norimpaired state and in the degree of impairment which develops under
the same BAC. It is the orea of overiop of these two distributions of behavior ot the legally

defined BAC level which complicotes the development of a behavioral ignition interlock test.

As a result, correlations of performence on the Critical Track ~g Task with both BACs and driving

proficiency will be incl.ded in o following program.
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