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ABSTRACT

This study examines the effectiveness of lowa’s Driver Improvemegt&m (DIP)
by gender and age, measured as the reduction in the number of driver convictionstessl cra
subsequent to the DIP. The analysis involved a random sample of 9,055 drivers who had
been directed to attend DIP and corresponding data on driver convictions, crashaseand dr
education training history that were provided by the lowa Motor Vehiclesidivi The
sample was divided into two groups based on gender (female and male), and three groups
based on age (30 years old or younger, 31 to 40 years old, and older than 40 years old). In
each specific group, the sample was then divided into two groups based on the DIP outcome,
satisfactory or unsatisfactory completion. The evaluation period considasdng year

after the DIP date (probation period) for each driver in the random sample.

The evaluation of lowa’s DIP showed that there is evidence of effectivenesss t
of reducing driver convictions subsequent to attending the DIP. Among the 6,790 (75%)
drivers who completed the course satisfactorily, 73% of drivers had no actions and @3% we
not involved in a crash during the probation period. Turning to the differences by age and
gender, male drivers and young drivers (30 years old or younger) incoorecconvictions,
while older drivers (40 years old or older) had fewer crashes in both the satistaal
unsatisfactory groups. Drivers in the satisfactory groups had lower convidgsrbra more
crashes than those in the unsatisfactory group. Econometric modeling iestirasilts
showed that, regardless of the DIP outcome, the likelihood of a conviction and frequency of
subsequent convictions depends on other factors such as age, driver history, and DIP

location, and interaction effects among these factors. The associatioshmbethat DIP is



not associated with a reduction in the likelihood of the occurrence of one desDI&%.
This is consistent with previous studies in which the effectiveness of DIP inmgduci

subsequent crashes could not be established.

Low-cost, early intervention measures are suggested to enhance the effestofene
lowa’s DIP. These measures include advisory and warning letters (czestiopased on the
driver's age) sent within the first year after the DIP date and soonlegtend of the
probation period, as well as a closer examination of DIP instruction across therhdérmom
colleges that host the program. Given the large number of suspended drivers who continued
to drive, consideration should also be given to measures to reduce driving while suspended

offenses. Other states also can benefit from this study and results.



CHAPTER 1. OVERVIEW

1.1 Problem Statement

Driver Improvement Programs (DIPs) have been widely used in the Unétx$ Sis
well as internationally. The objective of a DIP is to reduce the number o€ tralii
violation convictions and crashes in a driver’s history and help drivers corract thei
potentially dangerous driving behaviors. DIPs have been conducted in the Unitedd@tate
over 60 years. Intervention strategies and programs vary across stat@schaily tywclude
warning letters, educational materials and courses, diagnostic rieaams, individual
counseling, and license suspension/revocation. In most previous studies, improvement
interventions generally resulted in a reduction in violations, but the crash eféretteas
pronounced.

The lowa DOT, like in other states, offers its own unique DIP (lowa DOT 2Q07).
was established and fully implemented in 2001. lowa’s Driver Improvenmegtd (DIP)
targets drivers who have received multiple citations for moving violationse Tthe®rs
include those who have been convicted three or more countable moving violations (including
out-of-state violations) committed within a 12-month period or who have been convicted of a
speeding violation of 25 to 29 miles per hour over the posted speed limit. Under this
program, those drivers are required to attend and successfully complete dpraarement
school, at the driver's own expense, a program approved by the lowa DOT in lieu dédriver
license suspension. Currently, 17 community colleges across the state offievihe

approved program.



Although previous studies have certainly provided important insights in the
effectiveness of DIPs (or select driver interventions), there aretéelies on evaluating
DIP’s effectiveness by gender and age. Therefore, there is a need tigyateatifferences
in conviction and crash occurrence subsequent to DIP by gender and age. Furtherreore, the
is a need to investigate whether there are any spatial differences ifetteiess of DIP in
the various sites (i.e., community colleges) across the state that drprewvement courses

are offered.

1.2 Research Objectives

This thesis investigates the effectiveness of lowa’s Driver Impreaefrogram by
gender and age. A random sample of driving records of drivers who weredlieatéend
DIP was provided by the Motor Vehicle Division. The database includes driver and action
specific information. Driver-specific information includes gender, age, licgass, date
sent to DIP, location of DIP, and DIP outcome (satisfactory or unsatisfaciomyl&tion).
Action-specific information included the action type, reason code, drivecipartt ID
number, actual speed, posted speed limit, jurisdiction and crash case numbsiicabtati
analysis were conducted to investigate the effect of factors, suem@srgage, DIP
outcome, DIP location, and interaction effects among these factors on occungnce a
frequency of subsequent convictions/crashes. These findings are compgesdibyand age
and concluding remarks are offered. The following discusses the major fgeatat are

accompanied by a discussion of the anticipated benefits.



Task 1: Synthesis of the State of the Practice and Literature Review

An overview of the different DIPs offered across the nation and the findings of past
studies regarding the effectiveness of those different programs will bel@dovi he
literature review includes the overview of lowa’s DIP, and synthesis$ i other states.
Eight types of DIP (educational/info material, group meeting, individuatinggéetter,
license suspension/revocation, license extension, point reduction, and probation) ddientifie
the literature are also reviewed and presented.

Task 2: Review of Past Methodologies and Selected Methodology for This Study

An overview of the different methodologies applied for investigating the
effectiveness of DIPs is provided, including comparative methods, survival analysi
autoregressive integrated moving average (ARIMA) models, and analyssariance
methods. The selected methodology for this study also is discussed.

Task 3: Descriptive Data Analysis

The data on drivers who were instructed to attend DIP, provided by the Motor
Vehicle Division, are summarized and interpreted using descriptive anablansgiges and
graphical representations.

Task 4: Investigation of Differences in DIP’s Effectiveness by Gendemnd Age

Potential differences by gender and age in the program’s effedrane
investigated. Statistical analyses are conducted to compare the likelirbéeguency of
convictions/crashes subsequent to DIP of female and male drivers, and also ofmrivers i
three age groups. Evaluating such differences can help to identify sisdtegrgrove the

effectiveness of the program.



Task 5: Conclusions and Recommendations

Based on the work conducted for the previous tasks, recommendations regarding the

effectiveness of the current program are offered. Additional, researcharegdsntified as

well.
1.3 Thesis Organization
Table 1.1 Tasks for this thesis and the corresponding chapters.
Task Corresponding Chapter
Introduction 1. Introduction

1. Synthesis of the State of the Practice and

. . 2. Literature Review
Literature Review

2. Review of Past Methodologies and Select

Methodology for This Study % Methodology

4. Data Collection and Descriptive

3. Descriptive Data Analysis Analysis

4. Investigation of Differences in DIP’s

Effectiveness by Gender and Age 5. Statistical Data Analysis

5. Conclusions and Recommendations 6. Conclusions and Recommendations




CHAPTER 2. LITERATURE REVIEW

2.1 Overview of Driver Improvement Program

2.1.1 Overview of lowa’s Driver Improvement Program

The lowa DOT, like in other states, offers its own DIP (lowa DOT 2007)ast w
established and fully implemented in 2001. Pertinent sections of the lowa Code aredrovid

in Appendix A, and the specifics of the program are summarized below.

2.1.1.1 Suspension of driving privileges
Driving privileges may be suspended in the following circumstances:

e Habitual Violator
Drivers have been convicted of or pled guilty to three or more countable
moving violations (including out-of-state violations) that were committed
within a 12-month period.

e Serious Violation
Drivers have been convicted of or pled guilty to speeding 25 miles or more
over the legal speed limit.

e Countable Moving Violations
This circumstance includes all moving violations, except the first two speed
convictions within a 12-month period, that occur in speed zones between 34
and 56 mph and that involve drivers who were convicted of speeding 10 mph

or less over the posted speed limit. A moving violation is defined to include



all violations not specifically excluded by lowa Code 321.210. (Examples of
excluded violations include parking violations, failure to appear, equipment
violations, registration violations, or disturbing the peace with a motor

vehicle.)

2.1.1.2 Driver improvement school

2.1.1.2.1 Drivers over 17 years old

When a driver’'s record shows convictions of three countable moving violations
committed within a 12-month period or when the driver has been convicted of a speeding
violation of 25 to 29 miles over the limit, drivers may be required to complete a driver
improvement school at the drivers’ local community college. After drivers hacessfally
completed the program, they will be on probation for one year. If drivers are teshofa
moving violation while on probation, the lowa DOT'’s Office of Driver Services stalft
action to suspend their license. A suspension notice will also be mailed to driens féil

to complete the DIP.

2.1.1.2.2 Drivers under 17 years old—Graduated driver licenses

In lowa, a Graduated Driver License (GDL) program has been implemented for
drivers under the age of 17. The program issues three kinds of licenses: ors{peatnit,
intermediate license, and full license. The law went into effect Jadyd®99, and has since

been supplemented.

Instruction Permit

Eligibility requirements:



Conditions:

This permit is available at age 14.

Written consent of a parent/guardian is required. This consent may be given
using one of two options: (1) the parent/guardian accompanies the teenager to
the driver's license station to sign the consent form in the presence of the
examiner or (2) the parent/guardian downloads the form “Parent’s Written
Consent to Issue Privilege to Drive or Affidavit to Obtain Duplicate License
Form #430018” and signs the form in the presence of a notary public. The
teenager may then present the completed and notarized form to the examiner,
and the parent/guardian would not have to accompany the teenager to the
driver’s license station.

The permit requires satisfactory performance in vision screening and
knowledge tests.

Proof of identity and verification of a Social Security number is required.

The permit must be held for a minimum of six months.

All driving must be supervised by a licensed driver. Drivers may drive only
with a parent/guardian, an immediate family member over age 21, a driver
education teacher, or a driver over 25 with written the permission of a
parent/guardian.

The number of passengers is limited to the number of safety belts available i

vehicle.



e The driver must complete 20 hours of driving under adult supervision; a
minimum of two hours must be between sunset and sunrise.

e The driver must drive accident-free and violation-free for the six consecutive
months immediately preceding application for an intermediate license. The
permit must not be expired or withdrawn during this six-month period.

e The driver must complete an lowa-approved or comparable driver education
course:

0 30 hours of classroom instruction that must include four hours of
substance abuse education, a minimum of 20 minutes on railroad
crossing safety, and information on organ donation

o0 A six-hour laboratory, three hours of which must be behind the wheel;
may use simulators for the remaining time

o No parental waiver of any behind-the-wheel drive time

e The instruction permit will have the words “under eighteen” printed on it.

Intermediate License

Eligibility requirements:

e This license is available at age 16.

e The driver must meet all the conditions of the instruction permit.

e The written consent of a parent/guardian is required. This consent may be
given using one of two options: (1) the parent/guardian accompanies the
teenager to the driver’s license station to sign the consent form in the presence

of the examiner or (2) the parent/guardian downloads the form “Parent's



Conditions:

Written Consent to Issue Privilege to Drive or Affidavit to Obtain Duplicate
License Form #430018” and signs the form in the presence of a notary public.
The teenager may then present the completed and notarized form to the
examiner, and the parent/guardian would not have to accompany the teenager

to the driver’s license station.

This license must be held for a minimum of 12 months.
The driver may drive in the following conditions:
0 Without supervision from 5:00 a.m. to 12:30 a.m.
o0 Between 12:30 a.m. and 5:00 a.m. only with a licensed driver who is a
parent/guardian, immediate family member over 21, or a designated
adult over 25.
o With a waiver between 12:30 a.m. and 5:00 a.m. to and from work or
school-related extracurricular activities.
The driver must complete 10 hours of driving under adult supervision; a
minimum of two hours must be between sunset and sunrise. The supervision
must be by a licensed driver who is a parent/guardian, immediate family
member over 21, or designated adult over 25.
The number of passengers is limited to the number of safety belts available i
vehicle.
The driver must drive accident-free and violation-free for the 12 consecutive
months immediately preceding application for full license. The interneediat

license must not be expired or withdrawn during this 12-month period.
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e The intermediate license will have the words “under eighteen” printed on it.
e Up to age 18, all conditions of the intermediate license shall remain in effect

until the holder of the intermediate license has been issued a full license.

Full License

Eligibility requirements:

e This license is available at age 17.

e The driver must meet all conditions of the intermediate license.

e Written consent of a parent/guardian is required. This consent may be given
using one of two options: (1) the parent/guardian accompanies the teenager to
the driver’s license station to sign the consent form in the presence of the
examiner or (2) the parent/guardian downloads the form “Parent's Written
Consent to Issue Privilege to Drive or Affidavit to Obtain Duplicate License
Form #430018” and signs the form in the presence of a notary public. The
teenager may then present the completed and notarized form to the examiner,
and the parent/guardian would not have to accompany the teenager to the

driver’'s license station.

Conditions:
e Full driving privileges are granted with no restrictions.
e For drivers under age 18 or age 21, the license shall have the words “under

eighteen” or “under twenty-one,” respectively, printed on it.
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2.1.1.2.3 Remedial driver improvement

This applies to drivers either holding an instruction permit or an intermediate
license.

The driver will be referred to the remedial driver improvement process if
involved in one moving violation or if involved in an accident to which the
driver contributed.

Both the driver and a parent/guardian must participate in an interview with an
lowa DOT official.

The lowa DOT official may impose additional driving restrictions and/or
recommend license suspension.

From the date the traffic violation occurred—not the date of the conviction—
or the date of the contributive accident, the license holder must begin a six-
month (for instruction permit holders) or 12-month (for intermediate license
holders) accident-free and violation-free driving period again to qualiffhéor t

next licensing level.

2.1.1.3 Driving while suspended

Driving while a drivers’ license is suspended is a misdemeanor. A conviction may

result in a $1,500 fine and up to one year in jail if the driver is convicted of a serious

misdemeanor. The length of suspension or revocation for some convictions may also be

doubled if drivers are convicted of driving while their license is suspended. A work perm

cannot be issued when drivers have been convicted of driving while their license was

suspended. Drivers may also be barred from driving (under the provisions of lowa Code
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Section 321.555) if they are convicted for driving while under suspension (lowa Code

Section 321.218 and 321A.32 Subsection 1).

2.1.1.4 Habitual offender

Drivers will be barred for two to six years (lowa Code Section 321.555 Paragraph 1)
if they receive three or more of any combination of the following convictionsik:ysear
period:

e Manslaughter with a motor vehicle

e Conviction of operating while under the influence of alcohol or drugs (lowa
Code Chapter 321J)

e Conviction for driving while license is suspended, revoked, or barred; eluding
or attempting to elude pursuing law enforcement vehicles; or serious injury by
vehicle

e Failure to stop and leave information or render aid at the scene of an accident

in which driver was involved, as required by lowa Code 321.263

2.1.1.5 Financial responsibility

Any suspension as a result of moving convictions or any revocation for operating
while intoxicated (OWI) and implied consent (Chapter 321J) requires complidtiice w
lowa’s financial responsibility law. This requirement is normally mefiling proof of at
least $55,000 insurance coverage. Otherwise, drivers must post security of $55,000 by
certified check, cashier's check, money order, or surety bond. This filindomustintained

for two years.
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2.1.1.6 Driver improvement and driving record

The completion of a driver improvement course, probation period, or a suspension
does not clear the driving record of any entries showing violations or accidentsiviing dr
record will show all convictions, accidents, or suspensions during at least thaupriave

years. A license revocation for OWI will remain on the driver’s record forea2sy

2.1.1.7 Out-of-state moving traffic violations

Convictions for moving traffic violations in other states count against the driver

record. The lowa DOT determines the action to be taken concerning drivinggpesuil

2.1.1.8 Calculating dates of traffic violations

The dates on which the offenses occurred, not the dates on which drivers are
convicted of traffic violations, are considered when determining how many viol&iawes

taken place in a specified time period.

2.1.1.9 Driver improvement and commercial driver’'slicenses

Operators of commercial motor vehicles may be subject to additional penalties.

2.1.2 Driver Improvement Programs in Other States

2.1.2.1 Online driver education courses

The online driver education course “I Drive Safely” has been approved in the

following 15 states: Alaska, Arizona, Delaware, Florida, Kansas, Idaho, Maiagoii,
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Nevada, New Jersey, New Mexico, New York, North Dakota, Texas, and Virgitke 74

shows the online driver education courses that are offered across the nation

Table 2.1. Online driver education courses across the nation

Type of Program/Course

State where the Program/Course is offered

Traffic school

Alabama, Arkansas, California, Connecticut, Florida,
Maine, Missouri, Nevada, North Carolina, Virginia

Defensive school

Alaska, Arizona, Colorado, Delaware , Georgia, Hawaii,
lllinois, Indiana, lowa, Kentucky, Louisiana, Maryland,
Massachusetts, Michigan, Minnesota, Mississippi,
Montana, Nebraska, New Hampshire, New Jersey, New
Mexico, New York, North Dakota, Ohio, Oklahoma,
Oregon, Pennsylvania, Rhode Island, South California,
Tennessee, Texas, Utah, Vermont, Washington,
Washington D.C., West Virginia, Wisconsin, Wyoming

Court-referred courses whel
drivers get ticket

Arkansas, California (once every 18 months), Colorado,
Connecticut, Florida (4, 8, or 12 hr long), Georgia,
Hawaii, lllinois, Indiana, lowa, Kentucky, Louisiana,
Maryland, Massachusetts, Michigan, Minnesota,
nMississippi, Montana, Nebraska, New Hampshire, New
York ,Oklahoma, Oregon, Pennsylvania, Rhode Island,
South California, Tennessee, Utah, Vermont,
Washington, D.C., West Virginia, Wisconsin, Wyoming,
Missouri, Nevada, New Mexico, Texas, Virginia,
Washington (4 or 8 hr long)

Court-permission courses
when a driver gets a ticket

Court-ordered courses whel
a driver gets a ticket

Arizona (also required to pay a fine), Kansas, Ohio

1Alabama, Alaska , North Carolina

Aggressive driver courses

Delaware

Point reduction

Alaska (2 points), Idaho, Maine (3 points), Nevada (3
points once every 12 months ), New Jersey, New Mexico

(when license is suspended), Virginia
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Table 2.1 (continued)

Type of Program/Course| State where the Program/Course is offered

Arkansas, California (three-year renewal
courses), Connecticut, Delaware (three-year
refresher/renewal course), Georgia, Hawaii,

Idaho (for drivers older than 55), lllinois,

Indiana, lowa, Kansas (three-year),
Kentucky, Louisiana, Maine (for drivers
older than 55), Maryland, Massachusetts,
Michigan, Minnesota, Mississippi, Nebraska,
New Hampshire, New York, North Dakota
(up to 5% for a two-year period), Oregon,
Pennsylvania, Rhode Island, South Carolina,
Tennessee, Texas, Utah, Vermont,
Washington DC, West Virginia, Wisconsin,
Wyoming
Mature Driver Improvement (MDI):
California, Colorado, Florida, Maine, Maine,
Nevada, New Jersey, New Mexico, North
Dakota, Washington

~+

Insurance discoun

California, Colorado, Florida, Nevada,

Teen driver education courses Oklahoma, Texas

Most states’ online driver program is called “defensive school,” while in 1€sstat
called “traffic school.” There is not much difference between these two kindegrbprs.

In Alabama, Alaska, and North Carolina, drivers who have received a ticketoneed t
receive permission from the court or judge to take a driving safety courgerddn other
states are ordered or referred by the court to take the defensive counssfefiied classes
are not officially approved in those states. Taking this course may satistytaequirement
or count towards an insurance discount. Drivers who take an online driver safety course,
which most defensive schools offer, are eligible for an insurance discountzbmayin

addition to taking the defensive course ordered by a judge, drivers also pay a finen©nly
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state, Delawareffers the aggressive driver course. Drivers who have been cited as
aggressive by the Delaware Division of Motor Vehicles need to attend an “Alggress
Driving Behavior Modification/Attitudinal Driving Program.”

An online point reduction course (PRC) is offered in seven states, but different
policies are in place. After taking a driver education course, drivers gk#&kEnd New
Jersey can have two points erased from their record, while drivers in Maineeada\tan
have three points removed from their record. In New Mexico, drivers are requiste tiis
course only when their license is suspended, while drivers in Idaho cannot tales dours
their licenses have been suspended through the point system.

An insurance discount incentive is popular in 40 states. Some drivers earn this
discount by taking an online driver safety course, while others earn this discount by
completing a mature driver improvement (M[Prpgram For example, PRC qualifies
drivers who are 55 years of age or older for an insurance discount in Idaho and Maiee. The
is no limitation of age for the insurance discount in New Jersey; however, e i
discount for a three-year period if a driver’s number of points is less than fourotlinse c
may only be completed once every 36 months in Idaho but can be completed every year in
Nevada. In Delaware, drivers who have not taken a “Delaware Defensive Daeunge
within the past 36 months can take a six-hour course and receive a three-pidinctieeir
driver record, as well as a 10% discount on their auto insurance premium. Driversweho ha
taken a “Delaware Defensive Driving” course within the past 36 months can taleza t
hour refresher course and receive a 15% credit on their auto insurance premium.

Finally, there are only six states who offer “Driver Education Coursesééor

drivers, as shown in Table 2.1.
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2.1.2.2 Other driver improvement programs

Besides online courses, states also have other programs that vary from séé¢e to s
In a meta-analysis of the driver improvement literature, Masten and Peck ¢(2xEljied
DIP interventions into eight categories: educational/info materialijpgmeeting, individual
meeting, letter, license suspension/revocation, license extension, point redunction, a
probation.

An overview of these programs by state is presented in this section, whileatiarm
on each program’s effectiveness is provided in Chapter 3.

Arizona has established the “Traffic Violators School” (TVS) and “Te&urvival
School” (TSS). TVS aims to teach drivers how to survive under different typesfuaf traf
conditions, while TSS encourages more lawful driving behavior and targets masisteyar
violators. In California, “California’s Traffic Violator School Citationdinissal Policy”
offers drivers the opportunity to complete a course and have their citationssgidmi

High school driver education is offered in North Dakota, lllinois, California,
Colorado, Florida, Nevada, Oklahoma, and Texas. A graduated licensing systemvgsLS)
first offered in Florida, Michigan, and North Carolina and then became a nationwicle pol
in an effort to reduce the crashes experienced by teen drivers. GDL limgigettae which
drivers may get the license permit, allows driving only under the safestioosdifor
example, with an experienced, responsible adult driver in the vehicle), and plaees ti
restrictions on driving at night and on weekends.

lllinois, Maine, Pennsylvania, Virginia, and Oregon issue warning lettershveine
argued to be a low-cost, early intervention measure to warn large numbexkserd dafore

they become high-risk drivers and/or are involved in a crash. In Oregon, thévarasteps
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in the DIP: advisory letters, warning letters, probation, and suspension. Accordieg to t
classification by the letter content, warning letters can be divided into efandming
letters and soft-sell letters.

Home-study courses are offered in Connecticut, Florida, Minnesota, Nevada, New
Mexico, Oklahoma, Texas, and Virginia. California provides one home-study course under
the mature driver improvement program, which helps 55-year-old or older dmiesae

their driving skills and knowledge.

Table 2.2. Other driver improvement programs

State Driver Improvement Program
Arizona e Traffic Violators School (formerly Traffic Survival School)
¢ Vehicle control (impoundment/forfeiture)
e Home-study courses for older drivers
California ¢ Point system
¢ Traffic Violator School Citation Dismissal Policy
e Mature driver improvement
¢ High school driver education
Connecticut e Checkpoints program on parent-imposed driving limits
e Home-study courses
Colorado ¢ High school driver education
e AARP Driver Safety Program
Florida e Graduated driver licensing
e High school driver education
e Home-study courses
- e A four-hour training course offered at Traffic Safety School
lllinois . . .
e High school driver education
e Warning letters
Maine e Warning letters
Michigan e Graduated driver licensing
Minnesota e Home-study course
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Table 2.2 (continued)

State Driver Improvement Program
New Jersey , . :
¢ License control ( suspension/revocation)
New Mexico e Home-study courses
Nevada ¢ High school driver education

e Home-study course

North Carolind

e Graduated driver licensing

North Dakota

e High school driver education

Ohio ¢ Vehicle control (impoundment/forfeiture)
Oklahoma, ¢ High school driver education
e Home-study courses

e Advisory letters (standard and soft-sell)

Oregon e Warning letters (standard and soft-sell)

e License control (suspension/revocation)
¢ Vehicle control (impoundment/forfeiture)

Pennsylvania

o \Written re-examination
e Warning letters

Tex . . :
exas e High school driver education
Virgini .
ginia e Warning letters
Wisconsin e Driver Improvement—Individual

Counseling Program

2.1.3 Summary of Driver Improvement Programs

lowa offers certain driving improvement programs, such as its driver vaprent

school; its policy of suspending driving privileges for habitual violators, serioioios,

and countable moving violations; and its GDL program for drivers under 17 years old. The

lowa DOT can also consider adopting other driver education training msoisaand
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materials, such as home-study courses (online courses), which have low costs\butess
effective than in-person programs; a mature driver improvement program, whsdeittial
to refresh older drivers’ skills and knowledge; and advisory or warning lagersow-cost,
early intervention measure to advise/warn drivers before they becomadkighivers

and/or are involved in a crash.

2.2 Effectiveness of Driver Improvement Programs

2.2.1 Overview

DIPs have been widely used in the United States, as well as internatidhally.
objective of the DIP is to reduce the number of traffic offense convictions andscnashe
driver’s history and help drivers correct their potentially dangerous driving lmehBNPs
have been carried out in the United States for over 60 years, and there have been many
evaluation studies of DIPs’ effectiveness in reducing convictions and crashesaridbtses
or comparative studies of DIPs with regard to crashes and violations have concluded that
driver improvement interventions generally result in a reduction in violationsckatan-
Johnson et al. 1989; Masten and Peck 2004). However, the crash effects were less
pronounced (Ker et al. 2005) and, in some cases, mixed for different types of inbersenti
For example, Masten and Peck (2004) found that the distribution of educational or
informational material was not associated with any crash reductions, iastdotwarning
letters, group meetings, individual counseling, and license suspension/revocatioqpeEhe t
of driver improvement interventions (e.g., warning letters vs. group meetingsyjeheation
of driver improvement interventions (e.g., threatening vs. educational), or theftype

participants (repeat offenders vs. first-time offenders) could potentiélilygnce or moderate
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the effectiveness of driver improvement interventions. However, charactesisth as
direct vs. indirect participant contact and group vs. individual contact were not found to be
statistically significant factors for explaining the effectivenedifferent DIPs (Struckman-
Johnson et al. 1989).

This chapter provides the findings of a literature review on the effectvefes

different DIPs.

2.2.2 Review of Eight Types of DIP

As discussed in Section 2.2.2, there are eight types of interventions of DIPs in the
United States: educational/info material, group meeting, individual meetirgg, lettnse

suspension/revocation, license extension, point reduction, and probation.

2.2.2.1 Educational/information material

Educational/information material is effective to some extent when coujilecter
driver control measures such as driver improvement letters, interviewsngseeind
probations. Epperson and Harano (1975) found that an informational pamphlet along with
driver improvement letters can be effective in reducing the number of subseqtisiansol
and convictions of pre-negligent drivers. A written reexamination, which has besloukx
as one level of a multi-tiered driver improvement pilot program adminisbaréhe
Pennsylvania Department of Transportation, was found to result in cost savings and in
significant reductions in crash- and violation-involvement rates during aearesyaluation

period (Staplin 1993).
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2.2.2.2 Group meetings

A group meeting could include attending a traffic school; the eight-hour National
Safety Council (NSC) Defensive Driving Course in Washington, DC; intesv(such as the
Narrative Driving Group Interview); and specific meetings, such as ribepd=ducational
Meeting, Speed Educational Meeting, Subject Interaction Meeting, and Dnpesvement
Meeting.

The NSC is the premier provider of defensive driver training in the nation. Iticaddi
to the nationally recognized courses, NSC also offers state-certifigthprs through their
Data Management Center to meet the needs of several states’ reguadiwastly, each
state has an NSC training center, but the regulations about insurance discountatand poi
reductions from the driver’s record vary by state. Most defensive driving scanseffered
online. Lund and Williams (1985) reviewed the literature on the effectiveness of this
program, which included 124 controlled studies. Two-thirds of these studies showed a
decrease in the frequency of traffic violations by about 10%. The remaining one-third of
these studies did not support the finding that defensive driving courses resulted eaaalecr
in motor vehicle crashes. However, the authors found the results of these studies to be
guestionable and inadequate as assessments of defensive driving coursaereffesct

The four-hour training course offered at the Traffic Safety School in Cook County,
lllinois, for drivers who have received their first traffic citation veasluated for
effectiveness in terms of reducing traffic violations. The study (Raub¥%0) concluded
that the program was effective, but the effectiveness seemed to taper off 6 afinths

training for traffic citations and 90 days for traffic stops.
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In Arizona, traffic violators could keep their driver licenses by taking tHe ditl
learning how to survive in the traffic environment. The TVS program was edtiat
Arizona and targets persistent violators. McKnight and McKnight (1993) conducted an
evaluation of traffic violation and traffic survival schools in Arizona over a tear-y
experimental period. The results showed that TVS resulted in a small buicsiatist
significant decrease in crashes and violations over the 12 months immedidd@hnfpthe
course assignment. However, there was no significant difference in violations tthering
second 12-month period. Because of the equal cost of administering the two programs, the
authors questioned the statewide implementation of TVS due to the small didfdventefit
of the program. A recent study in Arizona (Michael, 2004) investigated the eff€&S in
terms of traffic violations and crash rates. The rates of receivingpadgettation were not
significantly different between the TSS-referral and non TSS-réfgwap, and crash rates

were found to be even higher in the referral group.

2.2.2.3 Individual meetings

Individual counseling is for drivers who are about to be reinstated after a sogpensi
or revocation. The Wisconsin Driver Improvement—Individual Counseling Program is
educational treatment approach used for habitual violators (drivers who aciuancéatain
number of demerit points in a given period of time or who are about to have their licenses
reinstated following a revocation/suspension). Fuchs (1980) evaluated thefiess of an

individual counseling program offered in Wisconsin and reported no beneficial effects
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2.2.2.4 Letters

Driver improvement letters are argued to be a low-cost, early interventiasune to
warn large numbers of drivers before they become high-risk drivers and/or are dnvodve
crash.

Oregon’s DIP originally consisted of four steps: advisory letters, waieiters,
probation, and license suspension. Drivers with multiple convictions were sent anyadvisor
letter to remind them to drive more safely, and then, upon receiving subsequent convictions,
they were sent a warning letter about future sanctions, such as license suspeivisony A
letters could have different emphases; the content of standard letters espphasithreat of
subsequent accidents or violations, while soft-sell letters provided more esnphgsisitive
motivations, encouragement, and benefits (such as saving money on traffic fines and
insurance rates).

Kaestner et al. (1965) compared three kinds of letters: a standard lettsQraapeed
version of the standard letter, and a personalized low-threat letter. The lowdtieza
proved to be the most effective, although a personalized version of the standaadsiette
helped.

Jones (1997a; 1997b) evaluated the effectiveness of “high-threat” advisorydatters
warning letters in Oregon and concluded that they are effective, but fleetiafness differs
between men and women and among different age groups. Jones (1997a) also compared the
effectiveness of two kinds of advisory letters in Oregon, a standard lettesaftesall
letter, in terms of subsequent crashes, moving violations, and major violations de4ing a
month period. With a Cox regression survival model, Jones (1997a) found that the recipients

of advisory letters were involved in fewer traffic accidents and that the stidletter was
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more effective than the soft-sell letter. In addition, Jones (1997a) investidpat difference

in effectiveness by age and by gender. It was found that standard lettersovereffective

for younger male and female drivers, while the soft-sell letters were efi@ctive for

drivers older than 45 years old. In a subsequent study, Jones (1997b) focused on the second
level of the Oregon DIP: the warning letters. Using the same methodology€@ression

survival model), Jones found soft-sell letters to be more effective than therdteuadiaing

letter. The difference in the effectiveness between the two types$er$ let more

pronounced for drivers over 25 years old than for younger drivers.

In 2002, the Oregon DIP changed from four steps (advisory letters, warnerg, lett
probation, and suspension) to two steps (restriction and suspension). Strathman et al. (2007)
evaluated the effectiveness of this change. The incidence of crashes andamwiete
compared among DIP participants and random drivers during an 18-month period before
suspension and an 18-month period after suspension. A regression-to-the-mean naethod a
multivariate analysis were undertaken to analyze the data. It was subgestinstate
warning letters in Oregon because they were a cost-effective methadlficing safety risk.

In Virginia, Lynn (1983) evaluated the four most common DIPs that the statedffe
(1) warning letters, (2) a one-time group interview, (3) the combination of a waetieg
and the group interview, and (4) a personal interview followed by an eight-hour driver
improvement clinic. The drivers were randomly assigned to treatment and atnené
groups, and their driving records were compared at the end of the year. It wahfiuhd t
group interview was the most effective “treatment” in reducing the wolstiwhile the

warning letters were the least effective. None of the treatmemnéseffective in reducing the
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subsequent accidents. The study recommended that the warning letter bedhordifi

replaced by the group interview as the entry-level treatment.

2.2.2.5 License control (Suspension/Revocation)

Drivers could have their driver’s license suspended when they drive aggressively
have more than the allowed number of convictions within set timeframe, comnmg seve
violations, have accumulated points, or have been charged with driving under the influence
of alcohol. In some states (such as New Jersey and Oregon), drivers’ ps\digalso be
suspended or revoked through a court order for failure to pay child support or for failure to
maintain insurance. No state will issue a driver’s license if the drivearhastive
suspension or revocation in another state.

Zimmerman and Fishman (2001) reported that around one-fourth of the drivers in
New Jersey (220,427 out of a total of 867,065) had their driver’s license suspended in 2000
because of failure to pay for the insurance charges. In addition, the ausimedcihat a
large number of suspensions could contribute to financial failures, and they recommended
the following steps in order to remedy these problems: (1) provide for reaspaghient
plans geared to income levels, (2) allow and authorize optional garnishment, and (8) permi
individuals to drive legally during the payment period. Another report (Carnegie 2007)
showed that there was no upward trend in the number of license suspensions in New Jersey
and concluded from the study that license suspension in New Jersey was widely used
“punishment” or as a means to force drivers to appear in court or pay a fine.

A number of studies have concluded that license suspension and revocation are some

of the most effective countermeasures for reducing the crash and toafficton rate of
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high-risk drivers. Jones (1987) found that Oregon’s habitual traffic offender progaa

effective in reducing the risk of future major traffic convictions, non-magffic violations,

and crashes. Masten and Peck (2004) found that license suspension or revocatsohimesul

a 17% reduction in crashes and a 21% reduction in convictions. In an evaluation study of
Oregon’s DIP (Strathman et al. 2007), the authors concluded that the 11% decline & crashe
and 13% reduction in Type A convictions they observed can be attributed to the effect of
license suspension. However, since one of the objectives of license suspensiorgresocat

to eliminate driving for a given period, it is possible that much of the effecsthgported in

the literature is attributed to reduced exposure and/or more careful diiuimg the

suspension interval.

2.2.2.6 Vehicle control

Vehicle control (impoundment/forfeiture) is an intervention targeted to dnvieos
continue to drive while their licenses are suspended or revoked or while they do not hold a
license. It is the strictest countermeasure against risky drivingugenef impoundment and
forfeiture was first implemented in Manitoba, Canada (Beirness et al. 1997 Bodland,
Oregon (Crosby 1995), respectively. Both studies found that vehicle control nseasuee
effective in reducing recidivism. However, Portland’s forfeiture progrehmat affect the
recidivism rate any more than if the vehicle had simply been impounded for @shodt In
Ohio, vehicle impoundment and vehicle immobilization programs were implemented to
target suspended/revoked and multiple driving under the influence (DUI) offenders.
Evaluation studies (Voas et al. 1997; Voas et al. 1998) showed that these programs were

effective in reducing the rates of subsequent DUI and driving while suspefifdases.
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The impoundment and forfeiture laws in California came into effect in January 1995.
Deyoung (1999; 2000) studied the general deterrent effect and specific deteewnt eff
associated with these laws. The first study showed that in the subsequent anelyedion
period, drivers who had their vehicles impounded (because they continued driving while their
license was suspended or revoked or who were unlicensed) had 23.8% fewer driving while
suspended convictions, 18.1% fewer traffic convictions, and 24.7% fewer crashes than
similar drivers whose vehicles were not impounded. The results also showed that repeat
offenders were more influenced by vehicle impoundment sanctions. However, tistudye
in 2000, found no evidence that simply threatening to impound/forfeit the vehicles of

suspended/ revoked drivers had a significant effect on those drivers’ crash @aéifornia.

2.2.2.7 Point system

A point system is integrated into the driver improvement program of 35 states.
Different offenses are assigned different points according to their degseeenity or
potential hazard. lowa is one of the eight states (which also include lllindiané,
Massachusetts, Minnesota, Oregon, Washington, and Wyoming) that has a viatation li
system. However, this special point system does not reflect the sevédrayavd associated
with moving violations (Strathman et al. 2007).

California’s 8- or 12-hour Traffic Violator School withCitation Dismissal can result
in point reduction in the traffic violators’ records. Courts in California magraffivers who
have been cited for traffic violations an opportunity to attend a TVS and have th@ncitat
dismissed. As such, no points will be added to the driving records of drivers who completed

TVS courses and have court proof (Bloch 1997; Gebers 2007). Gebers (2007) examined the
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effectiveness of the California Traffic Violator School Citation Disalig®licy using a
quasi-experimental design, which was a methodological improvement from a prior
evaluation study conducted in 1991. Two random groups of drivers were compared to one
group receiving a TVS dismissal and to another group receiving a trafficction. Gebers
(2007) found that the group of drivers who received the TVS citation dismissal experie
significantly more crashes than the convicted group in the subsequent one-yalr peri
during which the difference in crashes increased from 4.83% to 10%. It was conctuded fr
the results that the TVS citation dismissal policy had a negative impact fondedéty,

which suggested that the TVS citation dismissal probably caused an increashesc

2.2.3 Other Specific Programs by State

In addition to the interventions in DIPs for general drivers, some specific pregra

are conducted for younger drivers and older drivers.

2.2.3.1 Graduated driver licensing

GDL programs were first implemented in Florida, Michigan, and North Caratida
then became a nationwide policy in a bid to reduce the number of crashes log lihetage
of drivers receiving license permits. There are three distinct slegeser’s permit,
intermediate license, and full license stage, and restrictions vatgdsy. $n the first stage,
teenagers are required to drive with an experienced, responsible adult driver imidlee ve
After six months when they step into the intermediate license stage, teecagéiave
unsupervised driving during daytime, but they still need to have supervision when driving at

night. Finally, there is no restriction at the full license stage.
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Evaluation studies of the GDL in Florida (Ulmer et al. 1997), Michigan (Shope et al.
2001), and North Carolina (Foss et al. 2001) reported crash rate reductions of 9%, 25%, and
57%, respectively, for 16 year-olds. The behavioral impact of GDL on teenageydiskn
and exposure was investigated by Karaca-Mandic (2008). It was found that GEiegoli
reduced accident rates and fatalities of 15- to 17-year-old novice drivaxddition, more
restrictive GDL policies and programs with nighttime restrictions coultfribmite greater
reductions to teen driving prevalence during the night. However, exposing 15 torddieyea
drivers to GDL cannot presume better drivers in the future.

In Connecticut, Simons-Morton et al. (2006) conducted the first statewide study on
the effect of the checkpoints program on parent-imposed driving limits. Chi-scurated
test analyses were applied, and the results showed that intervention from paseiggher
at licensure, teens in the intervention group were significantly less likelweatrnight or
at high speeds, and teens were less likely to commit a traffic violation thaontipartson
group in the subsequent 12-month period. However, the results showed that the program was

not sufficient as a stand-alone approach to prevent violations and crashes.

2.2.3.2 Mature driver improvement courses

MDI courses are offered to older drivers in an effort to update their drbkitlg and
knowledge. In California, MDI courses include information on defensive drivirf§jctra
laws, and the traffic safety impact of driver fatigue and health for dravges 55 and older.

In Florida, the AARP Driver Safety Program (DSP) is mainly addresseldier
drivers (50 years old and over). The program aims to enhance their drivisgrstalday’s

increasingly challenging driving environment and help them adjust to commoelatgeir



31

changes, such as hearing, vision, and reaction time. McGwin and Owsley ¢200ugted
two analyses in the state of Florida involving participants who took part in the ASGRAN
2001 and 2002. One of the analyses compared violation and collision rates before and after
the drivers attended a DSP program, and the other compared violation and caltesson r
between DSP participants and non-participants. Overall, it was found that, for DSP
participants, there was a reduction in some types of collision and overationolates

before and after attending the DSP program, but there was an increasesssadiieing-
related offenses and a higher rate of most common types of violations. The comparison
between DSP participants and non-participants showed that, although the cifaren
collision rates either diminished or became inverted after DSP particigsticim that
participants had lower rates compared to non-participants), DSP participahtsish

higher crash rate compared to the rest of population. As such, the programigesfésst is

debatable.

2.2.3.3 Home-study courses

Berube (1995) compared home-study courses to in-person courses that wecde offer
as part of California’s MDI program. The author conducted three analysessttumé
compared the drivers who had completed the course at home (treatment group 1)go drive
who had not taken an MDI course (control group), the second analysis compared drivers who
completed an MDI course in person (treatment group 2) to the control group, and the last one
compared the home-study participants to the in-person participants (tregtowgntl versus
treatment group 2). The results showed that the in-person MDI courses were éot mor

effective than the home-study courses in reducing the subsequent overaljdagatfashes
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or total number of citations. Moreover, it was found that neither of the two typesrsic
delivery was helpful to drivers without any recent citations. However, theeourere
effective in reducing the number of subsequent citations of drivers withiarcitégtory. No
decrease in fatal or injury crash rates was reported.

Another study, conducted by the California Department of Motor Vehicles ¢Mast
and Chapman 2003) for the legislature of the State of California, evaluated fererdif
types of course delivery: classroom instruction, a home-study course GPHROM, a
workbook home-study course, and an Internet/workbook home-study course. Almost 1,500
students were randomly chosen to participate in the study. The participanfs svaxsked
to complete a knowledge and attitude exam and then indicate their prefererocesder
delivery. There was no difference in effectiveness, but students tended taQDeREDM—
based home-study courses and Internet/workbook home-study courses to the workbook or
classroom courses. As such, a low-cost home-study course was recommendeidsastie f

in the driver education program.

2.2.3.4 Driver improvement clinics program

Similar to the point reduction courses, New Jersey, North Carolina, and Virgiefa off
the Driver Improvement Clinics (DIC) program, which can also help drirganove points
from their record. However, different rules apply in each state. For ezamplorth
Carolina drivers can have three points removed if they accumulate seven paints/eve
years, while in Virginia five points will be removed if a driver completedXi& program.
Henderson and Kole (1968) evaluated the effectiveness of the New Jersay ®tGeans of

reducing accidents and violations. By constructing indices for crash and violaésnthe
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authors found that drivers who attended the DIC had lower crash and violation rates than the
drivers in the control group over the same time period. It was concluded that theaBIC
effective in reducing both violations and crashes. Waller and Padgett (1975) studied the
profile of 951 DIC participants in North Carolina and unveiled significant difta®im age,

race, and sex and reported the annual miles driven between the DIC partizihtite

entire licensed population of North Carolina. Unfortunately, no recent studies on the DIC

program have been conducted to ensure that the program remains effective.

2.2.4 Summary of the Literature

The literature review summarized eight basic types of DIPs and addpi@ugbms
that are offered in some states. All DIP programs aim to reduce trdéitsefconvictions
and crashes and to help drivers correct their potentially dangerous drivingdoeBaveral
studies on DIP have been identified in the literature. In general, most psogere found
effective in reducing drivers’ violations at the beginning of the intervention.edery
sustaining the program’s effectiveness in the long-run in terms of reduolagons and

helping reduce crash rates has not been fully established.
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CHAPTER 3. METHODOLOGY

In this chapter, methodologies applied in previous studies of driver improvement
programs are summarized first, and then the selected methodology for this stedgribed.
Some methodologies have been widely used in previous studies. Examples of such
methodologies include: comparative methods (such as percentage comparisonsstoal stat
tests) that compare crash/crash rates among difference groups; samaiyais which
determines the period of time (number of days) during which the effects of thempsogra
(such as driver improvement courses, advisory letters, warning lettengratin
significant, and Cox-regression survival analysis. Other methodologies include:
autoregressive integrated moving average (ARIMA) models which azé fattime series
data to better understand the effects of a treatment (such as vehicle impouiadniest)
problem under study (such as crash rates); and analysis of covariance (AN@Bivh can
help increase statistical power on testing effects by inclusion of eatesrirThe methodology
of this study includes the estimation of binary probit models and count data models to
estimate the likelihood of conviction occurrence and frequency of subsequent convictions,
and the use of association rules to estimate the likelihood of crash occufrenbsequent

crashes.

3.1 Summary of Methodologies Applied in Previoust8dies

Comparative methods are widely used for the evaluation of the effectiveness of
Driver Improvement Programs (DIP), or for identifying differencesffectiveness between

two programs (for example, Traffic Violator School vs. Traffic Survival Schowst) groups
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(home-study participants and non-participants), or two different timesgbaéore vehicle
impoundment policy vs. after vehicle impoundment policy). In addition to the conventional
comparison methods, meta-analysis methods have been applied (Struckman-Johnson et al.,
1989; Masten and Peck, 2004). This quantitative method combines the results of a number of
independent studies and synthesizes conclusions that may be used to evaluate the
effectiveness of the program. Meta-analyses or comparative studi@geofiaiprovement
programs on crashes and violations have concluded that driver improvement interventions
generally result in reduction in violations (Struckman-Johnson et al., 1989; Masteecknd P

2004).

3.1.1 Comparison

Percentage comparissrhave been used to examine difference between comparison

groups. Michael (2004) applied this method to evaluate the effectiveness af Sraffival
School (TSS) on traffic crash and violation rates in Arizona. Pre crash mat@est crash

rates were compared between TSS attendance and non-attendance. Baspdroaritege

of number of drivers cited for crashes, non-referred drivers (crash rates ofwWwe86)

involved in a significantly lower percentage of crashes than those who weredd&®eiiSS

(crash rates of 18.7%), but no significant differences were found in the subsaqséntates
between those who completed TSS (crash rates of 4.0%) and those who did not (&ash rate
of 3.7%).

Statistical testsre typically conducted to compare different groups of drivers

(experimental group versus control group, different age groups, gender groups) aas we

the same groups of drivers before and after courses. Statisticalriffer@ the number of
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violations, crashes, violation rates and crash rates are explored amongeheafamed

groups.Z-test or t-test statistiwas used to compare these differences among normally

distributed-populations (McKnight and McKnight, 1993). Equation (1) shows the stédrstic
testing differences between two means of independent samples.
v _ (X)) -(ua-p2)
7= (1)
/ﬂ+&
whereX — Y denotes the difference between the corresponding sample means;

1y — U, is the expected value & — Y; o, ando, represent sample standard deviations, and
m and n are sample populations.

Non-parametric testésuch as the Wilcoxon signed rank test, the Wilcoxon rank sum

test, Mann-Whitney U test and Chi-squared test) are applied in cases whegtrement
for normality was not met. The Wilcoxon signed rank test is a common nonparansttric te
for examining differences between two related samples (for example ntieegsaup of
drivers before and after DIP), while the Wilcoxon rank sum test, the Manm¥&y U test
and the Chi-squared test (Raub et al., 1999) are common nonparametric tests fmngxami
differences between two mutually independent samples (for example, thierexyal and
control groups). Equation (2) shows the statistic of Wilcoxon rank sum test.

w=Yln (2)

where},i%, r; denotes the sum of the ranks in the combined sample associated with i

observations.

3.1.2 Survival Analysis

Survival analysiss usually applied to determine the period of time (number of days)
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during which the effects of the programs (such as driver improvement coulgssya
letters, warning letters, etc.) remain significant. Duration data arefqbyapodeled with the
use of estimation techniques that are based on hazard functions (Washington et al., 2003).
Developing hazard-based duration models begins with the cumulative distributiaorfuasct
shown in Equation (3):
F(t) =P(T <t) (3)
Equation 3, for example, gives the probability of having a crash or violation before
some transpired time, t. The density function corresponding to this distribution furtisgon (
first derivative of the cumulative distribution with respect to time) ifbews:
f(®) = dF(t)/dt 4)
The corresponding hazard function is then in equation (5):

h(t) = f(t)/[1 = F(1)] ®)
where h(t) is the conditional probability that an event will occur ( for exaarple
accident or death) between time t and t+dt, gives that the event has not occurred @p.to tim

The survivor function is shown in equation (6)
St)=P(T=t) (6)

which provides the probability that a duration is greater than or equal to someespatid,
t.

Cox proportional-hazards regression models are a category of survival motlels tha
recognizes that the effect of a treatment under study has a multygieétct on the
subject's hazard rate. Jones (1997a; 1997b) discussed the influence from main effects
(gender, age, control-treatment effect, letter type) on crash rates, malatgn rates or

major violations rates, but also from interaction factors (eg. gender gaggerx agex
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control-treatment). From the results of Cox regression survival analysisdidents, both
groups who received a letter had lower survival rates than the control groups (0riy9, 1=
letter), but the differences were not consistent across gender (-0.3090, &echalo
letter). Traffic accident-free survival figures: control and tegt®ups in female and male
respectively, were also presented in the study, which shows the relationshiprbtteve
number of months after treatment (receiving a letter) and the percentageesf atho were
not involved in a crash in each group, the higher the value the better.

Raub et al. (1999) also applied survival analysis to evaluate the effectsfaf Traf
Survival School in lllinois in terms of percent reduction in tickets. Drivers inghed
group were as likely to fail as those in the experimental group. A plot showing the
relationship between days after class and percentage of driversiigdmkets revealed that
the experimental group was receiving tickets at a slower rate than the gootip up to the
first 120 days. This suggests that reinforcement for this group at between 90 and 120 days

may prove helpful. (figure deleted)

3.1.3 Autoregressive Integrated Moving Average (ARIMA)

ARIMA models are fitted to time series data either to better understand the data or t
predict future points in the series. They are applied in some cases wlaesbalatevidence
of non-stationarity, where an initial differencing step (corresponding tortegtated” part
of the model) can be applied to remove the non-stationarity. DeYoung (2000) used this
method to evaluate the general deterrent effect of vehicle impoundment on suspended a
revoked drivers in California .The effects of an abrupt temporary interventiehatie

impoundment was evaluated on crash rates between suspended/revoked drivers and validly
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licensed control drivers. The plots of the normalized crash series for suspenoleetd
drivers and control drivers, respectively, showed that there is a strong dowremarthtr
crashes for suspended/revoked drivers over the course of the study, and therbéles a visi
abrupt drop in crashes at the 40th time period, corresponding to the effective datewes the la
(vehicle impoundment/forfeiture). However, the crash rates of control ddictreot seem to
trend upward or downward over the study period; there is an abrupt decline at the 40th time
period but with a fairly quick upturn in the crash rates.

An ARIMA modelvas developed to test the effects of an intervention. Of the output
of the model result, the omega term in the model represents the change in tbbtleyel
crash rate at the point in time that the vehicle impoundment/forfeiture laws wer
implemented. The negative omega value indicates that the crash rates fodedspgoked
drivers declined when the vehicle impoundment/forfeiture laws were implednditte
Delta term in the table describes how the crash rate subsequently chandeseoveismall
delta value, for example, would indicate that the crash rate returned quickly egehg |
was at prior to the enactment of the vehicle impoundment/forfeiture laws—sudean ef

could be considered temporary.

3.1.4 Analysis of Covariance (ANCOVA)

ANCOVA is a general linear model with one continuous outcome variable
(quantitative) and one or more factor variables (qualitative), which is a camhioé
Analysis of Variance (ANOVA) and regression for continuous variables. @Q¥W&tests
whether certain factors have an effect on the outcome variable afterimgrtioe variance

for which quantitative predictors (covariates) account. The inclusion of casadah
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increase statistical power because it accounts for some of the variaANOVA models
have been used by Deyoung (1999) to evaluate the effects of impoundment contained two

factors (impound or control and labeled first or repeat offenders).

3.1.5 Probabilistic Models

Binary probit moded examine the likelihood of two discrete outcomes and have been

often used to analyze the likelihood of crash involvement and/or convictions occurrence.
Multinomial models are estimated to examine the likelihood of three or moretdiscr
outcomes. Strathman et al. (2007) conducted a logit model to analyze the probabilitgof bein
involved in one or more crashes or receiving one or more Type A conviction during 540-day
period following suspension. Type A convictions includes moving violations, and Type B
convictions are equipment and procedural violations. Five convictions for Type B violations
counted as one conviction for a Type A violation. The model is specified as follows:
log(P;/(1 —P;)
= f(Prior Crashes, Prior Convictions, Concentration, Location,
Gender,Age Group)

wherePi denotes the probability of being involved in one or more crashes, or
receiving one or more Type A convictions during the540-day period following suspension.
Other variables on the right-hand side are as foll®sisr Crashesinclude the number of
recorded crashes that occurred during the 540-day period preceding suspaiion;
Convictionsinclude the number of recorded Type A convictions received during the 540-day
period preceding suspensiddpncentrationrdenotes the number of crashes and Type A

convictions that occurred during the 540-day period preceding suspension, divided by the
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number of unique dates on which those offenses occuroedtionrefers to a dummy

variable being 1 if the subject’s residence is located in an urban area, ahd fegitdence is
located in a rural are&enderis a dummy variable being 1 if the subject is male, and O if the
subject is female; anflge Groupdenotes a series of dummy variables identifying the
following age categories: 25-34 years; 35-44 years; 45-54 years; 55-646®d4 years; 75

years and older (with the 18-24 year age group serving as the refeategery).

3.1.6 Count Data Models

Count data modelare frequently used in transportation modeling for non-negative

integer values, such as the number of driver route, changes per week, the nunyber of tr
departure changes per week, etc. Count data are properly modeled by using a number of
methods, the most popular of which are Poisson and negative binomial regression models.
One of the requirements for Poisson distribution is that the mean equals its vaiiaece

the variance is significantly larger than the mean, the data are said tartismersed, and
negative binomial models are used to model the overdispersed count data. A negative

binomial regressiomodel was developed by Gebers (2007) to analyze the frequency of one-

year subsequent total crashes associated with Traffic Violation Schooifori@al

3.2 Study Methodology

Based on the objectives of this study (outlined in Chapter 1), the likelihood of
conviction occurrence after DIP and the frequency of subsequent conviction aftey DIP
gender and age are investigated. Binary probit models and count data modedssatedted

methodologies for this study.
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3.1.2 Binary Probit Model

In modeling conviction occurrence after DIP, consideration was given to two possible
discrete outcomes: whether a driver had a conviction or not during the firsttgedI&.
For two outcomes, the binary probit model defines a function that determines conviction
occurrence as,

Win = BiXin + &in (7)

wherel;, is the function that determines the probability of discrete out¢tone
drivern, x;, is a vector of measurable characteristics (driver characteasiichistory) that
determine conviction occurrence for drivey; is a vector of estimable coefficients, ant
an error term accounting for unobserved effects influencing the convictiarreacce
outcome for drivern.

It can be shown that if are assumed to be normally distributed (McFadden 1981),

then a standard binary probit model results, and the probability of outaergeen a

N EXP[Bixi]
P () = 1+EXP(Bix;) (8)

To assess the vector of estimated coefficightsl@sticities are estimated , which
measure the magnitude of the impact of specific variables on the outcome ptiebabilne
elasticity is computed for each drive(n subscripting omitted) as

P(i) _ OP() _ Xii
o = X ©)

where is the probability of conviction outcome i and xki is the value of variable k for

outcome i. Using Equation 8, Equation 9 gives

Exy = [1—-PM]- B, X (10)

Xki

wherepy is the estimated coefficient associated with variahle Klasticity values
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can be roughly interpreted as the percent effect that a 1% changleas a@n the convictions
outcome probability P(i).
The pseudo-elasticity for indicator variables can be calculated as

gPO — EXP(By; ) [1+EXP(B;xi)]
Xei 1+EXP(AB;x;)

1| x 100 (11)

whereA(B.x;) is the value of the function (see Equation 1) determining the crash
injury severity level afterxhas been changed from zero to one, fardis the value when
Xki = 0. The pseudo-elasticity of a variable with respect to a convictions outcagergat
represents the percent change in the probability of that conviction outcome when the variabl
is changed from zero to one.

In this study, binary probit model will be developed to model conviction occurrence
after DIP, and consideration was given to two possible discrete outcomelsemdnétiver

had a conviction or not during the first year after DIP.

3.2.2 Count Data Model

The frequency of subsequent convictions is properly modeled using count data
models, the most popular of which are Poisson and negative binomial regression models.
One requirement of the Poisson distribution is that the mean of the count procesdsquals i
variance. When the variance is significantly larger than the mean, the data &oebea
overdispersed, and can be properly modeled using a negative binomial model (Washington et
al. 2003). In this study, the frequency of convictions subsequent to DIP was estimajed us
a negative binomial model (because overdispersion was present).

The negative binomial regression model is an extension of the Poisson regression

model which allows the variance of the process to differ from the mean. For agaiivae
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integer variable, with observed frequencies, the probability; ¢fn this case, driver
convictions) at is given by:

vi
EXP(-A)N] |

yi! (12)

P(yy) =
where is the Poisson parameter for , which is equal to the expected frequency of
driver convictions at, E[y;] . The log-linear model form used in this study to predict the
expected number of convictions subsequent to DIP:
In(A, )= B;xi + ¢ (13)
whereEXP|¢;]follows a gamma distribution with mean 1.0 and variance This
model has an additional parametgrwhich is often referred to as the overdispersion
parameter, such that:
VAR[yi]= E[y;] [1ta-E[yi]] (14)
To assess the vector of estimated coeffici@ptelasticities are estimated, which
measure the magnitude of the impact of specific variables on the subsequeniaronvict

frequency. The elasticity is computed for each driver n (n subscripting omated) a

PGi) _ OP() ., Xki _
X T omg  P) p

" Xki (15)

Xki
whereg,, . is the estimated coefficient associated with variaple Elasticity values
can be roughly interpreted as the percent effect that a 1% changenas on the subsequent
conviction frequenci(i).
That elasticity above is not applicable to indicator variables that take ors wdlQeor
1. The pseudo-elasticity for indicator variables can represent the percege crathe
subsequent conviction frequency when the variable is changed from zero to one and is

computed as:
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P(i) _ EXP(B;)-1

“ = mxrgy X 100 (16)

3.2.3 Association Rules

Association rules is a popular data mining method for discovering relationsdretw
variables in a large database, which was first introduced by Agragedwal, et al., 1993).
This method is widely used in market basket analysis (Berry and Linoff, 1997) tibyident
association rules among products purchased in supermarkets. For examplestdmer
buys cereal (Event A), he or she is also 60 percent (representing the Confidereékely
to buy milk (Event B), which will be of 10 percent (representing the Support) in all the
transactions of supermarkets. Support represents the probability that eventhagplot
cereal) and event B (purchase of milk) occurred simultaneously (shown indbgLia}i
Confidence represents the probability that event B (purchase of milk) occurredhender
condition that event A (purchase of cereal) occurred (shown in Equation 18). Thallef
is the ratio between confidence (Equation 18) and the probability that event B (puwthas
milk) occurred, and is estimated by Equation 19. According to (Giudici ,2003, Anaind et a
2006), if the Lift value is more than one, there exists a positive associatiorebetwent A
and event B occurrence; if lift value equals one, there is no associationmetweerence
of event A and event B; while if lift value is less than 1, there exists diveegasociation
between event A and event B. If lift value equals zero, event B will never occ

simultaneously with event ANalpole and Myers, 1989

number of records in the dataset in which both events A and B occured

Support =P(ANB) = a7

total number of records in the dataset
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P(ANB) _ support
P(A) ~ number of records in which event A occured
total number of records in the dataset

Confidence = (18)

confidence __ P(ANB)

number of records in which event Boccured P(A)-P(B)
total number of records in the dataset

Lift =

(19)

In this paper, due to the low variation in the subsequent number of crashes,
association rules were applied in lieu of econometric models to examine how vairreus dr
characteristics are associated with crash occurrence within 12 montbegquseriisto DIP. To
achieve this, we estimated the probability of a driver being involved in one cragm 1t
months subsequent to DIP when event “A” occurs, to the general probability of a driver
being involved in one crash within 12 months subsequent to DIP (event “B” will occur). The
event “A” could represent male or female drivers, drivers in differengeges, and
drivers’ conviction and crash history. The threshold values used in the analysis ane 1% f
support and 6% for confidence. It means that no rules with support lower than 1% and
confidence lower than 6% would be considered, irrespective of their Lift valuest Atpdy
on the identification of accident circumstances that frequently occurredtamaously
(Geurts, K et al., 2005) used 5% as the threshold on support parameter, which is close to the
values typically used in market basket analysis. However, due to the low crasteonce
and frequency within 12 months subsequent to DIP in our sample, the support for the rules of
interest had to be set much lower. As such, the importance of the rules is also @valuate
based on the Lift values. Note that a support value close to 1% was also used in a& analysi

of non-intersection crash data in Florida (Pande and Abdel-Aty, 2009).
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3.3 Summary

In this chapter, methodologies applied in previous studies were summarized and
examples of each method were presented. Based on the review of these prediesiste
methodology for this study was selected. In general, statisticalssplgys an essential role
in evaluation of driver improvement program. Statistical tests (parametnignparametric
tests) are conducted first to compare the mean crashes, crash ratesion vaties between
the control and experimental group, and a model is then developed to further studgahe eff
of independent variables and interaction factors on the treatment (vehicle
impoundment/forfeiture, advisory letters, license suspension, etc). Based orettizvebjof
this study, binary probit model and count data model will be developed to estimate the

probability of conviction occurrence and frequency of conviction involvement afier DI
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CHAPTER 4. DATA COLLECTION AND DESCRIPTIVE

ANALYSIS

4.1 Overview

This chapter represents data descriptive analysis for the data on driversneho we
instructed to attend DIP provided by the Motor Vehicle Division. The data are suradari

and interpreted using descriptive analysis techniques and graphical migtiess.

4.2 Descriptive Analysis

A random sample of driving records of drivers who were instructed to attend BIP wa
provided by the Motor Vehicle Division. The database includes driver and actiaghespec
information. Driver-specific information includes gender, age, license,dase sent to
DIP, location of DIP, and DIP outcome (satisfactory or unsatisfactory ctiorgle Action-
specific information included the action type, reason code, driver PID number, acedl spe
posted speed limit, jurisdiction and crash case number.

Drivers are divided into two groups based on the DIP outcome (satisfactory or
unsatisfactory completion). The “satisfactory” group consists of drivérs swccessfully
completed the driver improvement program course. The “unsatisfactory” grouptsaisi
drivers, who did not complete or did not attend DIP after they received the letter.IF'he D
date refers to the date when drivers were instructed to attend DIP. Agpessate
categorized into DOT actions or sanctions (suspension, disqualified, and revoked license

and driver actions (convictions and crashes). It should be noted that the license igetke dr
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in the “unsatisfactory” group would be suspended after the DIP date, the licghse of
drivers in the “satisfactory” group would be suspended after DIP upon their first ¢onvict

within 12 months.

4.2.1 Driver-specific Information

Figure 4.1 shows that most of the drivers in our sample were sent to DIP from 2006 to

2008 (a total of 12,354 drivers).
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Figure 4.1. Number of drivers by year of DIP

Our sample size was further reduce® 055 driverdecause we considered only the
drivers who own a Class C license and only the drivers, for whom there was complete
information on their gender, age, location of DIP, and DIP outcome. As such, the total
number of DIP participants in the final sample is 2,746 (30%) in 2006, 3,373 (37%) in 2007

and 2,936 (33%) in 2008.
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Figure 4.2 shows the geographical distribution of the 17 community colleges in lowa.
It can be observed that they are well-dispersed across the State. The dyrmoilege

names and abbreviations are listed in Table B.1 in Appendix B.
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Figure 4.2. 17 Driver improvement program sites in lowa.

Figure 4.3 shows the distribution of driver population by year in the 17 community
colleges, which offer DIP. The Des Moines Area Community College (DMACGjeEn
lowa Community College District (EICCD) and Kirkwood Community CollegE( are
the top three colleges, which have the highest DIP participation rates. The dostrdfut

driver population by DIP date in the 17 community colleges is shown in Appendix C.
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Figure 4.3. Number of drivers by DIP location, 2006 to 2008.

4.2.2 Action-specific Information

Actions types are categorized into DOT actions (suspension, disqualified, and
revoked license) and driver actions (convictions and crashes). Table B.2 in Appendix B
shows the different reasons of a conviction; for example, reason code 12 refersmtp dri
while holding a suspended, denied, cancelled or revoked license. Drivers, who were
convicted for speed limit violation (reason code 72), exceeded the speed limit byil&8.7 m

per hour (standard deviation of 6.2 miles per hour) on average.
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4.2.2.1 Actions before DIP

Table 4.1 shows the distribution of all the actions before DIP by year. It cannbe see

that most actions can be tracked four years before the DIP date.

Table 4.1. Distribution of all the actions before DIP by year
Year <0 1 2 3 4 5 >5

Number of 1,303 32,113 10,940 5,228 1,139 250 982
Actions

4.2.2.2 Actions after DIP

Table 4.2 shows the distribution of all the actions after DIP by month group. Itis of
interest to examine the effectiveness of the progxéthin the probation periodone year
after date sent to DIP) when Table 4.2 shows that most actions occur. The periodfrom 13
month to 18 month after DIP date will also be analyzed in the descriptive analysisrsec

Table 4.2. Distribution of all the actions after DIP by month group
Month Group <0 0-12 13-18 18-24 25-36 >37

Number of Actions 906 9,761 1,598 1,024 962 102

4.2.2.3 Summary statistics

Table 4.3 and Table 4.4 show the summary statistics for the driver- and action-

specific variables in the final sample.
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Table 4.3 Summary statistics of variables by gender

Mean (standard deviation) or Percentage

Variables

Female

Male

Community Colleges
DMACC /EICCD/KCC/
Othel

33.2/13.3/16.1/ 37 4

33.7/12.4/146/

"39.3

Age
30 or younger/31-40/400r older

32.0 (11.5)
58.9/19.9/21.2

32.7 (12.6)
56.6/19.4/24.0

Number of Convictions before 345 (1.57) 3.56 (1.58)

DIP 1/2/3/4/5 /Other 12.1/8.4/33.7/23.3/ | 10.4/8.1/27.9/23.2/
/12.9/9.7 /12.9/17.5

Number of Crashes before DIP | 0.41(0.68) 0.37 (0.64)

0/ 1 /2/Other

67.2/26.1/5.1/1.5

70.5/23.4/5.1/1

DIP Outcome

Satisfactory / Unsatisfactory 75.0/25.0 75.0/250
Number of Convictions within 12
months after DIP 0.29 (0.66) 0.32 (0.67)
Number of Crashes within 12
months after DIP 0.07 (0.26) 0.06 (0.26)
Number of Convictions from 13th
to 18th month after DIP 0.07 (0.32) 0.08 (0.34)
Number of Crashes from 13th to 0.02 (0.12) 0.02 (0.13)

18th month after DIP

Number of Days after DIP until
the first conviction

208.5 (141.8)

194.3 (142.8)

Number of Days after DIP until
the first crash

208.8 (143.9)

216.4 (145.4)
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Mean (standard deviation) or Percentage

Variables Age<30 Age 30-40 Age>40
Community Colleges
329/129/154 34.3/14.0/140Q0 34.4/11.2/
DMACC /EICCD / KCC /38.7 /37.8 13.6 /40.7
/Other
Age
30 or younger/31-40/400r 24.0 (3.07) 35.1(2.9) 51 (9.3)
older
. 3.52 (1.58) 3.59 (1.55) 3.46 (1.58)
Number of Convictions 10.6/9.1/32.9/ | 10.3/8.3/33.7/ | 12.6/9.9/33.0/
before DIP 1/2/3/4/5
IOther 23.1/ 24.1/ 22.71
/13.5/10.8 /12.4/11.2 /11.8/10.1
Number of Crashes before 0.45(0.69) 0.29 (0.57) 7?2/12(()0.2%)3 /
DIP  0/1/2/Other 64.7/27.5/6.5/1.3 76/19.9/3.3/0.8 ' 1 3 '
DIP Outcome
Satisfactory 73.1/26.9 73.4/26.6 81.1/18.9
/Unsatisfactory
Number of Convictions
within 12 months after DIP 0.35 (0.70) 0.28 (0.65) 0.23 (0.57)
Number of Crashes within
12 months after DIP 0.07 (0.28) 0.06 (0.24) 0.05 (0.23)
Number of Convictions
from 13th to 18th month 0.08 (0.34) 0.09 (0.33) 0.07 (0.32)
after DIP
Number of Crashes from
13th to 18th month after 0.02 (0.13) 0.02 (0.13) 0.01 (0.01)

DIP

Number of Days after DIP
until the first conviction

188.1 (139.2)

215.8 (148.5)

218.7 (144.3)

Number of Days after DIP
until the first crash

210.1 (142.5)

235.6 (147.4)

204.2 (149.3)
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4.3 Interaction Analysis

4.3.1 Gender and DIP Outcome

Figure 4.4 shows the distribution of drivers by gender and DIP outcome. The
percentages of female and male drivers are the same in both groups (U and Shd36% a
64%, respectively. This suggests that there was no observed differencenbetsie and
female drivers with respect to DIP outcome (satisfactory or unsatsyp Chapter 5 will
present an econometric approach to examine further the gender and DIP outcome

interactions.

5000 ~
4500 -
4000 -

4357 (64%)

3500 -
3000 A
2500 -
2000 A
1500 -

2433 (36%)
H Male

B Female

Number of Drivers

1453(64%)

1000 - 812 (36%)

500 -

DIP Outcome

Figure 4.4. Number of drivers by gender and DIP outcome
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4.3.2 Age and DIP Outcome

Figure 4.5 shows the distribution of drivers by age and DIP outcome. The percentages
of three age group drivers are not the same in S and U group, which suggests thiebe mig
small differences between three age group drivers with respect to DIP ogadisictory
or unsatisfactory). It should be noted that drivers younger than 21 years old (6.5% of al
drivers) were placed in the same group with drivers between 21 and 30 years old, asd drive
were older than 51 years old (9.6%) were placed in the same group with driversrbéiwe
and 50 years old, as those two groups represented less than 10% of the total number of

observations.

4000 - 3801 (56%)

H 30 years old or younger

3500 -
M 31-40 years old

3000 - 1 41 years old or older

2500 -~ 1302(19%)

2000 + 1687 (25%)

1500 - 1398 (62%)

Number of Drivers

1000 - 473 (21%)

500 A 473 (17%)

DIP Outcome

Figure 4.5. Number of drivers by age and DIP outcome



57

4.3.3 Age, Gender and DIP Outcome

Table 4.5 shows the distribution of drivers by age, gender and DIP outcome. Male
drivers were overrepresented in the 41 year old or older-group, and underrepresented in the

30 year old or younger-group.

Table 4.5. Number of drivers by age, gender and DIP outcome

Satisfactory Group Unsatisfactory Group

M/F M/F

male female total *ratio male female total *ratio

30 years old or younger 2397 1404 3801 1.76 892 506 1398 1.67
31-40 years old 824 478 13021.80 304 169 473 1.72

41 years old or older 1136 551 1681.88 257 137 394 2.06

Total 4,357 2,433 6,7901.79 1,453 812 2,265 1.79

* Male to female ratio

4.3.4 Driver Convictions/Crashes and DIP Outcome Distribution

Among the total 9,055 DIP participants, 6,790 (75%, S) drivers completed the course
satisfactorily, while 2,265 (25%, U) drivers were included in the “unsatisfécgooup.
Among the 6,790 drivers in the “satisfactory” group, 4,946 (73)ali8/ers had no actions
within 12 months after DIP.;Sepresents drivers who had actions after DIP, and would have
their license suspended upon their first conviction during the probation period. U neprese
drivers in unsatisfactory group who would be suspended after the DIP date, because of
failure to complete or attend the course. As such, it is anticipated that the rafrabgons

for suspended drivers would drop significantly during the suspension period, compared to the
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driver population. Figure 4.6 represents the population and percentages of each three groups
This finding provides preliminary evidence of the significance of the DdBram in

reducing subsequent actions. It should be noted that only 7% of DIP participants were
involved in a crash within 12 months after the DIP date, and only 2% of DIP participants

were involved in a crash during the period from 13 to 18 months after DIP.

M Satisfactory (S1)
M Satisfactory (S0)

m Unsatisfactory

Figure 4.6 Distribution of drivers by DIP outcome and subsequent drive
convictions/crashes

4.3.4.1 Driver convictions/crashes and DIP outcondistribution by gender

Table 4.6 shows the average number of convictions/crashes per 100 drivers per month
by gender and DIP outcome. Figures 4.7-4.10 show the number of convictions/crashes per
100 drivers over the 18-month period subsequent to DIP by gender and DIP outcome. Trend
lines were plotted and an equation was estimated to show the trend of convictions and
crashes. R squared valued are also presented along the trend line. R squaredesérgsep

the goodness of fit of the trend line, the higher the number the better the finimaxi=1).
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In cases where the goodness of fit was not satisfactory (very low Redquanber), trend
lines are not shown.

As shown in Table 4.6, male drivers had more convictions but fewer crashes than
female drivers before DIP. After DIP, male drivers still had more caont especially
within the first 6 months (S-Group) (Figure 4.7). Female drivers were involved in more
crashes than male drivers after DIP, especially during the probation pagoce(#.8). Both
male and female drivers in the satisfactory group incurred lower number of comsjict
while there is no significant difference in the number of crashes betweeatiiiactory and
unsatisfactory groups. Moreover, the trend lines suggest that male driv¢éeadto have
more convictions than female in both S and U groups, and higher number of crashes than

female in the satisfactory group after 15 months subsequent to DIP.

Table 4.6 Number of convictions/crashes per 100 drivers per month by gendercadIP

outcome

Before DIP After DIP
Convictions  Crashes Convictions Crashes
DIP Outcome Gender per 100 per 100 per 100 per 100
drivers per drivers per  drivers per drivers per

month month month month

Satisfactory Male 7.34 0.77 2.09 0.48
Female 7.05 0.86 1.89 0.50

Unsatisfactory Male 7.67 0.78 2.72 0.36

Female 7.57 0.86 2.49 0.37
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3.5 y =-0.0009x2 - 0.0981x + 3.1339
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Figure 4.7 Number of convictions per 100 drivers in the S-group by gender over 18
months subsequent to DIP
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Figure 4.8 Number of crashes per 100 drivers in the S-Group by gender over 18 ntos
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Figure 4.9 Number of convictions per 100 drivers in the U-Group by gender over 18
months
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Figure 4.10 Number of crashes per 100 drivers in the U-Group by gender over 18
months
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4.3.4.2 Driver convictions/crashes and DIP outcondistribution by age

Table 4.7 shows the number of convictions/crashes per 100 drivers per month by age
and DIP outcome. Figures 4.11-4.14 show the number of convictions/crashes per 100 drivers
over the 18-month period subsequent to DIP by age and DIP outcome. Trend lines were
plotted and an equation was estimated to show the trend of convictions and crashes. R
squared valued are also presented along the trend line.

As shown in Table 4.7, young drivers (30 years of age or younger) incurred a higher
number of convictions and crashes than older drivers (41 years of age or older) in Soth the
and U groups before DIP. After DIP, the number of convictions decreases witlsingrea
age in both the outcome groups. However, as shown in Figures 4.11 and 4.13, the
differences between the three age groups became smaller after 6.rioniting drivers (40
years of age or younger) had more crashes than the older drivers, and the d#flastisc
over 18 months subsequent to DIP. Turning to the DIP outcome, drivers of all ages who
completed DIP satisfactorily incurred fewer convictions than the drivers who datteot
or complete DIP, The difference in the number of crashes is less pronounced bleéveen t
satisfactory and unsatisfactory group. Moreover, the trend lines suggesiuhgeydrivers

will incur fewer convictions after the 18-month period subsequent to DIP.
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Table 4.7 Number of convictions/crashes per 100 Drivers per Month by Age and Pl

Outcome
Before DIP After DIP
Convictions Crashes Convictions Crashes
per per per per
DIP Outcome Age 100drivers 100drivers 100drivers 100 drivers
per month per month per month  per month
Satisfactory Age<=30 7.21 0.96 2.3 0.6
30<Age<=40 7.39 0.60 1.8 0.4
Age>40 7.19 0.61 1.6 0.4
Unsatisfactory =~ Age<=30 7.71 0.87 2.8 0.4
30<Age<=40 7.71 0.60 2.6 0.5
Age>40 7.29 0.82 2.2 0.2
Age<=30_Conviction
30<Age<=40_Conviction
4.0 y = 4.0553e70.06% Age>40_Conviction
R?=0.8623 Expon. (Age<=30_Conviction)
35 / ...... Poly. (30<Age<=40_Conviction)
3.0 .

2.5

2.0

1.5

Number of Convictions per 100 Drivers

1.0
y =-0.0408x2 + 0.477x + 1.1364

0.5 R? = 0.7968

0.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Month after DIP

Figure 4.11 Number of convictions per 100 drivers in the S-Group by age over 18
months
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Age<=30_Crash
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Figure 4.12 Number of crashes per 100 drivers in the S-Group by gender over 18
months
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Figure 4.13 Number of convictions per 100 drivers in the U-Group by gender ovdi8
months
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Figure 4.14 Number of crashes per 100 drivers in the U-Group by gender over 18
months

In summary, male drivers and young drivers (30 years of age or younger)dncurre
more convictions, while older drivers (40 years of age or older) had fewer<radiwh the
satisfactory and unsatisfactory groups. Drivers in the satisfactory groupswead |
conviction rates but more crashes than unsatisfactory group. The number of convitions a
crashes decreased over 18 months subsequent to DIP, especially durifjtthadl'3

month- period, which could attributed to the effectiveness of DIP or suspension.

4.3.5 Citation Type and DIP Outcome

Figure 4.14 and Figure 4.15 show the percentage of citations by citation type and
gender for the S and U groups, respectively. Figure 4.16 and Figure 4.17 show thegercent

of citations by citation type and age for the S and U groups, respectively. It is $tadvimet
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same types of violations led the drivers in both groups (U and S) to attend DIP, witingpee
being the most common reason. During the 18 month-period after DIP, speeding is still the
major reason for a citation, but more drivers were convicted of speeding ledOthales

over speed limit in 35 to 55 mph zones. No drivers’ license and driving while suspended
become frequent reasons (after speeding) for receiving a citatio#?teespecially for the

U group.

80.0%
B Speed

B Speed (10 mph & under 35-55 mph zone)

M Fail to obey traffic sign/signal

B No driver’s license

60.0% m Careless driving

Driving while suspended, denied, cancelled, revoked

40.0%

Citation Percentage

20.0%

0.0%

Female Before DIP Male Before DIP Female After DIP Male After DIP

Figure 4.15. Percentage of citations by citation type and gender -S Group
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B Speed (10 mph & under 35-55 mph zone)
M Fail to obey traffic sign/signal
60.0% B No driver’s license
H Careless driving
Driving while suspended, denied, cancelled, revoked
50.0%
[J]
[-T:]
8
$ 40.0%
=4
o
o
S 30.0%
e
S
E
20.0%
10.0%
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Female Before DIP  Male Before DIP Female After DIP Male After DIP

Figure 4.16. Percentage of citations by citation type and gender -U Group

Comparing the differences in citation type by gender, careless driving mase
frequent type of citation for male than female drivers. It is intereshifigd that driving
with no driver’s license was a more frequent offense for female drivers eavhpleted DIP
than their male counterparts, but the opposite trend applied for those in the unsatisfactor
group. Lastly, female drivers did not incur as many convictions as male dovéagure to

obey traffic sign/signal in both groups (U and S).
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Figure 4.17. Percentage of citations by citation type and age -S Group
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Before DIP Before DIP DIP DIP After DIP After DIP

Figure 4.18. Percentage of citations by citation type and age -U Group
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Comparing the differences in citation type by age, drivers who are 30 years old or
younger had a much higher percentage of careless driving, than older drivers botharekfore
after DIP. It is also found that drivers younger than 40 years of agelbaligher
conviction percentage of driving without a driver’s license present and driving whil
suspended than the older drivers (older than 40 years of age) in the unsatisfacioftgr
DIP. However, it is interesting to note that young drivers (30 years ofrageinger) did
better in obeying traffic sign/signal than the other two age groups in the U group.

In general, speeding is the major reason for a citation, followed by spéeskngan
10 mph over the posted speed limit in 35-55 mph zones, driving with no driver’s license, and
driving while suspended. It is recommended that DIP instruction focus on theseoty
citations. Careless driving and obeying traffic sign/signal should be emptasiDIP
instruction materials towards men, young drivers (30 years of age orgrpamgl older

drivers (40 years or older).

4.3.6 Days of First Conviction and Crash Subsequent to DIP

Figures 4.19 and 4.20 show the number of days until drivers’ first conviction or crash
by gender and outcome over 18 months after DIP, and corresponding percentages. It i
shown that most drivers have their first conviction within 90 days after DIP and the
percentages drop gradually thereafter. A higher percentage of male driversdrtbeir first
conviction in first 135 days after DIP than female drivers; however, the diffesdbecome
smaller after that. While there is a decreasing trend in conviction ocoelimeactime,
crashes do not follow any particular trend but rather are more concentratathin time

periods, including during the first 135 days, period between 180 and 225 days, and last 45
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days of the probation period. It can be also observed that more drivers in thetsayisfa
group were involved in their first crash within the first 135 days after DIP, amaléeand

male drives were involved in almost the same percentage.

70.0%
60.0%
50.0%

40.0%

B Female_S
30.0% # Female_U
. H Male_S
20.0% Male_U
10.0% I I
11

0.0%

Driver Percentage

45 90 135 180 225 270 315 360 405 450 495 540

Time Period of First Conviction

Figure 4.19 Days of first conviction by gender and outcome over 18 months aftetP
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Figure 4.20 Days of first crash by gender and outcome over 18 months after DIP

Figures 4.21and 4.22 show the number of days until drivers’ first conviction or crash
by age and outcome over 18 months after DIP, and corresponding percentages. Figure 4.21
shows that drivers in the S group had lower conviction occurrence than drivers in the U
group. A higher percentage of young drivers (30 years of age or youngehnehdidgt
conviction in the first 135 days than the other two age groups, but the differences became
smaller after that. Figure 4.22 shows that first 135 day-period and last 45 days of the
probation period were the two most frequent time periods, in which most drivers were
involved in their first crash. Interestingly, a higher percentage of diiveéhe S group were

involved in a crash than drivers in the U group.



72

100.0%
90.0% B Age<=30_S
80.0% Age<=30_U
W 30<Age<=40_S
70.0%
& I B 30<Age<=40_U
£ 60.0%
g I m Age>40_S
8 50.0% l I . # Age>40_U
£ 40.0%
a
30.0%
20.0%
10.0%
0.0%
45 90 135 180 225 270 315 360 405 450 495 540
Time Period after DIP

Figure 4.21 Days of first conviction by age and outcome over 18 months after DIP
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Figure 4.22 Days of first crash by age and outcome over 18 months after DIP
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In summary, there was a decreasing trend in conviction occurrence over tithee, whi
crashes did not follow any particular trend. A higher percentage of male dinebdrivers
40 years old or younger had their first action within the first 135 days afteitidP
recommended that low-cost, early intervention measures such as advisos\alettgent to

these groups shortly after the completion of DIP.

4.3.7 Driver Convictions, Location and DIP Qutcome

Herein, any spatial differences in the program’s effectiveness dokeasvhere the
driver improvement program is offered are examined. Figure 4.22 shows the percéntage o
drivers who completed DIP at each community college and did not have any action during
the probation period. The percentages are in the range of 60—-81%. Community colleges in
Marshalltown, Council Bluffs, and Sheldon had the highest percentage of drivers who did not
have any action during the first year after attending DIP.

Figure 4.23 shows the percentage change in the number of subsequent convictions
during the probation period, and during th& 18 18" month period after DIP date, per
driver who completed DIP at each community college and had actions during the probation
period (Q). The percentage changes range from 64% to 78 % during the probation period
and from 94% to 100% during the"1® 18" month period after DIP date. Drivers who
attended DIP in Emmetsburg (78%), Marshalltown (77%), Denison/ Sioux City (Y&d%6)
the highest percentage decrease in subsequent convictions during the probation pegiod; w

drivers who completed the course in Fort Dodge (100%), Ottumwa (99%), Waterloo (99%),
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and Creston (99%) had the highest decrease in subsequent convictiod3tthé&'3nonth

period subsequent to DIP.
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Figure 4.22 Percentage of drivers who completed DIP at each community egke and
did not have any action during the probation period
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Figure 4.23 Percentage change in subsequent convictions per driver

4.4 Summary

In this Chapter, the data on driver citations, convictions, and crashes, and driver

education training history were summarized and interpreted using descaipailysis

techniques and graphical representations. Preliminary findings showed that D86 of

participants did not have any conviction and 93% of DIP participants were not involved in a

crash during the probation period (12 months after DIP date). It is also found tbat ma
drivers and young drivers (30 years of age or younger) incurred more comsjatihile
older drivers (40 years of age or older) had fewer crashes in both the satyshact

unsatisfactory groups. Drivers in the satisfactory groups had lower convidgsrthian
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drivers in the unsatisfactory group. While these findings suggest a reduction irticornfac
the driver population who attended DIP and show differences of convictions and anashes
gender and age by DIP outcome, there is a need for further analysisstwaligtverify

these preliminary findings. The results of the statistical analysigeserged in Chapter 5.
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CHAPTER 5. STATISTICAL DATA ANALYSIS

5.1 Overview

In this chapter, statistical methods are used to examine the effectivériewa’s
Driver Improvement Program (DIP) by age and gender, measured as thereotuthe
number of violations within 12 months subsequent to the driver improvement program. First,
probabilistic models are developed to estimate the likelihood of conviction occurrence
subsequent to DIP. The factors that are used to examine differences in Dd&tisefiess by
gender and age include: gender, age, outcome, location and interactiaasffeny these
factors. Evaluating the effect of location on the occurrence of subsequent conwations
provide insights on whether there are any spatial differences in the progféeunts/eness
across lowa where the DIPs are offered, and whether certain spewifisgieed to be
closely monitored at each DIP location. Then, count data models are applied tigateest
the factors that influence the frequency of subsequent convictions by gender ged &y @

function of driver characteristics and conviction/crash history.

5.2 Estimation Results

5.2.1 Conviction Occurrence after DIP

Binary probit models were used to estimate conviction occurrence after DIP by

gender and age respectively. The estimation results are presentederttbections.
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5.2.1.1 Conviction occurrence after DIP by Gender

The likelihood ratio test (Washington et al. 2003, p. 282) was estirtmtigtermine
whether it was statistically significant to estimate sa@amodels by age and gender or a
single model calibrated on the whole dataset was preferred. 3db#hows the estimation
results of the likelihood ratio test. The likelihood ratio test watimated using the same
variables in all three models (all data (T), conviction data duhegprobation period for
male drivers (a) and conviction data during the probation period for femalesditiygrusing
X? = —2(LL(B,) — LL(B,) —LL(B,)). The resulting X statistic showed that it was

statistically significant to estimate two separate models.

Table 5.1 Likelihood ratio test estimation for conviction occurrene after DIP by gender

Total Male Female X2 Number of Critical
LL(By) LL(B,) LL(Bp) Parameters  Value
Log-likelihood at | -4816.9 -3127.3 -1669.9 39.4 9.4877
ConvergenceL.L(B)
Number of 12 9 7 4
Parameters

Table 5.2 shows the binary probit model estimation results for convimticurrence
within 12 months after DIP by gender and Table 5.3 presents theatstimlasticity values

of this binary probit model. The model outputs are provided in Appendix E.1.
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Table 5.2 Binary probit model estimation results for conviction occurence after DIP by

gender
Male Female
. Estimated . Estimated
Variable Coefficient t-Statistic Coefficient t-Statistic
Constant -0.576 -12.35 -0.428 -6.33
DIP outcome: satisfactory -0.140 -3.39 -0.145 -2.59
Driver with one conviction before DIP -0.385 -5.76 -0.428 -A4.77
Driver with three convictions before DIP -0.160 -4.00 -0.247 -4.07
Driver with four convictions before DIP -0.179 -2.680
Driver with no crash before DIP -0.209 -3.37
Driver over 50 years old -0.275 -4.02
Driver between 21 and 30 years old with 0.090 291 0.172 279
no crash before DIP
Driver between 41and 50 years old with -0.149 235
no crash before DIP
Community college: DMACC 0.124 3.08
Community college: KCC 0.113 2.12
Number of Observations 5,810 3,245
Log-likelihood at convergence -3,127.3 -1,669.9
Log- likelihood at zero -3,180.4 -1,697.2

Table 5.3 Estimated elasticity values of the binary probit model for aoviction
occurrence after DIP by gender

Elasticity
Variable Male Female
DIP outcome: satisfactory -13.1 -9.4
Driver with one conviction before DIP -23.8 -26.5
Driver with three convictions before DIP -14.8 -15.8
Driver with four convictions before DIP -11.7
Driver with no crash before DIP -13.2
Driver over 50 years old -17.4
Driver between 21and 30 years old with
6.2 12.4

no crash before DIP
Driver between 41and 50 years old with 9.7

no crash before DIP '
Community college: DMACC 8.6
Community college: KCC 7.8
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Negative coefficient values showed that both male and female drivers whcetednpl
DIP and drivers with one or three convictions before DIP were less likely tashhgequent
conviction(s) during the probation period than the other drivers. In addition, both male and
female drivers between 21and 30 years old with no crash before DIP had highbilipyoba
to have subsequent convictions (elasticity of 6.2% and 12.4%, respectively). Flasticit
estimation showed that male drivers who completed classes had a 13.1% lowelityradabi
be involved in convictions subsequent to DIP than male drivers who did not complete or
didn’t attend, while female drivers had a 9.4% lower probability incurring convidiiams
its counterparts. This means that the DIP outcome variable influences headeagree the
conviction probability for male drivers than female drivers. In other wordssBdins to
have a greater effectiveness overall in reducing subsequent convictiondddhamafemale
drivers. However, when conviction history is accounted for, similar effectsotbrmale and
female drivers were found with respect to the reduction in subsequent convictions.

While same factors were found in both models to influence the subsequent conviction
probability, there were also differences as described next. In the peaiéiesmodel, drivers
over 50 years old, and drivers between 41and 50 years old with no crash before DIP had a
lower risk for conviction, while drivers who were instructed to attend DIP at DMACC
Ankeny or at KCC in Cedar Rapids were more likely to have subsequent conviction(s).
Female drivers with four convictions before DIP and drivers with no crash ligffereere
less likely to have a conviction during the probation period after DIP (elgsifcil1.7%
and -13.2%, respectively).

This analysis showed that younger drivers (between 21 and 30 years old) could

benefit from early intervention measures during the probation period, such as adwisory
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warning letters. Furthermore, there seem to be spatial differenceB effBttiveness. It is
speculated that these findings are picking up differences in driver behavior ieskaqe of
enforcement (or lack thereof) and DIP instruction across different geagphateas in
lowa. While the differences in the level of enforcement or DIP instructatd not be
explicitly examined across the community colleges that offer DIP reiftes were
examined in the attributes of the driver population who attended DIP at the thrge<olle
with the highest DIP participation rates (DMACC, EICCD, and KCC). Tablela#sthe

distribution of drivers at each college by gender and age group.

Table 5.4. Distribution of drivers in the three community colleges by gater and age

Community College

DMACC*  EICCD*  KCC* Grand
Total
Female 20 years old or 0 0 0
drivers younger 73 (2%) 44 (4%) 18 (1%) 135
21-30 years old 580 (19%) 232 (19%) 299 (22%) 1,111
31-40 years old 217 (7%) 94 (8%) 96 (7%) 407
41-50 years old 152 (5%) 47 (4%) 69 (5%) 268
51 years old or older 93 (3%) 30 (2%) 44 (2%) 167
Total ééolﬁg 447 (37%) 526 (38%) 2,088
Male 20 years old or 137 (4%) 64 (5%) 39 (3%) 240
drivers younger
21-30 years old 975 (31%) 368 (30%) 452 (33%) 1,795
31-40 years old 401 (13%) 163 (13%) 192 (14%) 756
41-50 years old 303 (10%) 92 (8%) 105 (8%) 500
51 years old or older 190 (6%) 74 (6%) 75 (5%) 339
Total (zég&g 761 (63%) 863 (62%) 3,630
?(;"t";‘ld 3,121(34%) 1208(13%) 1389(15%) 5,718

*DMACC: Des Moines Area Community College in Ankney
*EICCD: Eastern lowa Community College District in Benttendorf
*KCC: Kirkwood Community College in Cedar Rapids

It can be inferred that drivers who were instructed to attend DIP in DMACC have

similar characteristics to the average driver in the final sampeli@ele 4.3). Female



82

drivers were slightly overrepresented at EICCD and KCC (37% and 38%, res|yecti
compared to 36% of female drivers in the total sample. Turning to the distribution o§driver
by age group, the following can be observed: younger drivers (20 years old or Youerger
overrepresented at EICCD and underrepresented at KCC; drivers between 21 ea 40 y
old were overrepresented at KCC, while older drivers (older than 50 yeavsenéd)
underrepresented; and drivers between 31 and 40 years old were overrepresentebat EIC

while older drivers (older than 41 years old) were underrepresented.

5.2.1.2 Conviction occurrence after DIP by Age

Table 5.5 shows the estimation results of the likelihood ratio test. The likelihood ratio
test was estimated using the same variables in all four models (all datar(V¥iction data
during the probation period for drivers 30 years of age or younger than (a), convicéion dat
during the probation period for drivers in between 31 and 40 years of age (b), and conviction
data during the probation period for drivers older than 40 years of age (c)X4using
—2(LL(B;) — LL(B,) — LL(B,) — LL(B_)). The resultingk? statistic showed that it was

statistically significant to estimate three separate models

Table 5.5 Likelihood ratio test estimation for conviction occurrence a#ér DIP by age

group
Total Age<30 Age 31-40 Age>40 X% Number of Critical
LL(By) LL(B.) LL(B) LL(B.) Parameter Value
Log-likelihood at -4816.9  -2927.4 -885.8 -982.1 43.3 9.4877
Convergence
LL(B)
Number of 12 6 5 5 4
Parameters
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Table 5.6 shows the binary probit model estimation results for convimticurrence
within 12 months after DIP for three age groups and Table 5.7 npsesie elasticity

estimation results of this model. The model outputs are provided in Appendix E.1.

Table 5.6 Binary probit model estimation results for conviction occurence after DIP by

age group
Age<30 Age 31-40 Age >40
Variable Estimated t- Estimated t- Estimated t-
Coefficient Statistic | Coefficient Statistic | Coefficient Statistic
Constant -.0496 -11.65 -0.592 -8.52 -0.640 -8.510
DIF_’ outcome: -0.100 295 .0.232 285 -0.273 -3.260
satisfactory
Driver with one -0.425 -3.838
conviction before -.0405 -5.82 -0.447 -3.52
DIP
Driver with three -0.194 -2.734
convictions before -0.180 -4.05 -0.243 -3.25
DIP
Driver who
completeq DIP with .0.149 259
four convictions
before DIP
Male driver with no
crash before DIP 0.078 2.03
Driver who 0.254 3.400
completed DIP at 0.207 2.49
DMACC
Number of Observations 5199 1775 2081
Log-likelihood at convergence -2927.4 -885.8 -982.1
Log- likelihood at 2955 3 -900.6 -999.6
zero
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Table 5.7 Estimated elasticity values of the binary probit model for conction
occurrence after DIP by age group

Elasticity

Variable Age<30 | Age 31-40 Age >40
DIP outcome: satisfactory -6.3 147 -17.2
Driver with one conviction before DIP -24.6 -27.9| -27.5
Driver with three convictions before DIP -11.3 -15.7 -13.0
Driver yvho completed DIP with four 95

convictions before DIP '
Male driver with no crash before DIP 5.3
Driver who completed DIP at DMACC 15.3 194

Fewer significant variables were identified to significantly afteamnviction
occurrence by age compared to those identified by gender (and presented in thes previ
section). Factors such as DIP outcome and low conviction history before DIeanemgon
across the “gender” and “age” models. Furthermore, the elasticity 8eti,saowed that the
DIP outcome variable influences at a higher degree the conviction probability osdriver
between 31 and 40 years of age and drivers 41 years of age or older than yousd@3friver
years of age or younger). This suggests DIP completion is more\effemtolder drivers
than younger drivers in decreasing the probability of subsequent convictionsIBftdhi3
was also concluded in the analysis by gender. The elasticity values of thdioanvic
occurrence for drivers with low conviction history were the highest in the model, thalgh di
not vary considerably by age. In addition, it was found that drivers with low conviction
history (up to three convictions) before DIP were at lower risk for subsequenttoomy;
compared to drivers with three convictions before DIP.

While same factors in the three models were found to influence the subsequent
conviction probability, there were also differences as described next. Youngs B0e/ears

old or younger) who completed DIP and had four convictions before DIP were 9.5% less
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likely to incur a conviction. This shows evidence of the effectiveness of DIP on yndng a
high-risk drivers. In contrast, young male drivers with no crash before DIP, derddoivers
(31 years old or older) who completed DIP at DMACC were at higher risk for sulbseque
convictions. Moreover, there are fewer significant variables in the modaet&attion
occurrence by age than those in the models of conviction occurrence by gendeer#h ge
younger male drivers and older drivers who completed DIP at DMACC shoulddsdycl

monitored during the probation period after DIP.

5.2.2 Frequency of Convictions Subsequent to DIP

Count data models were used to estimate the frequency of conviction subsequent to
DIP by gender and age, respectively. The estimation results aratpesethe next

sections.

5.2.2.1 Frequency of convictions subsequent to DBy gender

Table 5.8 shows the estimation results of the likelihood ratio test. The likelihood ratio
test was estimated using the same variables in all three models (all datan{iction data

during the probation period for male drivers (a) and conviction data during the probation
period for female drivers (b)), usig = —2(LL(B,) — LL(B,) — LL(B, ). The resulting X

statistic showed that it was statistically significant to estirtvabteseparate models.

Table 5.8 Likelihood ratio test estimation for frequency of conviction®y gender

Total Male Female X2 Number of Critical
LL(Br) LL(B.) LL(Bp) Parameters  Value
Log-likelihood at | -6403.3 -4184.2 -2214.2 9.832 3.8415
ConvergenceL.L(B)
Number of 16 11 6 1
Parameters
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Table 5.9 shows the negative binomial model estimation results for frequency of
convictions within 12 months after DIP by gender, and Table 5.10 presents tlatglafsti

this negative binomial model. The model outputs are provided in Appendix E.2.

Table 5.9 Negative binomial regression model for frequency of convictioty gender

Male Female
. Estimated ... | Estimated

Variable Coefficient U SRUSUC | coefficient L

Statistic
Constant -0.554 -7.96 -0.848 -12.04
DIP outcome: satisfactory -0.384 -5.72 -0.279 -3.24
Blrll;/er with one conviction before .0.613 594 -0.665 458
Blrll;/er with three convictions before .0.296 467 .0.267 313
Driver between 31and 40 years old -0.386 -4.76
Driver between 41and 50 years old -0.418 -4.6[1
Driver over 50 yrs old -0.734 -6.23
Driver between 21and 30 years old
with four convictions before DIP 0.237 -2.62
Driver between 21and 30 years old ,
sent to DMACC 0185 -1.97
Driver who completed DIP at
DMACC 0.318 3.81
Driver between 31and 40 years old -0.260 216
completed DIP
Number of Observations 5,810 3,245
Log-likelihood at convergence -4184.2 -2214.2
Log- likelihood at zero -4298.4 -2292.6
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Table 5.10 Estimated elasticity values of negative binomial regressiorodel for
frequency of convictions by gender

Elasticity
Variable Male Female
DIP outcome: satisfactory -46.8 -32.2
Driver with one conviction before DIP -84.6 -94.5
Driver with three convictions before DIP -34.5 -30.6
Driver between 31and 40 years old -47.1
Driver between 41and 50 years old -51.9
Driver over 50 yrs old -108.3
Driver between 21 and 30 years old with
Y -26.7

four convictions before DIP
Driver between 21 and 30 years old sent ) 4

to DMACC '
Driver who completed DIP at DMACC 27.2
Driver between 31and 40 yrs old 99 7

completed DIP '

It was found that there are common factors that affect the probability ofeat dri

incurring a conviction subsequent to DIP and the number of subsequent convictions during

the probation period. The most notable are DIP outcome (satisfactory complettbioyva

conviction history leading to less subsequent convictions.

Older drivers, male drivers between 21and 30 years of age with four convictions
before DIP or sent to DMACC, female drivers who completed DIP between 31and 40 year
of age are more likely to have fewer convictions. However, male drivers who ¢echplé
at DMACC incurred more convictions (note that these group of drivers were alstén hig

risk for conviction occurrence). Elasticity estimation showed that malerdrover 50 years

(elasticity of -108.3%) and female drivers with one conviction before DIBti@ts of

94.5%) were less likely to incur subsequent convictions than their counterparts. These tw

estimates represent elastic (or close to elastic) effects.
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5.2.2.2 Frequency of convictions subsequent to Dy age

Table 5.2 shows the estimation results of the likelihood ratioTtkstlikelihood ratio
test was estimated using the same variables in all four m@detiata (T), conviction data
during the probation period for drivers 30 years of age or youngediayiction data during
the probation period for drivers in between 31 and 40 years of agan¢(bjonviction data

during the probation period for drivers older than 40 years of age using X2 =
-2 (LL(BT) — LL(B,) — LL(B,) — (LL(ﬁC))) The resulting X statistic showed that it was

statistically significant to estimate three separate models.

Table 5.11 Likelihood ratio test estimation of for frequency of conviction®y age group

Total Age<30 Age Age>40 X2 Number of Critical
LL(Br) LL(B,) 30-40 LL(B,) Parameters Value
(LL(Bp)
Log-likelihood at | -6403.3 -4008.7 -1162.9 -1218.6 26.4 7.8147
ConvergenceL.L(B)
Number of 16 11 6 6 3
Parameters

Table 5.12 shows the negative binomial model estimation results for frequency of
convictions within 12 months after DIP by three age groups, and Table 5.13 presents the

elasticity of this negative binomial model. The model outputs are provided in Appe@dix E
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Table 5.12 Negative binomial regression model for frequency of convictioby age
group

Age<30

Age 30-40

Age >40

Variable

Estimated
Coefficient

t_
Statistic

Estimated t-
Coefficient Statistic

Estimated
Coefficient

t_
Statistic

Constant

DIP outcome:
satisfactory

Male driver who
didn’'t complete DIP
Driver with one
conviction before
DIP

Driver with three
convictions before
DIP

Driver who
completed DIP

with four convictions

before DIP

Driver with one crash

before DIP
Driver who
completed DIP at
DMACC

-0.913

0.228

-0.592

-0.268

-0.226

-19.73

3.20

-5.69

-4.11

-2.77

-0.842 -9.28
-0.525 -4.18

-0.691 -3.38

-0.361 -2.98

0.333 2.33

-1.11
-0.526

-0.732

-0.289

0.365

0.457

-10.30
-4.16

-3.62

-2.60

3.14

3.81

Number of Observations
Log-likelihood at convergence

Log- likelihood at
zero

5199
-4008.7

-4126.6

1775
1162.9

1208.9

2081
-1218.6
-1245.0
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Table 5.13 Estimated elasticity values of negative binomial regressiorodel for
frequency of convictions by age group

Elasticity
Variable Age<30 | Age 30-40| Age >40
DIP outcome: satisfactory -69.1 -69.2

Male driver who didn’t complete DIP 204
Driver with one conviction before DIP -80.8 -99.6 |-107.9
Driver with three convictions before DIR30.7 -43.5 -33.5

Driver who completed DIP with four

convictions before DIP -25.4
Driver with one crash before DIP 30.6
Driver who completed DIP at DMACC 28.3 36.7

Compared with conviction occurrence model, more common factors determining the
frequency of subsequent convictions were found significant across the thigreaoe
Drivers with lower conviction history were more likely to have fewer subseqoemiations
irrespective of age. However, the elasticity estimation showed thaféleeisthigher and
elastic for older drivers. Drivers over 30 years of age who completed DIF6@#réess
likely to incur convictions than other drivers, while drivers over 30 years of age who
completed DIP at DMACC were more likely to incur a conviction. Driver groups with
higher number of convictions by age include male drivers under 30 years of age, who did not

complete DIP, and drivers over 40 years of age with one crash before DIP.

5.2.3 Crash occurrence after DIP

As indicated in Chapter 4, 7% of drivers of DIP participants were involved in a crash
within 12 months after the DIP date, and only 2% of DIP participants were involved in a
crash during the period from 13 to 18 months after DIP. Due to the low variation in the

subsequent number of crashes, model couldn’t be estimated. As such, associatioa rules ar
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applied and lift values are calculated to estimate the likelihood of the occuofemoe crash
after DIP by gender and age.

Before explaining the association results, minimum thresholds for support and
confidence were specified first. The threshold values used in the analyki8%rand 6%,
respectively. It means that no rules with support <1.0% and/or confidence <6% would be
considered irrespective of their lift values. Due to the rare crash akrastict these
thresholds are lower than the values typically used in market basket analyas study on
the identification of accident circumstances that frequently occurredtameolsly (Geurts
et al. (2005)) used 5% as the threshold on support parameter, which is close to the values
typically used in market basket analysis. However, due to the low crash ocewanehc
frequency within 12 months subsequent to DIP in our sample, the support for the rules of
interest had to be set much lower. As such, the importance of the rules is alse@dvaluat
based on the Lift values.

Table 5.14 shows the association rules between the cause factors and the comsequenc
“one crash occurrence within 12 months after DIP” for the total sample ofgjraued also
by gender and age. Only the lift values with support higher than 1% and confidginee
than 6% are shown in Table 5.14. The table includes the following values:

e Cause factor

e Lift value, which represents the association between cause factors and one
crash occurrence after DIP.

e Confident value (%), which represents the probability that one crash occurred

under the condition that cause factors occurred
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e Support value (%), which represents the probability cause factors and one

crash occurrence happened together.

Table 5.14 Lift Values for “One Crash Occurrence within 12 months after DP”

Cause Factor Lift Confidence | Support
Three convictions before DIP 0.96 6% 2.0%
Four convictions or more before

DIP 1.04 6% 2.9%
Satisfactory 1.05 6% 4.8%
30 years of age or younger 1.08 7% 3.8%
One crash before DIP 1.09 7% 1.6%

Male drivers with five convictions
before DIP 1.37 8% 1.0%

Drivers between 31 and 40 years |of
age with one crash before DIP 1.51 8% 1.6%

Drivers between 31 and 40 years |of
age with five convictions before
DIP 1.82 10% 1.2%

Interestingly, drivers with high conviction history (three convictions or moreréef
DIP) were not more likely to be involved in a crash after DIP than other sliviér values
very close to one). Likewise, drivers who completed DIP successfully weresadikigy to
be involved a crash after DIP than other drivers (Lift value very close to orstly,La
younger drivers (30 years of age or younger) and drivers with one crash béforei@l
marginally more likely to be involved in a crash than other drivers.

When studying the differences in crash occurrence by gender and age, iesimger
to find that male drivers with five convictions before DIP, and drivers between 31 and 40

years of age with one crash or five convictions before DIP were 1.37, 1.82 and 1.5 times
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respectively more likely to be involved in a crash after DIP than the rest of Wieesdri

However, note that the support for these rules is quite low.

5.3 Summary

In this chapter, the results of the statistical analysis were peelseBstimation
results showed that that there are common factors between male and feveaseahd
across age groups that determine the likelihood and frequency of subsequent convictions.
Furthermore, DIP was found to be effective in reducing the likelihood and frequency of
subsequent convictions, but was not significant in reducing the likelihood of crash
occurrence after DIP. Driver history and DIP location, and interaction efimcisgathese
factors were also found to be significant determinants of the likelihood and fogopfen

subsequent conviction.
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CHAPTER 6. CONCLUSIONS AND RECOMMENDATIONS

This study examined the effectiveness of lowa’s DIP by gender and age by
determining the reduction in the number of driver convictions after drivers aitémel®IP.
The analysis involved a random sample of 9,055 drivers who had been directed to attend
DIP. The sample was divided into two groups based on gender (female and male), and three
groups based on age (30 years of age or younger, 31 to 40 years of age, and older than 40
years of age). In each specific group, the sample was then divided into two gaeegh
the DIP outcome, satisfactory or unsatisfactory completion. The “satigfagroup (S)
consisted of drivers who successfully completed the DIP course. The “unsatigfgcoup
(V) consisted of drivers who did not complete or did not attend the DIP courséajter t
received a letter to attend DIP. Interestingly, the distribution of men antewin each
group was the same (64% and 36%, respectively), which suggests that there was no
difference between male and female drivers with respect to the DIP autelmwever, the
percentages of three age group drivers are not the same in S and U group, whigts sugge
there might be differences among the three age groups of drivers witbt iesie DIP
outcome (satisfactory or unsatisfactory).

Actions were tracked four years prior to the DIP date. The DIP deats te the date
when drivers were instructed to attend DIP. Action types were catedonito lowa DOT
actions or sanctions (suspension, disqualified, and revoked license) and driver actions
(convictions and crashes). It should be noted that the license of the drivers in the

“unsatisfactory” group would be suspended, while the license of the drivers in the
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“satisfactory” group would be suspended after DIP upon their first conviction whidin t
probation period. The probation period (one year after the date drivers were sd?\ to DI
were used to examine the effectiveness of the program on reducing subsequeattons.

The evaluation of lowa’s DIP showed that there is evidence of effectivenessis t
of reducing the number of convictions subsequent to DIP. Among the total 9,055 drivers in
the sample, 6,790 (75%) drivers completed the course satisfactorily, while 2526) (
drivers were included in the “unsatisfactory” group. Among the 6,790 drivers in the
“satisfactory” group, 73% of drivers had no actions and 93% were not involved in a crash
during the probation period. This finding shows a decrease in subsequent actions for the
majority of DIP participants. Specifically, only 7% of DIP participanegevnvolved in a
crash during the probation period after attending DIP, and only 2% of DIP jpant€iwere
involved in a crash during the period 13 to 18 months after attending DIP. Turning to the
differences by age and gender, male drivers and young drivers (30 yagesafyounger)
incurred more convictions, while older drivers (40 years of age or oldergha&d €rashes in
both the satisfactory and unsatisfactory groups. Drivers in the satisfgobanys had lower
conviction rates but more crashes than unsatisfactory group.

Turning to the type of violation, similar violation types led the drivers in both groups
(unsatisfactory [U] and satisfactory [S]) to attend DIP, with speedinglbleérmost common
reason. After speeding, speeding less than 10 mph over the posted speed limit in 35-55 mph
zones, no driver’s license and driving while suspended were frequent reasons Vargecei
citation after attending DIP. It is recommended that DIP instruction focilsese types of

citations. In addition, careless driving and obeying traffic sign/sidgmalld be emphasized
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in DIP instruction materials towards men, young drivers (30 years of ageloger) and
older drivers (40 years of age or older).

Turning to the days until the first conviction and crash occurrence, most driders ha
their first conviction within 90 days after DIP. A higher percentage of nralers and
drivers 30 years old or younger had their first action within the first 135 day®dfte
While there is a decreasing trend in conviction occurrence over time, ccadimed follow
any particular trend. It is recommended that low-cost, early inteorenteasures such as
advisory letters are sent to these groups shortly after the completion of DIP.

Statistical models were developed to examine the effect of factorasagie, gender
DIP outcome, DIP location, and interaction effects among these factors on oce@amenc
frequency of subsequent convictions by gender and age. It was found thatwheets not
attend or complete DIP satisfactorily were more likely to incur convictionsg the
probation period than drivers who completed DIP satisfactorily which shows the@ositi
effect of satisfactory DIP completion. Moreover, drivers with low convictiotohjsvere at
a lower risk for conviction, while both male and female young drivers (betweamd230a
years of age) with no crash before DIP had a higher risk for conviction.

Different effects of factors on the occurrence and frequency of subsequent
convictions were identified by gender and by age. Older male drivers &over 50 years
old) and female drivers with four convictions or no crash before DIP were |dysttikeave
a conviction during the probation period. Young drivers (30 years of age or yowtger)
completed DIP and had four convictions before DIP also were less likely to incur a
conviction. This shows evidence of the effectiveness of DIP on young and high-resisdriv

In contrast, male drivers who were instructed to attend DIP at DMACC in Ardteat KCC
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in Cedar Rapids, young male drivers with no crash before DIP, and older driveesa(8bf
age or older) who completed DIP at DMACC were at higher risk for subsequent morsrict
In general, younger male drivers and older drivers who completed DIP at DMACC should be
closely monitored during the probation period after DIP. The findings on the effect of
location are likely picking up differences in driver behavior in the presence of emfent
(or lack thereof) and DIP instruction across different geographical aréasa. A closer
examination of DIP instruction across the 17 community colleges could help exelsén t
spatial differences in DIP effectiveness.

Due to the low variation in the subsequent number of crashes, association rules were
applied and lift values were calculated to estimate the likelihood of the ocaiokore
crash after DIP by gender and age. It was found drivers with high convictioryl{tsiree
convictions or more before DIP) were not more likely to be involved in a crash after DI
than other drivers. Turning to the high-risk drivers groups: younger drivers (Gofege
or younger and drivers with one crash before DIP were marginally moketlikiee involved
in a crash than other drivers. Turning to the DIP outcome, drivers who compl&ed DI
successfully were not less likely to be involved a crash after DIP than othensdiVhen
studying the differences in crash occurrence by gender and age, itastingeto find that
male drivers with five convictions before DIP, and drivers between 31 and 40ofeage
with one crash or five convictions before DIP were more likely to be involved irsh aféer
DIP than the rest of the drivers.

Additional recommendations related to the adoption of other driver education training
mechanisms and materials for reducing the traffic conviction rate ofrisigllivers, in

particular, are summarized as follows:
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lowa offers certain driving improvement programs, such as driver imprateme
school and the policy of suspending the driving privileges of habitual violators, serious
violations, and countable moving violations. lowa also implements the GDL program for
drivers under 17 years old. In view of the findings of the literature review, the Melucle
Division can also consider adopting other driver education training mechanisms and
materials, such as home-study courses (online courses), which are low-costiésg not
effective than the in-person study, and implementing a mature driver improverogram,
which is essential to retrain older drivers in new skills and knowledge.

Advisory or warning letters should also be considered as a low-cost, early
intervention measure to advise/warn drivers before they become high-risls dmekor are
involved in a crash. Previous work has established the effectiveness of driver imgmbvem
letters, advisory letters, and warning letters in reducing safetyntskas found that the
effectiveness of each type of letter varied by age group. For example rdteatidas, which
emphasize the threat of subsequent crashes or violations, are more effegtumfmr male
and female drivers, while soft-sell letters, in which more emphasis is put ¢igosi
motivations, encouragement and benefits, are more effective for drivers older than 45. A
such, it is recommended that the content of the letters be customized based on tke driver
age. Specifically, in view of this study’s findings, standard letters coudditiessed to
young drivers between 21 and 30 years old, especially male drivers. So$ ¢etld be
mainly addressed to drivers older than 40 years old with one crash before DIP.

In addition, in view of the analysis results, it is important that high-risk drivech, s
as drivers with multiple convictions and younger drivers, receive advisayslstion after

completing DIP to remind them to drive more safely. High-risk drivers shouldetisive a
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letter after the probation period and warning letters of future sanctiongcékesé
suspension, upon receiving subsequent convictions.

Finally, it was found that a large number of drivers who were suspended continued to
drive. Measures should be considered for reducing driving while suspended offensds. Vehic
control measures and California’s impoundment program have been found effective in
reducing recidivism in terms of subsequent convictions. However, the effectivérsesh
measures and programs on crashes has been inconclusive.

While this study provided valuable insights on the effectiveness of lowa’s DIP by
gender and age, some limitations of this study should be noted. First, the datatdase us
this study contained information only on the drivers who were instructed to attend DIP
Future data collection efforts could focus on gathering similar type of infamfat a
random sample of drivers (with and without DIP training), which can serve as theoftontr
group for evaluating DIP’s effectiveness. This will facilitate atiment-control evaluation
study. Second, the period of suspension after DIP and the starting date ofdicgresgsion
were not fully provided, which could affect the program’s evaluation results. Fesearch
may also consider conducting this evaluation by type of conviction (speedingssarel
driving or other). Finally, the study methodology presented in this study coujipbedafor
the evaluation of other driver education programs such as lowa’s Graduated. izevese

Program or other.
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APPENDIX A. ADDITIONAL MATERIAL

lowa Code Section 321.210 SUSPENSION.
1. The department is authorized to establish rules
suspension of the license of an operator upon thirt
without preliminary hearing upon a showing by its r
sufficient evidence that the licensee:

a. Is an habitually reckless or negligent driver of a

b. Is an habitual violator of the traffic laws.

c. Is physically or mentally incapable of safely oper
vehicle.

d. Has permitted an unlawful or fraudulent use of the
e. Has committed an offense or acted in a manner in a
foreign jurisdiction which in this state would be g

or revocation.

f . Has committed a serious violation of the motor veh
state.

g. Is subject to a license suspension under section 3

Prior to a suspension taking effect under paragraph
"e",or "f",thelicensee shall have received thirty days' adv
of the effective date of the suspension. Notwithst
lowa administrative procedure Act, chapter 17A, the
for judicial review shall, except for suspensions u
operate to stay the suspension pending the determin
court.

2. In determining suspension the department shall
following:

a. Violation of motor vehicle equipment standards if
within seventy-two hours of the violation and satis
repair is immediately sent to the department.

b. Violations of requirements to install and use safe
harnesses, and child restraint devices under sectio
c. Parking violations, meaning violation of a local a
ordinance or violation of sections 321L.4, 321.366,
321.354 through 321.361 except section 321.354, sub
d. The first two speeding violations within any twel
ten miles per hour or less over the legal speed lim
having a legal speed limit between thirty-four mile
six miles per hour.

Section History: Early Form

[C31, 35, § 4960-d35; C39, § 5014.10;
71,73,75,77,79, 81, § 321.210; 82 Acts, ch 1100

Section History: Recent Form

84 Acts, ch 1016, § 2; 84 Acts, ch 1022, § 1; 86 Ac
1; 86 Acts, ch 1220, § 32; 87 Acts, ch 120, 81; 87
89 Acts, ch 247, 86; 90 Acts, ch 1230, § 54; 96 Act

providing for the
y days ‘notice and
ecords or other
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ating a motor

license.
nother state or
rounds for suspension

icle laws of this
21.513.

"a","b", "c", "d",
ance notice
anding the terms of the
filing of a petition
nder paragraph
ation by the district
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not consider the

repairs are made
factory evidence of

ty belts, safety
ns 321.445 and 321.446.
uthority parking
subsection 6, and
section 1.
ve- month period of
it in speed zones
s per hour and fifty-

C46, 50, 54, 58, 62, 66,

,§18, 19]

ts, ch 1009, §
Acts, ch 167, 86;
s, ch 1152, § 15;
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97 Acts, ch 23, § 33; 97 Acts, ch 104, 8§16

Referred to in § 321.12, 321.178, 321.180A, 321.189 , 321.190,

321.191, 321.194, 321.210C, 321.212, 321.213, 321.2 15, 321.218,
321.555, 321A.17

lowa Code Section 321.555

321.555 HABITUAL OFFENDER DEFINED.

As used in this division, "habi tual of f ender" means any person who has

accumulated convictions for separate and distinct o
subsection 1, 2, or 3, committed after July 1, 1974
convictions have been rendered, as follows:

1. Three or more of the following offenses, either
combination, within a six-year period:

a. Manslaughter resulting from the operation of a mot
b. Operating a motor vehicle in violation of section
predecessor statute.

c. Driving a motor vehicle while the person's driver'
suspended, denied, revoked, or barred.

d. Perjury or the making of a false affidavit or stat
the department of public safety.

e. An offense punishable as a felony under the motor
or any felony in the commission of which a motor ve

f . Failure to stop and leave information or to render
sections 321.261 and 321.263.

g. Eluding or attempting to elude a pursuing law enfo
violation of section 321.279.

h. Serious injury by a vehicle in violation of sectio

4,

2. Six or more of any separate and distinct offense
period in the operation of a motor vehicle, which a
reported to the department by section 321.491 or ch
equipment violations, parking violations as defined
violations of registration laws, violations of sect
321.446, operating a vehicle with an expired licens
appear, weights and measures violations and speedin
than fifteen miles per hour over the legal speed li

3. The offenses included in subsections 1 and 2 sha
offenses under any valid town, city or county ordin
substantially conforming to the provisions of the C
offenses.

Section History: Early Form

[C75, 77, 79, 81, § 321.555; 82 Acts, ch 1167, § 10

Section History: Recent Form

84 Acts, ch 1016, 8 4; 84 Acts, ch 1022, § 9; 86 Ac
3; 86 Acts, ch 1220, 8§ 37; 89 Acts, ch 296, 8§ 36; 9
74--76; 93 Acts, ch 87, § 8; 97 Acts, ch 104, §824;

2; 98 Acts, ch 1073, 89

Referred to in § 321.213, 321.215, 321.556, 321.560
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lowa Code Section 321.218 and 321A.32 Subsection 1

321.218 OPERATING WITHOUT VALID DRIVER'S LICENSE OR

WHEN DISQUALIFIED -- PENALTIES.

1. A person whose driver's license or operating pr
denied, canceled, suspended, or revoked as provided
provided in section 252J.8 or section 901.5, subsec
10, and who operates a motor vehicle upon the highw
the license or privilege is denied, canceled, suspe
commits a simple misdemeanor. In addition to any o
punishment imposed for a violation of this subsecti
assessment of a fine of not less than two hundred f
than one thousand five hundred dollars.

2. The sentence imposed under this section shall n
court, notwithstanding section 907.3 or any other s

3. The department, upon receiving the record of th
person under this section upon a charge of operatin
the license of the person is suspended or revoked,
licenses suspended under section 252J.8, 321.210, s
"c", or section 321.210A or 321.513, extend the period
revocation for an additional like period, and the d
issue a new driver's license to the person during t

If the department receives a record of a conviction
section but the person's driving record does not in
original grounds of suspension were, the period of
subsection shall be for a period not to exceed six

4. A person who operates a commercial motor vehicl
this state when disqualified from operating the com
under section 321.208 or the imminent hazard provis
383.52 commits a serious misdemeanor if a commercia
required for the person to operate the commercial m
5. The department, upon receiving the record of a
under this section upon a charge of operating a com
while the person is disqualified, shall extend the
disqualification for an additional like period or f
specified in section 321.208, whichever is longer.

Section History: Early Form

[C31, 35, § 4960-d34, -d51; C39, § 5015.03;
62, 66, 71, 73, 75, 77, 79, 81, § 321.218; 82 Acts,

Section History: Recent Form

84 Acts, ch 1142, § 1; 85 Acts, ch 195, § 36; 86 Ac
34; 89 Acts, ch 83, 843; 90 Acts, ch 1230, § 60; 93
4; 95 Acts, ch 48, 84; 96 Acts, ch 1090, 8 6, 7; 97
817; 98 Acts, ch 1073, 8 9; 99 Acts, ch 153, §2; 20
§28; 2006 Acts, ch 1030, 8§36

Referred to in § 321.211A, 321J.4B, 805.6
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321A.32 OTHER VIOLATIONS -- PENALTIES.

1. Any person whose license or registration or non
privilege has been suspended, denied, or revoked un
continues to remain suspended or revoked under this
during such suspension, denial, or revocation, or d
suspension or continuing revocation, drives any mot
highway or knowingly permits any motor vehicle owne
operated by another upon any highway, except as per
chapter, shall be guilty of a simple misdemeanor.
other penalties, the punishment imposed for a viola
shall include assessment of a fine of not less than
dollars nor more than one thousand five hundred dol
2. Any person willfully failing to return license
required in section 321A.31 shall be guilty of a si

3. A person who forges or, without authority, sign
under section 321A.5 that a policy or bond is in ef

of financial responsibility, or any evidence of fin
coverage as defined in section 321.1, or who files
any such notice or evidence knowing or having reaso
forged or signed without authority, is guilty of a

4. Any person who shall violate any provision of t

no penalty is otherwise provided shall be guilty of

Section History: Early Form

resident's operating
der this chapter or
chapter, and who,
uring such continuing
or vehicle upon any

d by such person to be
mitted under this

In addition to any

tion of this subsection
two hundred fifty

lars.

or registration as
mple misdemeanor.

s a notice provided for
fect, or any evidence
ancial liability

or offers for filing

n to believe that it is
serious misdemeanor.
his chapter for which
a serious misdemeanor.

[C31, 35, § 5079-c7; C39, § 5021.05; CA46, § 321.279; C50, 54,

58, 62, 66, 71, 73, 75, 77, 79, 81, § 321A.32]

Section History: Recent Form

84 Acts, ch 1142, § 2; 97 Acts, ch 139, 810, 17, 18
1121, 88; 99 Acts, ch 153, 8§85
Referred to in § 321J.4B, 805.6

lowa Code Chapter 321J.2

: 98 Acts, ch

321J.2 OPERATING WHILE UNDER THE INFLUENCE OF ALCOHOL OR A

DRUG OR WHILE HAVING AN ALCOHOL CONCENTRATION OF .08 OR MORE

(OWI).

1. A person commits the offense of operating while
person operates a motor vehicle in this state in an
conditions:

a. While under the influence of an alcoholic bevera
combination of such substances.

b. While having an alcohol concentration of .08 or mo
c. While any amount of a controlled substance is pres
measured in the person's blood or urine.

2. A person who violates subsection 1 commits:

a. A serious misdemeanor for the first offense, punis
following:

(1) Imprisonment in the county jail for not less t

to be served as ordered by the court, less credit f

intoxicated if the
y of the following

ge or other drug or a
re.
ent in the person, as
hable by all of the

han forty-eight hours,
or any time the person
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was confined in a jail or detention facility follow

time the person spent in a court-ordered operating-
program that provides law enforcement security. Ho
ordering service of the sentence and in its discret
the defendant's work schedule.

(2) Assessment of a fine of one thousand two hundr
However, in the discretion of the court, if no pers
has resulted from the defendant's actions, the cour
hundred twenty-five dollars of the fine when the de
court at the end of the minimum period of ineligibi
restricted license issued pursuant to section 321J.
to a portion or all of the fine, the court may orde
unpaid community service.

(3) Revocation of the person's driver's license pu
321J.4, subsection 1, section 321J.9, or section 32
which includes a minimum revocation period of one h
may involve a revocation period of one year. A revo
321J.9 includes a minimum period of ineligibility f
restricted license of ninety days.

(a) A defendant whose alcohol concentration is .08
than .10 shall not be eligible for any temporary re
least thirty days if a test was obtained and an acc
personal injury or property damage occurred. The de
ordered to install an ignition interlock device of
commissioner of public safety on all vehicles owned
defendant if the defendant seeks a temporary restri
shall be no such period of ineligibility if no such

the defendant shall not be ordered to install an ig
device.

(b) A defendant whose alcohol concentration is mor
eligible for any temporary restricted license for a

a test was obtained, and an accident resulting in p
property damage occurred or the defendant's alcohol
.15. There shall be no such period of ineligibilit
occurred and the defendant's alcohol concentration
either case, where a defendant's alcohol concentrat
the defendant shall be ordered to install an igniti

a type approved by the commissioner of public safet
or operated by the defendant if the defendant seeks
license.

(4) Assignment to substance abuse evaluation and t
drinking drivers, and, if available and appropriate

substance abuse prevention program pursuant to subs
b. An aggravated misdemeanor for a second offense, an

in the county jail or community-based correctional
seven days, and assessed a fine of not less than on
hundred seventy-five dollars nor more than six thou
dollars.

c. Aclass "D" felony for a third offense and each su
shall be committed to the custody of the director o
corrections for an indeterminate term not to exceed
confined for a mandatory minimum term of thirty day
assessed a fine of not less than three thousand one
dollars nor more than nine thousand three hundred s

ing arrest or for any
while-intoxicated
wever, the court, in

ion, may accommodate

ed fifty dollars.
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(1) If the court does not suspend a person's sente

the custody of the director of the department of co
paragraph  "c", the person shall be assigned to a facility pursua
section 904.513.

(2) If the court suspends a person's sentence of ¢
custody of the director of the department of correc
paragraph  "c", the court shall order the person to serve not les
thirty days nor more than one year in the county ja

be committed to treatment in the community under se

3. a. Notwithstanding the provisions of sections 901.5
court shall not defer judgment or sentencing, or su
mandatory minimum sentence of incarceration applica
under subsection 2, and shall not suspend execution
sentence not involving incarceration imposed pursua
any of the following apply:

(1) If the defendant's alcohol concentration estab

of an analysis of a specimen of the defendant's blo
withdrawn in accordance with this chapter exceeds .
whether or not the alcohol concentration indicated
minus the established margin of error inherent in t

used to conduct the test equals an alcohol concentr

(2) If the defendant has previously been convicted
subsection 1 or a statute in another state substant
subsection 1.

(3) If the defendant has previously received a def
sentence for a violation of subsection 1 or forav

in another state substantially corresponding to sub

(4) If the defendant refused to consent to testing
accordance with section 321J.6.

(5) If the offense under this chapter results in b

a person other than the defendant.

b. All persons convicted of an offense under subsecti
ordered, at the person's expense, to undergo, prior
substance abuse evaluation.

c. Where the program is available and is appropriate
person, a person convicted of an offense under subs
ordered to participate in a reality education subst
program as provided in section 321J.24.

d. A minimum term of imprisonment in a county jail or
correctional facility imposed on a person convicted
subsequent offense under subsection 2 shall be serv
However, if the sentencing court finds that service
term on consecutive days would work an undue hardsh
finds that sufficient jail space is not available a
expected to become available within four months aft
incarcerate the person serving the minimum sentence
the court may order the person to serve the minimum
least forty-eight hours and to perform a specified
unpaid community service as deemed appropriate by t
4. In determining if a violation charged is a seco
offense for purposes of criminal sentencing or lice

this chapter:
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a. Any conviction or revocation deleted from motor ve
records pursuant to section 321.12 shall not be con
offense.

b. Deferred judgments entered pursuant to section 907
this section shall be counted as previous offenses.

c. Convictions or the equivalent of deferred judgment
any other states under statutes substantially corre
section shall be counted as previous offenses. The
notice the statutes of other states which define of
equivalent to the one defined in this section and ¢
considered corresponding statutes. Each previous vi
conviction or deferral of judgment was entered prio
violation charged shall be considered and counted a
offense.

5. A person shall not be convicted and sentenced f
violation of this section for actions arising out o
occurrence, even if the event or occurrence involve
conditions specified in subsection 1.

6. The clerk of the district court shall immediate
department a true copy of each order entered with r
judgment, deferral of sentence, or pronouncement of
for a defendant under this section.

7. a. This section does not apply to a person operating
while under the influence of a drug if the substanc

the person and was taken under the prescription and
directions of a medical practitioner as defined in
substance was dispensed by a pharmacist without a p
the rules of the board of pharmacy, if there is no
consumption of alcohol and the medical practitioner
directed the person to refrain from operating a mot

b. When charged with a violation of subsection 1, par
may assert, as an affirmative defense, that the con
present in the person's blood or urine was prescrib
person and was taken in accordance with the directi
and the labeling directions of the pharmacy, as tha
business are defined in section 155A.3.

8. In any prosecution under this section, evidence
analysis of a specimen of the defendant's blood, br

is admissible upon proof of a proper foundation.

a. The alcohol concentration established by the resu
analysis of a specimen of the defendant's blood, br
withdrawn within two hours after the defendant was
physical control of a motor vehicle is presumed to
concentration at the time of driving or being in ph

the motor vehicle.

b. The presence of a controlled substance or other dr
established by the results of analysis of a specime
defendant's blood or urine withdrawn within two hou
defendant was driving or in physical control of a m
presumed to show the presence of such controlled su
drug in the defendant at the time of driving or bei
control of the motor vehicle.

c. The department of public safety shall adopt nation
accepted standards for determining detectable level
substances in the division of criminal investigatio

hicle operating
sidered as a previous

.3 for violations of

s for violations in
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courts shall judicially
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laboratory screening test for controlled substances

9. a. Inaddition to any fine or penalty imposed under
chapter, the court shall order a defendant convicte

a deferred judgment for a violation of this section
restitution for damages resulting directly from the
victim, pursuant to chapter 910. An amount paid pu
restitution order shall be credited toward any adve
subsequent civil proceeding arising from the same o
However, other than establishing a credit, a restit
pursuant to this section shall not be given evident
effect in a subsequent civil proceeding arising fro
occurrence.

b. The court may order restitution paid to any publi

for the costs of the emergency response resulting f
constituting a violation of this section, not excee

dollars per public agency for each such response.

of this paragraph,
requiring response by fire fighting, law enforcemen
medical, or other emergency services. A public age
restitution shall consult with the county attorney
expenses incurred by the public agency, and the cou
include the expenses in the statement of pecuniary
to section 910.3.

10. In any prosecution under this section, the res
chemical test shall not be used to prove a violatio
paragraph  "b" or "
or other drug concentration indicated by the chemic
established margin of error inherent in the device
conduct the chemical test does not equal or exceed

prohibited by subsection 1, paragraph "b" or

Section History: Recent Form

86 Acts, ch 1220, § 2; 87 Acts, ch 118, § 4; 87 Act
46; 90 Acts, ch 1233, § 20; 90 Acts, ch 1251, § 33;
84, 5; 98 Acts, ch 1073, 8 9; 98 Acts, ch 1100, 8§50
1138, § 2, 3, 11--13, 37; 99 Acts, ch 96, §36; 2000
81; 2000 Acts, ch 1135, 81; 2002 Acts, ch 1042, §1;
81, 2; 2003 Acts, ch 179, 8120; 2003 Acts, 1st Ex,
2006 Acts, ch 1010, § 90; 2006 Acts, ch 1166, § 1--
10, 8174

Referred to in § 232.22, 321.12, 321.213, 321.279,
321J.2A, 321J.2B, 321J.3, 321J.4, 321J.4B, 321J.5,
321J.9, 321J.10, 321J.10A, 321J.12, 321J.13, 321J.1
321J.17, 321J.20, 321J.22, 321J.24, 321J.25, 602.81
804.31, 902.3, 907.3, 910.1, 910.2, 910.3, 915.80
For provisions relating to third offense OWI driver
revocations and restoration of driving privileges,

153, 825

lowa Code 321.263
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321.263 INFORMATION AND AID -- LEAVING SCENE OF

ACCIDENT.
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1. The driver of a vehicle involved in an accident
injury to or death of a person or damage to a vehic
or attended by a person shall give the driver's nam
the registration number of the vehicle the driver i
shall upon request and if available exhibit the dri
license to the person struck, the driver or occupan
person attending the vehicle involved in the accide
render to a person injured in the accident reasonab
including the transporting or arranging for the tra
person for medical treatment if it is apparent that

is necessary or if transportation for medical treat
by the injured person.

2. If the accident causes the death of a person, a
drivers shall remain at the scene of the accident e
necessary aid or to report the accident to law enfo
authorities. Before leaving the scene of the fatal
surviving driver shall leave the surviving driver's
automobile registration receipt, or other identific
scene of the accident. After leaving the scene of
surviving driver shall promptly report the accident
enforcement authorities, and shall immediately retu
the accident or inform the law enforcement authorit
surviving driver can be located.

Section History: Early Form

[S13, § 1571-m23; C24, 27, 31, 35, § 5072, 5079; C3
5020.03; C46, 50, 54, 58, 62, 66, 71, 73,75, 77,79, 81, §

321.263]

Section History: Recent Form

90 Acts, ch 1230, §68; 98 Acts, ch 1073, §9
Referred to in § 321.228, 321.261, 321.262, 321.555
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APPENDIX B. DATA

Table B.1 DIP Location

S

# | Abbreviation Community College City

1| Niec Northeast lowa Community College Calmar CALMAR

2 | Nicc Northeast lowa Community College Peosta PEOSTA

3 | NIACC North lowa Area Community College MASON CITY

4 | ILCC lowa Lakes Community College EMMETSBURG

5 | NeC Northwest lowa Community College SHELDON

6 |ICCC lowa Central Community College FORT DODGE

7 | IVCCD lowa Valley Community College District MARSHALLTOWN

8 | HCC Hawkeye Community College WATERLOO

9 | EICCD Eastern lowa Community College District BETTENDORF

10| KCC Kirkwood Community College CEDAR RAPIDS

11| DMACC Des Moines Area Community College ANKENY

12 | WITCC Western lowa Tech Community College Denisor DENISON

13| WITCC Western lowa Tech Community College Sioux Cjity SIOUX CITY

14 | IWCC lowa Western Community College COUNCIL BLUFF

15| SWCC Southwestern Community College CRESTON

16 | IHCC Indian Hills Community College OTTUMWA
WEST

17| SECC Southeastern Community College

BURLINGTON




Table B.2 Description of Conviction Reason Codes

110

=

Reason Reason

Code Description Code Description

2 Allow unauthorized person to drive 42 Improper start

4 Careless driving 43 Improper turn

6 o 47 Injurious material on
Crossing fire hose highway

9 _ 49 Ir_1terfere with signs or
Drag Racing signals (321.260)

10 N N 51 Lamps on parked
Driving where prohibited vehicle (321.395)

13 Driving wrong way on one way street 60 No driver’s license

14 Driving too slow 61 Obstructed vision
Driving without headlamps or with False statement under

15 65
park lamps oath

18 Fail to yield % of roadway 67 Reckless driving

23 Fail to obey officer 68 Passing school bus

24 71 Violation of motorcycle
Violation of accident requirements or moped

25 Fail to dim headlights 72 Speed

27 _ _ _ 85 Operating without
Fail to yield right of way owner’s consent

o8 _ _ _ 91 Offen_se_ by owner
Fail to yield to emergency vehicle (conviction)

29 _ o _ 93 FoII_owing emergency
Fail to obey traffic sign/signal vehicle

30 96 Speed (10 mph & unde
Following too close 35-55 mph zone)

31 Fail to have vehicle under control 120 Open container

Violation of
34 122 impoundment or
immobilization

Improper backing (321J.4B)

35 _ 135 Leaving the scene of
Improper lane (changing lanes) PD ACC (321.263)

40 Improper passing 136 Improper lane use

41 . . . 167 Violation. result.ing in
Improper signal or failed to signal fatal accident (in CMV)

12 Driving while suspended, denied, 108 Driving while barred
cancelled, revoked (in CMV)

*17 Eluding *109 Violating out-of-service

1%
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order (CMV)

Vehicular homicide or

*21 . . *110 . ..
Felony in use of motor vehicle serious injury — OWI
*59 _ 111 Unlawful use of license
Larceny of motor vehicle — alcohol related
x5 Leaving scene of personal injury 118 Possession alcohol
accident under legal age
*56 Manslaughter *138 GDL violation
*57 _ N _ | %43 Unlawful use of license
Vehicular homicide or serious injury — Tobacco
%6 _ o _ 144 Fail to stop_before
Operating while intoxicated crossing railroad
*63 o _ %145 Fail to slow/check RR
Ignition interlock device crossing
N N Fail to stop/RR track
70 Deferred judgment OWI 146 not clear
*81 Violation of restricted license *147 Blocks RR crossing
. . Disobeys traffic control
83 Violation of school license 148 at RR
. . Not enough
89 Violation of moped law 149 clearance/RR
Felony or aggravated misdemeanof
*102 involving disp/dist/mfg of drugs *150 Violation of RR
(CMV) crossing
103 No commercial driver’s license 153 Violation of RR
(321.174(3)) crossing
*104 Driving while disqualified (in CMV) | *166 Theft of motor fuel

“*" Can be reason for conviction or sanction.
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BY DIP DATE AND DIP LOCATION
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APPENDIX C. DISTRIBUTION OF DRIVER POPULATION
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Western lowa Tech Community College, Denison/Sioux City
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Indian Hills Community College, Ottumwa
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Southeastern Community College, West Burlington
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Hawkeye Community College, Waterloo
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Eastern lowa Community College District, Bettendorf

n o wn o wn O

AN N

SI9ALIQ JO JAquInN

900¢/6/CT
900¢/8T/T1T
900¢/8¢/01
900¢/./01
900¢/91/6
900¢/97/8
900¢/s/8
900¢/ST/L
900¢/v2/9
900¢/€/9
900¢Z/€T/S
900¢/te/v
900¢/1/v
900¢/TT/€
900¢/81/¢
900¢/8¢/1
900¢/L/1

Date Sent to DIP

o n O wn O

N -

SI9ALIQ JO JAquINN

L00Z/11/C1
£00T/02/11
L00Z/0€/0T
£002/6/01
L002/81/6
£00t/82/8
L002/L/8
L00T/LT/L
£002/92/9
£002/S/9
£00t/ST/S
L00T/ve/v
L00Z/€/v
L00T/€T/€
£00t/02/tT
L00Z/0€/T

£002/6/1

Date Sent to DIP

n o wn o wn o

N N A -

SI9ALIQ JO JAquInN

800¢/ST/TT
800¢/St/0T
800¢/¥/01
800¢/€T/6
800¢/€7/8
800¢/t/8
800¢/CtT/L
800¢/1¢/9
800¢/T€/S
800¢/0T/S
800¢/6T/¥
800¢/6t/¢€
800¢/8/¢€
800¢/91/¢
800¢/97/T

800¢/S/1

Date Sent to DIP




118

lowa Central Community College, Fort Dodge
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lowa Lakes Community College, Emmetsburg
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lowa Valley Community College District, Marshalltown

VOILTANONVOIFTNO

LB R R ]

SJ9ALIQ JO JAquInN

900¢/9/t1

900¢/7Z/T1

900¢/8/TT

900¢/5¢/0T

900¢/11/0T

900¢/L2/6

900¢/€1/6

900¢/0¢/8

900¢/91/8

900z/7/8

900¢/6T/L

900¢/S/L

9007/12/9

Date Sent to DIP

CNOTNONOITNO
(R Rl ]

SI9ALIQ JO JAquINN

£00z/€/0T
L002/61/6
L002/S/6
L00t/TT/8
L002/8/8
L00T/ST/L
L002/1T/L
L00T/L2/9
£00T/€T1/9
L00z/0g/S
£002/9T/S
L00Z/t/s
L00Z/8T/Y
L002/v/v
L00Z/1T/€
L00Z/L/€
£002/12/tT
L002/L/T
£002/72/T

Date Sent to DIP

o
LN

T T
o O O O o
< 0 N

SI9AlIQ JO JaquinN

800¢z/€T/CT
800¢/TT/11
800¢/T/TT
800¢/11/0T
800t/02/6
800¢/0¢€/8
800¢/6/8
800¢/6T/L
800¢/8t/9
800¢/L/9
800¢/LT/S
800¢/9t/v
800¢/S/v
800¢/ST/€
800z/€t/t

800¢/t/¢

Date Sent to DIP




121

SJ9ALIQ JO JAquInN

9002/€2/11T
900¢/t/T1T
900¢/¢1/0T
900¢/12/6
9002/1¢/8
900¢/01/8
900z/0t/L
9002/62/9
900¢/8/9
900¢/81/S
900¢/L2/Y
900¢/9/v
900¢/91/€
900z/€t/T
900¢/2/t

900¢/CT/T

Date Sent to DIP

SI9ALIQ JO JAquINN

L00Z/ST/TT
L00T/T/11T
£002/81/0T
£002/¥/0T
£002/02/6
£002/9/6
L00T/€2/8
£002/6/8
£002/9T/L
L00zZ/TT/L
£002/8t/9
L00T/¥1/9
L00Z/T€/S
L00T/LT/S
L00z/€/s
L00Z/61/Y
L00z/S/v
Looz/ze/e
£00T/8/€
Looz/te/t
£002/8/t

Date Sent to DIP

SI9ALIQ JO JAquINN

800¢/L¢/0T
800¢/€T/0T
8002/6¢/6
800¢/ST/6
800¢/1/6
800¢/81/8
800¢/v/8
800¢/1¢/L
800¢/L/L
800¢/€t/9
800¢/6/9
800¢/9t/s
800¢/tt/s
800¢/8¢/v
800¢/¥1/Y
800T/T€/€
800T/LT/€
800¢/€/€
800¢/8T/t
800¢/v/tT
8007/T¢/T

lowa Western Community College, Council Bluffs

Date Sent to DIP




122

900¢/s/tTT
900¢/¥T/11T
900¢/v/0T
900¢/€/0T
900¢/t1/6
900¢/22/8
900¢/1/8
900¢/11/L
900¢/02/9
900¢/0€/S
900¢/6/S
900¢/81/v
900¢/8t/¢
900¢/L/€
900¢/¥1/tT
900¢/v¢/T

900¢/€/1

Date Sent to DIP

o
©

30 -

o

£002/8/tT
L00T/LT/TT
L00¢/LT/0T
£002/9/0T
L00T/ST/6
£00T/ST/8
L00Z/v/8
L00T/PT/L
L00zZ/€2/9
£002/2/9
L002Z/TT/S
L00z/12/Y
L00T/1€E/€
£00Z/0T/€
L00T/LT/T
£002/L2/T

£002/9/T

Date Sent to DIP

Kirkwood Community College, Cedar Rapids

o O O O o

<t n N

SI9AlIQ JO JaquinN

800T/€T/TT
800¢/tt/T1
800¢/T/11T
800¢/1T/0T
800¢/0t/6
800¢/0¢/8
800¢/6/8
800¢/6T/L
800¢/8¢/9
800¢/L/9
800¢/L1/S
800¢/9t/v
800¢/S/v
800¢/ST/€
800z/€t/t
800¢/t/t

800¢/C1/1

Date Sent to DIP




123

Northwest lowa Community College, Sheldon
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North lowa Area Community College, Mason City
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Southwestern Community College, Creston
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APPENDIX D. DRIVER CONVICTIONS, CRASHES, AND DIP

OUTCOME

Table D.1. Distribution of Driver Convictions and Crashes before and afteDIP date

Before DIP date (by year)
4 3 2 1

After DIP date(by month)

1~-3 4~6 7~9 10~1213~15 16-~18
years years years year

Convictions 10693 3851 1645 352 O 0 0 0 177 145

S Crashes 878 465 340 105 O 0 0 0 48 18
Convictions 4545 1589 797 117 534 532 474 386 128 92

S, Crashes 420 216 161 26 142 138 120 87 25 19
Convictions 5405 1961 785 151 304 233 202 148 112 77
Crashes 439 229 165 42 28 30 23 26 23 17
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APPENDIX E. MODEL OUTPUTS

E.1.Binary Probit Model Outputs

Binary Probit Model Outputs by Gender

Binary probit model for conviction occurrence after DIP during probation
period by gender

Binary Probit Model Outputs- Male
--> PROBIT;Ihs=PCONV;rhs=one,x8 DMACC,KCC,age5,conv 3,convl,age2cr0,age4cr0$
Normal exit from iterations. Exit status=0.

Binomial Probit Model

Maximum Likelihood Estimates |
Model estimated: Mar 18, 2010 at 11:05:30AM.|

Dependent variable PCONV |

Weighting variable None |

Number of observations 5810 |

Iterations completed 5 |

Log likelihood function -3127.259 |

Number of parameters 9

Info. Criterion: AIC = 1.07961 |
Finite Sample: AIC = 1.07961 |

Info. Criterion: BIC = 1.08994 |

Info. Criterion:HQIC = 1.08320 |

Restricted log likelihood -3180.405 |
McFadden Pseudo R-squared  .0167103 |

Chi squared 106.2909 |

Degrees of freedom 8 |

Prob[ChiSqd > value] = .0000000 |

Hosmer-Lemeshow chi-squared = 9.30906 |

P-value= .31690 with deg.fr. = 8 |
+ + + + e R +
|Variable| Coefficient | Standard Error |b/St.Er.| P[|Z]>z]| Mean of X]|
+ + + + e T ——— B +
————————— +Index function for probability

Constant| -.57630478 .04665799 -12.352 .0000

X8 | -.14033904 .04136023 -3.393 .0007 .74991394
DMACC | .12415910 .04027009 3.083 .0020 .33683305
KCC | .11302031 .05343434  2.115 .0344 14612737
AGE5 | -.27546400 .06851592 -4.020 .0001 .10172117
CONV3 | -.16021235 .04005523 -4.000 .0001 .32719449
CONV1 | -.38546969 .06693547 -5.759 .0000 .10395869
AGE2CRO| .09007330 .04085213  2.205 .0275 .32857143
AGE4CRO | -.14922509 .06342361 -2.353 .0186 .10895009

4 4

| Fit Measures for Binomial Choice Model |
| Probit model for variable PCONV |

| Proportions PO=.763167 P1=.236833 |
| N= 5810 NO= 4434 N1= 1376 |
| LogL=-3127.259 LogLO= -3180.405 |
| Estrella = 1-(L/L0)*(-2L0/n) = .01828 |
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+ +
Efron | McFadden | Ben./Lerman |
.01709 | .01671 | .64483 |
Cramer | Veall/Zim.| Rsqrd_ML |
.01744| .03438 | .01813 |

4
T

Information Akaike I.C. Schwarz I.C. |
Criteria 1.07961 1.08994 |

+
Predictions for Binary Choice Model. Predicted va
1 when probability is greater than .500000, 0 oth
Note, column or row total percentages may not sum
100% because of rounding. Percentages are of full

+ + +
Actual| Predicted Value |
Value | 0 1 | Total Ac

0 | 4434(76.3%) O( .0%) 4434 (
1 | 1376(23.7%)] O0( .0%) 1376 (

4

[Total | 5810 (100.0%)| 0 ( .0%) 5810 (

lue is |
erwise.|

Analysis of Binary Choice Model Predictions Based o

Prediction Success

Sensitivity = actual 1s correctly predicted
Specificity = actual Os correctly predicted

Positive predictive value = predicted 1s that were
Negative predictive value = predicted Os that were
Correct prediction = actual 1s and Os correctly pre

Prediction Failure

False pos. for true neg. = actual Os predicted as 1
False neg. for true pos. = actual 1s predicted as 0
False pos. for predicted pos. = predicted 1s actual
False neg. for predicted neg. = predicted Os actual
False predictions = actual 1s and Os incorrectly pr

Binary Probit Model Outputs- Female

--> PROBIT;lhs=PCONV;rhs=one,conv1,conv3,conv4,x8,c

Normal exit from iterations. Exit status=0.

+ +
Binomial Probit Model |

Maximum Likelihood Estimates |
Model estimated: Mar 18, 2010 at 11:06:46AM.|

Dependent variable PCONV |
Weighting variable None |
Number of observations 3245 |
Iterations completed 5

|
Log likelihood function -1669.944 |
Number of parameters 7 |

.000%
100.000%
actual 1s .000%
actual Os  76.317%
dicted 76.317%

S .000%

S 100.000%
Os .000%
1s 23.683%

edicted 23.683%

rash0,age2cr0$
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Info. Criterion: AIC = 1.03356 |
Finite Sample: AIC = 1.03357 |

Info. Criterion: BIC = 1.04668 |

Info. Criterion:HQIC = 1.03826 |

Restricted log likelihood -1697.198 |
McFadden Pseudo R-squared  .0160580 |

Chi squared 54.50735 |
Degrees of freedom 6 |
Prob[ChiSqgd > value] = .0000000 |
Hosmer-Lemeshow chi-squared = 8.68921 |
P-value= .36919 with deg.fr. = 8 |

+ + + + +

|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

————————— +Index function for probability
Constant| -.42839891 .06760114 -6.337

CONV1 | -.42832939 .08987158 -4.766
CONV3 | -.24768721 .06084361 -4.071
CONV4 | -.17850557 .06662401 -2.679
X8 | -.14527875 .05619951 -2.585

CRASHO | -.20926675 .06206076 -3.372
AGE2CRO| .17239091 06176658 2.791

+ +
Fit Measures for Binomial Choice Model |
Probit model for variable PCONV |

+

+

Proportions PO=.783051 P1=.216949 |
N= 3245N0= 2541 N1= 704 |
LogL= -1669.944 LogL0= -1697.198 |
Estrella = 1-(L/LO)"(-2L0/n) = .01679 |

4
T

Efron | McFadden | Ben./Lerman |

.01602 | .01606 | .66582 |
Cramer | Veall/Zzim.| Rsqrd_ML |
.01637| .03231 | .01666 |

Information Akaike I.C. Schwarz I.C. |
Criteria 1.03356 1.04668 |

4
T

4

Predictions for Binary Choice Model. Predicted va
1 when probability is greater than .500000, 0 oth

100% because of rounding. Percentages are of full
+ + +

Actual| Predicted Value |

Value | 0 1 | Total Ac

4

0 | 2541(78.3%) O( .0%) 2541 (
1 | 704(21.7%) O( .0%) 704 (

4

|Total |
+ +

3245 (100.0%)| 0 ( .0%)| 3245 (
+ +

Note, column or row total percentages may not sum

-------- E—

P[|Z]>z]| Mean of X|

-------- S
.0000

.0000 .12141757
.0000 .33651772
.0074 .23266564
.0097 .74976888
.0007 .67241911
.0053 .34083205

lue is |
erwise.|

78.3%)|
21.7%)|

Analysis of Binary Choice Model Predictions Based o

Prediction Success

Sensitivity = actual 1s correctly predicted
Specificity = actual Os correctly predicted

.000%
100.000%



131

Positive predictive value = predicted 1s that were actual 1s  .000%
Negative predictive value = predicted Os that were actual Os  78.305%
Correct prediction = actual 1s and Os correctly pre dicted 78.305%

Prediction Failure

False pos. for true neg. = actual Os predicted as 1 S .000%
False neg. for true pos. = actual 1s predicted as 0 S 100.000%
False pos. for predicted pos. = predicted 1s actual Os .000%
False neg. for predicted neg. = predicted Os actual 1s 21.695%
False predictions = actual 1s and Os incorrectly pr edicted 21.695%

Binary Probit Model Outputs by Age

Binary Probit Model Outputs- Age group one: 30 years old or younger

PROBIT;lhs=PCONV;rhs=one,convl,x8,sco4,conv3,malcr0 $
Normal exit from iterations. Exit status=0.

Binomial Probit Model |

Maximum Likelihood Estimates |
Model estimated: Mar 17, 2010 at 03:14:22PM.|

Dependent variable PCONV |
Weighting variable None |
Number of observations 5199 |
Iterations completed 5 |
Log likelihood function -2927.357 |
Number of parameters 6 |
Info. Criterion: AIC = 1.12843 |
Finite Sample: AIC = 1.12843 |
Info. Criterion: BIC = 1.13600 |
Info. Criterion:HQIC = 1.13108 |

Restricted log likelihood -2955.278
McFadden Pseudo R-squared  .0094478 |

Chi squared 55.84199 |

Degrees of freedom 5 |

Prob[ChiSqd > value] = .0000000 |

Hosmer-Lemeshow chi-squared = 4.94169 |

P-value= .76379 with deg.fr. = 8 |

+ + + + e — T +
|Variable| Coefficient | Standard Error |b/St.Er.| P[|Z]>z]| Mean of X|
+ + + + e T ——— B +
--------- +Index function for probability

Constant| -.49551792 04254211 -11.648 .0000

CONV1 | -.40566226 .06976442 -5.815 .0000 .10636661
X8 | -.09941631 .04417159 -2.251 .0244 73110214
SCO4 | -.14944370 .05760447 -2.594 .0095 .16887863
CONV3 | -.18047133 .04453835 -4.052 .0001 .32871706
MALCRO | .07766702 .03832174 2.027 .0427 .41469513

| Fit Measures for Binomial Choice Model |
| Probit model for variable PCONV |

| Proportions PO=.744374 P1=.255626 |
| N= 5199 NO= 3870 N1= 1329 |
| LogL= -2927.357 LogLO= -2955.278 |
| Estrella = 1-(L/LO)*(-2L0/n) = .01073 |



132

+ +
Efron | McFadden | Ben./Lerman |
.01050 | .00945 | .62345 |
Cramer | Veall/Zim.| Rsqrd_ML |
.01054 | .01997 | .01068 |

4
T

Information Akaike I.C. Schwarz I.C. |
Criteria 1.12843 1.13600 |

+
Predictions for Binary Choice Model. Predicted va
1 when probability is greater than .500000, 0 oth
Note, column or row total percentages may not sum
100% because of rounding. Percentages are of full

+ + +
Actual| Predicted Value |
Value | 0 1 | Total Ac

0 | 3870 (74.4%) 0( .0%) 3870 (
1 | 1329(25.6%) O( .0%) 1329 (

4

[Total | 5199 (100.0%)| 0 ( .0%)| 5199 (

lue is |
erwise.|

Analysis of Binary Choice Model Predictions Based o

Prediction Success

Sensitivity = actual 1s correctly predicted
Specificity = actual Os correctly predicted

Positive predictive value = predicted 1s that were
Negative predictive value = predicted Os that were
Correct prediction = actual 1s and Os correctly pre

Prediction Failure

False pos. for true neg. = actual Os predicted as 1
False neg. for true pos. = actual 1s predicted as 0
False pos. for predicted pos. = predicted 1s actual
False neg. for predicted neg. = predicted Os actual
False predictions = actual 1s and Os incorrectly pr

.000%
100.000%
actual 1s .000%
actual Os  74.437%
dicted 74.437%

S .000%

S 100.000%
Os .000%
1s 25.563%

edicted 25.563%

Binary Probit Model Outputs- Age group two: 31 to 40 years old

--> PROBIT;lhs=PCONV;rhs=one,conv1,conv3,l01S,x8%

Normal exit from iterations. Exit status=0.

Binomial Probit Model

Maximum Likelihood Estimates |

Model estimated: Mar 17, 2010 at 03:19:51PM.|

Dependent variable PCONV |

Weighting variable None |

Number of observations 1775 |

Iterations completed 5 |

Log likelihood function -885.8241 |

Number of parameters 5 |

Info. Criterion: AIC = 1.00375 |
Finite Sample: AIC = 1.00376

Info. Criterion: BIC = 1.01919 |
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Info. Criterion:HQIC = 1.00945 |
Restricted log likelihood -900.5492
McFadden Pseudo R-squared  .0163513 |
Chi squared 29.45032 |
Degrees of freedom 4 |
Prob[ChiSqgd > value] = .6331330E-05 |
Hosmer-Lemeshow chi-squared = 4.13027 |
P-value= .84518 with deg.fr. = 8 |

+ + + + +

|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

————————— +Index function for probability
Constant| -.59218603 .06952141 -8.518

CONV1 | -.44713625 12712804 -3.517
CONV3 | -.24315578 .07482095 -3.250
LO1S | .20690049 .08352410 2.477
X8 | -.23153124 .08124670 -2.850

4 4

Fit Measures for Binomial Choice Model |
Probit model for variable PCONV |

4
T

Proportions PO=.794930 P1=.205070 |
N= 1775N0= 1411 N1= 364 |
LogL= -885.824 LogLO= -900.549 |
Estrella = 1-(L/LO)"(-2L0/n) = .01659 |

+

+
Efron | McFadden | Ben./Lerman |
.01571| .01635 | .67919 |
Cramer | Veall/Zim.| Rsqrd_ML |
.01599 | .03241 | .01645 |

4
T

Information Akaike I.C. Schwarz I.C. |
Criteria 1.00375 1.01919 |

+
Predictions for Binary Choice Model. Predicted va
1 when probability is greater than .500000, 0 oth
Note, column or row total percentages may not sum
100% because of rounding. Percentages are of full
+ + +

Actuall Predicted Value |

Value | 0 1 | Total Ac

4

0 | 1411 (79.5%) O( .0%) 1411 (
1 | 364(205%) O( .0%) 364 (

4

|Total | 1775 (100.0%)| 0 ( .0%)| 1775 (

-------- E—

P[|Z]>z]| Mean of X|

-------- S
.0000

.0004 .10309859
.0012 .33690141
.0132 .24901408
.0044 73352113

lue is |
erwise.|

Analysis of Binary Choice Model Predictions Based o

Prediction Success

Sensitivity = actual 1s correctly predicted
Specificity = actual Os correctly predicted

Positive predictive value = predicted 1s that were
Negative predictive value = predicted Os that were
Correct prediction = actual 1s and Os correctly pre

Prediction Failure

.000%
100.000%
actual 1s .000%
actual Os  79.493%
dicted 79.493%
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False pos. for true neg. = actual Os predicted as 1 S .000%
False neg. for true pos. = actual 1s predicted as 0 S 100.000%
False pos. for predicted pos. = predicted 1s actual Os .000%
False neg. for predicted neg. = predicted Os actual 1s 20.507%
False predictions = actual 1s and Os incorrectly pr edicted  20.507%

Binary Probit Model Outputs- Age group three: 40 years old or older

--> PROBIT;lhs=PCONV;rhs=one,x8,lo1s,convl,conv3$
Normal exit from iterations. Exit status=0.

Binomial Probit Model |
Maximum Likelihood Estimates |
Model estimated: Mar 17, 2010 at 03:36:52PM.|

Dependent variable PCONV |

Weighting variable None |

Number of observations 2081 |

Iterations completed 5 |

Log likelihood function -982.0724 |

Number of parameters 5

Info. Criterion: AIC = .94865 |
Finite Sample: AIC = .94867 |

Info. Criterion: BIC = 96220 |

Info. Criterion:HQIC = .95362

Restricted log likelihood -999.5539
McFadden Pseudo R-squared  .0174893 |

Chi squared 34.96297 |

Degrees of freedom 4 |

Prob[ChiSqd > value] = .0000000 |

Hosmer-Lemeshow chi-squared = 13.54016 |

P-value= .09457 with deg.fr. = 8 |
+ + + + + R +
|Variable| Coefficient | Standard Error |b/St.Er.| P[|Z]>z]| Mean of X|
+ + + + e T —— E +
————————— +Index function for probability

Constant| -.64028123 .07523475 -8.510 .0000

X8 | -.27339748 .08387613 -3.260 .0011 .81066795
LO1S | .25377001 .07462889  3.400 .0007 .27534839
CONV1 | -.42532564 11080815 -3.838 .0001 .12590101
CONV3 | -.19409700 .07098280 -2.734 .0062 .32964921

Fit Measures for Binomial Choice Model |
Probit model for variable PCONV |

4

Proportions PO=.814032 P1=.185968 |
N= 2081 NO= 1694 N1= 387 |
LogL= -982.072 LogLO= -999.554 |
Estrella = 1-(L/LO)"(-2L0/n) = .01681 |

+ +

Efron | McFadden | Ben./Lerman |
.01676 | .01749 | 70224 |
Cramer | Veall/Zim.| Rsqrd_ML |
.01657 | .03372 | .01666 |

4
T
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Information Akaike I.C. Schwarz I.C. |
Criteria .94865 .96220 |

+
Predictions for Binary Choice Model. Predicted va
1 when probability is greater than .500000, 0 oth
Note, column or row total percentages may not sum
100% because of rounding. Percentages are of full

+ + +
Actual| Predicted Value |
Value | 0 1 | Total Ac

0 | 1694 (81.4%) O( .0%) 1694 (
1 | 387(18.6%) O( .0%) 387 (

4

[Total | 2081 (100.0%)| 0 ( .0%)| 2081 (

lue is |
erwise.|

81.4%)|
18.6%)|

Analysis of Binary Choice Model Predictions Based o

Prediction Success

Sensitivity = actual 1s correctly predicted
Specificity = actual Os correctly predicted

Positive predictive value = predicted 1s that were
Negative predictive value = predicted Os that were
Correct prediction = actual 1s and Os correctly pre

Prediction Failure

False pos. for true neg. = actual Os predicted as 1
False neg. for true pos. = actual 1s predicted as 0
False pos. for predicted pos. = predicted 1s actual
False neg. for predicted neg. = predicted Os actual
False predictions = actual 1s and Os incorrectly pr

.000%
100.000%
actual 1s .000%
actual Os 81.403%
dicted 81.403%

S .000%

S 100.000%
Os .000%
1s 18.597%

edicted 18.597%

E.2 Negative Binomial Model Outputs

Negative Binomial Model Outputs by Gender

Negative Binomial Model Outputs-Male

Frequency of Convictions after DIP during probation
Male

--> negbin;lhs=x9;rhs=one,age5,convl,conv3,x8,age2l

Negative Binomial Regression |
Maximum Likelihood Estimates |
Model estimated: Mar 17, 2010 at 05:19:44PM.|

Dependent variable X9 |
Weighting variable None |
Number of observations 5810 |
Iterations completed 14

Log likelihood function -4184.177 |
Number of parameters 11

Info. Criterion: AIC = 1.44412 |

period by gender

ol,age3,age2co4,age4$
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Finite Sample: AIC = 1.44413 |
Info. Criterion: BIC = 1.45675 |
Info. Criterion:HQIC = 1.44851

Restricted log likelihood -4298.424 |
McFadden Pseudo R-squared  .0265789 |

Chi squared 228.4949 |
Degrees of freedom 1 |
Prob[ChiSqgd > value] = .0000000 |
NegBin form 2; Psi(i) = theta |

+ +

4 4 4 3 +

|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

Constant| -.55453252 .06969963 -7.956

AGE5 | -.73389664 11776742 -6.232
CONV1 | -.61285152 10317921 -5.940
CONV3 | -.29555961 .06331456 -4.668
X8 | -.38416152 06717266 -5.719
AGE2LO1| -.18491142 .09376579 -1.972
AGE3 | -.38591889 .08110402 -4.758
AGE2CO4 | -.23712718 09047477 -2.621
AGE4 | -.41830015 .09083412 -4.605
LO1S | .31786433 .08334654 3.814

--------- +Dispersion parameter for count data model
Alpha | 1.07105177 10433729 10.265

Negative Binomial Model Outputs-Female

--> negbin;lhs=x9;rhs=one,convl,x8,conv3,age3s$
+ +

Negative Binomial Regression |
Maximum Likelihood Estimates |

Model estimated: Mar 17, 2010 at 05:45:26PM.|

Dependent variable X9 |
Weighting variable None |
Number of observations 3245 |
Iterations completed 8 |
Log likelihood function -2214.243 |
Number of parameters 6 |
Info. Criterion: AIC = 1.36841 |
Finite Sample: AIC = 1.36842 |
Info. Criterion: BIC = 1.37966 |
Info. Criterion:HQIC = 1.37244 |

Restricted log likelihood -2292.634 |
McFadden Pseudo R-squared  .0341924 |

Chi squared 156.7814 |
Degrees of freedom 1 |
Prob[ChiSqd > value] = .0000000 |
NegBin form 2; Psi(i) = theta |

+ +

+ + + + +

|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

Constant| -.84839105 .07046574 -12.040

CONV1 | -.66539233 14535308 -4.578
X8 | -.27909676 .08604445 -3.244

CONV3 | -.26749430 .08551440 -3.128
AGE3S | -.26022084 12039668 -2.161

————————— +Dispersion parameter for count data model
Alpha | 1.32102859 15814820 8.353

-------- S

P[|Z]>z]| Mean of X|

-------- CS—
0000

.0000 .10172117
.0000 .10395869
.0000 .32719449
.0000 .74991394
.0486 .16574871
.0000 .19414802
.0088 .12151463
.0000 .13803787
.0001 .25318417

.0000
-------- E—
P[|Z]>z]| Mean of X|
-------- CS—
0000

.0000 .12141757
.0012 .74976888
.0018 .33651772
.0307 .14730354
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Negative Binomial Model Outputs by Age

Negative Binomial Model Outputs-Age group one: 30 years old or younger

--> negbin;lhs=x9;rhs=one,convl,conv3,maleu,sco4 $
+ +

Negative Binomial Regression |

Maximum Likelihood Estimates |

Model estimated: Mar 18, 2010 at 10:41:28AM.|

Dependent variable X9 |
Weighting variable None |
Number of observations 5199 |
Iterations completed 9 |
Log likelihood function -4008.668 |
Number of parameters 6 |
Info. Criterion: AIC = 1.54440 |
Finite Sample: AIC = 1.54440 |
Info. Criterion: BIC = 1.55197 |
Info. Criterion:HQIC = 1.54705 |

Restricted log likelihood -4126.587 |
McFadden Pseudo R-squared  .0285755 |

Chi squared 235.8383 |

Degrees of freedom 1 |

Prob[ChiSqd > value] = .0000000 |

NegBin form 2; Psi(i) = theta |
+ + + + + R +
|Variable| Coefficient | Standard Error |b/St.Er.| P[|Z]>z]| Mean of X|
+ + + + e T —— E +
Constant| -.91291210 .04626835 -19.731 .0000

CONV1 | -.59158741 10404629 -5.686 .0000 .10636661
CONV3 | -.26820651 .06532282 -4.106 .0000 .32871706
MALEU | .22825506 .07136754 3.198 .0014 .17157146
SCO4 | -.22637983 .08185737 -2.766 .0057 .16887863
--------- +Dispersion parameter for count data model

Alpha | 1.08769021 10729194 10.138 .0000

Negative Binomial Model Outputs-Age group two: 31 to 40 years old

--> negbin;lhs=x9;rhs=one,convl,conv3,l01S,x8%
+ +

Negative Binomial Regression |
Maximum Likelihood Estimates |
Model estimated: Mar 18, 2010 at 10:35:58AM.|

Dependent variable X9 |

Weighting variable None |

Number of observations 1775 |

Iterations completed 8

Log likelihood function -1162.906 |

Number of parameters 6

Info. Criterion: AIC = 1.31708 |
Finite Sample: AIC = 1.31710 |

Info. Criterion: BIC = 1.33561 |

Info. Criterion:HQIC = 1.32392 |

Restricted log likelihood -1208.856
McFadden Pseudo R-squared  .0380109 |

Chi squared 91.89934 |
Degrees of freedom 1 |
Prob[ChiSqd > value] = .0000000 |

NegBin form 2; Psi(i) = theta |

4 4
T T
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+ + + + +
|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

Constant| -.84210142 .09079538 -9.275

CONV1 | -.69110846 .20444104 -3.380
CONV3 | -.36094615 12126335 -2.977
LO1S | .33334955 14305555 2.330
X8 | -.52539271 12558052 -4.184

--------- +Dispersion parameter for count data model
Alpha | 1.43061815 22356063  6.399

-------- E—
P[|Z]>z]| Mean of X|
-------- S

.0007 .10309859
.0029 .33690141
.0198 .24901408
.0000 .73352113

Negative Binomial Model Outputs-Age group three: 41 years old or older

--> negbin;lhs=x9;rhs=one,convl,x8,crashl,lols,conv

+ +
Negative Binomial Regression |
Maximum Likelihood Estimates |
Model estimated: Mar 18, 2010 at 10:45:19AM.|

4
T

Dependent variable X9 |

Weighting variable

Number of observations

Iterations completed
Log likelihood function
Number of parameters
Info. Criterion: AIC =
Finite Sample: AIC =
Info. Criterion: BIC =
Info. Criterion:HQIC =

Restricted log likelihood

None |
2081 |
9 |
-1218.551 |
7
1.17785 |
1.17787 |
1.19682 |
1.18480 |
-1245.028 |

McFadden Pseudo R-squared  .0212661 |

Chi squared
Degrees of freedom

Prob[ChiSqd > value] =

52.95386 |

1]
.0000000 |

NegBin form 2; Psi(i) = theta |

+

4
T

+ +

+ +

|Variable| Coefficient | Standard Error |b/St.Er.|
+ + + + +

Constant| -1.11147532
CONV1 | -.73152052
X8 | -.52560259

CRASH1 | .36504327
LO1S | .45726863
CONV3 | -.28941028

————————— +Dispersion parameter for count data model

Alpha | 1.06049691

10788279 -10.303
20224645 -3.617

12626178 -4.163

11623784  3.140

12008546  3.808

11140688 -2.598

19429058 5.458

3%

-------- E—
P[|Z]>z]| Mean of X|
+

.0003 .12590101
.0000 .81066795
.0017 .20230658
.0001 .27534839
.0094 .32964921
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APPENDIX F. ASSOCIATIOIN RULES OUTPUT

Table F.1 Lift value for female drivers

Female Driver (Population: 3,245)

Cause Factor Lifft Confidengesupport
Drivers 30 years of age or younger 1/10 7% 4.0%
Drivers between 31 and 40 years of a@eB2 5% 1.0%
Drivers 41 years of age or older 0.89 6% 1.2%
Unsatisfactory 0.68 4% 1.0%
Satisfactory 1.11 7% 5.1%
One Conviction before DIP 0.94 6% 0.7%
Two Convictions before DIP 0.83 5% 0.4%
Three Convictions before DIP 1.06 7% 2.2%
Four Convictions before DIP 1.01 6% 1.4%
Five Convictions before DIP 0.85 5% 0.7%
Six Convictions before DIP 1.35 8% 0.4%
Seven Convictions before DIP 1.19 7% 0.2%
Eight Convictions before DIP 1.15 7% 0.1%
One Crash before DIP 1.24 8% 2.0%
Two Crashes before DIP 0.97 6% 0.3%
Three Crashes before DIP 2.07 13% 0.2%
Four Convictions or more before DIP 1.01 6% 2.8%

Table F.2 Lift value for male drivers

Male Driver (Population: 5,810)

Cause Factor Lifft Confidengesupport
Drivers 30 years of age or younger 1{14 7% 3.7%
Drivers between 31 and 40 years of a@e92 5% 1.0%
Drivers 41 years of age or older 0[77 4% 1.1%
Unsatisfactory 0.7% 4% 1.1%
Satisfactory 1.08 6% 4.7%
One Conviction before DIP 0.2 4% 0.4%
Two Convictions before DIP 094 5% 0.5%
Three Convictions before DIP 0.96 6% 1.8%
Four Convictions before DIP 0.98 6% 1.3%
Five Convictions before DIP 1.37 8% 1.0%
Six Convictions before DIP 1.06 6% 0.4%
Seven Convictions before DIP 1.54 9% 0.2%
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Eight Convictions before DIP 0.26 2% 0.0%
One Crash before DIP 1.06 6% 1.4%

Two Crashes before DIP 1.29 7% 0.4%
Three Crashes before DIP 1.81 10% 0.1%

Four Convictions or more before DIP 111 6% 3.0%
One to three Convictions before DIP  0/91 5% 2.8%

Table F.3 Lift value for drivers 30 years of age or younger

Drivers 30 years of age or younger ( Population: 5,199)
Cause Factor Liff Confidengesupport

Female 1.03 7% 2.5%

Male 0.98 6% 4.1%
Unsatisfactory 0.66 4% 1.2%
Satisfactory 1.12 7% 5.4%

One Conviction before DIP 0.82 5% 0.6%
Two Convictions before DIP 1.03 7% 0.6%
Three Convictions before DIP 1.09 7% 2.4%
Four Convictions before DIP 0.88 6% 1.3%
Five Convictions before DIP 1.08 7% 1.0%

Six Convictions before DIP 1.0 7% 0.4%
Seven Convictions before DIP 1.26 8% 0.2%
Eight Convictions before DIP 0.53 4% 0.0%
One Crash before DIP 1.00 7% 1.8%

Two Crashes before DIP 1.04 7% 0.4%
Three Crashes before DIP 1.62 11% 0.1%

Four Convictions or more before D|R.98 6% 3.0%
One to three Convictions before D|R.03 7% 3.6%

Table F.4 Lift value for drivers between 31 and 40 years of age

Drivers between 31 and 40 years of age (Population: 1,775)

Lift | Confidence| support
Female 0.97 5% 1.9%
male 1.02 5% 3.4%
Outcome (u) 1.0% 5% 1.5%
Outcome (s) 098 5% 3.8%
One Conviction before DIP 0.83 4% 0.5%
Two Convictions before DIP 0.90 5% 0.4%
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Three Convictions before DIP 0.51 3% 0.9%
Four Convictions before DIP 1.29 7% 1.6%
Five Convictions before DIP 1.82 10% 1.2%

Six Convictions before DIP 1.10 6% 0.4%
Seven Convictions before DIP 2.03 11% 0.3%
Eight Convictions before DIP 0.00 0% 0.0%
One Crash before DIP 151 8% 1.6%

Two Crashes before DIP 0.99 5% 0.2%
Three Crashes before DIP 440 23% 0.2%

Four Convictions or more before D|A..42 7% 3.5%
One to three Convictions before D|P.64 3% 1.7%

Table F.5 Lift value for drivers 41 years of age or older

Drivers 41 years of age or older (Population: 2,081)

Lift | Confidence| support
Female 1.15 6% 1.8%
male 0.93 4% 3.0%
Outcome (u) 0.53 3% 0.5%
Outcome (s) 1.11 5% 4.3%
One Conviction before DIP 0.79 4% 0.5%
Two Convictions before DIP 051 2% 0.2%
Three Convictions before DIP 1.15 6% 1.8%
Four Convictions before DIP 1.06 5% 1.2%
Five Convictions before DIP 0.85 4% 0.5%
Six Convictions before DIP 141 7% 0.4%
Seven Convictions before DIP 1.41 7% 0.2%
Eight Convictions before DIP 1.16 6% 0.0%
One Crash before DIP 1.29 6% 1.2%
Two Crashes before DIP 1.84 9% 0.3%
Three Crashes before DIP 1.6 6% 0.0%
Four Convictions or more before D|A..07 5% 2.3%
One to three Convictions before D|P.96 4% 2.5%
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