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ADDERDUM

In this volume (Volume 1) of the final report, the
Contractor found that drivers can be identified who
have an extremely elevated risk of being involved in
an alcohol-related crash. However, only 8% of those
drivers idehtified as ffiost likeiy to be involved in

an alcohol-related crash are likely to actually become
involved in such a crash within the next twelve months.
This means that even if a countermeasure was found which
was fully effective in preventing alcohol-related
crashes, it would be expected to prevent only about

8 crashes for every 100‘high risk drivers impacted

by that countermeasure. As reported in this document
(see Table 7.3, page 114) estimates of countermeasure
effectiveness (for reducing alcohol-related crashes)
were‘much more modest; therefore, the screening ap-
proach used hére'for identifying'high risk drivers

is not likeiy to fesult'ih a large reduction in the

occurrence of alcohol-related crashes.
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EXECUTIVE SUMMARY

This report concerns an effort to develop and test a predictive model-
1ing technique to identify individuals at high risk of alcohol/related (A/R)
crash involvement prior to crash occurrence. A parallel effort, described in

Volume II, User Manual presents ways in which alcohol administrators may use the

predictive models developed under this project. The‘study was done to address a
perceived need for developing ways to implement alcohol driving countermeasures
so that some of the more serious consequences of a]cohb]-impaired'driving

might not occur.

The basic approach followed was to identify severa]lgroups of drivers known
or suspected to be at a high-risk of A/R crash involvement and then, for each
group, to separately develop a statistical model which identifies those
individuals within each high-risk group that are at an even higher risk of A/R
crash involvement.

Six high-risk groups were identified for study through a literature review
‘and rudimentary analysis of North Carolina accident data. The high-risk groups
so identified were males, 16-20; males, 21-24; persons with previous convictions
for driving under the influence; persons with three or more moving violations;
persons recently divorced; and persons recently released from prison. An
examination of N.C. accident data for 1973, 1974 and 1975 revealed that a larger
proportion of each of these groupé was involved in A/R crashes than the general
driving popu]ation; A one-tenth sample of the general driving population was
also selected for comparative purposes in the model development process. In
all, models were developed for seven groups--the six_hfgh-risk groups and the

sample of the general driving population.



The models were developed using data available through 1974 to predict A/R
crashes in 1975. The basic data sources were the N.C. Division of Motor
Vehicles Driver History File and Accident Files, a listing of persons divorced
in 1974 obtained from the N.C. Department of Human Resodrces and a.]isfing of
persons released from prison in 1972 obtained from the N.C. Department of |
Correcfion. The data sources were purposely selected to be ones which would be
readily and 1nexpensfve1y available to program administrators so that the models
deve]oped'from them could be practically replicated and used in other governmental
jurisdictions. |

In.fhe model devé]opment phase, the data sets above were merged and then
were examined for each group to identify those variables most highly related to
subsequent A/R crashes for that group. Then for each group a predictive model
was developed using a categorica] data analysis technique called GENCAT. Using
this technique, subgroups within each high-risk group (and the general
population sample) were identified and assigned a predicted probability of being
involved in an A/R crash in 1975, -

For each high-risk group, the subgroups with the highest predicted A/R
crash experience, that predicted value and the range of predicted values for the

whole group are tabulated below.

Subgroup - Range of
(Individuals with all the Predicted Proportion of Predicted
Group characteristics listed) A/R Crash Involvement Values
General population Some days under sus- .03600 .00050-.03600
sample pension or revocation
| (S/R) '
Some accident violations
Male :

Some reckless violations

Males, 16-20 Some days S/R .05679 .00933-.05679
Some violations
Some night crashes
Some night alcohol
violations

fen



Group
Males, 21-24

pul

3 or more
violations

Divorce group

Prison group

Subgroup
(Individuals with all the
characteristics listed)

Predicted Proportion of
A/R Crash Involvement

Range of
Predicted
Values

Some days S/R

Some reckless violations
Some alcohol violations
Some previous A/R crashes

Young

Some speeding violations
Some days S/R

Some reckless violations

Young

Male

Some days S/R

Some previous A/R crashes
Some previous crashes

Some alcohol violations
Some reckless violations

Some administrative
violations
Young

06777

.07701

.06780

.05119

.0734

.00698-.06777

.01507-.07701

.00589-.06780

.00570-.05119

.0184-.0734

The highest risk subgroup was in the DUI group and had a predicted A/R crash

experience of .07701.

general driving population as a whole (.00362).

This represents a risk 21 times greater than that of the

Three different data sets were used in assessing the accuracy of the model

predictions.

These were:

(1) the actual 1975 A/R crash experience of one-third

of each group which was not used in the model development phase but reserved for

this purpose, (2) the whole groups' 1976 crashes, and (3) the 1976 A/R crash

experience of newly identified persons who constituted new high-risk groups

identified as of the end of 1975,

The analysis of the predictive validity of

the models indicated that they were quite effective in identifying which of the

subgroups were likely to be at the highest risk of A/R crash involvement.

The potential usefulness of the models in a real world applications setting

is also discussed.

It is concluded that, because most of the predictor



variables have a strong statistical intuitive relationship with A/R crashes, the
models may usefully be applied as a means of identifying persons for entry into
countermeasure prograns. A difficulty is that an attempt to identify
countermeasure programs for use in the users manual (Volume II) revealed few
scientifically valid studies which indicated that particular countermeasures
were effective. This led to a recommendation that the models might best be
currently used in conjunction with well conceived evaluations of A/R crash

reduction countermeasures.

o



CHAPTER 1 - INTRODUCTION

Alcohol has long been recognized as a major faCtof in highway traffic
accidents. As early as 1938 Holcomb reported the presence of alcohol in a
higher proportion of drivers in personal injury accidents than iﬁ a sample of
the general driving population. This overrepresentation was concluded to be
indicative of alcohol as a causative factor in motor vehicle accidents.
Subsequent research, including the Grand Rapids studybof Borkenstein, et al.
(1964), has further documented in greater detail and with a higher degree of
precision the detrimental influence of alcohol on driving performance as
measured by accident involvement. This increasing body of evidence led to the
emergence of a variety of countermeasure approaches most often characterized by
public information programs urging persons not to drive after drinking.

The important role of alcohol in highway crashes was further clarified by
the 1968 Départment of Transportation report to Congress on alcohol and highway
safety which summarized the results of many studies on the subject. One of the
findings noted was that there was little known concerning the effectiveness of
the various countermeasures attempted to date. A recommendation was that
further countermeasure research activity be funded in demonstration and
evaluation projects.

The most visible of these new attempts to affect alcohol-related crashes
was the federally funded Alcohol Safety Action Project (ASAP) program. This
ambitious effort involved the imp]ementation of coordinated multi-pronged
countermeasure apprdaches to the alcohol-related crash problem in selected
communities throughout the country. In all, 35 ASAP projects were funded by the

federal government at a cost of some $88,000,000.



Since each of these projects used a variety of countermeasure approaches,
it proved difficult to assess the effectiveness of any one countermeasure.
However, NHTSA has argued that, overall, the program was effective (U.S. DOT,
1974), largely on the basis that the ratio of nighttime to daytime crashes in
the project areas decreased after implementation. The rationale here is that
nighttime crashes are those most likely to be alcohol-related and thus impacted
by the programs, and that the daytime crashes serve as a control. This
evaluation approach has not satisfied all critics (Zador, 1976) and efforts are
continuing to refine the evaluation of the ASAP projects (Monaco, 1977).
However, effectiveness aside, one point not at issue is that the ASAP type
approach to reducing alcohol related crashes is an expensive one.

Thus, with the limited amount of highway safety funds available and the
wide variety of highway safety needs to be addressed, there is a need to
identify a more focused approach to combat the alcohol-related (A/R) crash

problem. The research discussed in the remainder of this report pursued one

such approach -- to examine the feasibility of identifying individuals or groups

of individuals at extremely high-risk of A/R crash involvement so that they
might be brought into countermeasure programs. The project addressed two basic
questions:

1. Can individuals at high-risk of alcohol-related crash involvement

be identified before they have an A/R crash; and

2. Can effective countermeasures appropriate to such individuals be

identified from currently available information? |

To answer the first question the following approach was used. Several
groups of drivers were identified (through a review of the 1iterature-and a
preliminary analysis of North Carolina data) as being at a high-risk of A/R
crash involvement. Predictive models using multivariate techniques to identify
subgroups at even higher A/R crash risk were ‘developed for each of the high-risk

6
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groups. The validity in predicting A/R crash experience for each of the models
developed was then determined for both a control group from the same time peridd :
as the data used to develop the models and for a subsequent year's craéh
experience. The work described above is reported in this Volume I of fhe
report. |

In addition to the model development and testing efforts, a second related
project goal was thé development of a methodology designed to aid alcohol
program administrators in (1) using the devéloped models to choosé high-risk
drivers for treatment, (2) selecting an appropriate countermeasuré for those
drivers using information on cost, effectiveness, potential target groups and
length of countermeasure effect, (3) determining whether the costs of a given
countermeasure will be less than the benefits derived from it; and (4)
conducting well-designed evaluations of the countermeasure activities selected
in order to establish levels of effectiveness. This methodological process is
described in detail in the companion Volume II: User Manual. Its basic
components are a set of tables providing the probability of a subsequent A/R
crash as predicted by the models, a series of discussions of the content and
effectiveness of various potentially useful countermeasure treatments based on a
review of current Titerature, a computerized cost effectiveness methodology to
help assess potential treatment payoff for a chosen group of drivers, and an
overview of the components which are basic to the evaluation of any A/R
countermeasure progran.

Subsequent chapters in Volume I present the methodological framework
fo]lowéa in carrying out the project,-the selection of the high-risk groups, the
data sources‘and the data processing, tHe model development, the.va1idity

testing, and the conclusions drawn.



CHAPTER 2 - METHODOLOGY

2.1 Introduction

In this chapter the basic steps undertaken in carrying out the project
objectives are presented and briefly discussed. Because the intent is to

provide an overview of the project framework, detailed discussions of each step

X

are covered in 1ater'sections, and not in this chapter. Figure 2.1 is a flow
chart of the major task sequence. The two major project goals are 1) high-risk
group selection, model development, and testing; and 2) development of a user
manual to guide in the implementation of the models in the field. They were
parallel and joint efforts and are depicted as such on the flow chart.

Subheadings in this chapter are keyed to the boxes in Figure 2.1.

2.2 High-Risk Group Selection

High risk, for the purposes of this study, is defined as an elevated
Tikelihood of involvement in an A/R crash. Thus a high-risk group would be a
group of drivers in which a disproportionate share of its drivers subsequently
become involved in A/R crashes.

For this study an A/R crash is defined using two variables, "Sobriety" and
“Chemical Test Given," which appear on the North Carolina accident report form
for every reportable accident. These two variables and the values they may take

are shown below:

)

Table 2.1 Accident report variables used in determination of A/R crashes.

Sobriety Chemical Test Given
1. Had not been drinking Yes
2. Drinking - ability impaired No

3. Drinking - unable to determine impairment
4., Unknown
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- A crash is considered alcohol-related (A/R) if the investigating

officer indicated either "Drinking--ability impaired" or "Drinking--unable to
determine impairment" in the sobriety variable or indicated that a chemical test
was given under the second variable. It was decided to use this 1iberal
definition of an A/R crash to maximize the number of A/R crashes évai]ab]e for
the modelling task rather than a more conservative one such as insisting on a
determination of impairment. In North Carolina, approximately eight percent of
crashes meet the more liberal criterion while only four percent would meet the
more conservative one. |

2.2.1. Criteria for group selection.

The primary objective of the project was to identify several high-risk
groups and develop predictive models which would point out subgroups at even
higher risk so that countermeasures might be applied to them. The practical
orientation of this project, as evidenced by development of the User's Manual,
dictated certain criteria for the high-risk groups.

First, there had to be a reasonable basis to expect the groups to be at
an elevated risk of A/R crash involvement. Second, the Qroups had to be
easily and clearly definable. Vague descriptive adjectives such as problem
drivers would not suffice. Specific characteristics such as age, sex,
recorded driving behavior and the like were considered more appropriate.

Third, the déta elements by which the groups were to be defined were to
be ones which would be practically available to alcohol program
administrators. For the most part, this means that the information should
reside in the Motdr Vehicles department or in other state agencies. Since the
objective of the modelling process is to identify individuals to bring into
countermeasure programs, it was assumed that accurate questionnaire type data

(such as psychological inventories) could not be obtained from individuals who
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might feel that some facet of their driving privilege was at stake. Another
consideration in variable selection was the privacy rights of individuals.
Though some information such as alcohol treatment center records might be
available for research purposes it is doubtful that later, when the mbde]s
were to be applied for countermeasure purposes, they would remain available to
the administrator.

A further consideration in variable selection was that of cost. Even if
unbiased questionnaire information were obtainab]e, the high cost of
collecting such information could well render countermeasure programs less
cost-effective.

Consequently, the variables selected for high-risk group definition and
modelling attempts were restricted to Division of Motor Vehicle records and
other computer usable records available on a statewide basis. Thus high-risk
groups were to be clearly definable on the basis of information that would be
available to Motor Vehicles Administrators at a reasonable cost.

2.2.2. Review literature.

With the criteria outlined above in mind, highway safety and other
relevant literature was reviewed in an effort to identify several potential
high-risk groups for consideration for inclusion in the modelling process. An
effort was made to identify studies which addressed A/R crash risk
specifically. Howéver, few studies address that specific issue for subgroups
of the driving population while many address crashes, an& many others address
aberrant drinking behavior of special populations. Thus, in some cases, for
high-rﬁsk group selection purposes, the logical link between demonstrated
aberrant behavior in both driving and drinking was made by the reviewers.

2.2.3. Collect data.

Once preliminary groups were selected based on the review of the -
literature, the data sources necessary to define the groups were identified
and secured.

11



These included: the Division of Motor Vehicles driver history file, a
file of reportable North Carolina traffic accidents, a listing of persons
granted a divorce in North Carolina from the N.C. Department of Human
Resources, and a file of persons released from prison in N.C. froﬁ the N.C.
Department of Correction.

2.2.4. Merge data. -

The four data sources were of differing types of formats and orienta- .
tions, but needed to be merged 1nto one file to conduct the study. To that
end the divorce and prison files were each ordered alphabetically, computer
matched and then hand matched with the driver history file to obtain driver
1icense numbers. The accident files were ordered by driver license number and
then all four files were merged into one large file. This file was then
broken down for the further analysis into several smaller files corresponding
to the high-risk groups.

2.2.5. Conduct preliminary analysis.

For each of the candidate high-risk groups, an analysis of the N.C. data -
was made in order to determine its appropriateness for further modelling.
Each group was analyzed in terms of the percentage of total N.C. A/R crashes
it accounted for in 1973, 1974, and 1975. This percentage was termed the
impact index. The groups were also examined in terms of their annual A/R
crash rate. A risk index was computed which represented the quotient of the
annual population A/R crash rate for a given group divided by the general _
driving population's annual A/R crash rate.

2.2.6. Select final high-risk groups.

Based on the literature review, preliminary analysis of A/R crash rates,

and consultation with NHTSA, the final high-risk groups were selected. Six
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high-risk groups were selected along with a one-tenth sample of the general
N.C. driving population to be studied throughout the remaining steps of the
project. The final six high-risk groups selected for further analysis were:

1. Young males, 16-20 years old

2. Young males, 21-24 years old

3. Persons previously convicted of DUI

4. Persons with three or more moving violations

5. Persons recently divorced

6. Persons recently released from prison
At this stage two separate files were developed for each group--one containing
two-thirds of the group and the other containing the remaining third,
identified by taking every third subject. The two-thirds sample was used in
developing the models and the remaining third was reserved to conduct

concurrent validity tests of the models once they were completed.

2.3 Model Development

Once the high-risk groups had been identified, it was necessary to select
the appropriate multivariate technique for developing the predictive models. The
models were developed using driver-related information which was known on or
before December 31, 1974 to predict probabilities of A/R crash involvement in
1975.

Since both the dependent variable (presence or absence of an A/R crash in
1975) and most of the independent variables (such as sex, violation types,
accident types, and the like) were of a categorical nature, it was decided to
use a modelling technique specially developed for categorical data. The GENCAT

technique (Grizzle, Starmer, and Koch, 1969) was selected and used in developing
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a separate model for each of the six high-risk groups and for the general
population sample. The basic modelling steps are outlined below and are
described in more detail in Chapter 5.

2.3.1. Univariate variable selection.

Each of several demographic, accident, and driver history variables were
examined for each group to determine how they could best be used to account
for the group's variation in 1975 A/R crash involvement. For many of the
variables, it was necessary to select the optimum levels or value ranges for
the variable in accounting for A/R crash variation. An example is the driver
history variable "days under suspension or revocation.” The data were
examined to determine the optimum way to group the values of that variable as
in, for example, (0, 1 or more) or (0, 1-30, 31 or more), etc.

For driver history variables an optimum time frame for accumulating
values for each variable was also determined. Ranges examined included time
periods of from six months prior to December 31, 1974 to up to four years
prior.

2.3.2. Multivariate variable selection.

After the optimum levels and time frames were selected for the variables
for each group, the variables to be included in the actual model fitting step
were selected in a stepwise manner. The steps were, first, select that
variab]e which accounted for the most variation in 1975 A/R crash involvement:
then se]ecf the variable which, in combination with the first, accounted for
the most additional variation, and so on until no more significant variables
remained or the cell size became too small to be practical.

2.3.3. Model development and fitting.

After the predictor variables were selected for each group, categorical

data models were developed to predict 1975 A/R crash rates for each group.
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These models delineate several subgroups within each high-risk group and
assign predicted proportions of each subgroup expected to be involved in an
A/R crash in a year. Thus, for each group, a set of proportions is provided
which range from well below the total average risk for some subgroups to well

above that average for others.

2.4 Validity Testing

2.4.1. Concurrent validity testing.

As mentioned in 2.2.6. above, one-third of each group was reserved to
conduct concurrent validity tests on the final models. Goodness of fit
statistics were computed for each group comparing the predicted proportions
developed on the basis of two-thirds of the group with the actual proportions
which experienced A/R crashes in the one-third sample.

2.4.2. Prospective validity testing.

A truer test of the models' predictive performance is to examine how well
the models predict A/R crash performance in a subsequent year. This issue was
addressed in two ways.

2.4.2.1. Original groups - 1976 crashes.

The actual A/R crash performance in 1976 of each of the groups, as
identified by data available as of December 31, 1974, was examined. Thus,
although the models were designed to predict one year ahead, it was decided
to examine their two-years-ahead predictive ability as well. Goodness of
fit statistics comparing predicted versus actual A/R crash experience were
computed for each group. Rank correlation of the subgroups within each
grdup was also examined. |

2.4.2.2. Newly identified groups - 1976 crashes.

The most appropriate test of the models' predictive ability as designed
was made by identifying new groups using data available through 1975 and

examining their A/R crash experience in 1976 as compared to that predicted
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by the models. The same tests outlined in 2.4.2.1. were conducted on these

new groups.

2.5 Development of User Manual

A major objective of the project was to present the models in a framework
in which they could be applied by alcohol or motor vehicle program
administrators. To that end a joint and parallel effort to the model
development was made in developing a user manual which would provide tools for
countermeasure program selection, implementation, and evaluation.

2.5.1. Review countermeasures.

The traffic safety literature was reviewed to identify potential
countermeasure programs which might be appropriate to the high-risk drivers.
To assist in countermeasure selection, an attempt was also made to extract
from the evaluation Titerature expected levels of effectiveness for various
countermeasures.

2.5.2. Select economic analysis technique.

An appropriate economic analysis technique was selected to be presented
as an aid in prioritizing potential countermeasure programs on a cost-
effectiveness basis. This procedure was computerized for subsequent use.

?-5.3. Review evaluation literature.

The general evaluation literature was reviewed in order to select
appropriate evaluation designs and procedures to guide in the implementation
and evaluation of any countermeasure activities which might be initiated using
the mode]s. |

2.5.4. Develop user manual.

The results of the steps outlined in 2.5.1.-2.5.3. were used along with

the predictive models developed during the project to construct a user's
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manual which may be used to assist in identification of individuals in need of
countermeasure activity, selecting countermeasures on a cost-effectiveness
basis, and implementing such countermeasures in a way that their true
effectiveness in terms of A/R crash reduction can be evaluated.

The remainder of this Volume and Volume II, the User's Manué], outlines

in more detail the procedures followed and results obtained in pursuit of

these project objectives.
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CHAPTER 3 - HIGH-RISK GROUP SELECTION

3.1 Introduction

This chapter presents for each high-risk group the results of the initial
steps taken in identifying high-risk groups for the subsequent modelling and
validation procedures described in Chapters 5 and 6. The two basic steps wére
first, to review the 1iterature to identify groups known to be at a high risk of
A/R crash involvement, and second, conduct a preliminary data analysis on those
groups to determine if they actually did have a high A/R crash involvement rate
in N.C. in 1973-1975. '

As mentioned in 2.2.2, few studies have been conducted which specifically
address the risk of A/R crash involvement for particular segments of the driving
population. So, in many cases, the review presented here will report separate
studies which evidence high alcohol consumption on one hand and high crash
involvement on the other hand. Thus, in the case of some groups it was
necessary to assume that the two would be likely to occur simultaneously.

To confirm the results of the literature review, preliminary data analyses
were done before multivariate modelling procedures were begun. For each of the
high-risk groups selected on the basis of the literature survey and consultation
with NHTSA, a further analysis of North Carolina crash data was conducted before
it was selected for modelling. Two measures of the appropriateness of the
groups were taken. One was the ratio of the population A/R crash rate of the
high-risk group t