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FOREWORD

By Charles W. Niessner
Saff Officer
Transportation Research
Board

This report presents the findings of a research project to develop an integrated
safety management process. The processis atool to assist in integrating safety-related
implementation actions by proposing a method for bringing together agencieswithin a
jurisdiction that are responsible for highway safety. The report will be of particular
interest to safety practitionerswith responsibility for implementing programsto reduce
injuries and fatalities on the highway system.

In 1998, AASHTO approved its Strategic Highway Safety Plan, which was devel-
oped by the AASHTO Standing Committee for Highway Traffic Safety with the assis-
tance of the Federal Highway Administration, the National Highway Traffic Safety
Administration, and the Transportation Research Board Committee on Transportation
Safety Management. The plan includes strategies in 22 key emphasis areas that affect
highway safety. The plan’s goal is to reduce the annual number of highway deaths by
about 5,000 to 7,000. One of the 22 emphasis areas is “Creating More Effective
Processes and Safety Management Systems.”

State organizations carry out a number of independent safety initiatives that indi-
vidually help to reduce injuries and fatalities on highways. Although highway safety
responsihilities are divided among multiple agencies (DOT, motor vehicle administra:
tion, state police, emergency service, etc.), most states do not have a comprehensive
strategic approach. Many initiatives focus only on strategies that the particular agency
is responsible for implementing and do not effectively address the entire safety prob-
lem. A coordinated, comprehensive management approach to integrating engineering,
education, enforcement, and emergency service efforts is needed to more effectively
address mgjor crash problems and achieve a greater reduction of overal injuries and
deaths.

Under NCHRP Project 17-18(5), “Integrated Management Process to Reduce
Highway Injuries and Fatalities Statewide,” iTRANS Consulting, Ltd., developed an
integrated safety management process. The integrated management process comprises
the necessary steps for advancing from crash data to integrated action plans. The
process includes the following six steps: (1) review highway safety information;
(2) establish emphasis area goals; (3) develop objectives, strategies, and preliminary
action plans to address the emphasis areas; (4) determine the appropriate combination
of strategies for identified emphasis areas; (5) develop detailed action plans; and
(6) implement the action plans and eval uate performance. The processincludes method-
ologiesto aid the practitioner in problem identification, resource optimization, and per-
formance measurements. For those states and jurisdictions just starting to develop an
integrated management approach, the steps to establishing it are fully described. In
addition, a detailed description of the roles and functions forming the organizational
structure of such an integrated management approach is provided. The processis suf-
ficiently flexible to allow individual states and jurisdictions to customize the process



according to their political and organizational culture, resource constraints, and saf ety
needs.

Whilethisreport providesan overall framework for coordinating a safety program,
the volumes of NCHRP Report 500 provide a series of guides for dealing with partic-
ular crash scenarios. Each of the volumes includes a brief introduction, a general
description of the problem, and the strategies and countermeasures to address the prob-
lem. Together, the management process and the guides provide acomprehensive set of
tools for managing a coordinated highway safety program.
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INTEGRATED SAFETY MANAGEMENT PROCESS

SUMMARY

An integrated management process is described, referred to as the Integrated Safety
Management System (ISM System). The |SM System is an organizational structure that
is supported by resources and defined in terms of

* Leadership;

* Mission and vision statements; and

* Processes equipped with tools for managing the attributes of road, driver, and
vehicle.

The intended audience for thisreport is highway safety professionalsintegrating the
planning, optimization, and implementation steps in highway safety-related activities
in order to maximize safety. The ISMSystem is one part of the larger Surface Trans-
portation System, and by that connection it is related to asset management programs
(1, 2), construction and system preservation, and other transportation systems includ-
ing air, water, and pipeline transportation systems. The | SM Systemis, for the most part,
agovernmental management process; however, it encourages participation by the pri-
vate sector through government channels.

Though much of this report is on the Integrated Safety Management Process (ISM-
Process), which identifies the steps necessary to maximize highway safety, the ISM-
Process is only one of several components within the | SM System. The other critical
components include leadership (which represents the safety champions who are pro-
ponents of highway safety causes regardless of discipline), mission and vision (which
stress the importance of having a clear and united purpose among all integrated agen-
cies), and tools (which include the methodol ogies, databases, and analytical techniques
necessary to provide the basis for good decision making and the most cost-effective
implementation programs).

Fundamental to thel SM System isan interdisciplinary organizational structure formed
through a coalition of highway safety agencies that allocates different responsibilities to
specific groups or people who must work together in order to maximize safety. Day-to-
day management responsibility falls upon the Operations Manager, an appointee by the
codlition, while interagency coordination and communication, integration of goals, and
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priorities are the responsibility of the Safety Program Leadership (SPL) group, whichis
made up of the top management of the different agenciesinvolved in highway safety. In
setting priorities, the SPL selects emphasis areas, those areas that have been identified as
safety concerns for which resources within the jurisdiction are allocated to develop and
implement action plans forming the Integrated Strategic Highway Safety Plan (ISHS-
Plan). Task Teams represent the professional's, drawn from agenciesinvolved in specific
emphasis areas, who will develop strategies and action plans. The Risk Analysis and
Evaluation (RAE) group provides the quantitative analysis of highway data and gathers
information to support the decision-making process of the SPL, Operations Manager, and
Task Teams at each one of the major steps of the | SM Process.

There is enough flexibility in the ISM System to alow individual states and juris-
dictions to customize the process according to their political and organizational cul-
ture, resource constraints, and safety needs. The | SM System was devel oped to support
safety plans, such asthe AASHTO Strategic Highway Safety Plan, as adopted in 1999.

The ISMProcessis broken down into six major steps designed to describe those ele-
ments in the process that are required to maximize safety. These steps are

1. Review highway safety information;

2. Establish emphasis area godl;

3. Develop objectives, strategies, and preliminary action plansto address the empha-
Sisaress,

4. Determinethe appropriate combination of strategiesfor identified emphasis areas;

5. Develop detailed action plans; and

6. Implement |SHSPIan and evaluate performance.

ThelSMProcess startswith the SPL setting overall highway safety missionand vision
statementsfor the jurisdiction. Next, emphasis areas, corresponding to thejurisdiction’s
major safety concerns, are identified, using available data on vehicles, persons, and
infrastructure elements associated with crash data and other relevant information. The
selected emphasis areas are allocated to the Task Teamsfor development. Equi pped with
the AASHTO Strategic Highway Safety Plan |mplementation Guides (AASHTO Imple-
mentation Guides, published as NCHRP Report 500) and aided by analytical tools pro-
posed in thisreport and other applicable techniques, the Task Teams devel op objectives
and strategies and propose activities, performance indicators, and work plans or sched-
ules. The RAE group and Operations Manager prioritize the strategies devel oped by the
different Task Teams, using cost-benefit optimization techniques, to achieve an inte-
grated implementation plan for the jurisdiction. This optimization is achieved by mini-
mizing duplication of effort in two or more emphasis areas and by selecting the best
combinations of strategies to the highest levels of return for a given budget. Using the
strategies that are selected and the respective final detailed action plans, the Operations
Manager and the Task Teams compile an ISHSPlan that works in a synergetic fashion
whereby the net safety effect is greater than what the effect of the strategies would be
independently.




CHAPTER 1
INTRODUCTION

Imagine severd peoplefrom the samefamily trying to move
a large heavy sofa from one room to another. If one person
lifts, one person pushes, and ancther person holds adoor open,
this may perhaps at first sound like a reasonable approach.
However, if those who are pushing and lifting are going in dif-
ferent directions, and the third person plans on opening the
door tomorrow, obviously the sofawill not get moved very far.

Now imagine several different agencies from the same
jurisdiction, each with the responsibility of improving high-
way safety. Should not there be some sort of management
system in place so that the agencies’ combined efforts at
improving safety are greater than each agency working
independently? Obviously, each agency isdifferent with its
own organization, members, and resources. Each agency
representing engineering, enforcement, education, or emer-
gency services is different in size, yet each has a critical
roleto play, just like holding the door open is critical to the
success of the sofa-moving task. An agency with the best
training, methodologies, and resources will still not maxi-
mize safety for itsjurisdiction if it worksindependently and
inisolation. The agenciesresponsiblefor highway safety are
separate entities, but their management efforts and decision-
making processes should be integrated to both improve
safety and reduce costs.

The AASHTO Standing Committee for Highway Traffic
Safety, with the assistance of the Federa Highway Adminis-
tration (FHWA), the National Highway Traffic Safety Admin-
istration (NHTSA), and the Transportation Research Board
Committee on Transportation Safety Management, has devel-
oped the AASHTO Strategic Highway Safety Plan (AASHTO
SHSP). The AASHTO SHSP addresses highway safety in
terms of the driver, the occupant, the vehicle, the road, and
postcrash responsibilities in noninfrastructure areas. The
AASHTO Strategic Highway Safety Plan Implementation
Guides (AASHTO Implementation Guides, published as
NCHRP Report 500) are in development for the 22 emphasis
areas selected for thisplan (3). However, in order for agencies
to implement emphasis areas and their strategies as described
in the implementation guides, a safety management system is
necessary (4, 5).

The Integrated Safety Management System (ISMSys-
tem) defines a system, organization, and process for man-
aging the attributes of the road, driver, and vehicle to

achieve the highest level of safety by integrating the work
of disciplines and agencies involved in highway safety
within a jurisdiction. These disciplines include the plan-
ning, design, construction, operation, and maintenance of
the roadway infrastructure; injury prevention and control
(emergency medical services[EMS]); the design and man-
ufacture of vehicles; and those disciplinesinvolved in con-
trolling and modifying road user behavior (education, en-
forcement, and department of motor vehicles [DMV]). In
order to manage the |SM System and to achieve the level of
integration required to meet the highest levels of safety, two
key components are needed. The first is an organizational
structure that will allow for the integration of the agencies
involved in highway safety. The second is a forma man-
agement process that will direct activities of these agencies
in a manner that will efficiently achieve the mission and
vision of the |SM System.

Thisreport should be seen as adetailed outline and not asa
regulatory blueprint. That is, al the parts described within this
system are necessary, but thereisflexibility for statesand other
jurisdictions to customize the organizationa structure and
management process according to their political and organiza
tional culture, budgetary congtraints, levels of dataintegration
and availability, and jurisdictional safety goals and needs.
Often the term “jurisdiction” is used instead of “state” to rec-
ognize that the application of the |SM System is not restricted
to the state level.

Chapter 2 describes the 1SM System, while Chapter 3 pro-
vides guidance for establishing an ISMSystem. Information
regarding the establishment of an 1SM System can befound in
Appendix B, which includes recommendations for improving
coordination and communication, best practice suggestionsfor
databases, and appraisal criteriafor assessing the main aspects
of an existing safety management system within ajurisdiction.
For an established 1SM System, Appendix C is a step-by-step
walk-through example of the ISMProcess. Appendix D con-
tains some tools necessary to implement the |SMSystem.
These toolsinclude

* Methodologies for identification of crash concerns for
devel oping effective combinations of strategiesfor sup-
porting jurisdictional goals,



* Methodologies for estimating the effectiveness of pro- * Optimization approaches, and

mising or innovative strategies that have insufficient * Applications and examples.
information,
» Methodologiesfor evaluating performance measuresto A disk that contains some useful spreadsheetsand asimple

determine the level of implementation and successin  optimization program for demonstration purposes is attached
meeting the goals of the ISHSPlan, to this report.




CHAPTER 2

THE INTEGRATED SAFETY MANAGEMENT SYSTEM (ISMSYSTEM)

The components of the |SM System, depicted in Figure 2-1,
are Organizational Structure, Leadership, Mission & Vision,
Resources, Integrated Safety Management Process (ISM-
Process), and Tools. Achieving improvements in highway
safety requires aligning responsibilities for safety with vision,
goals, and supporting strategies. Through acoalition, agencies
within a jurisdiction form the integrated organization struc-
ture and provide the resources to manage and implement the
|SM System.

The ISMSystem is a system for managing highway safety.
Just as all other professional functions have specific rolestied
to responsibilities—such astraffic operationa analysis, which
isthe responsibility of traffic engineers, and the development
of statutes, which is the responsibility of legislatures—there
must be positions and roles that have the responsibility for
safety. Although al staff should have a safety mindset (the
explicit consideration of safety impact in al activities), it is
till necessary that safety responsibility be explicitly defined
and delegated to specific roles within the organization and
taken up by professionals who have the expertise and passion
to promote safety.

Atthesametime, it isnecessary to have everyone' sinvolve-
ment in order to maximize safety because ssmply allocating a
few people in leadership positions, even with the appropriate
responsibility and authority, cannot doit aone. Even grounds-
keepers who are responsible for cutting back weeds and
brush on roadsides, in addition to performing landscaping,
are improving safety by increasing visibility for drivers and
removing potential obstacles from the roadway. If those
involved in the day-to-day tasks of maintaining ahighway sys-
tem are aware of the safety implication of their actions (i.e.,
have a safety mindset), this may influence how they perform
their responsibilities, which will lead to increased highway
safety. State and local government agencies, industry, and pri-
vatecitizensall havearoleto play in reducing the severity and
number of highway crashes.

In order to recruit everyone's involvement in maximizing
highway safety, it is necessary to promote and foster a culture
that recognizes and places the highest priority on safety. Sup-
porting such aphilosophy toward safety requiresthe combined
effort of leadership and public policy. Those professionals
with the explicit responsibility for safety must initiate appro-
priate policy to make a safety philosophy the officid rule of
their organization. Funding must be alocated so that the pro-

ceduresarein placefor planning, designing, organizing, imple-
menting, maintaining, monitoring, and ng safety status
and processes. Every individual’s following well-designed,
effective proceduresin everyday practice will result in asus-
tainable | SM System.

Given thelevel of integration required within the |ISM Sys-
tem, responsibilities should be devel oped and apportioned to
ensure both depth and breadth of safety awareness and align-
ment of actions across all participating agencies. Every indi-
vidual withinthe systemsrelating to safety (e.g., enforcement,
engineering, emergency medical services, and education)
should feel accountable for safety and empowered to pos-
itively affect safety within his or her sphere of responsibil-
ity. Developing an organi zationwide safety mindset (i.e., cul-
ture and associated behaviors) and implementing supporting
processes and programsto achieve safety goal s should be one
of the highest priorities of safety system leaders.

2.1 OVERVIEW OF THE ISMSYSTEM WITHIN
THE TRANSPORTATION SYSTEM

The ISM System is a subsystem of the surface transporta-
tion system (Figure 2-2) and, as such, is constrained by the
limitsof thislarger system. The | SM System does not include
air, water, or the pipeline transportation systems under its
jurisdiction, except perhaps in a limited way (i.e., in their
connection with the highway system). ThelSMSystemis, for
the most part, a governmental management process; how-
ever, it encourages participation by the private sector through
government channels. The goals and objectives of the ISM-
System must be compatible with the goals and objectives of
the surface transportation system and be integrated with the
additional systemsrequired by the surface transportation sys-
tem to manage the highway transportation infrastructure. The
ISMSystem, in this regard, is affected by (a) highway trans-
portation budgets as defined in federal transportation law,
(b) the respective state and local government budgets and
available resources, and () the limitations mandated by fed-
eral and state law in the use of these resources.

Most transportation system resources are defined in federal
and state law and limited in the budget documents at each
level of government. Management considerations of exist-
ing human and information technology resources will be
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significant in determining the magnitude and scope of the
| SM System devel oped and implemented. Requisite expertise
and training are essential to the human resource component.
Optimal use of information technology resources—especialy
in the area of integrated databases with relevant, complete,
and accurate data; easily accessible report generation capa-
bilities; and application of appropriate methodol ogies—can
have a decisive impact.

Additional resources, while desirable, are not always avail-
able and in many cases are unnecessary. Existing resources
can be enhanced through various changes such asreall ocating
key resourcesto new programs, adding training for personnel,
and upgrading information technology (including hardware
and software). For example, there are crash reduction and
avoidance saf ety benefits of variousinfrastructure-based intel-
ligent transportation systems (ITS) such as ramp metering,
video enforcement, and weather-monitoring technologies (6 ).

The trend toward integration of disciplines responsible for
transportation safety and the trend toward integration of plan-
ning for the movement of people and goods will demand a
broader perspectivefor tomorrow’ stransportation safety man-
ager. To meet the challenge, an ISMSystem is required, the
expected results of which will optimize existing resources.
Thereisalso an anticipated benefit because of the synergy cre-
ated asaresult of thevarious highway safety disciplineswork-
ing together to achieve a common vision.

There are two major sources for federal funds for traffic
safety purposes. NHTSA and the FHWA. NHTSA provides
funding for safety programs in nine different sections under
TEA-21 legidation. Most of the funding categories require
state- and local-level decision makersto determinethe counter-
measures to be implemented. Some funding programs allow
the amount awarded to be distributed to other uses.

According to the NHTSA website, $2.3 billion was autho-
rized for highway safety grant programs over a 6-year period

(fiscal years 1998 to 2003). These grants are intended to pro-
vide support to identify highway safety problems, set goals
and performance measures for improvements, start new pro-
grams, support existing programs, and fund analysesfor deter-
mining the progress of safety improvement.

2.2 MISSION AND VISION STATEMENTS

The mission statement defines the purpose of the ISM Sys-
tem, what it does, and what it isall about. A mission statement
usually does not change, and it sets the culture of the organi-
zation. On the other hand, the vision statement can and does
occasionally change. The vision statement defines what the
ISMSystem is striving for and what it hopes to achieve in a
specified amount of time. The vision statement helps an orga-
nization set its priorities. While a vision may be long term
(more than 20 years), a shorter 4- to 5-year vision statement
isrecommended. A shorter-duration vision statement ismore
likely to be achieved.

Within an organization, having a clear agreement on the
safety system’s mission and vision iskey to having an effec-
tive and efficient ISM System. If the members of an organi-
zationinvolved in safety do not have the same goal s or do not
have a clear understanding of their roles, performance will
suffer, and, in the case of highway safety, not as many lives
will be saved. Division within ranks and between organiza-
tions as to what is the purpose of the ISM System is an insti-
tutional barrier. Without a clear and agreed-upon mission,
different groups may find themsel vesworking toward oppos-
ing objectives or with cumbersome, redundant, and/or inef-
fective processes. Misaligned vision can lead to political dif-
ferences even within the same organization. Such a scenario
may also lead to a public relations failure. If the members
within a safety system are unclear as to their mission, there
will be confusion for those agencies that must coordinate
efforts. The general public will be very confused, having no
clear idea what problems the organization is addressing or
who to turn to given a specific problem.

Gaining clarity and agreement on the purpose of the |SM-
System’s leadership isacritical first step in helping to ensure
that expectations are established and supported by those who
will be involved and who have the power to effect change.
Therefore, consensus should be obtained on a mission state-
ment that captures the purpose of the |SM System. The first
responsibility of the ISMSystem leadership is to address this
fundamental issue by creating amission statement fromwhich
long- and short-term goals will emanate. The mission state-
ment should answer two questions:

* What is the mission of the ISM System? (Why does the
| SM System exist?)

* What are the underlying principles and beliefs of the
organization and how are these translated into behav-
iors, culture, and organizational structure? (What type
of relations, integrations, and coalitions underlie the
organization?)
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In addition, an 1SM System has avision statement. Whilethe
mission statement describes the purpose and generally stays
constant, the vision statement is focused on the short term and
may change with changesin the driver population, crash data,
or new administrative direction. A vision statement should
specify aredlistic goa within arealistic timeframe. Thevision
statement should answer two questions:

* What is the vision of success for the organization?
(What will success look like?)

* What is the organization doing to fulfill its mission?
(What is provided by way of products and services and
to whom isit provided?)

A model mission statement, intended for customization,
could be asfollows:

This organization is an integrated organization formed
by fully committed agencies, members of acoalition, aiming
to maximize transportation safety for existing and future
transportation networks, all road users, and supporting sys-
tems (enforcement, emergency services, and so forth). These
agencies will prepare, implement, and evaluate an annual
comprehensive integrated strategic highway safety plan that,
as much asisredlistically possible, minimizes the economic
and human loss that results from traffic crashes.

An example of avision statement is the goal of AASHTO
SHSP: “To reduce the number of fatalitiesfrom traffic crashes
by 5,000 to 7,000 lives annually.”

2.3 COMPONENTS OF THE
ORGANIZATIONAL STRUCTURE

The |SM System organizational structure is not made up of
roads, traffic laws, and countermeasures, but of people. These
people may represent many different organizations with vary-
ing goasand purposes. Y et, in an | SM System, they must work
together on many projects. Clearly, this can only happen if
there are clear, open, and uninhibited lines of communication,
coordination, and cooperation. Open lines of communication
lead to cooperation and an understanding between agencies
that allow peopleto go beyond identifying problemsas merely
“turf” issues. As a prerequisite for integrating agencies,
Appendix B1 provides recommendations for improving com-
munication and coordination. Funding, human resources,
information, and technical expertise are four resources that
should be shared across agenciesin order for the ISMSystem
to fulfill itsmission (7).

In most cases, the mission and goal s of the agencies com-
posing the ISMSystem will be compatible. However, in
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some instances safety objectives may appear to bein conflict
with the other goals of an agency, such as focusing on effi-
ciency savings as opposed to overall system effectiveness, of
which safety is an important feature. A realistic |SM System
must be sensitive to these other goals and avoid threatening
the accomplishment of these goals (8). A threat can be
viewed (and will be viewed) as anything that can negatively
affect any of an agency’s resources.

Figure 2-3 depicts an example of an organizationa struc-
ture for a model 1SM System. The Safety Program L eader-
ship (SPL) representsthe top management of the |SM System
and gives direction and support to the organization formed
by the coalition of the agenciesrepresentedin the SPL. How-
ever, in order for the organizational structure shown in Fig-
ure 2-3 to operate effectively, day-to-day management is
required by the Operations Manager. The Operations Man-
ager also acts asthe focal point for coordination of ISMSys-
tem. Quantitative and other safety analysis is the responsi-
bility of the Risk Analysis and Evaluation (RAE) group.
Unlike the SPL and Operations Manager, the Task Team
members fulfill nonpermanent responsibilities. Task Teams
are formed and disbanded as the state’ s saf ety needs and pri-
orities change. Task Team members are recruited from the
state’ simplementing agencies, as required for given empha-
sis areas. The agencies include those related to engineering,
enforcement, injury and control, education, drivers, vehicles,
and private safety associations.

Instead of a new bureaucracy, the organizationa structure
proposed in the | SM System is dependent upon existing agen-
cies forming a coalition, usualy as the result of a memoran-
dum of understanding. The memorandum of understanding
setsinwriting how different implementing agencieswill make
commitments and share resources for the explicit purpose of
integrating efforts aimed at reducing costs while improving

highway safety. More details on establishing the organiza-
tional structure may be found in Chapter 3.

2.3.1 SPL

Theagenciesresponsiblefor highway safety, likeany other
organization in industry, need capable leadership in order to
be able to adapt quickly to new situations, unite al levels of
management, and promote redistic visions. Capable leader-
ship provides a mission and visions that, among other attri-
butes, (a) create greater cooperation and communication among
agencies leading to integration of actions, (b) start new
safety initiatives, and (c) promote safety consideration in all
aspects of highway programs. The leadership of |SM System
should comprise al (or a majority subset) of the disciplines
involved in providing asafe highway system. Thesetypically
include what is commonly referred to as the 4Es of highway
safety: engineering, enforcement, education, and emergency
services. Theleadership requiresapartnership of these major
disciplines, at different government agency levels, and the
private sector.

Leadership is critical to building any system and a key
determinant in the success of the |SM System. A questionnaire
recently completed by a number of agencies has provided
some quantitative evidencethat, in the view of highway safety
professionals, aperson whoisin aleadership positionis“very
important” to the future of the specific group’ s successor fail-
ure. While, by definition, thetop-level management isthought
of as the leadership of an organization, for the ISM System it
means more than just being in charge of agroup. It demands
thequalitiesinvolved in being an advocatefor highway safety
or a safety champion. A safety champion cannot simply be
replaced by someone with a similar resume because the way
aperson carries out ajob and the associated priorities are not

Safety Program
L eader ship
(SPL)

Risk Analysis

and Evaluation [ Operan(ooni/ll\)/l anager

(RAE)
Unlicensed, Aggressive Run-Off-
Suspended, Driving Road
and Revoked Task Team Accidents &
Driver Hazar dous
Accidents Trees
Task Team Task Team

Figure 2-3. Example of an organizational chart for a model

ISMSystem.



usually reflected in atechnical skill set description. Safety
champions may be found at all levels of the ISM System.

For the success of the |SM System, the SPL should be led
by dedicated and responsible safety advocates (9) or safety
champions. These safety champions are very important for
acting asafocal point for safety advocates, improving inter-
agency cooperation and communication, initializing new
safety initiatives, increasing safety awareness, and reducing
political turf issues.

The SPL ensuresthat team members and stakeholders at the
jurisdictional level, which can be state or local, remain focused
on their mission and vision. This team coordinates the devel-
opment and implementation of goals (leading to emphasis
areas) and supporting actions, facilitates the acquisition of
needed resources, and provides whatever support (e.g., tools)
isneeded. The SPL facilitates the capturing of lessonslearned
and their useinimproving the safety system performance. The
SPL is responsible for the organization’s strategic planning
processand for how emphasisareas, objectives, strategies, and
action plans are devel oped.

The SPL members should be representatives of agencies
with highway safety responsibilities. The success of the |ISM-
System is entirely dependent upon having top management
from each of the stakeholdersdirectly and personally involved
in the SPL and having the authority to act on behalf of the
stakeholder agencies. Selecting a chair for the SPL is one of
several aspects of the |SM System that is determined by each
state (or jurisdiction) individually depending upon its needs
and structure. For example, in one state the chair may be
fixed as the governor’ s highway safety representative, and in
another the chair may rotate on aregular basis from agency
to agency.

The selection of the SPL should include membersat all lev-
els of government (e.g., state, county, and metropolitan plan-
ning organizations) and should be tailored to each state’s list
of key stakeholderswho areresponsiblefor ensuring the safety
of the traveling public. There should be frequent communica-
tion between SPL members and their respective agencies
regarding key decisions, such asthe setting of goals and the
selection of emphasis areas. By definition, the representa-
tives of the agencies who make up the SPL must be top-
level management with the authority to make the necessary
commitment.

Some examples of the agencies that may have representa-
tivesin the SPL are the following:

* Transportation or highway agencies: operation,
planning, design, road construction, maintenance, and
improvement.

* Governor’s highway safety agencies. state highway
safety planning, public information, education, and grant
management.

* Law enforcement agencies. driver and vehicle safety
surveillance.
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* Health agencies: injury prevention, emergency medical
care, alcohol and drug safety programs, and the Centers
for Disease Control and Prevention (CDC).

» Judiciary agencies. adjudication of highway safety
rules of the road.

* Driver licensing agencies. qualification and control of
the driver licensed population.

* Vehicleregistration agencies: qualification and control
of the vehicle population.

» Statelegidatures. enactment of effective highway safety
legidation.

* Education agencies: driver education and kindergarten
through high school safety education.

* Metropolitan planning organizations. regiona high-
way safety improvement programs.

» State and local railroad regulatory agencies. grade
crossing safety and freight movement safety.

* Federal and state commer cial vehicle agencies: com-
mercial vehicle and driver safety inspections and safe
hazardous materials movements.

* Federal representatives from national, regional, or
divisional offices of the U.S. Department of Trans-
portation (USDOT): The FHWA, the Federal Motor
Carrier Safety Administration, and NHTSA.

* Private safety organizations: to include the American
Automobile Assaociation (AAA), Mothers Against Drunk
Drivers(MADD), the National Safety Council, the Amer-
ican Trucking Association, and so forth.

Thereissome concern that asatop-down model, local juris-
dictions may be overlooked in the planning and budgeting
process. The straightforward solution is to ensure that rep-
resentatives from various different agencies, specifically
including rural and county-level commissioners, are active
and involved in the planning process. Local agencies must be
involved in the decision-making process; otherwise, statewide
implementation will not be successful. Another possibility is
the establishment of a two-tier ISMSystem, one at the state
level and one at the metropolitan planning organization level.

Including arepresentative of remotely affected agencieson
the SPL is not necessary. A membership of those agencies
with major continuing safety programs (engineering, enforce-
ment, education, and emergency services) could be the core,
with representation from other agencies having membership
asappropriateinthe Task Teams, given thejurisdiction’ s par-
ticular needs and concerns. Examples of multidisciplinary
collaboration can be found in the Safety Management System
(SMS) Steering Committeein Florida, the SMS Coordinating
Committeein lowa, the Leadership Team and Safety Coordi-
nation Group in Ohio, the Traffic Alliance for a Safe Califor-
nia, the Traffic Improvement Association (TIA) of Oakland
County in Michigan, and the Governor’ s Traffic Safety Com-
mittee of New Y ork.

During the initial start-up of the ISMSystem, the SPL
should meet frequently (e.g., monthly); however, progress
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meetings would generally be on a quarter-annual basis, and
budget meetings would be on an annual basis in line with
existing budgetary cycles. The SPL is responsible for defin-
ing the overall highway safety goal, providing resources and
other support, and ensuring learning and improvement. In
addition, the SPL should lead in activities for the develop-
ment of its own safety emphasis areas and strategic safety
improvement plan, similar to the 22 major safety emphasis
areas of the AASHTO SHSP.

SPL Responsibilities
SPL responsihilities are as follows:

* Lead the establishment of the ISM System as outlined in
this report.

* Set an overall highway safety goal for the jurisdiction,
with the endorsement of the | SM System agencies.

* Lead in the preparation and justification for the budget
to sustain the |SM System.

* Select theappropriate emphasisareasfor thejurisdiction.

* Commit to and follow up on the promise to provide
resources on behalf of those agencies assembled as part
of the ISMSystem as outlined in the memorandum of
understanding.

* Integrate the resources and activities of those agencies
that have committed themselves to the |SM System.

* Ensure that the | SM System works efficiently and max-
imizes highway safety.

SPL Functions

SPL functions are as follows:

* Acquire and manage the resources necessary to sustain
the organizational process.

» Develop the memorandum of understanding, including
formal funding and administrative structures.

* Formulate mission and vision statements for the ISM-
System; update vision as the system progresses.

* |dentify, through an analysis of existing data sources
and other knowledge sources, those major safety con-
cerns (such as the AASHTO emphasis areas and/or
other areas defined by the SPL) for further investigation
and evaluation.

* Prioritize, alocate, and optimize all resources (people,
infrastructure, funds, and information).

* Approve strategies proposed by the Task Teams and
Operations Manager.

* Develop and fund the RAE group.

* ldentify Task Team leaders with assistance from the
Operations Manager.

* Evaluate the impact of the ISHSPlan.

* Appraise the performance of the |SM System.

2.3.2 Operations Manager

While the SPL is a group that meets quarterly, or perhaps
even monthly, there is a need to have a person who will man-
age the day-to-day tasks and the organization of the ISMSys-
tem. The Operations Manager is the safety champion respon-
sible for directing the daily activities, coordinating the efforts
of variousteams, acting asthefocal point for the [ISM System,
and providing the SPL with support in planning and imple-
menting highway safety system improvements. Among other
responsibilities, the Operations Manager also ensures the pro-
fessional devel opment of immediate staff involved inthe | SM-
Process by providing experience and training opportunities.

The Operations Manager should also develop good public
relations regarding all the positive impacts the | SM System
has had within the jurisdiction (or should coordinate media
information through existing public relations personnel in
the various safety agencies). This public relations promotion
should occur not just within the organizational structure, but
should specifically include the public media both inside and
outside the jurisdiction.

The Operations Manager serves as staff to the SPL. The
Operations Manager is provided resources (funds, personnel,
and materials) from the SPL coalition. It is the Operations
Manager’s responsibility to provide the SPL with informa
tion in amanner easily understood to allow interaction with
the SPL members and staff for the determination of the mis-
sion and the devel opment of the |SHSPlan. Many states have
an office of highway safety or traffic safety bureau whose
office could serve as the Operations Manager and supporting
staff. The Operations Manager should have the total support
and endorsement of top management and stakehol ders.

Operations Manager Responsibilities
Operations Manager responsibilities are as follows:

* Serve as staff to the SPL.

» Serve asthefocal point of the |ISMSystem.

* Provide day-to-day management of the | SM Process.

* Provide the SPL with information in a manner easily
understood to allow interaction with the SPL members
and staff for the determination of jurisdictional priority
emphasis areas.

* Ensurethat the SPL mission and vision areclearly under-
stood throughout the 1SM System organization.

* Develop and administer the safety budget under the
direction of the SPL.

* Integrate and prepare the ISHSPlan.

Operations Manager Functions

As a staff assistant to the SPL, the Operations Manager
will coordinate the activities of the periodic meetings and
undertake many other functions, including the following:



* Develop the meeting agenda.

* Provide information as reguested to the SPL.

* Ensurethat the SPL mission and vision areclearly under-
stood throughout the | SM System organi zation.

* Facilitate communication and coordination horizontally
acrossthedisciplinesand vertically from the Task Team
leaders up to the SPL.

* Manage the operation of the RAE group with respect to
itswork for the |ISM System.

* Provide progress reports on the implementation of
strategies.

* Manage and coordinate the Task Teamsin the develop-
ment of the various strategies.

* Select the best combination of strategies for implemen-
tation through optimization procedures performed in
collaboration with the RAE group and Task Team lead-
ers. Present these strategies to the SPL for approval.

* Select innovative safety strategies for pilot studies,
funded research, or limited implementation in collabo-
ration with Task Team leaders.

* Recruit, in cooperation with the Task Team leaders,
members to form multidisciplinary Task Teams to fur-
ther address selected emphasis aress.

* Monitor progress of implementation of statewide ISHS-
Plan and make recommendations for improvement.

* Request and report the findings of process (administra-
tive) and impact performance eval uations (outcomes) of
the ISHSPlan.

2.3.3 RAE Group

The RAE group conducts the quantitative analysis and
evaluation and assembles additional safety information as
requested by the Operations Manager, SPL, or Task Teams.
The RAE group is critical to the success of an |SMSystem
because it provides the safety profile from which the SPL
determines the emphasis areas of concern to be pursued. The
RAE group responsibilities cover two aspects of data and
information management: (a) the ability to collect, store, and
retrieve data and relevant information and (b) the ability to
analyze those data and information for local applications.

Dataare usually stored in electronic databases. Simply put,
without good data it is not possible to make good decisions.
Given theamount, variety, and scope of datathat must be col-
lected and maintained, the linkages required among databases
and the quality of data have afundamental rolein the success
of the ISM System. Appendix B2 contains alist of best prac-
tice suggestions for creating or improving 1SM System data-
bases. Analysisrefersto what is done with the collected data,
which can range from basic number counts to sophisticated
statistical manipulations. Very few jurisdictions would not
benefit from improved analytical techniques and associated
training. Evenif ajurisdiction’s knowledgeis currently up to
date, thismay not bethe casein the future as ongoing research
develops new and advanced methodol ogies.
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Members of the RAE group should be proficient in the use
of analytical tools, relevant software, database manipulation
techniques, and report writing. For most states, existing staff
with these proficiencies could serve asthe RAE group. Three
options for staffing the RAE group exist. Two ideal staffing
options for the RAE group would be the staff of the Opera-
tions Manager or an outside research institution (university,
private, safety institutions, and so forth). lowa State Univer-
sity’ s Center for Transportation Research and Education and
the lowa Traffic Records Advisory Committee are examples
of groupsthat demonstrate the characteristics of amodel RAE
group. A third possible option for staffing the RAE group
is having the RAE personnel remain in their existing orga-
nizations while having their job responsibilities modified to
fit the required responsibilities and functions, as described
below.

RAE Group Responsibilities
RAE group responsibilities are as follows:

* Provide highway safety information that is accurate,
consistent, timely, and complete for the devel opment of
astatewide ISHSPlan.

* Provide highway safety information for the SPL and
Operations Manager to identify major safety concerns,
as needed for determining vision goals, budget, and
emphasis aress.

* Bring to the attention to the Operations Manager and/or
the SPL deficiencies and obstacles that may exist in the
state’ sinformation system.

RAE Group Functions

RAE group functions are as follows:

* Obtain datafrom anumber of sources of highway safety
information, including crash, road, driver, police, emer-
gency services, and hospital databases.

» Evaluate the adequacy of the highway safety informa
tion systems, including roadway, crash, vehicle, driver,
EMS, and violation files.

* Assistintheelectronic linkage of the safety databases of
all coalition agencies.

* Process/analyze highway safety data and information to
determine major safety concerns (such asthe AASHTO
emphasisareas) for consideration by SPL and Operations
Manager.

* Perform cost-benefit and optimization analyses and pri-
oritization process.

* Assist the Operations Manager and the Task Teamsin
the formulation of impact (outcomes) performance mea
suresand guidelinesfor process and impact performance
evaluations.
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* Perform pre-implementation review of performance
measurement strategies and baseline data.
* Perform impact (outcomes) evaluation.

2.3.4 Task Teams

Task Teams are composed of existing cadre in various
agencies who are called on to address a specific safety prob-
lem or emphasisareaunder the direction of the SPL and Oper-
ations Manager. Asemphasisareasare phased in or out by the
SPL, Task Teams may be formed or disbanded. The selection
of Task Team members depends upon the emphasisarea. Dif-
ferent Task Teams will have different members from various
agencies, depending upon the emphasis area. Private-sector
advocates, where applicable, should be invited (by both the
Operations Manager and the Task Team leader) to participate
in a Task Team. Task Team membership requires commit-
ment during the development of a given emphasis area, but
members till belong to their original agencies and continue
to work with their agency’s resources throughout the devel-
opment and implementation of the ISHSPlan. Being a mem-
ber of the Task Team does not typically require a full-time
commitment.

Each Task Team will require aleader who is closely asso-
ciated with and experienced in the emphasis area. A |leader
will be selected by the Operations Manager, the SPL, and the
agency where the leader now works. Once the Task Team
leader has been sdlected, the remaining Task Team members
are recruited by the Operations Manager and Task Team
leader. It isimportant to engage all the disciplines and role-
playersthat are encompassed within the scope of the selected
emphasisarea. Thisis achieved by establishing multidiscipli-
nary, multiagency Task Teams.

Multidisciplinary, multiagency teams should be established
for each of the emphasis areas, since differing levels of expe-
rience and expertisewill berequired for program development
and implementation. Task Team members should be selected
with experience in, and responsibility for, the emphasis area
selected for the jurisdiction. The use of multidisciplinary
teams not only provides the wide expertise needed for the var-
ious highway safety countermeasures, but aso should create a
synergistic impact on accomplishing the | SM System’ svision.

At the time of writing this report, the 22 major safety
emphasis areas of the AASHTO SHSP are being devel oped
to form the AASHTO Implementation Guides. It is recom-
mended that a Task Team assigned to 1 of these 22 empha-
sis areas use the corresponding AASHTO Strategic High-
way Safety Plan Implementation Guides (published as
NCHRP Report 500) as a primary source of information.

The membership of the Task Teams differs from the mem-
bership of the SPL (as given in Section 2.3.1); there is some
overlap with respect to which agenciesthe membersrepresent.
Thefollowing are potential agencies and groupsthat may par-
ticipate as membersin a Task Team:

* Transportation or highway agencies: operation,
planning, design, road construction, maintenance, and
improvement.

* Law enforcement agencies. driver and vehicle safety
surveillance.

* Health agencies: injury prevention, emergency medical
care, alcohol and drug safety programs, and the CDC.

* Driver licensing agencies. qualification and control of
the driver licensed population.

* Education agencies: driver education and kindergarten
through high school safety education.

* Metropolitan planning organizations: regiona high-
way safety improvement programs.

* Federal and state commer cial vehicle agencies: com-
mercial vehicle and driver safety inspections and safe
hazardous materials movements.

* Private safety organizations: AAA, MADD, the Na
tional Safety Council, the American Trucking Associa
tion, and so forth.

While it may not be practical or efficient to include every
discipline on each Task Team, the key discipline representa-
tive of a specific safety emphasis area should be in the lead
role, referred to as the Task Team leader. The emphasis area
to be investigated may appear on the surface to be solely the
province of one discipline (e.g., improving the design and
operation of highway intersections—engineering), but the
mitigating solutionswill certainly require other disciplinesto
bring successto their implementation (human factors, enforce-
ment, and education in particular for new, untested, and/or
innovative strategies). The Task Teams should develop the
strategies’ attributes with the use of information technology
(shared databases, hardware, and software devices). This sug-
geststhat ahighly integrated environment of management and
technology isrequired for the benefits of the | SMProcessto be
achieved.

For example, in lowa, a number of task forces have been
created to address areas of specific safety concerns, and in
Florida, there exits a Safety Management System (SM'S) sub-
committee examining a variety of issues, including traffic
records, drinking under theinfluence, legislation, and educa-
tion. These groups demonstrate two key characteristics of
successful Task Teams: multidisciplinary composition and
prolific publication of findings.

Task Team Responsibilities
Task Team responsibilities are as follows:

* Providefeedback on the appropriateness of emphasisarea
objectives, which are set by the SPL, to the Operations
Manager.

* Develop strategies and action plans for the selected
emphasis areas to achieve the ISMSystem’s mission.
Develop details of action plans (resources, interdepen-



dencies, responsihilities, and time schedules) for imple-
mentation.

* Coordinatewiththe Task Team’' sown particular agencies
for (a) the allocation of resources for the implementation
of relevant actions in the action plans and (b) theintegra-
tion of other local plans with those of the ISHSPlan.

* Facilitate the implementation of the strategies action
plans.

Task Team Functions

Task Team functions are as follows:

* Perform in-depth problem identification analysisin con-
junction with the RAE group for the emphasis area
assigned by the Operations Manager to the Task Team.

* |dentify innovative strategies with associated prelimi-
nary action plans for submission as pilot projects to the
Operations Manager.

* Review, if applicable, the corresponding AASHTO
Implementation Guides for the emphasis area for addi-
tional strategies.

* Confirm that plan performance indicators are suitable
for quantitative assessment of the success of different
safety strategies.

* Assess the alternative strategies, and recommend a
preferred alternative to the Operations Manager for
implementation.

* Review and modify the action plans using feedback
from the implementing agencies.

2.4 ISMPROCESS

A crucial component of the ISMSystem is an organized
process through which the |SM System’ s vision is achieved.
ThisISMProcess, as shown in Figure 2-4, identifiesthe steps
necessary to achieve the overall highway safety goal identi-
fied by the SPL. Generally, there are three ways of institu-
tionalizing safety improvements within ajurisdiction:

 Site-specific, safety-motivated projects in high-crash
locations;

» Systematic improvements throughout ajurisdiction (for
all project types); and

* Integration into existing highway projects (for rehabili-
tation, resurfacing, and restoration [3R] and rehabilita-
tion, resurfacing, restoration, and reconstruction [4R]
projects).

The process described in this section allowsfor the integra-
tion of safety improvements by identifying opportunities for
different agencies to work together. Viewing safety improve-
ment from a process perspective provides insight into the
safety processes that cut horizontally across organizationa
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boundaries. Given the functional structure of most organiza
tions, focusing on the process view of how safety work isdone
will provideinsightsinto the interrel ations between organiza-
tions and relevant functions that frequently are not readily
apparent. Additionally, examining processes can help shed
light on inefficiencies that, when understood and addressed,
can lead to improved performance (e.g., non-value-added
steps, lack of appreciation of internal process, customer needs
and priorities, and bottlenecks). Focusing on processes also
helps an organization’s members see the bigger picture of
which they areapart, leading to new ways of thinking that can
be followed and new ways of acting (e.g., taking ownership of
the process as awhole and viewing problem identification and
rectification asaprofessionally enjoyable and rewarding learn-
ing process).

The process allows for an interaction among the personnel
involved in management of highway safety databases, strategy
development, analytical and evaluation processes, al phases
of the infrastructure life cycle, education and enforcement of
users, and external and/or internal policy direction. A compre-
hensive | SHSPlan for ajurisdiction can be organized with staff
expertise and analytical methodol ogy that identifies problems,
designs remedies, and iteratively optimizes the design using
realistic implementation indicators. Implementing the 1ISM-
Process assumes that an organizational structure has aready
been established with sufficient resources for the operations.
These resources include staff (the SPL, Operations Manager,
RAE group, and supporting staff), facilities, and equipment
required for the work. A detailed example of a step-by-step
implementation of the ISMProcessis given in Appendix C.

The ISMProcess can be summarized as follows. First, an
overall highway safety goal for the jurisdiction is set by the
SPL. Emphasis areas and their objectives corresponding to
the jurisdiction’s major safety concerns are identified. For
each objective, one or more strategies are developed, and, if
required, pilot or research studies are proposed. Each strat-
egy is developed with a corresponding preliminary action
plan. From all strategies, the SPL and Operations Manager
use cost-benefit analysi s and optimization techniquesto select
action plans for further development into detailed action
plans. Thefinal ISHSPlan includes detailed action plans that
work in acoordinated fashion. Selected products of the [ISM-
Process are shown in Figure 2-5. The six mgjor steps of the
| SMProcess are as follows:

1. Review highway safety information.

2. Establish emphasis areas and goals.

3. Develop objectives, strategies, and preliminary action
plans to address the emphasis aress.

4. Determine the appropriate combination of strategies
for identified emphasis areas.

5. Develop detailed action plans.

6. Implement ISHSPlan and evaluate performance.

These | SM Process steps are described in more detail inthe
following sections.
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Figure 2-5. Selected products of the |SMProcess.

2.4.1 Step 1: Review Highway
Safety Information

To organize the problem identification tasks, highway
crashes are organized into classifications (e.g., pedestrian,
alcohol, and speed). Certain types of crashes are of more
value than other types, either because they have a higher
potential for general crash reduction or because they apply to
special target groups (e.g., children). Other types of crashes
are disregarded because of legal constraints, as is the case
with categorical funding that restricts which types of activi-
ties can be funded. One might know intuitively that pedes-
trian, bicycle, and motorcycle crashes are of greater severity
than most other “typical” crashes; however, in order to intel-
ligently allocate limited funds, it isessential to determinejust

how much worse different crashes are and just how often dif-
ferent kinds of crashes occur. There are ways of determining
the frequency and severity of crash types, and information
that does not measure quantitatively is usually dismissed as
anecdotal evidence.

Theaim of thisstep isto identify and define highway saf ety
concerns, which, in turn, are used to identify the emphasis
areas within thejurisdiction that will bethe focus of attention
of the ISMSystem. This step also involves identification of
safety-related jurisdictiond initiatives, including maintenance
and construction, in order to provide explicit integration and
consideration of safety implications. Significant dataanalyses
are required to identify the safety concerns. While much of
the analyses will involve reviewing data collected during the
previous| SMProcessiteration or any other safety process pre-



viously undertaken by the involved agencies prior to the
adoption of this ISM System, this step is the opportunity for
the SPL to view the big picture and introduce new emphasis
areasfor consideration. Thefollowing planning questions are
addressed during this step:

* Where are the safety problems and opportunities?

* What isthe scope of each problem and opportunity (e.g.,
how big isthe problem and what parts of the safety sys-
tem impact the problem)?

e If not al of these problems or opportunities can be
addressed, which ones offer the greatest potential for
improvement?

* How do the recent and ongoing safety initiatives in
the jurisdiction—and those recommended by NHTSA,
the FHWA, the Federal Motor Carrier Safety Adminis-
tration (FMCSA), and other government agencies—
address these safety problems and opportunities?

* What has recently been accomplished in other juris-
dictions?

* What input has been received from highway safety prac-
titioners, private groups, and the public?

The SPL and Operations Manager, supported by the RAE
group, select the emphasis areas that will be the focus of the
safety effortsfor thejurisdiction. Emphasisareas are selected
onthe basisof cost and safety effectiveness, aswell associal,
economic, and political considerations. Additional consider-
ation in establishing the emphasis area is given to highway
safety—related programs and projects currently under imple-
mentation by the involved agencies.

Products

Step 1 products are as follows:

* Overall highway safety goals and vision (i.e., the goals
that apply to the entire jurisdiction, such as “reduce the
total number of highway fatalities by 10%");

* A report that describes the safety situation in thejurisdic-
tion, identifies the major safety concerns, and produces a
list of potential emphasis areas for further analyses; and

* A complete list of the jurisdictional emphasis areas that
will be the focus of |SM System.

Internal Process

The Step 1 internal processis as follows:

1. The SPL annually asks the Operations Manager and
the RAE group to conduct areview of highway safety
information and ascertain the safety concerns of the
jurisdiction.
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. TheOperations Manager and RAE group analyze crash

data and archival data relating to the roadway, driver,
and vehicle to determine the type and magnitude of
safety concerns, obtaining inputs from highway safety
practitioners and the public.

. The Operations Manager and RAE group survey exist-

ing highway safety research material applicableto the
jurisdiction.

. The Operations Manager and RAE group review

safety initiatives recommended by the USDOT.

. The Operations Manager reviews its own success-

ful initiatives and others implemented by different
jurisdictions.

. The RAE group gathers information (both research

literature and state crash data) and conductsthe review
of highway safety information using, among other
methodol ogies, the proposed methodologies to iden-
tify major crash concerns. Appendix D1 provides a
recommended methodology for the identification of
problem areasleading to potential emphasisareas. This
methodology has been applied by a number of states
in recent years.

. The Operations Manager and RAE group prepare a

report that clearly identifies and describes the highway
safety problem areas and concerns, thusleading to the
definition or adoption of emphasis areas in ajurisdic-
tion. Thisreport should allow the SPL to easily under-
stand the RAE group’ s key findings, conclusions, and
recommendations and should help the SPL decide
which emphasis areas should be pursued further.

. SPL team members meet with the Operations Man-

ager, supported by the RAE group, and review and
discuss the report findings to ensure that there is
clear agreement on conclusionsand recommendations.
Where necessary, refinements are made and additional
data are gathered.

. The SPL reviewsthefinal report with its recommenda

tions and decides on the emphasis areas that should be
studied further to meet the overall crash reduction goal
of thejurisdiction. This review process should include
a methodology of selection and priority setting of
emphasis areaswith promise of positive results. Where
possible, thismethodology should be analytical. If ana
lytical methods are not possible, a brainstorming tech-
nique should be used to reduce the errorsthat may arise
when aggregating individual judgments. A group deci-
siontakesfull advantage of the multidisciplinary nature
of the SPL. Such brainstorming techniquesinclude the
Nomina Group Technique and the Delphi Method.
Appendix D2 provides an overview of subjective
assessment techniques for estimating the effectiveness
of new measures and describes when such knowl-
edge is not deemed reliable for adoption. These sub-
ject assessment techniques can al so be applied to the
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identification of problemswhen analytical methods are
not feasible.

10. The SPL establishes an overall highway safety goal
(i.e., thevision of the ISM System).

Requirements

Step 1 requires the following:

» Sufficiently skilled and experienced staff to conduct a
review of highway safety dataand information. In terms
of the proposed organizational structure, the RAE group
could be in the office of the Operations Manager, a uni-
versity, aresearch institute, or aprivate consulting group.

* Theavailability of, and easy accessto, reliable highway
safety dataand information (i.e., research material; crash
data; and data relating to the driver, vehicle, roadway,
injury prevention and control, and enforcement) in com-
puter databases that allow for multiple queries.

* Suitable methodologies to perform detailed analyses to
identify crash concerns that take into account the type
and quantity of available datain the jurisdiction.

2.4.2 Step 2: Establish Emphasis Area Goals

The SPL and Operations Manager together recruit appro-
priate safety champions to lead and coordinate each Task
Team. A Task Team leader should be aprofessional working
in the implementing agency that is the largest stakeholder for
the particular emphasis area. For each emphasis area, with
the assistance of the corresponding Task Team leader, the
SPL sets preliminary emphasis areagoals or targets for each
emphasis areato achieve. Oncethe preliminary emphasisarea
goalshave been established, the Operations Manager and Task
Team leaders recruit multidisciplinary, multiagency members
to form a Task Team for each emphasis area. These prelimi-
nary emphasis area goals will form the basis from which the
multidisciplinary Task Teamswill identify objectivesand for-
mulate strategiesin Step 3 of this process. The emphasis area
goalsserveto provide direction and purposeto the activities of
the Task Teams.

The emphasis area goals that the Task Teams work with
should be specific, be measurable, and align directly with the
overall vision set forth by the SPL. Feasibility of achieving
the emphasis areagoal s dependsin part on funding available,
the timeframe in which the goal is to be achieved, and the
degree of complexity of the program. Each emphasis area
goal should be an attainable target level with abasisin scien-
tific research, previous experience, or both. The Task Teams
will identify impact performance indicators that can be used
to measure the extent to which the emphasis area goa has
been achieved. Each emphasis area goal should be supported
by at least oneindicator to measure the resulting performance.

The AASHTO Implementation Guides are aprimary resource
and should be used by the SPL and the Task Teamsto develop
the emphasis area goals. In addition, Appendix D3 describes
methodol ogies recommended for development of impact per-
formance measures and provides some practical applications
as examples.

The Task Teams may conclude that changes ought to be
made to the preliminary emphasis areagoals. These proposed
emphasis area goals are submitted to the SPL for approval
before proceeding to Step 3.

Products

Step 2 products are as follows:

* Selection of Task Team leader,

* Emphasis area goal for each emphasis area,

* Recruitment of Task Team members, and

* Consensus of SPL and Task Teams on emphasis area
goals.

Internal Process

The Step 2 internal processis as follows:

1. The SPL and Operations Manager appoint aTask Team
leader for each emphasis area.

2. The SPL, Operations Manager, and Task Team |leaders
establish emphasis area goals with support from the
RAE group. The RAE group performs subset analysis
to determine these goal's, as described in Appendix D1.

3. Each Task Team leader, in collaboration with the Oper-
ations Manager, recruits Task Team members, forming
amultidisciplinary, multiagency team.

4. The Task Teams may propose changes to the emphasis
area goals through a collaborative process and reach
consensus with the Operations Manager and the SPL.

5. The SPL, Operations Manager, and Task Teams reach
an agreement upon the emphasis areagoals and the esti-
mated budget allocation for each emphasis area.

Requirements

Step 2 requires the following:

* |dentification by the SPL of the jurisdiction’s emphasis
areas,

* Recruitment of a Task Team leader for each emphasis
area by the Operations Manager and SPL,

* Recruitment of Task Team members by the Task Team
leader and the Operations Manager, and

* Estimated budget allocation from the SPL.



2.4.3 Step 3: Develop Objectives, Strategies,
and Preliminary Action Plans to Address
the Emphasis Areas

The Task Teamsidentify objectivesthat must be achieved
in order to meet the emphasis area goals. For example, the
emphasis area goal could be a 10% reduction in fatalities
caused by crashes with trees. One of the possible objectives
may be “eliminate the hazardous condition,” and one of the
corresponding strategies for this objective may be “modify
the roadside clear zone in the vicinity of trees.” In general,
there may be multiple objectives for each emphasisarea, and
each objective may have multiple strategies.

Each Task Team will identify objectives and strategies to
addressits specific emphasisarea. The Task Teams devise pre-
liminary action plansfor strategies for achieving the emphasis
area goals. Preliminary action plans describe the required
resources, activities, and timeframe for implementation of a
strategy, along with estimates of the expected impact perfor-
mance of the plan. Preliminary action plans may not contain
many of the details necessary for actual implementation and
are not coordinated with the action plans of other Task Teams
at this point.

Proper strategy formulation draws upon the unique knowl-
edge, skills, and experiences of the multidisciplinary Task
Teamsand requires acollaborative effort. If the Task Teams
require assistance in performing quantitative analysis, a
request for assistance from the RAE group should be made
through the Operations Manager, depending on the juris-
diction’s definition of the RAE group (i.e., internal to an
agency or an outside consultant). As part of the develop-
ment of strategies, Tasks Teams should propose various
deployment levels for each strategy, based on the system-
atic data analyses undertaken by the RAE group. The vari-
ous deployment levels of personnel and financial resources
should correspond to different forecasted safety benefits.
There is a potential need to go beyond the traditional fund-
ing needsin order to have the necessary impact to meet the
vision or goal. The option of having various deployment
levels will be very useful to the Operations Manager and
SPL in selecting the best overall set of strategies across
all the emphasis areas in the next step (Step 4) of the
| SMProcess.

For those strategies where there is insufficient information
regarding effectiveness, it may be necessary for a pilot study
to be conducted before full-scaleimplementation. Thismay be
especially truefor new or innovative strategies. The AASHTO
Implementation Guides are a primary resource to be used by
the Task Teams to develop the objectives, strategies, and pre-
liminary actions. In addition, Appendix D2 discusses evalua
tion tools to define the effectiveness of promising or innova
tive strategies that have insufficient information. Preliminary
actions plans in the form of pilot or research studies may be
proposed by the Task Teams and submitted to the Operations
Manager for consideration.
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Products

Step 3 products are as follows:

* Objectivesfor each emphasis area,

* A set of potential strategies for each objective,

e Impact and process performance measures and data
requirements for each objective,

* A preliminary action plan for each strategy, and

* Preliminary action plans for pilot or research studies
designed to determine the effectiveness of promising or
innovative strategies.

Internal Process

The Step 3 processis asfollows:

1. The Task Team develops strategies to achieve the em-
phasis area objectives. Strategies, for which there are
insufficient datato assesstheir impact, are submitted as
pilot or research studies. A pilot study is one where the
implementation’s purpose is to evaluate the effective-
ness of the strategy.

2. In response to requests from Task Teams, the RAE
group provides subset analyses.

3. The Task Team develops a preliminary action plan for
each strategy, including duration, interdependencies,
resource requirements, and organizations involved.

4. The Task Team develops preliminary action plans for
pilot and research studies.

5. TheTask Team estimatestheimpact of each preliminary
action plan in quantitative terms with respect to crash
reduction, behavior modification, enforcement activ-
ity, processimprovements, and so forth (depending on
implementation levels).

6. The Task Team expresses the impact in terms of bene-
fitsto be realized.

7. The Task Team estimates costs to implement the pre-
liminary action plan.

Requirements
Step 3 requires the following:

* Multidisciplinary members of a Task Team led by a
safety champion Task Team leader. Together, the team
should have the skills, experience, and knowledge of the
implementing agenciesinvolved in the specific emphasis
area

* Accesstothe highway safety information and support of
the RAE group for the analyses required for the devel-
opment and selection of objectives, strategies, and per-
formance measures.

* Preliminary approval from the implementing agencies.
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2.4.4 Step 4: Determine Appropriate
Combination of Strategies for Identified
Emphasis Areas

In Step 4, the Operations Manager will examine the strate-
gies to ensure that redundancies are eliminated before com-
mencing the process of optimizing resources required for
implementation. The methodol ogy for determining the appro-
priate combination of strategiesinvolves an iterative process
through subset comparative analysis, estimation of costs and
benefits, and an optimization procedure. Subset comparative
analysisis atype of analysis that compares different subsets
of crash data broken down by the crash severity level in order
to identify potential strategieswithin each emphasisarea. An
example of subset comparative analysis would be an exami-
nation of the number of acohol crashes per population by
area, age group, and time of day. An overrepresentation (e.g.,
by young male driversin urban areaslate at night) might sug-
gest a specific strategy. Estimating benefits involves the
application of accident modification factors (AMFs) to target
crashes for different levels of implementation of a strategy,
while associated costs for each implementation level areide-
ally based on experience. In some cases, it may be necessary
to base costs, benefits, or both on experts’ opinions.

Optimization is generally conducted using computer soft-
ware and is performed severa times during Step 4, which is
described in more detail in Appendix D1. From the various
strategies with multiple deployment levels, the Operations
Manager must optimize the selection of those strategies at
specific deployment levels across the emphasis areas that
will reduce the highway fatalities and injuries to achieve the
vision or goal. The purpose of optimization is to maximize
safety across the jurisdiction while staying within the social,
political, and practical constraints. Optimizations are con-
ducted first to select objectives, and then to select strategies
and activities, and athird timeto optimize the level of imple-
mentation of the selected activities. Optimization may be con-
ducted for one emphasis area, but theintent isto achieveinte-
gration by encompassing all emphasis areas simultaneously
with aview to selecting not only the most effective combina-
tion of strategies but also the optimum implementation level
for each selected strategy. The RAE group would generally
conduct the analyses under the direction of the Operations
Manager. Appendix D1 provides a description of the recom-
mended methodol ogiesinvolved in subset comparative analy-
sis, estimating costs and benefits, and optimization.

The development of detailed action plans (in ISMProcess
Step 5) with performance measures requires AMFs for cost-
benefit analysis of various strategies. Therelationship between
the estimation and measurement tools in the ISMProcess is
illustrated in Appendix D2. Thefigure showsthat for the devel-
opment of preliminary action plans, Task Teams with the sup-
port of the RAE group need the AMFs to determine the cost
and benefits of various strategies. Where available, the AMFs
come from the AASHTO Implementation Guides. If not
available, such as when dealing with innovative strategies or
others with insufficient information, the Task Teams must

seek recent sound evaluation studies or, at the absence of any
such studies, must seek to estimate atemporary AMF. AMF
information isadded or updated as detailed action planimple-
mentations are evaluated. Evaluation procedures are pre-
sented in Appendix D3.

Pilot studies and research projectsfor measuring the effec-
tiveness of innovative strategies may be incorporated in the
optimization process using some preliminary measures, or
they may be allocated a dedicated budget for these special
projects.

Products

Step 4 products are as follows:

* Objectives and strategies approved for implementation,
along with the corresponding resources and funding that
have been alocated toward each strategy, and

* Pilot or research studies approved for implementation,
along with the corresponding resources and funding that
have been allocated toward each study.

Internal Process

The Step 4 processis asfollows:

1. The Operations Manager reviewsthe objectives, strate-
gies, activities, and the additional material developed by
the Task Teams for the preliminary action plans. Task
Teams may be asked to modify or expand in certain
areas of the preliminary action plans.

2. The Operations Manager reviews the proposed pilot
and research studies.

3. The Operations Manager, with the support of the RAE
group, applies a selected optimization technique to
allocate the strategies on the basis of the available
fundsin the most cost-effective manner. The same opti-
mization technique is applied separately on the pilot
studies. The optimization techniques are described in
Appendix D1.

4. The SPL confirmsthelevel of funding available as part
of theindividual agencies budget cycle.

Requirements
Step 4 requires the following:

» Strategies and corresponding preliminary action plans
developed by each Task Team to address a specific em-
phasis area. The preliminary action plans should con-
tain information on each strategy, including costs and
benefits for various implementation levels, timeframe,
resources required, and expected impact measure and
outcome.



* The Operations Manager’s assessment of all the pilot
and research studies and their corresponding prelimi-
nary action plans proposed by the Task Teams.

* TheRAE group’ sprovision of results of the optimization
procedure, including selected strategies, pilot studies,
and respective required resources.

* The SPL’s prioritization of levels of funding necessary
for implementation. The individual agencies will be
required to review and approvethisfunding as part of the
agency’ s annual budget cycle.

2.4.5 Step 5: Develop Detailed Action Plans

Using the results of the optimization procedures, the Oper-
ations Manager identifies preliminary action plansthat will be
implemented given the constraints of budgets and resources.
For each strategy that is selected by the Operations Man-
ager, the Task Teams expand upon the preliminary plansand
develop detailed action plans. A detailed action plan may be
thought of as a “cookbook list of instructions’ for imple-
menting agenciesto carry out a strategy, whereas the prelim-
inary action plan contains detail only sufficient for determin-
ing costs and benefits. The main purpose of detailed action
plansisto decidewho will do what, when, and how to achieve
aspecific outcome at the operating and implementation level.
Each detailed action plan requires consideration of costs
(materials, equipment, and so forth), personnel requirements,
agency involvement, timeframes, legal and legidative impli-
cations, and other impacts. In addition, the detailed action
plans specify how the performance measures or indicators
(both process and impact) of the strategy will be assessed.

The detailed action plan also contains the performance
measures, accompanied by a description of which data are
required and how they will be collected for

* Process performance measures and
* Impact performance measures, including proxy (surro-
gate) measures.

Task Team leaders, through a coordinated effort by the
Operations Manager, are made aware of related strategies and
the need for integration. The Task Team leaders and Opera-
tions Manager will identify areas where resources may be
shared and conflicts avoided. Through constant communica-
tion, the Task Teams develop detailed action plans that are
interdependent and coordinated as necessary.

An action plan indicates activities for the various agencies
involved, with milestones (times) of accomplishment and
measures of performance. In most instances, an action plan
developed by a Task Team will coordinate the efforts of var-
ious state and/or local safety agency personnel. Some details,
as appropriate, may be modified or expanded by the imple-
menting agencies. Action plans should contain information
specifying theimplementing agencies, funding (budget), per-
sonnel, training, scheduling and data requirements, equip-
ment and materia regquirements, and legidlation requirements
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where appropriate. The performance measurement sections of
the action plan should detail the goals, short- and long-term
impact measures, and process measures. Appendix D3 pro-
vides useful guides for developing impact and process mea-
sures as part of action plans. Before the detailed action plans
are submitted to the Operations Manager, the implementing
agencies will individually consider the relevant components
of the action plans and approve or propose modifications to
theaction plans. With theagencies' feedback, the Task Teams
will formalize the detailed action plans.

The Operations Manager assembles all the detailed action
plansfor final approval and submissionto the SPL. The Oper-
ations Manager does not have the authority or control of par-
ticipating agencies' budgets; rather, the Operation Manager
conducts the comparative analysis with recommended strate-
giesand financial requirementsfor submission to the SPL for
acceptance. In many cases, members of the SPL will have to
take the recommendations and costs back to their individual
organizations for review, approval, and funding. Ideally, this
detailed action plan approval process should coincidewith the
organizations' budget cycles so that thefunding levelsmay be
considered during budget deliberations. Those action plans
that are approved will form the ISHSPlan.

Products

Step 5 products are as follows:

* Detailed action plansfor each strategy, pilot study, and/or
research study, which include
— Legidative needs,
— Potentia funding sources,
—An impact and process performance measurement
plan and schedule, and
— A list of resources (funding, personnel, equipment, and
material).
* The ISHSPlan.

Internal Process

The Step 5 processis as follows:

1. The Task Team members collaboratively formulate
detailed action plans that are suitable for implementa-
tion at the operating and implementation level defined
by the Operations Manager.

2. Prior to implementation, the Operations Manager will
review the completed detailed action plans. At thisstage,
the Operations Manager will determine whether the
action plans can beimplemented based on the submitted
documentation and/or whether any modifications are
required. Should modifications be required, the Opera
tions Manager will ask the Task Team to address them.

3. Thefinal detailed action plans are combined to form the
ISHSPlan. Thiscomprehensive plan is submitted to the
SPL for approval.
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Requirements
Step 5 requires the following:

* A list of dtrategies approved for implementation, along
with the corresponding resourcesthat have been alocated
toward each strategy.

* A list of pilot or research studies approved for imple-
mentation, along with the corresponding resources that
have been alocated toward each study.

* Integration of the detailed action plansforming the ISHS-
Plan. Task Team leaders will coordinate their action
plans and communicate to each other any modifications
to prevent unexpected conflicts or ineffectiveness.

* Sign-off by the implementing agencies on the detailed
action plans.

2.4.6 Step 6: Implement ISHSPlan
and Evaluate Performance

Regardless of how thorough the detailed action plans are,
issueswill evolve at the implementation step that will require
adjustments. In fact, asimplementation timeframes get larger,
the chances increase that some adjustments to the detailed
action plans will be needed. Minor changes to the detailed
action plans can be handled by the implementing agencies,
while complex changes require coordination and communi-
cation with the Operations Manager, Task Teams, and other
implementing agencies. Task Teams should meet periodically
to monitor and appraise the progress of strategy implemen-
tation. The frequency of those meetings depends on theim-
plementation timeframe of each strategy. Tentative meeting
dates were entered into the detailed action plans. Asfeedback
to future implementations, Task Teams should address the
following question: “If the program were re-implemented
today, what aspects would be kept the same and what aspects
would be changed?’ The Task Team leader and implement-
ing agencies provide the feedback for progress reports to the
Operations Manager and SPL, while the RAE group provides
both process and impact evaluations. In addition, the SPL
should continue having regularly schedul ed meetingsto mon-
itor the overall progress and to review and approve any major
changes recommended by the Task Teams.

The primary aim of theimpact performance evaluationisto
determine whether aprogram of actions has been successful in
achieving its intended goals and objectives. This information
is required to ensure that existing resources are used in the
most effective and efficient manner. Performance measure-
ment can (&) providethe basisfor an agency to assesshow well
it is progressing toward its predetermined goals and objec-
tives; (b) help the agency identify areas of strengths and weak-
nesses; and (c) help the agency decide on next steps, with the
ultimate goal of improving performance. Performance mea-

surement can also provide the data necessary for showing how
activities support broader goals, for supporting requests for
additional resources, or for supporting new initiatives.

While individua jurisdictions have no authority over other
jurisdictions, they would benefit from sharing with other juris-
dictionstheir results, progress status, recommendations, obser-
vations, successes, and failures. Dissemination of knowledge
can occur through the provision of web-based information,
newsletters, conference presentations, in-house reports, and
journa publications.

The results of the process and impact evaluations are the
inputs for decision making during Step 1 at the next cycle of
the ISMProcess.

Products

Step 6 products are as follows:

* Periodicimpact and process performance measurements
collected by the implementing agencies and submitted
to the Task Teams, Operations Manager, RAE group,
and SPL;

* Review and revision of the action plans;

» Database management by the RAE group; and

* Preparation for the next ISHSPlan.

Internal Process

The Step 6 processis as follows:

1. Feedback is gathered from the implementing agencies
that enact the detailed action plans. The corresponding
Task Team monitors and analyzes the feedback.

2. Impact evaluation of the strategies is conducted by
Task Teams with support from the RAE group.

3. Process evaluation is conducted by the implementing
agenciesreporting their resultsto the Task Teams, Oper-
ations Manager, and SPL at the periodic meetings.

4. Highway safety databases are updated with the latest
information.

Requirements

Step 6 requires the following:

* The ISHSPlan,

* Theimplementing agencies’ continuous participation as
planned in the detailed action plans,

* Periodic progress meetings, and

* Data collection for impact and process evaluation.




CHAPTER 3
ESTABLISHING THE ISMSYSTEM

In order to implement the ISMProcess described in the
previous chapter, it is first necessary to establish the ISM-
System within ajurisdiction. The requirements for establish-
ing an |SM System are depicted in Figure 3-1. The “trigger”
for the establishment of an 1SM System most likely would be
one of three potential scenarios, described as follows:

» Executive order—An executive order issued by thejuris-
diction’s chief executive (i.e., governor or mayor) stating
the composition of the |SM System, stating the overall
mission of the ISM System, and providing for the ISM-
System’sinclusionin thejurisdiction’ sbudgeting process.

* Legislation—Thelegidlative branch of the jurisdiction
(i.e., general assembly or city council) mandates an
|SM System, giving broad authority that will, in many
instances, requireformal legal regulationsfor theelements
of implementation. The mandate should aso provide a
funding mechanism for the development, implementa
tion, and continuing maintenance of the |SM System.

» Safety champion support and promotion—A strong
safety champion will have success with or without afor-
malized | SM System. However, to ensure sustainability of
the ISM System in future times, a system must be estab-
lished formally and safety must beinstitutionalised in the
jurisdiction by one of the two scenarios described above.

In moderate to large states, there exists the potential to
develop a two-tiered 1SMSystem. The upper tier would be
established at the state level, while the lower tier would con-
sist of multiple ISMSystems at the metropolitan planning
organization level. Thislower level would focus primarily on
regiona safety goalsaligned with the state |ISM System vision
and implementation.

Ten major requirements are identified here as necessary
in order to successfully establish the |SM System. While the
requirements depicted in Figure 3-1 are not al that is nec-
essary to have afully functional system, they form the foun-
dation for the ISM System. Full implementation of the ISM-
System can be expected to take 2-5 years.

3.1 REQUIREMENT 1: THE SPL IS FORMED

Deciding which agencies compose the SPL isthefirst step
informing the | SM System. Inan | SM System, the mgjor agen-
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cies in the highway safety community work in a codition to
develop, implement, and administer an ISHSPlan for the state
or local jurisdiction. The number of partners in the coalition
depends on the political, organizational, and management
environment of the jurisdiction.

A coalition suggests that the many safety programs cur-
rently operating under different agenciesin ajurisdiction can
be coordinated to optimize resources and program results.
The current independent planning and implementation of
activitiesat the national, state, and local levelsof government
may result in redundant or conflicting efforts targeted to the
same objective. These independent safety activities can and
should be coordinated. A key requisite of the coalition is a
strong commitment from each member agency to support the
initiatives devel oped by the coalition and to provide ongoing
funding to execute and administer the |SM System and devel op
the ISHSPlan. This commitment involves the formalization
of commitment to allocate and share resources for the |ISM-
System through a memorandum of understanding.

3.2 REQUIREMENT 2: THE SPL DETERMINES
THE COALITION’S MISSION

The SPL sets the mission statement for the jurisdiction.
Thismission is developed and promoted as along-term goal
for that jurisdiction. The mission of an |SMSystem will be
expressed as a consensus statement reflecting the aggregate
of the safety missions existing in the coalition agencies.

3.3 REQUIREMENT 3: THE SPL CREATES
A MEMORANDUM OF UNDERSTANDING

The major components of a memorandum of understand-
ing are listed in Table 3-1. These components will form the
foundation of the coalition. Each jurisdiction should tailor
the memorandum of understanding to best suit the needs of
thejurisdiction. The SPL should ensurethat all aspects of the
coalition are detailed in the memorandum of understanding.
All roles and functions of the ISMSystem should also be
clearly defined. Among those roles, the chair of the SPL will
be identified in the documentation. For example, the chair
could be the chief executive of the agency with the largest
resource commitment. If the resource commitment of the
SPL agenciesisrelatively equal, the chair can be decided by
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Formalization

An ISMSystem may be triggered
in one of three ways:

*Executive order

«Legislated regulation

« Safety champion support and
promotion

- of the Safety Program g5
Gon O e, Ership
......... S

........... =Y

Health
Agencies

Metropolitan
Planning
Organizations

Enforcement

Transportation
Planning
(DOT)

Governor’s
Highway
Safety Agency

Vehicle
Registration
Agency

Other agencies responsible
for safety within ajurisdiction

« Mission Statement (purpose)

« Memorandum of Understanding
« Communications Plan
 Appraise Existing System

« Establish the Administrative
Structure

* Appoint an Operations
Manager

« Assemble the Risk, Analysis,
and Evaluation (RAE) Group

« Vision Statement (goal)
« Link Agencies’ Databases

Figure 3-1. Establishing the |ISMSystem.

TABLE 3-1 Proposed headings for memorandum of under standing

| SM Process
(Step 1)

Heading Description
Purpose Reason for the memorandum of understanding: sustainability of the |ISM System.
Membership List of agenciesinvolved in the |SM System and SPL and parties agreeing to memorandum of understanding.
Roales of SPL Roles are outlined in this document, focusing on facilitating the implementation and sustainability of the |SM System.
Administration of Integrated Clarification of all administrative issues (e.g., physical location of Operations Manager’ s office, procedures for
Safety Management System resource allocation, and formalized position for the Operations Manager within the administrative structure).
Communication Channels Coordination of existing communication and marketing services to serve as public relations (external communica-
and Protocols tions) for the ISM System in an integrated manner (a coordinated protocol); establishing internal procedures for

communication and meetings among all agencies of the |SM System.

Funding Formalization of the funding structure, ensuring sustainability.
Databases Establishment of links among the relevant databases, and continual updating and maintenance of databases.




consensus of the members or by arotation mechanism devel-
oped by the SPL members.

Policy development should be the province of the SPL
and not be delegated to the day-to-day administrators of the
| SM System. Therefore, this memorandum should also con-
tain apolicy statement outlining the budgeting processfor the
development and sustainability of the |SM System. The pol-
icy should also indicate the process for inclusion of the costs
of the recommended strategies into the operating budgets of
the implementing agencies. Risk management concernswill
be appropriately included in policy statementsand bein con-
cert with existing risk management policies and tort liability
statutes.

3.4 REQUIREMENT 4: THE SPL DEVELOPS
A COMMUNICATION PLAN

Public relations and marketing services should be employed
at the earliest opportunity in order to stress the importance of
the program and achieve public awareness and support. A mar-
keting strategy is necessary not just to produce adogan and a
logo but also as part of apublic education campaign. The pub-
lic, in generdl, is unaware of the level of coordination or lack
of coordination that exists between various government agen-
cies. Part of a public campaign should be to bring this to the
public’ sattention and to emphasi ze the leadership position that
ajurisdiction is embarking upon. If politicians, senior man-
agement, and the public understand the purpose and benefits
of an |SM System, they will strongly support it.

3.5 REQUIREMENT 5: THE SPL APPRAISES
THE EXISTING SAFETY MANAGEMENT
SYSTEM

Establishing an ISM System is only the starting point and
not the answer to improving highway safety. The answer to
the question “What gives you the confidence that your stateis
doing everything possible to maximize safety on your high-
ways?’ is not “Well, we have established an |1SM System”
(10). The confidence will be expressed through improvements
in crash statistics and safety-related cost savings. The ISM-
System presents an organizational structure and a process
requiring effective management and staff activity for improv-
ing highway safety.

Appraising the status of the current safety systems is a
requirement in evaluating what changes will be required to
establish an effective ISM System. System changes should
move in incremental stepsin order to understand the impact
of each change on the system and to use the insights gained
to make refinements to the initial changes. Depending upon
the scope of the changes made, one may expect an |SMSys-
tem culture to develop over a period of severa years before
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an |SM System, as described here, isin place. However, inte-
grated and systematic safety planning and programming can
begin immediately.

The literature suggests a need for large systems to conduct
regular appraisalsin order to evaluate current practices and
make necessary improvements. AASHTO has a history of
conducting peer reviews, a type of assessment used by state
DOTs, to identify internal strengths, weaknesses, external
opportunities, and constraints that can be used to prioritize
and align improvement initiatives. Predefined criteria for
assessment have been appliedin avariety of different systems,
both in government and industry, such as the Baldrige
National Quality Program “Criteria for Performance Excel-
lence” (11). Osborne and Gaebler (12) present examples of
federal, state, and local government organizations using per-
formance assessment, among other techniques, to enhance
their operations. Some states, such as Virginia, have agovern-
ment review committee that conducts studies and appraisals
that are used for assessing performance and making improve-
ments (13, 14). Corporations around the world that subscribe
to 1SO 9000 standards use regular assessment procedures for
certification (15, 16).

In order to have confidence in a system, it is necessary to
conduct an assessment. For this purpose, appraisal criteria
have been developed for all components forming the 1SM-
System. These appraisal criteria are presented in Appendix
B3 and are supplemented with expected appraisal results for
aworking system. These criteria are the basis for an assess-
ment of whether or not an individual jurisdiction implement-
ing the | SM System is meeting the requirements and relevant
attributes stated in this report. Each jurisdiction should
conduct an internal appraisal on aregular basis and should
arrange for an external appraisal of the |SM System periodi-
caly, at least every 4 years. Theinternal appraisal isstraight-
forward and inexpensive, since it can be conducted by those
already familiar with the system. An external appraisal pro-
videsan independent view for comparison and, perhaps more
importantly, introduces new ideas from other jurisdictions.
Without answering the appraisal questions, it is extremely
difficult to have the confidence that everything possible is
being done to maximize highway safety.

For the internal appraisal, an internal group with appro-
priate authority and expertise should assess the various | SM -
System components. This group should include representa-
tives of the different coalition agencies at different levels of
the agencies, ensuring that there is at least one high-ranking
staff member to provide the breadth of understanding and
commitment to implementing improvements to the ISM Sys-
tem. The scope and success of the self-assessment will likely
depend on the rank of the appraisal group’s highest-ranking
member within the |SM System leadership. Simply put, the
higher therank, the more likely the appraisal will lead to sig-
nificant improvements in safety.
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3.6 REQUIREMENT 6: THE SPL ESTABLISHES
THE ADMINISTRATIVE STRUCTURE
OF THE ISMSYSTEM

Regardless of the process used for establishing the organi-
zational structure, acritical part of the processisthe allocation
of funding to support and maintain the organizational struc-
ture. Thismeansthat funding must be allocated to (a) establish
the positions for the Operations Manager and supporting staff
and (b) ensure that funding will systematically continue to be
budgeted for the |SM System.

While the functional structure for the Operations Manager
has been specified, the administrative requirements, such as
who will pay the OperationsManager’ ssalary, must beworked
out. All bureaucratic approvals must be obtained to create a
full-time position for the Operations Manager of asufficiently
high management level to coordinate and manage the day-to-
day operations of the |SM System.

3.7 REQUIREMENT 7: THE SPL APPOINTS
AN OPERATIONS MANAGER

Day-to-day operation of an 1SM System will requireafull-
time Operations Manager to act as the focal point of the sys-
tem. It ismost desirable to have this person appointed imme-
diately at the establishing stage. Until such an appointment
takes place, staff from one of the coalition agencies may need
to be appointed to this position, in the interim, as an Acting
Operations Manager.

Most states have a person in similar position as the Safety
Management Focal Point, a designation called for in the
Intermodal Surface Transportation Efficiency Act of 1991
(ISTEA), or asthe Governor’s Highway Safety Representa-
tive (or coordinator) called for in the Highway Safety Act of
1966. The Operations Manager will serve as staff to the SPL
and will direct the daily activities of the |SM System.

Human resources currently in placein theindividual coali-
tion agencies can serve asthe personnel supporting the Oper-
ations Manager. These resources will not be organized in a
separate agency, but rather will jointly develop, design, and
implement an ISHSPlan for the jurisdiction. This ISHSPlan
will aim to incorporate the existing safety programs operat-

ing in the coalition agencies to which these human resources
are currently dedicated. The underlying philosophic founda-
tion of an ISMSystem is that existing resources will work
together on common highway safety initiatives (emphasis
area’s strategies), yielding effective results with less total
resource expenditure.

3.8 REQUIREMENT 8: THE SPL
AND OPERATIONS MANAGER
ASSEMBLE THE RAE GROUP

An effective | SM System requires analytical and evauation
expertise. The RAE group may bearesearch or anaytical unit
existing in one of the coalition agencies, aunit of auniversity
research center, or contracted with a private research entity.
Most likely, the RAE group will be made up of the current
analysts and stetisticians of the coalition agencies, potentialy
supplemented by outside professionals for specific expertise.

3.9 REQUIREMENT 9: THE SPL SETS A VISION

A jurisdiction’s vision should be ambitious and attempt to
match the AASHTO SHSP. The SPL members must agree to
this vision and obtain the endorsement of their respective
agencies. The SPL should gather relevant information to
develop such a vision. The vision should be set within a
defined timeframe. Generaly, visions will be in terms of
reducing the total number of fatalities or the total number of
fatalities and injuries. As such, the RAE group will conduct
safety analyses, incorporating long-term budgets and popul a
tion forecasts.

3.10 REQUIREMENT 10: THE RAE GROUP
LINKS THE AGENCIES’ DATABASES

Each agency in the SPL possesses crash-related data that
show apart of the status of highway safety. However, in order
to seethebig picture, it isnecessary for the RAE group to ana-
lyze all relevant data, which means electronically linking the
various databases. It is not necessary for one agency to act as
arepository of the safety data; rather, it is sufficient merely to
link the databases.




CHAPTER 4
SUMMARY

Thisreport explains how to implement amanagement sys-
tem designed to maximize highway safety. The |SM System
describes how integrating the activities of agencies within a
jurisdiction canresultinalevel of safety unobtainable by any
agency working independently. In addition to highway safety
benefits, implementing the | SM System should result in sig-
nificant cost savingswhen the resources of different agencies
are pooled and shared. The financial benefits of integration
are quantified within the ISMProcess, which can be used as
an additional argument to garner support for expanding the
scope of an |SM System within ajurisdiction.

Currently, units within different agencies have various
responsibilities and activities, some over-lapping and some
mutually dependent, that have the potential to reduce the
number of highway crashes, injuries, and deaths. Whether
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agencies are reducing the number of crashes as much as
possible highly depends on the level at which the different
agencies are integrated in their problem identification, plan-
ning, optimizing, and implementation steps. The |SM System
describes an organizational structure that includes a coalition
of highway safety agencies that integrate their mission and
vision at the highest level of management. Safety profession-
alswith expertisein relevant emphasis areasare recruited into
teamsto address the specific goals set out by the coalition and,
in doing so, produce action plans that integrate the activities
of theimplementing agencies. The |SMProcess describes the
process for transitioning from crash data to integrated action
plans (forming the ISHSPlan) using the best problem identi-
fication, optimization, and performance measurement tools
available.
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GLOSSARY

Accident Modification Factor (AMF): An index of how
much crash experience is expected to change following a
modification in design or traffic control. AMF is the ratio
between the number of crashes per unit of time expected after
amodification or measure isimplemented and the number of
crashes per unit of time estimated if the change does not take
place (17).

Activity: An action where a specific highway-related
function or task is performed.

Alpha: The probability of makingaTypel error (rejecting
the null hypothesiswhen it istrue).

Annual Average Daily Traffic (AADT): The counted (or
estimated) total traffic volumein 1 year divided by 365 days.

Appraisal Criteria: A list of questionsto be used in assess-
ing the performance of an 1SM System. Whileindividua ques-
tions may apply to a specific component, the complete list of
guestions allows for acomplete assessment of the |SM System
(impact performance measures assess the performance of a
strategy, whereas appraisal criteria assess the performance of
the |ISM System).

ARIMAmodel: Autoregressive, integrated, moving average
modée for the analysis of time-series data.

Before-and-After Sudy: A study in which the crash expe-
rience and other factors before asite or agroup of sitesismod-
ified is compared with the crash experience after the modifi-
cation in order to estimate the safety effect of the change.

Cohort Sudy: A study in which researchers compare two
groups over aperiod of time. At the start of the study, one of
the groups has a particular condition or receives a particular
treatment, and the other does not. At the end of a certain
amount of time, researchers compare the two groups to see
how they did.

Comparison Group: A group of sites, used in before-and-
after studies, that are untreated but are similar to the treated
sites. The comparison group is used to control for changesin
safety other than those due to a treatment.

Control Group: A comparison group of entities(e.g., driv-
ers, roads, or vehicles) that have had a strategy applied to
them and that can be used to compare with the entities that
have not been affected by the strategy.

Correlation: The degree of linear association between two
standardized variables; the dope divided by the perfect dope;
ranges from minus one to plus one; measure of effect size.

Covariate: A measurethat iscorrelated with the outcome
but not affected by the treatment or the outcome.

Crash Rate: The number of crashes per unit of exposure.
For an intersection, this is typically the number of crashes
divided by the total entering AADT; for road sections, thisis
typicaly the number of crashes per million vehicle-milestrav-
eled on asection.

Cross-Sectional Study: A study in which the crash expe-
rience of different sitesis examined and differencesin crash
experience among sites are attributed to differences in spe-
cific site characteristics.

Detailed Action Plan: A specific plan that is under consid-
eration to address a particular strategy, including a specifica
tion of budget and resource allocation (i.e., who, what, where,
when, and how the program is going to be implemented). The
action plan’s activities are specified at the lowest level of
detail for the ISHSPlan. An action plan may be made up of
one or more |SHSPlan activities.

Effect Sze: The magnitude of the standardized effect of a
treatment variable on an outcome.

Emphasis Area: An area of safety concern identified
through a comprehensive review and analysis of highway
safety dataand information (e.g., the AASHTO 22 emphasis
areas or AASHTO Implementation Guides).

Empirical Bayes (EB) Methodology: A statistical proce-
durethat is used to estimate the long-term annua number of
crashes at asite using aweighted average of the site' s short-
term crash count and the average crash experience of simi-
lar sites.

External Validity: Thegeneralizability of theresultsfrom
a study; athreat is the interaction of treatment with another
variable.

Impact Performance Measures. Metrics used to determine
how well astrategy works to improve the safety (measured in
number of crashes per unit of time) of ajurisdiction (compare
with process performance measures, which evauate the
administrative aspects of implementation, such as expendi-
tures and time schedul es).



Integrated Safety Management Process (ISVIProcess): A
process that, in an integrated fashion, transforms the inputs
(resources, skills, information, and so forth) from the different
disciplines and role-players who have an interest in safety by
developing and implementing the safety strategies to address
major safety concerns (i.e., emphasis areas). The integrated
process consists of six steps:

1. Review highway safety information.

2. Establish emphasis area goals.

3. Develop objectives, strategies, and preliminary action
plans to address the emphasis aress.

4. Determine the appropriate combination of strategies
for identified emphasis areas.

5. Develop detailed action plans.

6. Implement ISHSPIan and evaluate performance.

Integrated Safety Management System (ISMSystem): A
subsystem of the transportation system whose purpose is
to minimize the occurrence and the consequences of auto-
mobile crashes. The individual components of the |ISM-
System are leadership, mission and vision, organizational
structure, resources, tools, legislation and funding, and the
| SMProcess.

Integrated Srategic Highway Safety Plan (ISHSPlan): A
formal description of the strategies, related activities, perfor-
mance measures, and goals of the | SM System. Thisdocument
is a product of Step 5 of the ISMProcess and will be imple-
mented by the jurisdiction’ s engineering, enforcement, educa
tion, and EM S agencies, among others.

Internal Validity: Valid causal inference; estimating the
effect due to a treatment; threatened by plausible rival hy-
potheses, such as regression-to-mean.

Interrupted Time-Series Design: A time series in which
theinitial observations serve as control and the observations
made after a strategy is introduced are experimental .

Measurement Error: The random, unsystematic compo-
nent in a measurement.

Noneguivalent Control Group Design: A designinwhich
treatment and control groups are nonrandomly formed and
subjects are pre- and posttested.

Null Hypothesis: The hypothesis that some population
value (e.g., amean difference, a correlation, or aregression
coefficient) equals some particular value (usually zero).

Objective: A strategic component of achieving the vision
or goal. An objective normally indicates anticipated levels of
achievement and is time limited and quantifiable. An objec-
tive has direct relevance to an emphasis area.
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Operations Manager: A person, appointed by the SPL,
who is responsible for the day-to-day operations and man-
agement of the ISMProcess.

Power: The probability of rgecting the null hypothesis
when it isfalse; one minusthe probability of making a Typell
error.

Pre-Post Design: A design in which agroup of peopleis
measured before and after receiving a treatment.

Problem Identification: The process of transforming data
from the highest levels into information that defines first
emphasis areas and then objectives and strategies.

Process Performance Measures: Milestones used to assess
the progress of the implementation of an action plan, usualy
administrative criteria

Program Areas. The 6 areas from which 22 AASHTO
emphasis areas emanated. These program areas relate to the
driver, the vehicle, the roadway, highway safety manage-
ment, injury prevention and control, and motor carrier safety.

RandomAssignment: Theassignment of peopleinto treat-
ment groups by a random rule; people have a fixed probabil -
ity of being assigned to atreatment group.

Random Selection: The selection of people into the study
randomly from some specified population.

Randomized Experiments: Studiesin which unitsareran-
domly assigned to treatments.

Regression Discontinuity Design: A design in which peo-
ple are assigned to treatment groups on the basis of ameasured
variable.

Regression-to-Mean: A phenomenon whereby sites with
an unusually large crash count in one time period will, on
average, experience a reduction in crashes in a subsequent
period and vice versa without any intervention.

Reliability: The proportion of variancein ameasurethat is
true, commonly estimated by an internal consistency measure.

Resources: People, materials, funds, and information
databases.

Safety Performance Function (SPF): A mathematical
equation that predicts the number of crashes, usualy per year,
at asite based onthe site’ straffic volumes and design and traf-
fic characteristics.

Safety ProgramLeadership (SPL): A coalition of highway
safety top management. The stakeholder agencieswill assign
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a top executive to provide leadership for the establishment,
implementation, and administration of the ISM System.

Srategies: Specificinitiativesthat emanate from the objec-
tives, the implementation of which will meet the specified
objective, thereby contributing to the achievement of the goal
of the emphasis area.

Sructural Equation Modeling: Modeling with a causal
structure between latent variables.

System: A collection of interdependent components that
interact with each other to achieve the purpose of the system.
No one component can, onitsown, achieve the purpose of the
system; every component needs to interact with one or more
of the other components of the system. Different systems
have different components, and the nature and the extent of
interaction required between the components to achieve the
purpose of the system can vary.

Task Team: A multidisciplinary, multiagency group of
safety practitioners with the primary responsibility of devel-

oping integrated and coordinated strategies and action plans
to achieve the SPL’ smission and vision. A Task Team com-
prises existing cadre in various organizations who are called
on to address a specific emphasis area in which they have
expertise. Members of a Task Team are recruited via the
Task Team leader and the Operations Manager under the
direction of the SPL. A Task Team is created to address a
specific emphasisareaand isdisbanded either after the devel-
opment of actions plans or after implementation and evalua-
tion of the outcome.

Tool: Any “instrument” that assistsin the execution of an
activity (e.g., a management technique, software analytical
package, documented procedure, documented guideline, or
methodol ogy).

Typel Error: Rejecting the null hypothesiswhenitistrue;
probability denoted as apha.

Typell Error: Not rejecting the null hypothesiswhenitis
false; its probability denoted as beta, and power equals one
minus beta
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ATTACHMENT 1

DESCRIPTION OF OPTIMIZATION SOFTWARE AND SPREADSHEETS IN
ATTACHED DISKETTE

The diskette attached to this report contains an electronic * Cost Benefit Analysis Worksheet.xls. a Microsoft
attachment. The electronic attachment consists of the fol- Excel spreadsheet for cost-benefit analysis.
lowing files: * instructions.txt: instructions for using the program
costbenefit.exe.
* readme.txt: atext file explaining the electronic attach- * costbenefit.exe: a Microsoft DOS program for cost-
ment contents. benefit analysis.
» Strategy Implementation Levels Worksheet.xls: a * in.txt: asampleinput text file.
Microsoft Excel spreadsheet used in preparation for * out.txt: asample output text file.

optimization.




APPENDIX A
STATE FEEDBACK

Appendix A is not published herein, but can be obtained
upon request from the NCHRP. Following is adescription of
the appendix.

State participation and feedback were part of the devel op-
ment of the ISMSystem. Results of an online questionnaire
during theinitial stages of development and a literature and
website review provided the background information neces-
sary for understanding the current status of the safety man-
agement systems in highway safety. These results are avail-

A-1

able as “Appendix Al: Survey Findings.” In addition, the
guestionnaire hel ped produce acontact list of front-line safety
professionals and potential participants in safety workshops.
After the development of a draft version of the ISM System,
half-day workshops were conducted in three states to assess
the feasibility of the proposed system. The results of the
state feedback were incorporated into the final version of the
|SM System. These results are available as “ Appendix A2:
State Workshop.”
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APPENDIX B
SOME GUIDELINES ON ESTABLISHING THE ISMSYSTEM

This appendix, consisting of three subappendixes, includes  practice recommendations for electronic databases, and
guidelinesthat may be useful to jurisdictionsdesiring to estab- appraisal criteriafor assessing the status of an existing safety
lish an ISM System. These guidelinesinclude recommenda-  management system.
tions for improving coordination and communication, best
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Appendix B1: Recommendations for Improving Coordination and Communication

One of the most well-known catch phrasesto describeinsti-
tutional barriersis “turf issues.” Thisphraseis often used asa
description and an explanation. However, simply identifying
something as aturf issue provides neither understanding nor a
solution. To break down an institutiona barrier, the barrier
must first be understood in terms of the underlying causes. For
example, consider the situation of a state agency that is refus-
ing, reluctant, or low to share the data in its databases with
another agency. Merely identifying thisproblem asaturf issue
is not enough to sufficiently identify the root cause behind the
refusal to share.

In the above case, the agency responsible may very well
have guidelinesand procedures stating that the data contained
within the databases are confidential and cannot be released
to unauthorized agencies or people. Guidelines and proce-
dureswithin agovernment agency often carry the sameweight
as the rule of law, essentialy acting as informal legislation.
In the above example, the agency’s reluctance to share data
happens to stem from the confidentiality policies in place.
Once the true description of the barrier has been identified,
does a solution become apparent? Following through with
the example of confidentiality policies, the solution involves
two steps:

1. Those responsible for maintaining and controlling ac-
cess to the database must be properly informed regard-
ing the legitimacy of the other agency’s request. This
step will require communication between both agencies
executives.

2. Assurance must be given to those providing the infor-
mation to the requesting agency that sharing the data
with unauthorised entities will not occur under any cir-
cumstance.

Neither of these steps could ever be implemented if the
problem were merely categorized asaturf issue and no subse-
quent analysis of the causes were made. To reiterate, institu-
tional barriers can be removed only when all partiesinvolved
understand them. Real ingtitutional barriers are those that peo-
ple have stopped trying to understand and have accepted as
simply abyproduct of the system.

Thefollowing is alist of recommendations for improving
coordination and communication. Thelist isbased on areport
intended to improve the relationship between state highway
agencies and emergency medical services (EMS) (1). How-
ever, the recommendations hold true for many disciplines:

* Keep your communication lines open.
» Beforthright with the other agency about what is needed.
* |dentify each need specifically.

Understand the other agency’ s needs. Keep talking until
you do.

Share credit. Don’t compete with one another.

Look at what other states are doing and model your
efforts after the best you find.

Be prepared to both represent your own agency and
respect the other agency’ s needs.

Be accessible as a resource. Offer your input.

Work out details. Don't leave things to chance.

Make sure transfers and reimbursements of funds are
prompt.

Don't overstate what you can do.

Giveawardsor certificates of appreciation for those who
go “above and beyond.”

Stay in frequent contact.

Stick to your timeline and your budget. If at all possible,
coordinate state and federal budget cycles to reduce
paperwork and administration.

Don't stray from your main objectives. Periodically
review and reeval uate objectives to stay on track.
Figure out how you will present the collaboration to the
public. Shared credit can be confusing. Some state agen-
ciesarereluctant to be visible; otherswant to be visible.
Make sure you’ ve budgeted time and money for both
benchmarking and eval uation so you can figure out what
works and how. Measurable goals are critical.

As new people join your agencies, keep them in the
loop. It isespecialy important that grant administrators
and contracting officers understand your collaborative
effort and the value it brings to each agency.

Reach outside your agency and take advantage of each
other’s contacts. For instance, EM S may open the door
to educating judges on injury prevention and highway
safety, since EM S agencies are often involved in the in-
service training of judges.

A single point of contact (such as the Operations Man-
ager, a Safety Program Leadership member, or a Task
Team member) in an ISMSystem is critical to commu-
nications success.

Itisimportant to keep NHTSA and/or other grant agen-
ciesin the loop.

If you have aformal Safety Program Leadership, Task
Team, or other advisory-type committee meeting, keep
minutes and be mindful of public record laws.
Brainstorming sessions are very effective early in the
process and then as needed to reinvigorate a program.
Monthly reports are required under most grants and are
a good way for everyone involved to stay on top of a
project.

Meet as often asis needed to be productive.



Phone calls and face-to-face conversations are impor-
tant, even when they are brief. They keep the “human
touch” in a collaborative effort and are most useful in
warding off impending problems.

Lay everything out clearly from the beginning. If needed,
the agency heads should have an informal, private meet-
ing to work out any difficulties at the beginning of the
process.

Don't try to hide anything (i.e., have no “hidden
agenda’).

Bemindful of state government politics and departmen-
tal reporting processes.

If you report to an Operations Manager, Safety Program
Leadership, Task Team, or other advisory committee,
make certain that you maintain the original goals and
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that you are not sidetracked into other areas. Written
goals and objectives will help.

In most state capitals, everyone knows everyone else’s
business. Be discreet and respectful of others; if you
have aproblem, addressit directly anddon’t let it linger.
Keep “in the loop” anyone and everyone with an inter-
est in theissue. Don't forget to include all stakeholders,
such aslaw enforcement and state legislators (especially
thosefriendly to your issues). Minutes of the Safety Pro-
gram Leadership meetings should be available online
and circulated to all stakeholders.

Bemindful of the natural tensions between civil (career)
officials and political appointees who serve at the dis-
cretion of the governor.
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Appendix B2: Best Practice Suggestions for Databases

This subappendix contains best practice suggestions for
maintaining databaseslisted in Table B-1. Descriptionsof var-
ious safety databases are also provided in this subappendix.

The best practice suggestions are as follows:

Ensure that the state databases are easily accessible by

county and city jurisdictions. Ensure that the availability

of the state databasesto local jurisdictionsiswell known.

Offer training as necessary to support local jurisdictions

in their analysis needs.

Improve, as necessary, crash data recording by empha-

sizing the following (1, 2):

—One data entry for all crash databases,

— Accurate crash location records using global position-
ing system (GPS) by enforcement agencies,

— Reduction of under-reporting of crashes, and

— Online accessibility of crash data (within privacy reg-
ulations and laws).

Improve the sharing of crash and related highway saf ety

data by making the data readily accessible in usable

formats (1, 2).

Coordinate safety management needs with ITS initia-

tives (1, 2). Obtain the involvement and support of al

major agencies using the data record system, from the

crash recording form to the analyst. This practice should

result in buy-in to the entire process and should foster

continuing and complete cooperation by all agenciesin

the state (3).

Avoid innovative technology until it has been imple-

mented and proveninthefield. Failureto follow this sug-

gestion could negatively affect database maintenance

and lead to regrets such as the following:

In hindsight, it is clear that the decision to rely on [opti-
cal character recognition] OCR software to ‘read’ the
crash report formswas one of the most detrimental to the
success of the CRASH/CARS project. The OCR tech-

nology is simply unable to interpret accurately the vari-
ety of handwriting styles encountered on the crash report
forms. The potential benefits of quicker data capture
requiring fewer staff using OCR technology never mate-
ridlized. Actualy, the use of OCR software in this project
resulted injust the opposite effect, asadditional staff have
been required by all three agencies to verify, repair and
improve the often inaccurate and incompl ete data gener-
ated by OCR (4).

Run existing processesin parallel with new applications
until proven stable (5).

Do not justify new proposals on the basis of reduced
staff levels due to technological innovations (5).
Propose conservative implementation schedules with
realistic deadlines (5).

Develop crash record systems that are adaptable to
future changes in data collection methods (5).

Ensure that statewide crash databases contain complete
historical data covering at a minimum the last 5 years.
Promote more rapid availability of accurate data; delays
are no longer acceptable (6).

Improve datatimeliness by releasing crash dataquarterly,
eventually in real time, for more responsive decision
making. Evaluate frequently and correct more quickly
(e.g., crashes due to icing on aroad segment would initi-
ate road crews dispatched to de-ice the segment) (6).
Increase “ cross-pollination” of data across disciplines.
Allow the use of key data across various platforms, and
address elements of roadway data, driver data, crash
data, and so forth for amore complete analysis of crash
factors and potential remedies (6).

Coordinate public access to the data by developing and
maintaining a data-contact list of key contact agencies
or individuals for the various data sources. Post this list
on the state website with active links where appropriate
and available (6).
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TABLE B-1 Different safety databases and their descriptions

Database Description

Police Crash Archives Records on traffic crashes are maintained in state crash databases. The crash information is derived from the police
report form that is usually completed by the investigating police officers at the crash sites. A typical crash report con-
tains data on almost 100 different pieces of information that describe the crash, the people involved, and the vehicle.

Although these archives contain awealth of information on the driver, the vehicle, and the circumstances of the crash,
acautionary note is warranted. Crash data depend heavily on the subjective judgments of the police who attempt to
reconstruct the crash after the fact. As such, the focusistypically on the proximate factors that can be easily identified
at the crash scene and not on the more distal factors and events that may have propelled the behaviors causing the
crash. Aswell, the apparent contributing or causal factors entered on police reports are often general and subjective,
and it may be difficult to identify the underlying proximal behavior or action that precipitated the crash. For example,
behaviors preceding the crash that appear to indicate aggressive driving (e.g., speeding or tailgating) may not have
actually come from anger or frustration in driving (i.e., aggression). They could reflect other motives or causes, such
as speeding so as not to be late for an appointment, or alack of driving skills.

Police-reported data may have considerable face validity (the appearance of accurately measuring an important factor) but
are subject to error, especially subjective datathat rely on interpretation and judgment (e.g., crash-casua variables). In this
regard, Shinar et d. (7, 8), in an early U.S. investigation, used the data captured by a multidisciplinary investigation team
on 124 crashes as the criterion to test the accuracy of the police-collected data. They found that “. . . the most valid police-
reported data were those concerned with crash descriptors and the least reliable were driver/vehicle variables. The ahility
of the police to accurately attribute crash causes varied considerably across the different causes.”

Shinar and Tresat (7) found that among crash-descriptive data, the police were most accurate on six variables: location,
date, day of week, number of drivers, number of passengers, and number of vehicles. The least reliable police data
concerned vertical and horizontal road character, crash severity, road surface composition, and speed limit.

The major difficulty with driver and vehicle condition data was that the police either misclassified the information
(e.g., on driver age and vehicle model year) or failed to provide any information on these driver or vehicle character-
istics on the report.

Shinar et a. (7, 8) also found that police sensitivity to crash causes was very low, in that investigating officers often
failed to report factors that should have been reported. Police were more reliable in detecting human direct causes
than vehicular, environmental, and human indirect causes. However, the authors also noted that in the area of human
direct causes, the police performance was relatively good in identifying “failure to yield” and “failure to stop” but
was relatively poor with respect to “ speeding,” “driving left of center,” and “ other improper turns.”

Data accuracy and data completeness also vary from state to state. Moreover, the National Highway Traffic Safety
Administration reports, “. . . various sources suggest that about half of motor vehicle crashes in the country are not
reported to police . . .” (9). Unreported crashes typically involve only minor property damage and no significant

personal injury.
Department of Motor Departments of motor vehicles maintain driver records of al licensed driversin the state. Driver records are typically
VehicleFiles generated when a person enters the state licensing system to obtain alicense or when unlicensed drivers have had a

violation or crash in the state. The record contains basic identifiers (e.g., name, address, driver license number),
demographic information on the driver (e.g., birth date, gender), and information relevant to license and driver
improvement actions (e.g., license issuance and expiry/renewal dates, license class, violation dates, suspension
periods). In some states, information on crash involvements (e.g., occurrence date, crash severity) is also available.

Driver records are especially useful for examining issues related to driving history and rates of recidivism

(e.g., re-offending for moving violations and traffic-related criminal convictions). However, many states purge
the driver record of information on driving history after a certain period of time. Consequently, driver records are
incomplete and drivers identified as first-time offenders may have had previous convictions for the same offence.

DOT Highway Crash Departments of transportation are typically responsible for providing and maintaining the safe and efficient move-
Database ment of people and resources on the state transportation network. Their highway crash database typically contains
crash data, location codes, traffic volume information, and transportation network information, including highway
and road inventory information. Some states also collect other types of roadway data, such as information on curves
and intersections. Such information is used, for example, to locate hazardous sections and sites on roadways that
require or are amenable to highway engineering and safety improvements.

Vehicle Registration Files These files contain information on the vehicle identification number (VIN); plate number; and vehicle weight, model,
make, and year. Vehicle registration data are typically used for transportation planning, safety strategies, environmen-
tal studies, and law enforcement.

Ambulance Service and State health departments or relevant other agencies are responsible for the transportation and pre-hospital assessment,
Pre-Hospital Care diagnosis, and treatment of persons requiring emergency medical care. In some states, the ambulance crew must com-
Data Sources plete areport whenever aresponse number is generated and a patient is treated and/or transported by ambulance.

Many persons requiring emergency medical care are the victims of motor vehicle crashes.

Information collected and retained in the database includes the major complaint of the patient; abrief description of the
mechanism of the injury; arecording of the vital signs; a diagnosis regarding the patient’s most significant medical prob-
lem, adiagnosis about any associated problem or trauma score, and any additional comments (e.g., seat belts were worn,
vehicle impact was head on, etc.).

Hospital Care and Health departments and/or hospitals maintain a health care morbidity database. The information contained in such
Morbidity Data databases typically consists of patient separation data, the level of care, the number of hospital days, type of diag-
noses, and procedures performed on the patient. The international classification of disease coding (ICD9) can be
employed to identify personsinvolved in motor vehicle crashes.

(continued on the next page)
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TABLE B-1 (Continued)

Database

Description

Trauma Centers

Information on seriously injured motor vehicle victimsistypically retained at trauma centers. This may include
details on the mechanism of the injury, blood alcohol concentration, length of hospital stay, and injury severity scale.

Federal Crash Archives

The National Highway Traffic Safety Administration (NHTSA) maintains two crash databases: the Fatality Analysis
Reporting System (FARS) and the General Estimates System (GES) (10).

FARS contains annual data on a census of fatal traffic crashes within the 50 states, the District of Columbia, and
Puerto Rico. According to NHTSA, “to beincluded in FARS, a crash must involve a motor vehicle traveling on a
trafficway customarily open to the public, and must result in the death of an occupant of avehicle or a nonmotorist
within 30 days of the crash.” FARS data are available annually back to 1975. FARS contains more than 100 data ele-
ments related to the driver, vehicle, involved persons, and the crash itself. FARS has proven to be arich information
source for research and program evaluation focusing on fatal crashes.

GES data are obtained from a nationally representative probability sample selected from al police-reported crashes.
According to NHTSA, “to be dligible for the GES sample, a police accident report (PAR) must be completed for the
crash, and the crash must involve at least one motor vehicle traveling on atrafficway and result in property damage,
injury, or death.” GES began in 1988. Although useful for some research purposes, GES data are estimates of counts
of crashes and injuries and are, therefore, subject to sampling errors. Moreover, statistical procedures are used to assign
valuesto all the GES unknown data. Because of such limitations, NHTSA cautions that care should be taken in com-
paring GES estimates from one year to the next. This may preclude any trend analysis or the use of GES to examine
fatal and injury crash involvement, before-and-after implementation of a program.

Highway Safety
Information System

Another useful crash database is the Highway Safety Information System (HSIS), a state safety database that is main-
tained by the Federal Highway Administration (FHWA). The HSIS uses data collected by eight states for the manage-
ment of their highway systems and for the study of highway safety. The HSIS data include information of crashes,
roadway design features, traffic, and other elements. All severity levels are included in the HSIS crash data, but often
property-damage-only crashes are restricted to crashes over a specified amount of damage (e.g., $500), which varies
by state and year.
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Appendix B3: Appraisal Criteria for an ISMSystem

Thisappendix contains appraisal criteriathat may be used
to assess the components of a safety management system.
These criteria are appropriate for a jurisdiction looking to
establish an |SM System that wishes to first assess its exist-
ing system. These appraisal criteriamay also be used during
periodic reviews of an existing |SM System in order to make
improvements and to recommend changes. The appraisal cri-

teriaare given in Table B-2 and are grouped by the ISM Sys-
tem components: leadership, mission and vision, organiza-
tion, Operations Manager, Risk and Analysis (RAE) group,
Task Teams, highway safety information systems, and
| SMProcess. In Table B-2, thefirst column describestheissue
to be assessed, and the second column describes the optimal
scenario in aworking 1SM System.
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TABLE B-2 Appraisal criteria

ISSUE

WHAT TO LOOK FOR

LEADERSHIP

|'s safety viewed from a systems perspective, one that aligns and inte-
grates the actions of all functions and organizations (e.g., 4Es—engi-
neering, enforcement, education, emergency medical services) involved
in safety?

L eaders should understand that each of the 4Esimpact safety and know
how to assess the overall |SM System in terms of each, individually and
collectively.

The agencies that are responsible for highway safety engineering, traf-
fic law enforcement, safety education, and emergency services or injury
prevention programs are represented on the Safety Program L eadership
(SPL) coalition.

Arethe representatives in the SPL recognized safety leaders or champi-
ons? Do they have the authority to make decisions committing
resources on behalf of the agencies they represent? Is there an overall
leader responsible for helping integrate and align the improvement
actions that cut across organizational and programmatic boundaries
(e.g., across each of the 4Es)?

A statewide safety leader or champion is formally designated and has
the competencies needed to understand and facilitate the improvement
of the entire | SM System, taking into account the needs of each of the
agencies and integrating them to do what is best for the entire ISM Sys-
tem (SPL chair and/or Operations Manager).

The agencies that compose the SPL coalition each have identifiable
committed resources to the | SM System.

LEADERSHI

P TRAINING

Do education and training support the expected accomplishment of key
agency safety action plans? Do they address the agency’ s needs, includ-
ing building safety knowledge, skills, and capabilities, and contribute to
improved employee performance and development?

The ISHSPIan, strategies, and action plans describe the education and
training needs of personnel within the |SM System and the resources
needed to accomplish the related strategies and actions.

Have training programs been developed that are designed to raise the
safety consciousness of agency employees as to the safety implications
of their decisions and actions?

The ISM System is viewed from the perspective of the people who par-
ticipate in the system. Safety competency requirements and safety train-
ing needs are identified and incorporated into the overall and individual
organization strategic safety plans.

Are periodic training sessions on safety at all agency levels devel oped
and conducted? Are employees permitted and encouraged to attend
major conferences, seminars, and so forth for professional develop-
ment? Do representatives from the state attend national conferences on
safety issues and share knowledge and insights gained with key system
stakeholders?

Training plans are implemented.

Conferences and seminars are used as learning resources, and processes
arein place for ensuring adequate funding and for disseminating and
using insights gained at such events.

MISSION A

ND VISION

Does the agency in charge of safety have mission and vision statements
that encompass the entire |SM System?

The SPL has aclear amission statement and a vision statement that are
formally adopted and shared with all organizations and stakeholders
involved in the |ISM System.

Has the vision been defined in a specific timeframe for a specific reduc-
tion in fatalities or in fatalities and injuries?

The vision statement is explicitly defined in terms of timeframe and
type of crash severity reduction.

Are the mission and vision statements clear and compelling, and are
they understood and supported by all of the members of the SPL who
participate in the | SM System?

The mission and vision statements are easily understood and are known
to be clear and compelling because they have been tested with key
stakeholders. The mission and vision statements are clearly communi-
cated and reinforced on aregular basis.

Have the mission and vision statements been reviewed and accepted by
all the major stakeholders (especially the leadership) within the past 4
years?

The safety mission and vision statements are reviewed every 4 years
and updated (or reaffirmed) on the basis of inputs received from key
stakeholders.

Has highway safety been established as agoal of the |ISM System at the
highest policy level?

Highway safety isincorporated in the formal prioritiesin the Gover-
nor’s agenda, and each of the agencies has mutually reinforced goals
within itsindividua strategic plan.

Have the mission and vision statements been translated into achievable
goals for emphasis areas? Are responsibilities for accomplishing these
goals shared and agreed upon by the implementing agencies that will
have to take action?

An ISHSPIan lists al of the goals and supporting strategies and actions.

The ISHSPIan identifies the resources required to accomplish the plan,
and the resources are in place to support the plan.

ISMSYSTEM O

RGANIZATION

Does thejurisdiction have aformally designated SPL coalition?

An SPL isformally chartered by executive order, legislation, or mem-
orandum of understanding among agencies. The formal charter of the
SPL includes the necessary funding for running and maintaining the

| SM System.

Areall the mgjor safety stakeholders represented on the SPL?

The SPL includes representatives from all key stakeholder groups that
participate in and commit resources to the operation of the |ISM System.

Isthe SPL fully knowledgeable of the day-to-day operations and
results?

| SM System senior leaders (the SPL) are regularly (e.g., quarterly) pro-
vided reports and information pertaining to the |SM System operation
(i.e., ISM System performance results, using agreed upon performance
measures, etc.).
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ISSUE

WHAT TO LOOK FOR

Have the mission and vision statements, emphasis areas, objectives,
strategies, roles, and responsibilities been documented, and are they
comprehensive?

The SPL and Operations Manager produce areport that describes the
safety situation in ajurisdiction, including identification of the major
safety concerns, alist of potential emphasis areas, selected emphasis
areas, and action plans.

Isthere an organizationa chart for the |SM System organi zation that
clearly definesroles, responsibilities, and relationships? Isit easily
available?

An organizational chart documents reporting relationships for everyone
involved in managing and improving the | SM System.

A system diagram shows the interrel ationship among all the major
components of the | SM System.

Isthere an emphasis on safety, and is the emphasis reflected in the
policies, standards, and work-related requirements?

Safety isformally designated as an organizational priority in all organi-
zations that participate in the | SM System, and policies and standards
are aligned to support safety goal attainment.

Areall agenciesinvolved in the |SM System kept fully informed of
approved action plans and progress, and are they systematically
involved in coordinating improvements?

Thereisaformal process for | SM System stakehol ders (represented by
the SPL) to address the safety issuesin their jurisdiction along with
their information needs, and the communication and coordination nec-
essary for decision making exist to determine whether communication
and coordination are adequate and feedback received is used.

OPERATION

SMANAGER

Has a person been designated and empowered to coordinate and operate
the |SMProcess?

The Operations Manager’s roles and responsibilities are designated in
writing.

SPL team members and the Operations Manager agree on performance
expectations and how the expectations will be assessed from account-
ability perspectives.

The Operations Manager has the organizational skills to understand how
the current 1SM System works, in terms of both a systems view (compo-
nents of the system and the interrel ationships between these components)
and how well the ISM System is performing (e.g., knowledge of the sys-
tems performance, effects of improvement actions, accountabilities dis-
charged, and barriers to improvement being addressed).

Does this person have adequate time and resources to devote to the
ISMProcess?

The Operations Manager’s primary job responsibility is safety manage-
ment. Any other job responsibilities are assigned with the proviso that
they are of secondary importance and cannot interfere with the effective
conduct of managing the | SMProcess.

RISK ANALYSISAND EVALUATION (RAE) GROUP

Do analysis units exist on staff, or are they available through either con-
tract or memorandum of understanding, to perform the analysis of high-
way safety information for (&) identification of problems, (b) develop-
ment of emphasis areas and strategies, and (c) evaluation of programs
or projects implemented through the | SM System?

Analysts with competence in highway safety program analyses and
working knowledge of statistics, evaluation, and information systems
are identified and formally engaged.

The RAE group is provided with the technology needed to perform the
group’s roles and responsibilities.

TASK TEAMS

Doesthe Task Team leader, who is selected by the SPL and/or Opera-
tions Manager, have experience in the emphasis area programs?

The Task Team leader should come from the agency that will most
likely implement the strategy(ies) or have the greatest involvement.

Are Task Team members assigned to strategy action plans by associ-
ated discipline or agency?

The SPL and/or the Operations Manager should assign Task Team mem-
bers for each defined emphasis area according to the members expertise.

Do the Task Team members have highway safety expertise, especially
in the areas to which they are assigned?

Task Team members should come from the SPL agencies with experi-
encein the agencies’ highway safety programs.

Isthere aprocessin place for systematically soliciting feedback from
Task Team members on organizational productivity?

A progress reporting system should be in place that responds to Task
Team comments and suggestions.

Arethe Task Teams sufficiently informed about the SPL’ s expectations
with respect to emphasis area goals? Are the Task Teams receiving suf-
ficient guidance with respect to policies, guidelines, and specifications?

Task Teams are formally informed with regards to what is expected from
them and the support they will be provided in meeting expectations.

Is the representation of the Task Team sufficient? Will the inputs from
the members result in integrated and coordinated strategies and action
plans?

The SPL identifies al of the key stakeholders who will be affected by
the Task Team’s assignment and then ensures that the Task Team is
made up of members who collectively can view their tasking from all
required perspectives.

HIGHWAY SAFETY INFORMATION SYSTEMS

Are accurate crash data files readily available and integrated into the
agency’ s management information systems? Do the crash data files
contain sufficient information about the crash, including, at a minimum,
the severity of the crash, the type and exact location of the crash, con-
tributing circumstances, time of day, and environmental conditions

Safety data, information, and knowledge needs are clearly articulated
and incorporated into organized knowledge and information manage-
ment processes and systems.

(continued on the next page)



B-10

TABLE B-2 (Continued)

ISSUE

WHAT TO LOOK FOR

(e.g., weather and roadway surface condition)? Do state databases con-
tain, at aminimum, a set of crash data elements with standardized defi-
nitions that are relevant to injury control, highway and traffic safety
(e.g., the Model Minimum Uniform Crash Criteria[MMUCC])?

Are all the safety databases (traffic crash data, vehicle registration data,
driver license and history data, roadway data, emergency medical ser-
vices and trauma data, traffic citation and conviction data) linked? If
not, isthere aplan to link the databases being implemented, or can
downloads from each database allow the creation of a safety database
or research database?

The ISM System is viewed holistically with regards to data and informa-
tion needs. These are then used to develop a comprehensive and inte-
grated knowledge and information management process and system.

Arethe SPL, Operations Manager, RAE group, and Task Team members
able to get the data they need when they need it to perform their tasks?

Are data and information used to predict process performance?

The key users of the information systems are involved in information
needs identification, and their inputs are used to design the system.

Data and information are used proactively to predict performance of
the ISM System. Actual performance is compared against predictions
to devel op lessons learned and improvements.

Can the information contained in the safety databases be accessed
online?

Technology to enable safety analysisis provided to people within the
| SM System who are responsible for conducting safety analysis and
developing findings, conclusions, and recommendations.

ISMPROCESS STEP 1

Has the SPL or Operations Manager directed that a jurisdictionwide
highway safety profile be prepared?

The RAE group within the | SM System organization or an outside
agency, such as a university, management consultant, or aresearch
institute, is periodically engaged to conduct an analysis of the jurisdic-
tion highway safety information system to develop ajurisdiction high-
way safety profile.

Are the decisions made by the SPL based on a comprehensive and sta-
tistically defensible review of highway safety information?

The SPL is committed to using the scientific method to identify poten-
tial emphasis areas developed by the in-house or contract analysis unit.

Are the available data sufficient in quantity and quality for the recom-
mended methodologies to be implemented?

Data requirements that align with safety methodologies are clearly
articulated and used.

Are the analyses conducted according to recommended methodol ogies?

Agreed upon methodologies are used, and feedback on the methodolo-
giesis solicited annually or as required to improve methodol ogies and
align data requirements.

Isthere aprocessin place for reviewing the actions and outputs of Step 1?
Arethereview resultsincorporated into the next year's | SM Process?

| SM Process performance measures are established and used to assess
process performance and make improvements. A report of the results or
products on Step 1 (i.e., a Crash Analysis Report or a Highway Safety
Profile Report) is published.

Arethere policies, procedures, and processes in place for
* ldentifying sites with potential for improvement?
« ldentifying target groups for potential countermeasures?
« Establishing profiles of high-risk groups?
Identifying driver and/or vehicle failures?
Analyzing crash information for different severity reduction
strategies?
» Monitoring performance indicators?

.
.

Formal policies, procedures, and processes are in place for identifying
key factors that contribute to safety problems.

ISMPROCESS STEP 2

Did the report resulting from Step 1 indicate highway safety emphasis
areas of concern?

The SPL and Operations Manager develop highway safety emphasis
areas based on the jurisdiction safety profile. These emphasis areas
should bein areas that have promise for crash reduction based on the
preliminary analysis conducted in Step 1.

Hasthe SPL, in conjunction with individual Task Teams, formulated
goals for each emphasis area that directly align with the vision?

Thereis clear agreement among al SPL members and Task Teams on
safety emphasis goal's, and the emphasis goals are expressed in terms
of reductions in fatalities or in fatalities and injuries within each
emphasis area.

Do the AASHTO Implementation Guides and/or other resources exist
for the emphasis area?

If the relevant AASHTO Implementation Guides exist, they are used as
aprimary resource by the Task Team.

Have the emphasis area goals been established and evaluated to form
the basis for future decision making?

Emphasis area goals are designed to improve the ISMSystem as a
whole and to align priorities for individual organizational safety
improvements accordingly.

How doesthe SPL review the |SM System'’ s performance and use the
findings to identify opportunities for improvement and innovation?

Measures exist for (a) assessing |SM System performance, (b) using the
measures to determine problems and opportunities for improvement,
and (c) establishing improvement priorities.

Arethe goals formulated by the SPL for an emphasis area suitable?

Criteria are developed for assessing goals and then used to ensure that
the goals are the optimum ones needed to improve the |SM System.
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Has a Task Team leader been selected for each emphasis area?

A Task Team leader from the agency most likely to implement the
major strategiesis selected by the SPL and Operations Manager.

Have Task Team members been assigned to each emphasis area?

Task Team members are assigned to an emphasis area with experience
in their agencies' programs related to the emphasis area.

ISMPROCESS STEP 3

Arethe strategies selected based on the consultation of the AASHTO
Implementation Guides and/or highway safety data?

The strategies are based on the AASHTO Implementation Guides and
available safety data.

Do the strategies reflect multidisciplinary input and actions?

The strategies are aresult of the multidisciplinary Task Team and
reflect the Task Team's judgment and analysis.

Are there monitoring criteriaincluded for each action plan?

A Gantt chart is prepared that identifies all actions required to imple-
ment the strategies with identified milestones for completion.

Does the Task Team have adequate support from the Operations
Manager and the RAE group for necessary analysis, technology,

or other budget items required to develop strategies and preliminary
action plans (i.e., travel, supplies, I T toals, etc.)?

Funding needs are developed as part of the overall planning process and
areincorporated into budget processes. The Operations Manager estab-
lishes links between the Task Teams and the RAE group.

Is there a decision-making process devel oped for the Task Teams to use?

An accepted decision-making (i.e., problem identification) processis
used by Task Teamsin developing strategies and eventual action plans
for each approved strategy.

Areall team membersin clear agreement on their tasking and committed,
involved, and satisfied?

At the beginning and end of each meeting, all actions will be reviewed
and approved by consensus.

ISMPROCESS STEP 4

Do the Operations Manager and his or her staff have sufficient guid-
ance on how to assess the suitability of strategies?

Performance measures for strategies are developed by knowledgeable
Task Team members and then used to assess performance, enhance
learning, and make improvements.

Do the Operations Manager and his or her staff use the recommended
optimization techniques to select strategies for further development and
implementation? If not, how are strategies selected for inclusion in the
jurisdictional strategic highway safety plan? Is this approach suitable?

Optimization techniques are fully understood and used to make recom-
mendations for improving the | SM System.

Does a suitably skilled and qualified staff perform the optimization
procedures?

The set of strategies for each goal is reviewed holistically to ensure
alignment and efficiency in implementation. This process s repeated
for the full suite of strategiestied to al goals.

Are emphasis area strategies and associated action plans clear and suffi-
cient to accomplish the goals?

The SPL, with the support of the Operations Manager, views the pre-
liminary action plans holistically and ensures that, in the goal s designed
to improve the ISM System, there are no gaps and that the goal s selected
mutually support each other in the attainment of the system’svision.

Isthe allocation of funding across the agencies responsible for engi-
neering, enforcement, education, and emergency services based upon a
formal process that includes cost-benefit analysis?

Funds for safety improvement programs are clearly defined and
incorporated into budgetary processes.

Isthe ISMProcess understood? For example, is the linkage from safety
goals to safety process clear, and are process goal's supportive of
broader organizational safety goals?

For every step in the implementation, the agency that isimplementing
the strategy understands the intended emphasis area goals and purpose
of the actions. When there is disagreement or confusion as to actions or
goals, the implementing agency has direct contact with the appropriate
Task Teams in order to address any questions.

ISMPROCESS STEP 5

Are performance measures established for determining the degree to
which goals are achieved and strategies implemented?

Impact and process performance measures are devel oped for each goal.

Do action plans contain a suitable performance measurement plan?

Performance measures are developed and aligned from goals to strate-
giesto actions.

Do action plans clearly identify actions required of transportation
agency stakeholders, suppliers, and other transportation agency
components critical to the agency meeting its goals?

Action plans explicitly define individual responsibilities for each task or
action and are grouped by organization for ease of use and clarity of
responsibility.

Are resources allocated to ensure that strategic goals and action plans
can be accomplished?

Resource requirements for goals and associated strategies and actions
are developed as part of the planning process. Then, they are integrated
into the funding process. If there are funding shortfalls, plans (i.e.,
goals, strategies, and actions) are refined accordingly.

Were al |SM System stakehol ders, especially the potential implement-
ing agency, involved in the strategy devel opment process, and do they
fully support the action plan and the corresponding resource allocation?

All key stakeholders areinvolved in the planning process and there is
an explicit process for testing for the level of understanding and support
for safety plansfor al of the key stakeholders.

(continued on the next page)
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ISMPROCESS STEP 6

Have sufficient resources been allocated to support the performance
measurement effort?

The performance measurement process has adequate funding and
staffing commitments to execute it successfully.

To what degree are these performance measures used to enhance
accountability and to support organizational learning and improvement?
Isthere a process for improving the performance measures and the
associated learning and improvement process?

The performance measures are used, at least quarterly, to assess progress,
highlight accountabilities, and develop insights and improvements.

The performance measurement and improvement process has its own
measures that are used to assess progress, highlight accountabilities,
and develop insights and improvements.

Arethere sufficiently skilled and experienced staff to perform the pro-
cessing and analysis of performance indicators?

The Operations Manager and his or her team members understand
process improvement and how to use data to identify improvement
opportunities and assess effectiveness.

Are the results of the performance measurement effort sufficiently doc-
umented and communicated to the SPL and all stakeholders?

Performance results are documented in formal reports and made avail-
able to all stakeholders. The reports addresses accountability and
results, including what was done, by whom, when, where, and what
were the outcomes.

Has an | SHSPlan been prepared and published for dissemination to all
SPL members and other safety stakeholders?

An ISHSPIan has been published.
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APPENDIX C
STEP-BY-STEP WALK-THROUGH EXAMPLE OF THE ISMPROCESS

Appendix C providesahypothetical exampleof anapplica=  additional information for decision makers applying the
tion of the ISMProcess. This highly simplified exampleis  1SMSystem. The numbers used in this example are for illus-
intended not to be exhaustive but rather to provide some  tration purposes only.



C-2

STEP 1: REVIEW HIGHWAY
SAFETY INFORMATION

During the first step of the ISMProcess, the Safety Pro-
gram Leadership (SPL) group of a jurisdiction initiates an
annua review of highway safety information and existing
highway safety programsto identify potential emphasisareas
for corrective action. The Operations Manager, working with
the Risk Analysisand Evaluation (RAE) group, appliescrash
problem identification techniques (such asthose described in
Appendix D1) to the jurisdiction’ s databases.

For the purpose of this example, assume that four emphasis
aress were identified after the high-level analysis of highway
safety data by the RAE group and due consideration by the
SPL of political, practical, and socia issues. The four empha-
sisareas, in order of priority, are

* Run-off-road crashes,
* Aggressive driving,

* Crasheswith trees, and
* Impaired driving.

Based on the high-level analysis and knowledge of the sta-
tus of safety in the jurisdiction, the SPL also establishes an
overall highway safety goal (vision) during this step. For this
example, the vision statement is as follows:

We envision a 15% overall reduction in injury crashes by
2008.

For this hypothetical example, assume that the state expe-
rienced approximately 24,000 injury crashes in 2002 on all
road types. A 15% reduction between 2003 and 2008 (5 years)
implies a 3% reduction per year, or areduction of 720 injury
crashes per year.

STEP 2: ESTABLISH EMPHASIS AREA GOALS

The CARE (Critical AnalysisReporting Environment) soft-
ware package (1) is used to perform a subset comparative
analysis of crash data. (Appendix D1 includes additional de-
scriptions and definitions of CARE terminology). Theanalysis
resultsindicate that the number of run-off-road injury crashes
on two-lanerural highwaysis over-represented (i.e., Over Rep
issignificantly higher than 1). The maximum number of injury
crashes that can be reduced by applying a combination of
countermeasuresis approximately 10% per year (Max Gain =
90) of the existing total number of run-off-road crashes on all
two-lanerural highways. There were 905 run-off-road crashes
on two-lane rural highwaysin the state in 2002, of which 180
wereinjury and fatality crashes.

When setting an emphasis areagodl, it is essential to place
the emphasis area in the context of the overall safety goal or
vision of the ISM System and continue identifying other em-
phasisareas or road typesto achievethe overall vision or goal.

For this emphasis area, the SPL and Operations Manager
invitethe state DOT traffic and saf ety engineer to lead aTask

Team with the focus of formulating strategies and related
action plans to reduce run-off-road crashes. The SPL, Oper-
ations Manager, and Task Team |leader meet to assess and
review existing information and past experience in the juris-
diction related to the run-off-road crash emphasis area in
order to establish a goal for this emphasis area.

Based on the results of a comparative subset analysis, the
SPL, Operations Manager, and Task Team leader decide on
thefollowing goal, whichin their opinionsis both measurable
and attainable:

Reduce run-off-road injury crashes on all two-lane rural
highways by 10% per year.

Thisgoal impliesareduction of 18injury crashes per year,
or 2.5% of the overall vision of a reduction of 720 injury
crashes per year.

The choice of agencies invited to join this Task Team is
guided by areview of previous studies, analyses, and research.
The run-off-road emphasis area can include a strategy aimed
at making improvements to the roadway and roadside, thus
requiring the involvement of highway design, traffic engi-
neering, maintenance, and safety staff. Another strategy may
be aimed at reducing vehicle-operating speeds, requiring the
involvement of law enforcement. This emphasis area also
deals with driver fatigue, driver perception and reaction, and
other issues suggesting the involvement of human factor or
driver safety professionals. Other strategies for run-off-road
crashesmay befound inthe AASHTO Implementation Guides
for thisand related crash types.

The Operations Manager and Task Team leader, with the
approval of the SPL, prepare a formal invitation letter
addressed to the head of the unit from which each Task Team
member is assigned. The letter outlines the emphasis area
and the desired level of input required from the agency and
the Task Team member. The following agencies are invited
for the Task Team responsible for the run-off-road crashes:

* Federal, state, and local transportation officials (highway
design, traffic operations, and maintenance divisions);

» State and local highway patrol or police;

* Emergency medical services,

» Governor’s Office of Highway Safety;

* Driver licensing agency; and

* Human factor professionals from a university or con-
sulting firm.

The newly formed Task Team reviews the existing infor-
mation and available research results relating to run-off-road
crashes. The Task Team members suggest adding the base-
linefrom the last year of compl ete statistics (year 2002). The
SPL and Operations Manager agree to this revision, so the
goal for this emphasis area becomes the following:

Reduce run-off-road injury crashes on all two-lane rural
highways by 10% per year from a year 2002 baseline of
180 injury crashes.



The SPL provides an estimated budget of $50,000 per year
for this emphasis area for 2003 and 2004. This budget does
not include the salaries of the Task Team leader and members
who are employed by any of the coalition agencies.

Similar activities take place in ISMProcess Step 2 for the
other three emphasis areas identified in |SMProcess Step 1.
The next steps exemplified in the following sections deal with
theactivities of Task Team for the run-off-road emphasisarea.

STEP 3: DEVELOP OBJECTIVES,
STRATEGIES, AND PRELIMINARY
ACTION PLANS TO ADDRESS THE
EMPHASIS AREAS

The RAE group, as directed by the Task Team, examines
the characteristics of run-off-road injury crashesin a greater
level of detail. This detailed analysisis aimed at identifying
objectives. The Task Team uses the AASHTO Implementa-
tion Guides. The-run-off-road emphasisareais matched with
the following three objectives:

» Keep vehicles from encroaching onto the roadside.

* Minimize the likelihood of crashing into an object or
overturning if the vehicletravel s beyond the edge of the
shoulder.

* Reduce the severity of the crash.

The detailed analysis of run-off-road crash data, for this
appendix’s hypothetical state, reveals that 15% of vehicles
that leave the roadway crash with an obstacle or overturn,
and about 60% of those that crash result ininjury to the occu-
pants. (These per centages are hypothetical and are only used
for illustrative purposes.) A review of literature reveals that
thesefiguresare very dependent on vehicle operating speeds,
road geometry, adjacent road sideslope, and the presence of
fixed objects close to the roadway. The detailed analysisalso
reveal s that the roadside object that most errant vehicles col-
lidewithinthe stateistrees. The Task Team membersdecide
that in order to achieve the emphasis areagoal, the following
objectives should be pursued:
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» Decreasethelikelihood of avehicleleaving the roadway
and crashing into afeature and/or overturning from 15%
to 10%.

* Decrease the likelihood of a run-off-road crash causing
injury from 60% to 40%.

The Task Team members note that these specific objec-
tives are reflected in the three objectives from the AASHTO
Implementation Guides. Therefore, the Task Team continues
the process using the AASHTO objectives.

Once sufficient information becomes available, the Task
Team members collaboratively identify and develop anumber
of strategies to address each abjective.

At thisstage, it isimportant to devel op process and impact
performance measures for each proposed strategy. Process
and impact performance measures are discussed in detail in
Appendix D3.

The Task Team identifies engineering strategies applying
the AASHTO Implementation Guidesfor run-off-road injury
crashes (Table C-1).

Other agencies can contribute to nonengineering strategies
to realize the goal of this emphasis area. Vehicle speed is
a magjor factor contributing to the severity of run-off-road
crashes. The Task Team propose the following strategies to
address the problem of excessive speeds on two-lane rural
highways in the state:

* Increase law enforcement at locations that experience
the highest incidence of run-off-road crashes.

 Launchapublicinformation and education campaign tar-
geted to the required driver behavior for these locations.

Many fatalitiesinrural crashesresult from emergency med-
ical services being unable to reach the crash location within a
short timeframe. The following strategies are identified to
improve emergency response times.

* Train first responders (possibly the general public) to
accurately describeinjuriesand identify the crash location
when reporting the crash.

TABLE C-1 Engineering strategiesto address run-off-road injury crashes

Objective

Strategies

Keep vehicles from encroaching onto the roadside.

Install midlane rumble strips.
Install shoulder rumble strips.
Provide enhanced delineation of sharp curves.

Provide improved highway geometry for
horizontal curves.

Minimize the likelihood of crashing into an object
or overturning if the vehicle travels beyond the
edge of the shoulder.

Design safer slopes and ditches to prevent
rollovers.

Remove or relocate objects in hazardous
locations.

Reduce the severity of the crash if the vehicle does
crash into an object or overturn.

Improve the design of roadside hardware.

Improve the design and application of barrier
and attenuation systems.
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* Position emergency response unitsgeographically where
feasible, based on prior crash and incident history.

Sinceother Task Teamsarefocusing on“Impaired Driving”
and “Crasheswith Trees,” therun-off-road Task Team decides
not to formulate any strategies aimed at these emphasis areas.
The three Task Teams coordinate their strategies throughout
the ISMProcess.

The run-off-road Task Team gathers information about the
potential safety impacts of the above strategies. Thisinforma-
tion is essential in order to obtain reliable estimates of (a) the
expected benefits and costs of implementation and (b) the
required resources for successful implementation.

For each strategy, the run-off-road Task Team investigates
and determines the following information:

» Expected safety impact (accident modification factors);

* Resources required to implement;

* Cost of applying the resources to implement;

* Potential difficultiesor barriersthat could impact success-
ful and effective implementation;

* Process performance measures;

* Impact performance measures,

» Datarequirementsfor obtaining processand impact per-
formance measures;

* Data collection processes;

» Resources required to collect, process, and analyze per-
formance measurement data;

* Evaluation research design;

* Current organizational, institutional, and policy issues
that need to be recognized before implementing;

* |Issuesthat could affect the implementation time; and

* Any legidation that needs to be in place before imple-
mentation.

A preliminary action plan must be devel oped identifying the
key activities to be undertaken to implement each strategy.
Notethat at thisstageit is not necessary to schedule the activ-
itieswith respect to time and location. Thisis done during the
detailed action plan development in ISMProcess Step 5.

Three exampl esthat encompassthe devel opment of strate-
giesin the areas of engineering, enforcement and education,
and emergency medical services, are provided below. These
are applicable to the run-off-road Task Team.

Engineering: Identify Segments for
Improvement and Estimate the
Safety Impact of the Improvements

At the request of the Task Team, the RAE group develops
Safety Performance Functions (SPFs) to estimate the expected
number of run-off-road crashes per mile per year on two-lane
rural highwaysin the state by severity. The SPFs, which were
developed using 3 years of data assembled from the engineer-
ing database and police crash reports, are mathematical equa-

tions for estimating the expected number of crashes on aroad
section asafunction of itstraffic and geometric characteristics.

The SPFswere used in “ network screening” toidentify sec-
tions of highway with a high potential for improvement. The
SPFs also aid the evaluation process by facilitating the use of
the empirical Bayes approach to conduct longitudinal before-
and-after studies. “Network screening” is an approach that
uses SPFs to identify locations with the potential for safety
improvement. A major ongoing FHWA project is providing
states with practical state-of-the-art tools, including software,
for conducting network screening as part of SafetyAnalyst
(Software Toolsfor Safety Management of Specific Highway
Sites). SafetyAnalyst is briefly discussed in Appendix D1.

Inthisexample, imaginethat 12 road segments, totaling 400
miles, areidentified, through network screening performed by
the RAE group, aslocationswith apotentia to reduce run-off-
road crashes. Also imagine that these segments experience a
total of 805 run-off-road crashes over a 3-year period.

The Task Team conducts a detailed safety review of the
12 locations, finding the following:

* Eight of the sitesincluded horizontal curves.

* Approximately one-third of the run-off-road crashes at
all 12 locations involved drowsy drivers.

* Speed was a major contributing factor to run-off-road
crashes.

Based on these findings, it is decided that improvements to
curves, shoulder rumble strips, and targeted speed reduction
countermeasures will have the most impact on run-off-road
crashesinthisjurisdiction. The Task Team al so devel ops mod-
est revisionsto current guidelines with respect to the design of
horizontal curves, sidedopes, and ditches for future improve-
ments end construction.

Safety reviews are conducted at each of the 12 locations.
These reviews recommended the following actions to meet
the three objectives for run-off-road crashes:

* Install shoulder rumble strips (to atotal of 400 miles of
roadway).

* Improve delineation around curves (to atotal of 4 miles)
using chevrons and raised pavement markers.

» Construct geometricimprovementsat eight sharp curves.

* Remove 66 trees.

* |nstall guiderails (to atotal of 6 miles of roadway).

* Install midlane rumble strips (a potential pilot project).

The installation of shoulder rumble strips is used here to
illustrate the cal culations to determine potential safety bene-
fits. The data and the empirical Bayes estimate of the long-
term mean crashes per year for the 12 locations is shown in
Table C-2. Assuming an accident modification factor of 0.70
for target crashes, the application of shoulder rumble strips
at the 12 identified locations will result in expected crash
reductions per year shown inthelast column of Table C-2 for
atotal annual saving of 70.1 crashes over all 400 miles of
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TABLE C-2 Datafor treatment locations for run-off-road crashes

Number Estimated Expected
AADT of target long-term crash

(number Length crashes mean (m) reduction

L ocation of vehicles) (miles) (n=3years) per year per year
1 9800 50 120 35.0 10.5
2 7200 40 75 21.6 6.4
3 8200 10 27 6.9 21
4 7200 50 88 26.5 8.0
5 6200 40 63 184 5.6
6 6100 20 38 10.0 3.0
7 10300 20 47 14.2 4.2
8 6000 25 38 113 35
9 10200 50 117 355 10.5
10 9500 15 40 111 33
11 6900 20 42 11.0 34
12 7000 60 110 31.8 9.6
Totals 400 805 70.1

AADT = annua average daily traffic.

roadway. Additional crash reductions may occur through
other engineering strategies, enforcement, public information
and education, and improvements to emergency services. All
strategies tie in with the goal of a 10% reduction per year in
the baseline total of 905 crashes. Crash severity has not been
considered for the purposes of this example, but is normally
factored in.

Cost-Benefit analysis of shoulder rumble strips

Table C-3 summarizes the information for the shoulder
rumble strip preliminary action plan. Similar calculationsand
information are required for each of the proposed counter-
measures (e.g., removal of trees and delineation measures).

The implementation of midlane rumble strips is consid-
ered, in this example, to be an experimental, innovative treat-
ment that has not been evaluated to date. Thereisno reliable
source of the expected effectiveness of midlane rumble strips.
The Task Team compiles a justification report to the Opera-

tions Manager regarding a pilot study aiming to determinethe
effectiveness of midlane rumble strips.

Enforcement and Education: Estimate the
Safety Impact of Speed Enforcement and a
Public Information Campaign

Asdiscussed earlier, speed isdetermined to beamajor fac-
tor in run-off-road crashes. To assess the extent of excessive
vehicle speeds on two-lanerural highways, abaseline survey
is conducted. Ten representative points are selected on the
road network, and a speed survey is conducted at each sur-
vey point. It is found that, on average, 30% of all vehicles
exceeded the posted speed limit.

The Task Team decides on a strategy to increase the law
enforcement on two-lane rural roads, with emphasis on loca-
tionswith ahigh potential for safety improvement, which are
identified during network screening. To support the law
enforcement activities, it is decided to devise a public infor-

TABLE C-3 Summary of information for the installation of shoulder rumble strips

Expected effectiveness

AMF =0.70 for target crashes (run-off-road crashes)

Requirements

Installation of 400 miles of shoulder rumble strips at 12 identified
locations over 2 years

Cost

$1,281,000

Benefits

$40,690,000 (70 fewer crashes per year)

Process performance measur es

Number of miles of road fitted with rumble strips

Impact performance measures

30% reduction in run-off-road crashes over treated road sections

Potential difficulties

State and county authorities do not have the milling equipment or
the technical expertise to make rumble strips on existing roads

| ssues affecting time

Purchasing equipment takes 2 months and training may require
2 weeks

AMF = accident modification factor.
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mation campaign. The aim of the public information cam-
paign isto promote lower speeds by informing drivers of the
risks associated with high speeds and to increase the risk of
apprehension by reporting on the results of law enforcement
activities. The public information and education campaign
will take the form of radio advertisements encouraging dri-
versto drive slower and newspaper advertisementsregularly
reporting on the results of speed law enforcement activities
(e.g., number of citations and number of arrests).

After considering these strategies, the Task Team decidesto
consider three different levels of implementation for increased
speed enforcement. A group of experts is convened to assess
(8) the reduction in the speeding rate (where speeding rate is
the percentage of drivers exceeding the speed limit) that can
beattained for thethree selected level s of implementation with
asupporting public information strategy and (b) the effect that
these reductions in speeding rates could have on crash fre-
guency and severity (i.e., benefit). The information on which
the experts reach consensusis listed in Table C-4.

Emergency Medical Services: Estimate the
Safety Impact of Decreasing Response Times

It has been concluded that a large number of fatalitiesin
rural crashes result from long emergency medical services
response times. After analyzing the emergency services data
bases, it becomes apparent that theresponsetimeislonger than
40 minutes for more than 30% of the fatal and injury crashes
on two-lane rural highways.

Following a procedure similar to the previous “Law
Enforcement and Public Information and Education” example,
levelsof implementation areinvestigated for thetwo strategies
(i.e, training of potentia first respondents and positioning of
emergency response units). A group of expertsis convened to
assess the impact of these two strategies on the severity out-
come of the crashes. The Task Team, with the experts, con-
cludes that this percentage can be reduced to 15%. Further
investigation by the Task Team reveds that in part the long
response time is the result of insufficient personnel and
equipment to respond to all emergenciesin atimely manner.
A report is prepared to obtain feedback and buy-in from the
implementing agencies prior to completing the preliminary

action plans. These reports document future requirements,
such as the need for funding to increase the number of ambu-
lances, trained paramedics personnel, and equipment.

STEP 4: DETERMINE APPROPRIATE
COMBINATION OF STRATEGIES FOR
IDENTIFIED EMPHASIS AREAS

After receiving all the cost and benefit information
included in the preliminary action plans for all different
strategies from all the different Task Teams, the Operations
Manager computes an optimization procedure (as described
in Appendixes D1 and D5). The result of this procedure
reveal swhich combination of strategies, if implemented, will
give the optimal economic returns on an investment based on
anumber of estimated resourceimplementation (deployment)
levels. In addition, the Operations Manager receives a list of
potential pilot projectsfor different strategies. The Operations
Manager, in conjunction with the SPL, selects pilot projects
for implementation.

For this example, the strategies selected during the opti-
mization process are summarized in Table C-5. In addition,
apilot study for midlane rumble strips is approved through
the prioritization procedure undertaken separately for all pro-
posed pilot studies.

The expected benefits of these strategies at the selected lev-
elsof deployment should also be determined by the Task Team
and explicitly stated (discussed further in Appendix D1). The
sum of the benefits of all selected strategies should match the
goal for the emphasisarea. In this case, the sum of the benefits
should equal a 10% reduction per year in run-off-road injury
crashes on two-lane rural highways. The benefits of these
strategies are not included here for brevity.

STEP 5: DEVELOP DETAILED ACTION PLANS

For each strategy (including pilot studies) approved by
the Operations Manager for implementation, the Task Team
develops a detailed implementation (i.e., action) plan. The
detailed action plan outlinesall theactivitiesrequired toimple-
ment every strategy, with timeframes, responsibilities, and

TABLE C-4 Annual level of implementation

costs and benefits

Speeding rate
Level of implementation Cost Benefit reduction

Level 1 (Additional $400,000 | $2,000,000 3%
1000 hrs)

Level 2 (Additional $600,000 | $2,600,000 8%
1500 hrs)

Level 3 (Additional $800,000 | $4,100,000 15%
2000 hrs)

Norte: The figures are hypothetical and are for illustrative purposes only.



TABLE C-5 Strategies and deployment levels selected through optimization for run-off-road crashes

Objective

Strategies

Keep vehicles from encroaching into the roadside.

Install shoulder rumble strips: 400 miles.

Provide improved delineation at locations identified during the safety review:
4 miles.

Minimize the likelihood of crashing into an object or overturning
if the vehicle travels beyond the edge of the shoulder.

Remove roadside trees: total of 66.

Reduce the severity of the crash.

Install guardrails at locations selected during the safety review: 6 miles.

Conduct additional speed law enforcement for the next 2 years on two-lane
rural highways: 1,500 hours per year.

Reduce emergency services response times through public education and
resource management.

performance measurement criteria assigned to each activity.
The detailed action plan includes the following:

* All preparation work needed to implement a strategy
(e.g., resources for rumble strip installation),

* A performance measurement activities schedule (e.g.,
field observations for data collection), and

* Assignments of responsibilities for executing perfor-
mance measures (e.g., processing and analysisof thedata
and preparation of reports).

During the scheduling of performance measurement activi-
ties, the desired sample sizesweredetermined in order to obtain
reliable performance measures as specified in the evaluation
designs that were complied for each strategy. The required
samplesizeisan important factor to consider during the deter-
mination of resource requirementsin terms of staff hours and
equipment to conduct performance measurement activities.

Shoulder Rumble Strips

Figure C-1 is an example of atypica Gantt chart, which
indicates when activities should be conducted and the rela-
tionship between activities.

The Task Team decides that 300 miles of shoulder rumble
stripswill beimplemented by Agency A and Agency B com-
bined during the first year. The remaining 100 miles are
scheduled for implementation during the second year.

The detailed action plan contains monthly milestones
(process performance measures) to ensure that 300 miles of
rumbl e strips areimplemented within thefirst 12 months. The
plan requires each implementing agency to provide monthly
feedback to the Operations Manager (or agency responsible
for outlining the progress) with respect to the amount of rum-
ble strips installed and at what cost. The detailed action plan
schedul es these performance reports and assigns responsibil-
ity for completion and submission in accordance with the
implementing agencies.

Figure C-2 illustrates the planned monthly milestones for
rumble strip installation per participating agency.

Speed Enforcement

A detailed action plan was developed for the 2-year law
enforcement program. The detailed action plan contained
information on location, date, time, and the enforcement
agency with responsibility for the jurisdiction in accordance
with the implementing agency. The number of enforcement
hours per month and number of citations issued are used to
measure the process and impact performance of the law
enforcement program.

Each law enforcement agency agreesthat afeedback report
on each activity performed will be completed on a weekly
basis. The feedback reports are provided to the Operations
Manager, who uses the reports to periodically compile an
integrated progress report. Thisintegrated report is part of the
process measure eval uation. For example, from ng the
number of hours worked per month, the Operations Manager
can determine whether the target of an additional 1,500 hours
of law enforcement per year will be attained.

Public Information and Education

Thedetailed action plan for the public information and edu-
cation component is designed to support and enhance the law
enforcement campaign to facilitate synergy between thesetwo
components. Radio advertisements are scheduled for airing at
strategic times in advance of major law enforcement efforts.
Newspaper ads are scheduled after high-profile law enforce-
ment activities to report on the number of citations issued to
motorists.

To measure the performance of the public information and
education campaign, a baseline driver attitudina survey is
conducted prior to the onset of the campaign to determine
drivers' attitudes toward speeding and their knowledge of the
risks associated with excessive speeding. Similar surveys at
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Figure C-2. Monthly agency milestones for rumble strip installation.

4-month intervals over a period of 2 years are scheduled.
Responsihilities are assigned for the planning and implemen-
tation of these surveys.

Emergency Services Response Times

The 2-year detailed action plan to reduce emergency
response times outlines new methods for positioning emer-
gency medical services resources and possible timelines for
budget increases and acquiring additional resources. In addi-
tion, a public education and information campaign is devel-
oped, including radio and television ads. The intent of the
campaign isto inform the public (potential first respondents
to a crash scene) how to describe the crash location and the
injuries when reporting the occurrence viathe telephone.

General

At regular intervals during the development of the detailed
action plans, the Operations Manager meets with the Task
Team leaders and implementing agency representatives. This
continuous coordination and communication among the Oper-
ations Manager, Task Team leaders, and implementing agen-
ciesallowsfor early detection and elimination of conflicts. For
example, some of the activities and strategies planned for the
“crashes-with-trees’ emphasis area require coordination be-
tween the activities and strategies planned for the “run-off-
road crashes’ emphasisarea. Therearewaysto combine activ-
ities to reduce costs.

The completed detailed action plans of al strategiesfor all
emphasis areas are presented to the SPL by the Operations
Manager and incorporated into the ISHSPlan.

STEP 6: IMPLEMENT ISHSPLAN AND
EVALUATE PERFORMANCE

During implementation, the Operations Manager compiles
a performance report on amonthly basis that provides details
about the implementation of each strategy, the data collection
efforts, and the interim results of process and impact perfor-
mance measurement activities. Examples of such performance
measurements are shown below.

Speed Enforcement—Impact Evaluation

Speed surveysare conducted at 10 representative locations,
on amonthly basis, to assess the impact performance of the
law enforcement strategy (Table C-6).

At the end of the first year of implementation, it is con-
cluded that the speed enforcement and public information
and education programswere successful in reducing by 17%
the percentage of drivers speeding. These programs did not
reach the target reduction of 27% (i.e., a reduction from
30% to 22%), as expected when implementing Level 2 (addi-
tional 1,500 hours). This expected reduction from 30% to
22% is shown in Table C-4. After consultation with law
enforcement implementing agencies, the second year’ slevel
of implementation and expected target rate are reviewed to



C-10

TABLE C-6 Performance assessment from speed surveys
% drivers
speeding
Statistically
L ocation Before After Change Significant?
Sitel 28 23 18% Yes
Site2 32 30 6% No
Site. . ..
TOTAL 30 25 17% Yes

reflect the realistic results reached in thefirst year of imple-
mentation.

Shoulder Rumble Strips—Process Evaluation

The performance report identifies areas of, and reasons
for, performance that islower than planned and includes rec-
ommendations on how the lower performance can be cor-
rected. Figure C-3 and Table C-7 show the results of the
performance measurements of shoulder rumble strip instal-
lations. This report is reviewed and assessed by the Task
Team, the Operations Manager, and the SPL, and corrective
actions areinitiated.

For the purpose of this example, the Operations Manager
determines that the implementation of rumble stripsisfalling
behind the original schedule and that the costs are greater than

anticipated for Agency A. The Operations Manager commu-
nicates with the implementing agency to assessthe condition,
and together they seek potential assistance (or modification to
the planned schedule).

Run-off-Road Crash Treatment Sites—Impact
Evaluation (Before-After Safety Evaluation)

One year after the commencement of the program, the
Operations Manager and the RAE group conduct a formal
evaluation to determineif the engineering strategiesaimed at
reducing run-off-road crashes are effective at the 12 treat-
ment locations (Table 3-1) where no other nonengineering
strategies were deployed. The evaluation used an empirical
Bayes before-after method, which is briefly described in
Appendix D2.
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Figure C-3. Sample of example progress report (Month 1—-4) for shoulder rumble strips.
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TABLE C-7 Sample of example monthly progressreport

Agency A

during month

Miles of rumble strips implemented

Total miles of rumble strips
implemented

Expenses for month

Total project expenses

% project completed

% of funds expended

Planned Actual
15 10
75 60
$48,000 $32,000
$240,000 $192,000
44% 35%
44% 37%

Generally, the evaluation method depends on the empha-
sisareaand the type and amount of available data. For exam-
ple, the empirical Bayes approach may not be asuitable eval-
uation method to evaluate the effectiveness of strategies
aimed at reducing impaired driving. For the evaluation of
run-off-road countermeasures, the empirical Bayes approach
is suitable because the evaluation is aimed at specific loca
tions for which there are SPFs. Furthermore, 12 treatment
locations were selected because of poor safety performance
during the before period, and the empirical Bayes approach
isrequired to eliminate the potential regression-to-mean bias.

For each treated section of highway, the number of crashes
for the 3-year before period isknown. The SPFs, developed by
the RAE group, are used to estimate the long-term mean, m,
for each of the 12 treatment locations. Crash totals for the year
after implementation are available for each of the 12 treatment
locations. There are five steps in the empirical Bayes evalua
tion. The first four steps pertain to calculations for a single
location and areillustrated for Location 1. Thisisfollowed by
afifth step, inwhich acomposite treatment effect over dl loca
tionsisthen estimated:

* Step 1: Estimatethecomparison ratio (R) and itsvari-
ance VAR(R). The comparison ratio is applied to the
long-term mean based on before-period data to estimate
the expected number of crashesin the after-period in the
absence of treatment. This comparison ratio accounts for
changesin traffic volumesin the before and after periods,
as well asfor time trends in factors such as weather and
crash reporting practices.

A comparison ratio is determined from SPFs follow-
ing the methodology given in Hauer (2). The Operations
Manager is confident that the changesin traffic volumes
and other potential confounding factors between the
before and after periods can be accounted for by using
such amethod. The SPFsare calibrated based on all run-
off-road crasheson al two-lane highway locationswhere
there are no road improvements and where drivers are
not exposed to the public information and education or
law enforcement programs.

Thus for Location 1, the comparison ratio (R) was
calculated as equal to 1.07 with a variance of 0.00456
(Table C-8).

Step 2: Determinethe expected number of crashesat
thetreatment locationsduring the beforeperiod (my)
and its variance (VAR[my]). The expected number of
crashes during the before period at the treatment loca-
tions has already been determined prior to the treatment
and is shown in Table C-2. For Location 1, thisvalueis
35.0 crashes per year. The estimated variance for Loca-
tion 1is 25.6.

Step 3: Deter minetheexpected number of crashesthat
would haveoccurred, intheafter period, had nointer-
ventions taken place (B) and its variance (VAR[B]).
The expected number of crashesthat would have occurred
during the after period, had no interventions taken place,
was determined by multiplying the expected number of
crashes (my,) in the before period by the comparison ratio
(R). For Location 1,

B=m, * R=35.0+1.07
= 37.45 crashes per year

The variance of B was determined as follows:

VAR(B) = B * [VAR(m,)/n¢ + VAR(R)/R’]
= (37.45) #[25.6/(35.0) + 0.00456/(1.07)°]
= 34.90 crashes per year

Step 4: Determine the actual number of crashes dur-
ing the after period (A). For Location 1, the actual num-
ber of crashes, inthe after period, was 24 crashesper year.
Step 5: Determine the index of effectiveness of the
interventions () and its variance (VAR(0)). The val-
uesfrom Steps 1 to 4 for all locations are shown in Table
C-8. Theindex of effectiveness(0) of all theinterventions
applied to the study locations was estimated as follows:

— Obtain the sums, over all locations, of the numbers of
crashes expected without treatment (XB) and the num-
ber of crashes recorded in the after period (ZA). For
the datain Table C-8, the number of crashes expected
in after period without treatment = 1 = 2B = 241.90
with summed variance of 225.65.
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TABLE C-8 Calculationsfor estimating treatment effects

Estimated Recor ded
AADT # Target long-term Comparison Expected crashes crashes per
(number crashes mean per year ratio per year after year after
of Length
Location | vehicles) (miles) n=23 m, (VAR(my)) R(VAR(R)) B(VAR(B)) A
1 8800 50 120 35.0 (25.6) 1.07 (0.00456) 37.45 (34.90) 24
2 7200 40 75 21.6 (18.4) 1.04 (0.00402) 22.46 (21.78) 14
3 8200 10 27 6.9 (5.5 1.10 (0.00509) 7.59 (6.90) 5
4 7200 50 88 26.5 (20.9) 0.94 (0.00356) 24.91 (20.97) 12
5 6200 40 63 18.4 (15.2) 1.05 (0.00420) 19.32 (18.18) 14
6 6100 20 38 10.0 (8.7) 1.05 (0.00420) 10.50 (10.01) 6
7 10300 20 47 14.2 (12.1) 1.08 (0.00475) 15.34 (15.07) 12
8 6000 25 38 11.3(9.4) 1.07 (0.00456) 12.09 (11.34) 8
9 10200 50 117 35.5(27.2) 1.06 (0.00460) 37.63 (36.36) 28
10 9500 15 40 11.0 (9.4) 0.97 (0.00380) 10.67 (9.30) 9
11 6900 20 42 11.2 (9.5) 0.97 (0.00380) 10.86 (9.42) 7
12 7000 60 110 31.8(25.3) 1.04 (0.00402) 33.07 (31.43) 21
Totals 400 805 T =241.90 (225.65) A=160

AADT = annual average daily traffic.

— Actua number of crashes recorded in the after period
= A = ZA = 160 with a variance of 160 (equal to the
count, assuming a Poisson distribution), and estimated
index of effectiveness= 0 =(A\/m[1+ VAR(W)/TE] =
0.664.

— The estimated treatment effect = 100(1 - 6) = 33.6%
fewer crashes in the after period than if no interven-
tions had taken place.

— The variance of the estimate of the index of effective-
ness is VAR(8) = 82 [VAR(\)/A? + VAR(T)/TE]/[1 +
VAR(M)/T]? = 0.00442.

—The estimated index of effectiveness has a standard
deviation = +/0.00442 = 0.0665.

The results reveal that the combination of strategies has
been successful in reducing run-off-road crashes at the loca
tionswhere shoulder rumble strips and other road safety engi-
neering countermeasures were undertaken. All the engineer-
ing strategies were implemented simultaneoudly; therefore, it
is not possible to determine the effectiveness of each strategy
individually. In this regard, the use of process performance
measures can provide good information asto whether thereis

aredistic expectation that a particular strategy contributed to
the overall reduction in crashes.

Crash data can also be analyzed to determine the effective-
ness of the law enforcement and public information and edu-
cation strategies in reducing run-off-road crashes and severi-
tieson al other two-lane highways in the jurisdiction.

The trestment effect determined from the safety evaluation
can be used to determine the cost-effectiveness (e.g., cost-
benefit) of the combination of strategiesthat have been imple-
mented. This information reveals whether it is worthwhile to
proceed with the current combination of strategies or whether
attention should be given to terminating or modifying the cur-
rent approach to address the problem of run-off-road crashes.

APPENDIX C REFERENCES
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APPENDIX D
TOOLS AND EXAMPLES

Appendix D consists of three subappendixes covering the
different analytical tools that may be used to identify crash
concerns, estimate the effectiveness of strategies, select appro-
priate combinations of potential strategies, and optimize the

D-1

allocation of resources. In addition, examples of different
methods for identifying crash concerns and of process and
impact measures for evaluating strategies are presented.
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Appendix D1: Methodologies for Identifying Crash Concerns and Developing
an Effective Combination of Strategies to Support Jurisdictional Goals

Appendix D1 comprises methodologies for use during the
ISMProcess Steps 1 to 4. These methodologies will address
emphasis area identification, establishment of realistic juris-
dictional goals, optimization of strategies, and level of imple-
mentation based on existing resources (financial and person-
nel) within a given timeframe. The methodol ogies presented
here would normally be used in conjunction with safety strate-
gies, such asthe onesdescribed inthe AASHTO Implementa:
tion Guides.

Problem (emphasis ared) identification, in simplest terms,
involvescategorizing all available datainto different subsets—
for example, grouping dl fatdities by age of the driver. The
categorized data are then graphed and visually examined for
patternsor “high poles’ (valuesthat are much larger than the
neighboring values, Figure D-1). Categorized data, as appro-
priate, are then subcategorized—for example, by type of
roadway—until the emphasis area has been identified. Once
emphasis areas have been identified, optimization is necessary
in order to decide which resources to use and which strategies
and countermeasuresto apply. Optimizationisaseriesof iter-
ative calculations where different combinations of counter-
measures and budget options are tried and tested under the
criteria to maximize the potential safety benefit for a given
budget. After optimization is complete, jurisdictional safety
goals can be set.

The four methodologies outlined in this appendix will be
primarily used by the Risk Analysis and Evaluation (RAE)
group and can be summarized asin Table D-1.
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Before presenting the methodol ogies, it is necessary to put
some perspective on exactly what the methodol ogies can and
cannot accomplish. Optimization techniques and other math-
ematical models are tools, and like any other tool, they can
be used or abused. A hammer will not work to tighten a bolt,
nor isawrench most effectivefor pounding nails. It isimpor-
tant to put the optimization techniques and other mathemat-
ical models into proper perspective and to recognize that,
whilethey have limitations, they also enable oneto do things
that otherwise would be impossible. In this case, it is not
practical or possible for a person to evaluate and compare
each of alarge number of possible combinations of alterna-
tive activities without the help of some tool analogous to the
ones that are presented in this document.

However, it isimportant that mathematical models be con-
sidered in light of the adternative to them. If estimates are not
made at lower levels, they will ultimately haveto be made over
entire programs. Experience has shown that in the absence of
an analytical technique, decision makershaveno rationa basis
to move forward and thus can be expected to base their deci-
sionson political considerations. In the presence of factual evi-
dence, producing the greatest benefit becomes palitically
expedient. Sensitivity analyses can be performed easily to
determine just how sensitive the results are to minor changes
inthe data. Inthisway, the ramifications of social and human-
itarian considerations can be established based on the effect
that they have on other potential programs. In other words,
thereisabasis, albeit imperfect, for evaluating decisions. The
alternative is essentially to be flying blind.

Example of a high pole in a jurisdiction where bars close at 2:00 AM

o
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Time of Day

FigureD-1. Example of a high pole.



TABLE D-1 Four methodologiesfor identifying crash concerns and developing an effective

combination of strategies

I Development of Jurisdictional Goals

(ISMProcess Step 1)

Methodology to support the development of jurisdictional goalsin
terms of reducing injuries and fatalities and relating the goals to the
cost and level of implementation of sets of selected strategies.

Problem (Emphasis Area) | dentification
(ISMProcess Step 2)

Methodology to guide the selection of emphasis areas and the defini-
tion of objectives by performing detailed analyses that identify major
crash concernsin the state and local agencies using available data on

D-3

the vehicle, person, and roadway infrastructure.

Strategy | dentification
(ISMProcess Step 3)

Methodology to guide the selection of strategies within emphasis
areas, such as those presented in AASHTO' s Strategic Highway
Safety Plan (SHSP) or others.

Optimization of Strategies
(ISMProcess Step 4)

Methodology to define the most effective combinations of strategies
considering available funds, costs, effectiveness, and other limitations.
The methodology should also be capable of prioritizing emphasis
aress, i.e,, if al of the problems/opportunities cannot be addressed.

All analytical techniques can be criticized for being imper-
fect. Those who criticize the use of any given analytica
method are duty-bound to come up with one that is better.
Those who use analytical methods are duty-bound to input
only themost accurate dataavailableto them and to do every-
thing in their power to see that these dataimprove in quality
in the future.

D1.1 OVERVIEW OF THE TOOLS THAT
SUPPORT THE FIRST FOUR STEPS OF
THE ISMPROCESS

The ISMProcess identifies the steps necessary to achieve
ajurisdiction’s overall highway safety vision (or goal). This
appendix covers the methodology involved in problem iden-
tification, thetoolsfor subset comparative analysis, and opti-
mization. Thefirst four steps of the ISMProcessare shownin
Figure D-2 showing more details about the processinvolved
in effectively creating strategies to support jurisdictional
safety goals.

The | SM Process begins by applying amethodol ogy to sup-
port the devel opment of jurisdictional goals. Thisincludes a
review of existing highway safety knowledge in the juris-
diction and a report summarizing the status of safety in the
state. Potential emphasis areas are also identified through this
review.

The Safety Program Leadership (SPL) requires an initial
subset analysis to identify jurisdictional emphasis areas and
set an overal highway safety goal (or vision). Potential
emphasis areas are identified by the review of existing high-
way safety knowledge, and the RAE group performs a sub-
set comparative analysis on each emphasis areato the extent
possible (i.e., to which data are available). Emphasis area
goalswill begin to surface, but the purpose of thisfirst itera-
tion of subset comparative analysis is to compare various
emphasisareas. Based on thisinitial subset analysis, the SPL
can establish jurisdictional emphasis areas and an overall
highway safety goa (ISMProcess Step 1).

Next, Task Teams are formed (ISMProcess Step 2) to fur-
ther explore each emphasis area, with the help of further sub-
set analysisby the RAE group. A goa must be established for
each emphasis area based on socia, political, and practical
considerations.

Oncethe emphasis area goal s have been firmly established,
Task Teams begin to identify potential safety strategies (ISM-
Process Step 3). Thisincludes estimates of costs and benefits,
budgets, and resources, either quantitatively or by expert opin-
ion. AASHTO Implementation Guides provide useful infor-
mation in estimating the characteristics of proposed strategies.
The costs and benefits of implementing proposed strategies
may be estimated at multiple implementation levels and

Development of Jurisdictional Goals
Review highway safety information
Determine potential emphasis areas and
prioritize

Establish overall highway safety goal

ISMProcess
Step 1

Problem (Emphasis Area) | dentification
Social, political, practical and data
considerations to select emphasis areas
Establish emphasis area goals

ISMProcess

High-Level Analysi
igh-Level Analysis Steps 1 & 2

Emphasis areas
Objectives

Low-Level Analysis
Strategies
Preliminary
Action Plans

Strategy | dentification
Evaluate impact of potential strategies
Estimate budget, resources, and accident
modification factors of potential strategies

ISMProcess
Step 3

<

/
/ Optimization of Strategies
\ |- Define most effective combination of
\ strategies across all emphasis areas

Prioritize strategies as necessary

Determine feasibility of strategies at
various funding levels
Confirm achievability of goals established
inSteps 1 and 2
Modify goals as required

ISMProcess
Step 4

FigureD-2. Flowchart depicting the procedure for
determining an effective combination of strategies to
achieve a jurisdiction’s safety vision.
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account for cost savings if combinations of strategies are
implemented.

Optimization (ISMProcess Step 4) is conducted to select
the most effective combination of strategiesfor implementa-
tion. The optimization processisrepeated for arange of pos-
siblefunding levels. For the selected funding level confirmed
by the SPL, strategies are identified for development of
detailed action plans (ISMProcess Step 5).

Optimization may identify the need to reduce the scope of
the emphasis areas or objectives based on available resources.
Task Teamsmay berequired to develop additional preliminary
action plans for a number of aternative levels of funding
(ISMProcess Step 3).

D1.2 METHODOLOGY TO SUPPORT THE
DEVELOPMENT OF JURISDICTIONAL
GOALS (ISMPROCESS STEP 1)

A methodology is required to support the development of
jurisdictional goalsin terms of reducing injuries and fatalities
and for relating those goals to the cost and level of implemen-
tation of selected sets of strategies.

When the ISMSystem s first implemented, the develop-
ment of jurisdictional goals must be based on alimited amount
of information because the decision makers will only have a
limited amount of information available to them. The initial
jurisdictional emphasis areas and goals are identified through
an analysis of existing data sources (such as the AASHTO
emphasis areas and/or other areas defined by the SPL).

After the ISMProcess has progressed through all six steps,
therewill be sufficient information to provide abetter basisfor
the identification of emphasis areas. The methodology out-
lined here is intended to occur after the completion of 1SM-
Process Step 6, when the | SMProcessi s about to begin another
iteration.

Four fundamental, interrel ated questions provide the guid-
ance to support the development of jurisdictional goals:

TABLE D-2 Thedesired output for Question 1

* Question 1: For agiven strategy, how is the economic
benefit of injury and fatality reduction related to the cost
and level of implementation?

* Question 2: How is the potential economic benefit of
injury and fatality reductionin ajurisdiction related to the
overal level of investment in aset of selected strategies?

* Question 3; What is an optimal level of investment to
obtain ajurisdictional goal?

* Question 4: What aretheimpactsof varying investment
programming options?

Question 1 requires dataon safety benefits of astrategy for
various levels of implementation. Thisinformation serves as
input to the optimization methodol ogy (ISMProcess Step 4).
Question 2 applies a similar methodology to the highest
ISM System level to assess the potential economic benefit of
injury and fatality reduction in ajurisdiction for variouslev-
els of investment. Part of ISMProcess Step 4 will include a
selected set of strategies for each investment level and the
optimum implementation level for each strategy. All of this
information is then provided to decision makers (the SPL)
who will address Question 3. Considerations for Question 3
will include available budgets, political and pragmatic con-
siderations for specific strategy sets, and an assessment of
marginal return for increasing investment levels. Then, the
effects of various investment-programming options can be
considered in addressing Question 4 if resource constraints
require that strategies not be implemented al at once. Each
investment programming option requires an adjustment of
the jurisdictional goal.

D1.2.1 Question 1: For a given strategy, how is
the economic benefit of injury and
fatality reduction related to the cost and
level of implementation?

Table D-2 illustrates a possible output after addressing
Question 1. In this example, there are three emphasis areas.

Implementation Level 1 Implementation Level 2 Implementation Level 3
Emphasis Area Strategy Cost Benefit Cost Benefit Cost Benefit
E1 S1.1 Cl111 B1.1.1 C11.2 B1.1.2
S1.2 Cl1.21 B1.2.1 C1.2.2 B1.2.2 C1.23 B1.2.3
S1.3 C13.1 B1.3.1 C13.2 B1.3.2 C1.3.3 B1.3.3
E2 S2.1 C211 B2.1.1 C21.2 B2.1.2 C2.1.3 B2.1.3
S2.2 Cc2.21 B2.2.1 C2.22 B2.2.2
S2.3 C23.1 B2.3.1 C2.3.2 B2.3.2 C2.3.3 B2.3.3
S2.4 Cc24.1 B2.4.1 C24.2 B2.4.2 C24.3 B2.4.3
E3 S3.1 C311 B3.1.1
S3.2 C321 B3.2.1 C322 B3.2.2 C3.23 B3.2.3




EmphasisAreal (E1) hasthree strategies, E2 hasfour strate-
gies, and E3 has two strategies. Strategies 1.1 and 2.2 have
two possible levels of implementation; Strategy 3.1 has one
implementation level, while all other strategies have three
implementation levels.

Adding or deleting rows or columnsto Table D-2 allowsfor
more or fewer strategies or levels of implementation. For each
implementation level in Table D-2, there is a corresponding
estimate of cost and benefit (reduction of crashes for each
severity level) over the effective life of the strategy.

Throughout the process, the safety benefit should be mea-
sured in terms of the quantifiable goal for the emphasis area.
The costsin Table D-2 are calculated from implementation,
maintenance, and all other costs associated with the imple-
mentation level of each strategy. The benefits are determined
from the value of crashes assigned to the target crash for the
severity level expected to be reduced. These monetary val-
ues should be converted to equal time values. Methodol ogies
for converting the time value of money can be found in most
economic textbooks.

How does one get the input for such atable as Table D-2?
Thistable is the result of estimates of the following:

* Number of crashes related to a given strategy;

» Expected crash reductions (safety benefits) that are
(a) applied to the number of crashes relating to a given
strategy and (b) resulting from various levels of imple-
mentation of the strategy;

* Number of years that crash reductions will remain in
effect;

* |mplementation, maintenance, and all other costs associ-
ated with the strategy at various implementation levels;

* Unit cost assigned to a crash; and

* Expected life of a strategy.

Safety benefits are accrued annually, while costs can be
incurred initialy, in the future, or annually. Thus, costs and
benefits need to be normalized to acommon base, either pre-
sent values or annual values, by applying a discount rate and
factors based on equations found in standard economic text
books.

To determine the number of crashes related to a given
strategy, manipulation of existing databases is required as
outlined in the “Problem (Emphasis Area) Identification
Methodology: Identify” subsetsof data (ISM Process Step 2).

Estimates of crash reductions associated with various
levels of implementation of a strategy will ideally be made
on the basis of evaluations conducted in |SMProcess Step 3
(Develop Objectives, Strategies, and Preliminary Action Plans
to Addressthe Emphasis Areas). At the present time, thereis
little or no solid information that enables estimates of safety
benefits (crash reductions over time) to be derived for vari-
ouslevelsof implementation. An exception, which illustrates
the complexity of safety benefit estimation, is an evaluation
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of road safety advertising in Australia, in which safety bene-
fitsare related to the amount of advertising dollars expended
each month (1).

In the absence of safety benefit information from formal
evaluations, the safety cost and benefit estimates need to be
determined using “Tools to Estimate the Effectiveness of
Promising or Innovative Strategies that Have Insufficient
Information” (Appendix D2).

The cost to implement the strategy at variousimplementa-
tion levels must be determined during | SMProcess Step 3, as
the Task Teams develop preliminary action plans for imple-
mentation of all strategies.

D1.2.2 Question 2: How is the potential
economic benefit of injury and fatality
reduction in ajurisdiction related to
the overall level of investment in
a set of selected strategies?

Table D-3illustrates the output after addressing Question 2
for Investment Level A. Thisoutput isthe same as Table D-2
except that now the shaded cells identify the optimal strategy
set for thisinvestment level. In this case, for the optimum alo-
cation of the investment at Level A, one strategy is selected
from Emphasis Area 1 (S1.1 at Implementation Leve 2), two
strategies from Emphasis Area 2 (S2.1 and S2.3 at Implemen-
tation Levels 1 and 3, respectively), and no strategies from
Emphasis Area 3.

Thetotal costs and benefits of the set of selected strategies
are estimated, as outlined in Question 1. Similar information
could be obtained for a variety of possible jurisdictional
investment levels.

How does one attain the optimal all ocation of strategiesfor
a specified level of investment and given the outputs from
Question 1?7 A number of optimization approaches and soft-
ware packages are available (reviewed in the “ Optimization
of Strategies Methodology” section at the end of this appen-
dix) and some jurisdictions may already have access to such
software. Optimization is further discussed in the “ Optimiza-
tion of Strategies Methodology” section below (1SMProcess
Step 4).

D1.2.3 Question 3: What is an optimal
level of investment to obtain
a jurisdictional goal?

The output from Question 2 will be aset of strategiesiden-
tified asoptimal for avariety of investment levels. Since soft-
wareisused to producethis output, the number of investment
levels analyzed is not limited by resource constraints.

Additional guidanceis necessary in order to select an opti-
mal level of investment to obtain ajurisdictiona goal. Once
the investment level is selected, then the jurisdictional goal
can be defined on the basis of the crash reductions indicated
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TABLE D-3 Theoptimal strategy set for Investment Level A

Implementation Level 1 Implementation Level 2 Implementation Level 3
Emphasis Area Strategy Cost Benefit Cost Benefit Cost Benefit
E1 S1.1 Cl111 B1.1.1 C11.2 B1.1.2
S1.2 C1.21 B1.2.1 C1.2.2 B1.2.2 C1.23 B1.2.3
S1.3 Cl131 B1.3.1 C13.2 B1.3.2 C1.3.3 B1.3.3
E2 S2.1 C21.1 B2.1.1 C21.2 B2.1.2 C2.1.3 B2.1.3
S2.2 Cc2.21 B2.2.1 C2.22 B2.2.2
S2.3 C231 B2.3.1 C2.3.2 B2.3.2 C2.3.3 B2.3.3
S2.4 c24.1 B2.4.1 C24.2 B2.4.2 C24.3 B2.4.3
E3 S3.1 C311 B3.1.1
S3.2 C321 B3.2.1 C322 B3.2.2 C3.23 B3.2.3

inthetablefor that investment level. Special considerationis
given to three factors:

* Available budgets,

* Political and practical considerationsfor specific strategy
sets, and

* Assessment of marginal return for increasing investment
levels.

The first two considerations require judgment based on
factorsinindividual local situations. Therefore, guidanceis
not provided here, as it would be difficult to apply to all
jurisdictions.

For the third consideration, assessing the marginal return
for increasing investment levels will identify the point of
diminishing marginal returns. If this criterion is desired for
determining the optimum investment level, then one identi-
fies the investment level with the largest net present value
(where net present valueisthe present val ue of benefitsminus
the present value of costs). With the identification of the point
of diminishing marginal returns, the cost of going to the next
highest investment level is larger than the benefits derived.

TableD-4 depictstheinformation available sofar. Note that
at Investment Level A, the optimal set of strategies has been
defined by answering Question 2. Different investment levels

will have different optimal sets of strategies, but the sets of
strategiesin Table D-4 are based on those listed in Table D-2.

The crash reductions per year for the selected strategy set
would be estimated by adding the crash reductions estimated
for the implementation levels of each strategy that is part of
the optimal set. These values have been estimated in response
to Question 1. Similarly, the costs and benefits of the optimal
strategy set would be determined by combining the costs and
benefits of the individual strategy implementation levels.

These marginal benefit-to-cost ratios are indicated in
Table D-4. The last column in Table D-4 is the net present
value of each strategy set, calculated from the present value
of benefits minus the present value of costs.

Alternatively, one can recognize uncertainty in all of the
inputs and can build in a factor of safety by looking at the
marginal benefits and costs for each investment level and by
basing a decision on the criterion that the marginal benefit-
to-cost ratio must exceed, for example, a value of 2.0. For
this selection criterion, one would simply go down the list
and select theinvestment level that isindicated by avalue of
2.0 (or the one larger than 2.0 that is closest to that value).

One can aso combine these considerations. For example,
thetop six strategy sets could be identified on the basis of the
net present value, and then the one with the most independent
set of strategies could be selected on the basis of a “prag-

TABLE D-4 Exampleoptimal strategy setsfor variousinvestment levels

Optimal set of Fatal and injury crash reductions Cost and benefit for strategy set
strategies per year for strategy set (in present value)
Investment (Emphasisarea.
level $(in Strategy. Year
ascending Implementation Marginal Net Present
order) level) 1 2 3 4 Total Cost Benefit B/C Ratio Value

A 11.2;211;233 Ca Ba NPV

B 112;212;24.1 Cs Bs Mag NPVg

c 122,212,311 Cc Bc Mec NPV

B/C = benefit/cost.

NPV = net present value.



matic” consideration. This would recognize the possibility
that benefits might be lower than anticipated because a strat-
egy set is composed of many strategies that tend to target the
same crash type. If the selected set nevertheless contains such
strategies, asisinevitable, one could do a sensitivity analysis
on the selected set by doing aworst case benefit scenario and
comparing this to the worst case scenarios of other highly
ranked strategy sets. On this basis, it may be necessary to
revisethejurisdictional goal that wasinitially obtained onthe
basis of the assumption that strategiesin the selected set affect
crashes independently.

Another pragmatic consideration might be a subjective
assessment of the synergy among strategies. In this, two or
more strategies in a set may produce a combined benefit that
is larger than the sum of their individual effects. If the
selected set contains such strategies, then the jurisdictional
goal issubjectively revised to reflect the larger potential ben-
efits resulting from this synergy.

D1.2.4 Question 4: What are the impacts
of different investment programming
options?

The methodology to thispoint assumesthat all the strategies
inthe optimal set will be implemented at time zero. In redlity,
resource constraints dictate that strategy implementation be
phased over time. Thus, the effects of various investment pro-
gramming options need to be considered, since each option
requires an adjustment of the jurisdictional goal. Specifically,
the benefits to be derived over the next, say, 10 years will be
reduced if some strategies areimplemented several yearsinto
the future instead of at time zero.

The revision of the jurisdictional goal for a specific pro-
gramming option isfairly straightforward, in that the reduc-
tions in injury and fatal crashes in the original goa are
adjusted (Table D-4) to reflect the fact that the crash reduc-
tions for strategies implemented later in the program accrue
over fewer years than originally expected.

D1.3 PROBLEM (EMPHASIS AREA)
IDENTIFICATION METHODOLOGY
(ISMPROCESS STEP 2)

The purpose of this section is to present a systematic
methodology for performing problem identification using
available crash and demographic data to identify emphasis
areas in a state or local agency. This methodology supports
the formulation of objectives, strategies, and activities for
addressing the emphasis areas.

There are a great number of combinations of reports that
can be generated from crash and demographic databases, so
a“roadmap” isrequired to navigate through the datato arrive
at good information to support the decision-making process.
The objectives are to
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* Foster the use of crash and demographic records at all
levels (from choosing emphasis areas to developing
strategies) and

* Promote the generation and use of this valuable informa-
tion by all those who develop strategies and action plans.

This section provides amore detailed documentation of the
subset comparison tabular outputs illustrated in Figures D-3
through D-9. Generally speaking, the objective of thesetables
is to redirect attention toward more important factors by
arranging the output of the codes within each variable in a
“worst-first” ordering. The following definitions give the
meaning of each column of the tabular output, from left to
right. The current subset is that subset of the data defined as
being of interest (e.g., aparticular county). Thedatastructures
used to specify subsets of the total database are called filters.
Some definitions assume that the current subset is compared
with its complement (e.g., a particular county against the rest
of the state). These definitions are as follows:

* Code (unlabeled): An integer indicating the internal
code of theitem (e.g., if the variable is day-of-the-week,
item Sunday would have code 1). Thisis for reference
purposes.

* Description (unlabeled): The description for the item;
usually what was actually marked on the crash report.

* Subset Frequency (SubFreq): The frequency with
which the corresponding item occursin the crash subset.

* Subset Per centage (Sub%): The percentagethat the Sub-
set Frequency is of the total records in the crash subset.

* Other Frequency (OtrFreq): The frequency of cases
that fall into theitem classification, but that are notinthe
crash subset. Other here might be the complement of the
subset or any other subset that is chosen as appropriate
for comparison, such as a control group.

* Other Percentage (Otr%): Anaogous to the Subset
Percentage, but it is the percentage for the Other Fre-
guency rather than for the Subset Frequency. The com-
parison for over-representation must be made between the
two Subset and Other percentage values, since a direct
comparison of theraw frequencieshasvery little meaning.

* Over Representation (OverRep): A measure of the
over-representation of each item. It is calculated by
dividing the Subset Percentage by the Other Percent-
age. The higher this resulting number is, the greater the
potential percentage reduction due to countermeasures
applied to thisspecificitem, all other thingsbeing equal.
An asterisk appearing after this number indicates that
the statistical test applied suggests that the differencein
the two subsets of data being compared are statistically
significant for the corresponding variable and value, as
discussed in Table D-5.

* Maximum Gain (MaxGain): The maximum expected
number of cases that could be reduced by applying
countermeasures to this item. It can be viewed as the

(continues on page D-11)
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FigureD-7. Example comparison of two noncomplementary subsets—16-year-old causal drivers
(light) versus 17- to 20-year-old causal drivers (dark)—occupantsin causal driver vehicle.
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Figure D-8. Second example comparison of two noncomplementary subsets—16- to 20-year-old
causal DUI drivers (light) versus 21-and-older causal DUI drivers (dark)—time of crash.
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Figure D-9. Severity reduction example—rural (light) versus urban (dark)—ambulance delay time.

number of cases that would be eliminated if the Subset
Percentage could be reduced down to its Other Percent-
agevalue (i.e., its expected vaue). The raw frequency of
the subset cannot bereduced to zero; instead, itisassumed
that the subset can be reduced only to the expected value
as given by the comparison set of crashes (i.e., the control

group). The output for each variableis sorted according to
Maximum Gain, as opposed to Over Representation,
although the two are highly correlated. This is because
sometimes items with very high over-representations
have very few cases, and thus they do not have the high-
est potential for countermeasure implementation.

TABLE D-5 Statistical test employed in Critical Analysis Reporting Environment (CARE) subset comparison analysis

STATISTICAL TEST EMPLOYED

If the Over Rep factor has an asterisk assigned to it, thisindicates that a statistically significant difference exists in that variable value between the test
and the control subset. The test subset is the subset of concern, and the control subset is either its complement or a second subset chosen by the user to
surface particular information. The statistical test is based on aweighted estimate of standard error for unequal sample sizes. A normal approximation
of the binomial assumption was applied in order to perform the statistical test. The following calculations are necessary to apply this test:

%xl _ Xz@
n, n,

z= L wherep =

[Bpra-pefle
2

1

X+ X

Freguency Count Variable Description
X1 test subset for the particular value of the variable under consideration
ny test subset for all possible values of the variable under consideration
Xo control subset for the particular value of the variable under consideration
n, control subset for all possible values of the variable under consideration

A proportional difference is considered to be significant when the difference between the proportions being compared is greater than or equal to three
standard errors. In this case, the z statistic calculated determines the number of standard errors of difference that exists between the two proportions.
Thus, if azvalueisgreater than +3 or less than —3, an asterisk is assigned and placed after the Over Rep factor in the CARE program that corresponds
to the comparison under consideration. A large value for significance is preferred, since the large sample sizes make arelatively small differencein
proportions significant and the objective in problem identification is to surface the more dramatic of these differences.




D-12

The problem identification methodology has three major
stages:

» Stage A: ldentify subsets of data that will provide
information on potential emphasis areasthat have ahigh
potential for crash reduction benefits.

» Stage B: Formally specify emphasis ar eas after assess-
ing the subsets and considering socid, political, and prac-
tical issues.

» Stage C: Evaluate emphasis areas and formulate
obj ectives by comparing the characteristics of potential
emphasis areas against those of their complementary
subsets on a percentage or rate basis (e.g., time-of-day
of alcohol crashes would be compared against time-of-
day crashes that were not alcohol-involved). This step
will also resolve emphasis areas and initiate the analysis
of emphasis areas into objectives and ultimately into
strategies and action plans.

The problem identification methodology is illustrated here
using CARE (Critical Analysis Reporting Environment) (2), a
software system for providing decision makerswithin thetraf-
fic and aviation safety communitieswith direct accessto crash
and incident information. For implementing the methodology
inthe AASHTO Strategic Highway Safety Plan, either CARE
or a similarly designed tool is recommended, since the user
doesnot need to have significant computer experience. The
various options of CARE are incorporated into windows that
provide athorough guideto all desired output. Examplesusing
the CARE tools are provided throughout this appendix.

D1.3.1 Stage A: Identify Subsets of Data

I dentifying subsets means figuring out which subsets of the
entire available dataset should be studied in depth. Choosing
theright subset to analyzeisimportant because all future deci-
sionswill be made based on the resultsfrom the sel ected data.
Identifying subsets consists of the following steps:

* Step Al: Run frequency distributions over all crashes
for every variable in the crash records database; review
these variablesto get an overall fed for the dataand any
reporting deficiencies. Look for the “high poles,” those
significantly higher-frequency cells, on the bar chart
outputs of the frequency distributions. Take note of all
that might be of concernin thefurther analyses(e.g., vari-
ables and values where notable high-frequency charac-
teristics occur), since this will be useful in creating the
filters needed to define subsetsin Step A3. Asexamples,
screen shots from CARE are shown in Figure D-3
through Figure D-9. These screen shots depict Alabama
crash data from the year 2000 as an example of a global
frequency distribution output for time of day. Notice
that the distribution of crashesin Figure D-3 followsthe

typical rush hour volume pattern. Examples of other typ-
ical frequency distributionsthat might be generated dur-
ing the identification procedure are day of the week,
month, weather conditions, or any other variablethat is
captured on the crash police report form, including all
aspects of the causal driver.

* Step A2: Rerun the frequency distributions, but restrict
the analysis to just injury and fatal crashes. This intro-
duces crash severity into the analysis. Fatalities are usu-
ally too rare to establish patterns, but injury (including
fatal) crashes are an excellent proxy for fatal crashes.
Onceagain, “high poles,” especialy thosethat are differ-
ent from those found in Step A1, are identified. All find-
ings should be documented.

* Step A3: Synthesize theresults of Steps Al and A2 and
produce acomprehensivelist of thetypes of crashesthat
will be subjected to further analyses (e.g., adefinition of
the subsets of the crash records to be considered). This
should include the definitions of the variableswithin the
database that define these subsets. For example, if
alcohol-related crashes could be disaggregated by several
different variables within the database (e.g., time of day,
location, age, and group), each one of the different vari-
ablesand their respective values must be noted to produce
the proper filter to create the al cohol-crash subset.

* Step A4: Recognize that the subsets selected are from a
pool of crash subsets that will be aggregated to form the
agency’ semphasisareas. If additional potential emphasis
areas should be considered for any reason, they should be
added to thelist and their crash subsets defined for further
analysisas per StepsAland A2.

At this point, the information value attained is little more
than raw data. Some “denominator” is essential to transform
these raw frequencies into usable information. This is done
first to resolve the set of emphasis areas and then to define
strategies and objectives to be considered. Ultimately, both
cost and effectiveness must be considered before devel oping
apreliminary action plan. Effectiveness must take into con-
sideration both crash severity and the potential of the pro-
posed activities to reduce frequency, severity, or both.

D1.3.2 Stage B: Formally Specify
Emphasis Areas

At this point, a number of subsets of the crash data should
be identified from Stage A. Emphasis areas will emerge by
having the SPL suggest as many potential emphasis areas as
possible based on an examination of the crash data subsetsand
other considerations, as discussed below. Theresfter, empha
Sisareas are evaluated relative to each other and prioritized.

While emphasis areas may be best identified based on eco-
nomic cost and human-suffering reductions, the following
considerations are also legitimate tradeoffs in developing a
set of emphasis areas:



» Social consider ations: Zero traffic fatalitiescan only be
attained at the cost of a major restriction of transporta-
tion. It is clear that society has made a choice to accept
certain risks in order to enjoy the freedom to travel, so
the need for increased traffic flow and reduced conges-
tion arelegitimate considerationsin establishing empha
sisareas. Society makes certain subgroups, such as chil-
dren, of greater concern, thus justifying emphasis areas
such as proper use of child restraints even though the
emphasis areas might not bejustified from a purely eco-
nomic (maximum return on investment) point of view.

» Political considerations: These considerations are a
reflection of social considerationsin afree society, since
most politicians wish to please their particular con-
stituencies in order to get re-elected. An example of a
political consideration ispromoting agraduated driver’s
licensing bill so that some positive legislation in this
area will get passed. Few traffic safety advocates are
totally satisfied with the legislation that gets passed, but
it is recognized that compromises are necessary.

* Practical considerations: Decision makers who are
using the approach presented in this document might not
have the latitude to use their resources for the broadest
range of safety programs. They would therefore have to
restrict consideration to those emphasis areas that are
within their purview. In some jurisdictions, it might be
known from the personalitiesinvolved that certain types
of strategies just will not work at this point in time, and
common sense would dictate that the strategies be
deferred until a new set of players arrives on the scene.

The previous considerations highlight the fact that the
transition from problem identification to the development of
emphasis areasis not arigid scientific process. Considerable
human judgment is required, but to the extent possible, it
should be based on the overall increase in safety for roadway
users. The quantitative techniques employed in the problem
identification procedure can only serve to advance this gen-
eral goal.

D1.3.3 Stage C: Evaluate Emphasis Areas
and Formulate Objectives

One method for evaluating a potential emphasis area and
identifying its potential objectives is to compare its crash
records subset against the complement of that subset over all
of the variables. This comparison will identify those charac-
teristics of the potential emphasis areathat vary significantly
from the norm. In this case, the complement of the subset acts
asaproxy for thetypical crash and thusfor traffic volumein
general. Taking alcohol-related crashes as an example, one
should expect the same proportion of alcohol-related crashes
to the state total in a given county as the proportion of non-
alcohol-related crashes to the state total. The non-alcohol-
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related crashes act as a proxy for the traffic volume in that
county, since traffic volume is the primary factor in deter-
mining crash frequency in any area. When the proportion of
alcohol-related crashes is significantly higher than the pro-
portion of non-alcohol-related crashes, it is intuitive to sus-
pect that there is a problem with acohol-related crashes in
that county.

Whilethisanalytical approachisnot definitive, it cannot be
ignored as an easily applied first indicator. The fact that com-
paring asubset to the complement of the subset can be applied
easily to all variables and all subsets is also compelling be-
cause most demographicsapply only to very few specific vari-
ables. For example, populations apply only to citiesor counties,
and further subdivisions are necessary if they are to apply to
gender and age. Average daily traffic (ADT) counts apply to
vehiclesin general and might, at times, be subdivided by vehi-
cle types. Therefore, these demographics, while quite useful
for producing rich information from the few variables to
which they apply, do not add any insight with regard to the
vast mgjority of the variablesin the database.

Thefollowing isthe recommended procedure for perform-
ing initial comparisons of potential emphasis area subsets:

* Step C1: Runfrequency distributionsfor all of the vari-
ablesin the crash database for one of the emphasis area
subsetsunder consideration (e.g., alcohol-related crashes).

* Step C2: Runthe same set of frequency distributionsfor
the complement subset (e.g., crashes that have no evi-
dence of alcohol involvement).

* Step C3: Compare the proportions of these two sets of
distributionsfor all of their corresponding variables. This
can be done graphically to provide visualization. It can
also be quantified by dividing the percentage for each
of the variable-value frequencies from the subset by its
counterpart from the complement subset to form an over-
representation factor. As an example of this step, com-
paring severity of pedestrian crashes showsthat thefatal -
ity proportion is more than 14 times that of fatal crashes
in the general population of crashes. This comparisonis
presented in Figure D-4. Inthisfigure, an asterisk next to
the value in the Over Rep column indicates that a statis-
tically significant difference (at the 1% level of signifi-
cance) exists in that variable value between the test and
the complement (or control) subset (Step C5).

* Step C4: Perform astatistical test to determineif thedif-
ferences between the two subset variable values are sig-
nificant. The details of this statistical test are given in
Table D-5.

* Step C5: Calculate the potential gain that would be ob-
tained from crashesif the percentage over-representation
(column Over Rep) of the emphasis area subset were
eliminated (i.e., its percentage value was reduced to the
percentage value of the complement subset). This will
form afair and conservative measure of maximum poten-
tial effectiveness (maximum expected gain), assuming
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that potential strategiesare not expected to reducethe pro-
portion of the subset bel ow the proportion of the compar-
ison control group (referred to here as the complement
subset).

* Step C6: Sort the results within each variable by this
potential gain (column Max Gain) so that the output is
ordered by the highest potential gain. At this point, objec-
tivesfor each emphasis area could be formulated and one
could beginto identify potential strategiesfor thisempha-
sisareabased on theseresultswith aview to getting abet-
ter handle on costs and benefits of addressing the empha:
sisarea. For example, if aparticular subset of driversand
times appears to be predominant, the objective would be
to decrease the predominance of this subset, and a strat-
egy (possibly one of many) could be to conduct selec-
tive enforcement. This would identify only the selec-
tive enforcement strategy, not the specific activities or
detailed action plan. While it is not necessary to identify
strategies at thistime, obvious potential strategies should
begin to emerge and be documented by the Task Team.

* Step C7: Repeat the previous six steps for all emphasis
area subsets under consideration and identify subsets
(e.g., trucks, motorcycles, bicycles, pedestrian, alcohol,
geographic areas, young drivers, older drivers, and emer-
gency medical services). Note: The first seven steps are
easily automated directly from the crash records.

* Step C8: Compare other demographics for proxy com-
parison groups as they are available. For example, areas
might be compared on a crash-per-population bas's, road-
way locations might be compared on the basis of crash
frequency for a given traffic volume, and age groups
and vehicle types might be compared on amileage-driven
basis.

* Step C9: Providetheinformation acquired in StepsC1to
C8 to decision makers for the purpose of resolving the
subset of emphasis areas that will be considered further
should it not be possibleto consider all promising empha:
sisareas (or al objectivesin al emphasis areas).

Several states currently have the CARE program (e.g.,
Michigan, Tennessee, North Carolina, and lowa).

Figure D-4 presents a comparison of two simple frequency
distributions. Thefirst two numeric columns are the frequency
counts and percentages by severity of pedestrian crashes. The
second two numeric columns represent the same counts and
percentages of nonpedestrian crashes. The graph presents a
visual comparison of the two subsets (pedestrian and non-
pedestrian crashes) by severity as a percentage. A numerical
comparison for each of the pair of barsin the bar chart isgiven
in the table under the column labeled Over Rep (a measure of
over-representation—Step C5). Over Rep is calculated by
dividing the pedestrian crash subset percentage by the non-
pedestrian crash subset percentage for each of the severity lev-
els. Inthisexample, for injury crashes, Over Repis calculated
from 83.871/22.28 = 3.764. In essence, the Over Rep valueis

a measure of how much the particular characteristic is either
over- or under-represented. The greater the value of Over Rep
isover 1, thelarger the over-representation; the lower thevalue
isunder 1, thelarger the under-representation. An Over Rep of
1 would be neither over- nor under-represented. Theresultsin
Figure D-4 also illustrate how objectives can be formulated.
In this case, an objective could be to reduce the severity of
pedestrian crashes based on the over-representation of the
percentage of injury and fatal pedestrian crashes. However,
the analysis so far, in this particular example, does not give
any intelligence into potential strategies for achieving this
objective.

The Problem (Emphasis Area) | dentification Methodol ogy
(ISMProcess Step 2) calls for the consideration of all vari-
ables for al subsets. The previous example is just one vari-
able (severity) for one subset comparison (pedestrian versus
nonpedestrian crashes). When actually applying the method-
ology presented here, one should not limit the analysisto just
the variables presented in the examples; rather, al possible
variables should be carefully examined. For example, for
pedestrian crashes, other variables may include age of pedes-
trian, location of crash, and time of day of crash.

Figure D-5 illustrates a second example that compares the
time-of-day distribution for alcohol-related crashes against
non-alcohol-related crashes. In Figure D-5, the non-al cohol -
related crashes follow the rush hour pattern observed in Fig-
ure D-3, and alcohol-related crashesfollow the pattern for those
times when drinking and driving might take place (i.e., from
5 p.m. to 3 am.). Note that the column labeled Max Gain
orders the tabular output. Max Gain is the number of crashes
that would be reduced if some strategy could be applied to
reduce all of the over-representation (in this example, just for
the 1 hour ranked highest by Max Gain). By arranging the
tabular output in this way, the most critical hours for a strat-
egy such as selective enforcement rise to the top of the list
(Step C6). So between 12:01 am. and 1:00 am., 435.867
alcohol crashes are over-represented, which is calculated by

Subset Freq*(Subset Per — Other Per)
Subset Per

_ (6.779-1.14018) _
= 524*—6.779 = 435.867

Whilethe results from Figure D-4 that “ pedestrian crashes
are more severe” and from Figure D-5 that “alcohol-related
crashes occur at night” are not startling revelations to the
traffic safety community, these examples have been inten-
tionally fashioned so that they illustrate the information gen-
eration capabilities of the proportional comparisons of vari-
ables. When al of the variables are reviewed in this manner,
inevitably some counterintuitive information is generated,
and a definitive quantification of this information is forth-
coming from the tabular outputs. This review of variables
increases the ability of decision makersto formulate empha-
sis areas, objectives, and strategies and to begin to estimate



the potential benefits that might be derived from the empha-
sis areas, objectives, and strategies.

Asanillustration of the use of proxy comparison groups, as
suggested in Step C8, consider Table D-6. It shows the use of
readily available population figuresin providing an aternative
“denominator” in the comparisons. Populations are available
for citiesand for rural areas (all of which are listed under the
AREA column). The RATE column of Table D-6isthefraction
of crashes (in thiscase al cohol-rel ated crashes) per population.
Noticethat the output is sorted by thisrate so that it comes out
in a“worg-first” arrangement (all other things being equal,
which they rarely are). Areas are grouped by population range
since it is not appropriate to compare the rate of a densely
populated city with that of avery small town (or rural area).
Table D-6isasmall part of thetotal report for atypical state.

The selected demographic should relate to the variable
under consideration. For example, population would apply to
better understanding the number of crashesin acity or county
area. However, population would be useless in the time-of-
day or severity comparisonsin Figure D-4 and Figure D-5. An
analogy for the time of day might be the number of vehicle-
miles driven at that particular time of day—a demographic
that is generaly quite difficult to obtain.

The value in these types of demographic analyses, how-
ever, is enormous in validating the easier-generated subset
comparisonsexemplified in Figure D-3, Figure D-4, and Fig-
ure D-5. The anal ogous subset comparison isgivenin Figure
D-6, a comparison of alcohol-related versus non-alcohol-
related crashes for the same areas (cities and rural counties)
using the methods given in Steps C1-C7. If non-alcohol-
related crashes were a perfect proxy for population, then the
two summaries (Table D-3 and Figure D-6) will produce
identical results. Given the deficiencies in using pure popu-
lations to create a rate, a good case can be made that non-
alcohol-related crashes form a superior denominator in that
they reflect miles driven in general far more accurately in an
areathan doesits popul ation. However, the fact that the same
counties are identified to have the highest rates with each
method shown in Table D-3 and Figure D-6 illustrates that
non-alcohol-related crashes are a fair proxy for population,
and both factors are fairly good proxies for traffic volume.

An additional argument in favor of subset comparisonsis
that the graphical outputs enable patternsto be seen in away
that raw numbers cannot easily identify. In the area compar-
isons for alcohol, for example, the graph indicates that the
problem isin the moderate-sized areas as opposed to within
the big citiesfor this particular state (other jurisdictions may
have different results, so thisisnot ageneralization). Further
identification of the particular locations indicates that the
problems are in the rural areas adjacent to the largest cities.
Again, this information is useful for providing a basis for
selecting the emphasis areas to be adopted by the agency.
Thisinformation can a so suggest objectivesand preliminary
potential strategies.

It is not the goal here to come up with the perfect metrics,
sincethereisno such thing. Instead, the use of ratesisencour-
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aged in order to shed additional light on the validity of subset
comparisons, which form the starting point of information
generation due to their ease of generation from readily avail-
able crash data

In summary, the problem (emphasis area) methodology
focuses on the problem areas uncovered from raw frequencies
(high poles), frequency comparisons between subsets using
proportions, and the use of ratesthat can be created from avail-
able demographic data. Emphasis areas have been identified,
as well as objectives, for addressing the safety concerns in
those areas. There may aso be some preliminary information
on potential strategiesfor meeting those objectivesthrough the
completion of this methodology.

D1.4 STRATEGY IDENTIFICATION
METHODOLOGY (ISMPROCESS STEP 3)

The purpose of the strategy identification methodology is
to formulate potential strategies and corresponding activities
by performing further analyses of those characteristics that
are found to be significantly or practically over-represented
on a percentage or rate basis.

The methodology isnot rigid, but the following guidelines
should be applied to each of the potential strategiesand activ-
ities that are being formul ated:

1. Ask the questions, “Is this information sufficient for
action item development? If not, what further informa-
tion is needed to act on this finding?’

2. Consider crosstabulations of two variables within the
subset of datathat pertainsto the activities under con-
sideration if one or more of the following types of
conditions hold:

—If the activities are time critical (e.g., all selective
enforcement strategies), perform a time-of-day by
day-of-the-week analysis. As an example, acohol-
related crashes will likely be over-represented in
the early morning and on weekend days. A logical
approach is to perform a cross tabulation of time-of-
day by day-of-the-week to determine the best times
and daysfor driving under theinfluence (DUI) selec-
tive enforcement. The goal of the procedure at this
point is to determine additional details (who, what,
where, when, and how) for those crash types identi-
fied by the analyses performed to this point.

— If the over-represented variableis not constant over all
crash severities, cross tabulate the variable by severity
(e.g., nighttime, rural, and older-driver crashestend to
be more severe).

— If the activities can be targeted to geographic location,
age group, gender, race, or any other demographic
factor within the crash records, consider these vari-
ablesfor cross tabulation with other over-represented
variables.
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TABLE D-6 Summary of alcohol crashes per population by area (countiesthat are also

visiblein Figure D-6 are highlighted in gray)

AREAS OF POPULATION FROM 20001 TO 50000

COUNTY NAME AREA POPULATION CRASHES RATE
MONTGOMERY MONTGOMERY RURL 21979 95 0.004322
CHILTON CHILTON RURL 20701 88 0.004251
LEE LEE RURL 33830 132 0.003902
LEE AUBURN 30935 113 0.003653
MORGAN MORGAN RURL 34765 112 0.003222
WALKER WALKER RURL 41019 131 0.003194
DALLAS DALLASRURL 24141 7 0.003190
RUSSELL RUSSELL RURL 20841 64 0.003071
SAINT CLAIR ST. CLAIR RURL 28297 84 0.002969
TALLADEGA TALLADEGA RURL 34901 102 0.002923
ETOWAH ETOWAH RURL 24721 71 0.002872
BLOUNT BLOUNT RURL 29634 85 0.002868
JEFFERSON BESSEMER 31509 89 0.002825
LIMESTONE LIMESTONE RURL 35612 100 0.002808
ELMORE ELMORE RURL 31379 88 0.002804
JACKSON JACKSON RURL 25539 69 0.002702
MARSHALL MARSHALL RURL 34807 91 0.002614
CULLMAN CULLMAN RURL 48128 124 0.002576
CALHOUN ANNISTON 26623 64 0.002404
LAUDERDALE LAUDERDALE RURL 39265 87 0.002216
ETOWAH GADSDEN 42523 90 0.002117
LEE OPELIKA 22122 45 0.002034
MORGAN DECATUR 48761 99 0.002030
MOBILE PRICHARD 34311 67 0.001953
DEKALB DEKALB RURL 28838 55 0.001907
RUSSELL PHENIX CITY 25312 48 0.001896
JEFFERSON HOOVER 39788 73 0.001835
DALLAS SELMA 23755 35 0.001473
DALE DALE RURL 24622 33 0.001340
LAUDERDALE FLORENCE 36426 48 0.001318
JEFFERSON HOMEWOOD 22922 29 0.001265
COFFEE ENTERPRISE 20123 23 0.001143
AREAS OF POPULATION OVER 50000

MADISON MADISON RURL 59770 196 0.003279
MOBILE MOBILE RURL 115041 354 0.003077
CALHOUN CALHOUN RURL 59796 172 0.002876
BALDWIN BALDWIN RURL 58004 153 0.002638
TUSCALOOSA TUSCALOOSA RURL 54491 141 0.002588
MADISON HUNTSVILLE 159789 302 0.001890
TUSCALOOSA TUSCALOOSA 77759 142 0.001826
HOUSTON DOTHAN 53589 95 0.001773
MOBILE MOBILE 196278 281 0.001432
SHELBY SHELBY RURL 57274 63 0.001100
MONTGOMERY MONTGOMERY 187106 200 0.001069
JEFFERSON BIRMINGHAM 265968 283 0.001064
JEFFERSON JEFFERSON RURL 338230 136 0.000402




3. Consider creating subsets of the datafor additional com-
parisons where activities are to be targeted to a particu-
lar subgroup of the population. For example, insight into
a graduated driver’s license strategy can be obtained
by comparing 16-year-old causal driver crashesagainst
17- to 20-year-old causal driver crashes. As another
example, insight into youth alcohol enforcement activi-
ties can beattained by comparing alcohol-rel ated crashes
of 16- to 20-year-old causal drivers against alcohol-
related crashes of their 21-year-old and older counter-
parts. Each of these types of comparisons can show dif-
ferences between the respective subpopulations.

4. Usetheresults of each analysis to determine what fur-
ther information is needed before the best decision can
be made, and repeat the analysis with the additional
information.

5. Persist and maintain athread of evidence until theinfor-
mation available has been exhausted. If theinformation
generated indicates a significant factor, create further
subsets of the data (e.g., youth-pedestrian crashes), and
repeat the entire analysis.

6. Reject any strategies and activities at this point that the
dataclearly show to be counterproductive (i.e., activities
that will consume resources that could be better applied
elsewhere). Maintain alist of all potential strategiesand
corresponding activities that will be subjected to further
analysisin the optimization procedure.

Following these guidelineswill result in alist of strategies
and corresponding activities that will be subjected to further
analyses. This list of strategies is not final, however, and
there is no reason that it cannot be modified as more infor-
mation continues to be developed.

Table D-7 presents an example cross tabulation of severity
by the rural-urban indicator for alcohol-related crashes (sub-
set). Thiscrosstabulation was performed because both of these
variables (severity and rural-urban) had at least one of their
values highly over-represented in the acohol-related versus

TABLE D-7 Example cross tabulation—alcohol-related
crash severity by rural-urban indicator (CARE by default
highlightsthe cellswith the larger values)

Rural Urban Total

(% of (% of (% of

Rural Urban Total
Severity Crashes) Crashes) Crashes)

Property Damage 2092 2196 4288
49.37% 62.87% 55.47%

Injury 1959 1246 3205
46.24% 35.67% 41.46%

Fatal 186 51 237
4.39%% 1.46% 3.07%

TOTAL 4237 3493 7730

100% 100% 100%
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non-alcohol-related subset comparison. Rural crashes and
the more severe classifications were both over-represented.
The crosstabulation of these two variables strictly within the
alcohol-rel ated subset showsthat rural acohol-related crashes
are over-represented in fatal and injury crashes.

Figure D-7 presents an example of a comparison between
two noncomplementary subsets for the purpose of learning
more about the differences between 16-year-old drivers and
their 17- to 20-year-old counterparts to better design gradu-
ated driver’s licensing laws. Figure D-7 demonstrates that
causal 16-year-old driverstend to have multiple occupantsin
their vehicles in greater proportion than their older counter-
partsdo. Thisisjust asingle example; all of the variablesin
the database should be analyzed to obtain as much informa-
tion as possible. For example, the number of occupants
injured also supports the benefit of limiting the number of
occupants for young drivers.

Figure D-8 presents a second example of comparisons
between two noncomplementary subsets motivated by the
development of a specific action item. In this case, the subject
under consideration is youth-alcohol enforcement, and the
time of day is of concern. A comparison of youth-alcohol-
related crash times against alcohol-related crashes of older
drivers shows that young drivers are involved in acohol-
related crashes later at night and later in the morning than are
older causal drivers.

Some safety strategies may target crash severity reduction
asopposed to crash frequency reduction. Asan example, Fig-
ure D-9 presents the ambulance delay times compared for
urban and rura areas.

At this point, it is assumed that each of the emphasis area
objectives has had a comparison analysis conducted of the
subset defined for it against its complement subset over all of
the variables in the database. An example output for a com-
parison analysis is presented in Table D-8 for AASHTO
Emphasis Areas 15 and 16 (“Keeping vehicles on the road-
way” and “Minimizing the consequences of leaving the
road”), which were combined for this analysis to reflect run-
off-road crashes. Table D-8 represents only two of the possi-
ble variables (day of the week, rural or urban)—asimilar out-
put should be generated for all variablesin the crash database.
The CARE output was defined previously in the Problem
(Emphasis Area) Identification Methodology section in this
appendix.

The output of these subset comparisons is used to gener-
ate a set of strategies for each of the emphasis areas, using
the guidelines discussed at the beginning of this methodol-
ogy. Task Team members develop strategies in areas for
which they have particular expertise. Input is sought from
research literature, state traffic safety websites, and other
sources of ideas for new and innovative safety programs.
Analysis results of the impact of various strategies are dis-
tributed to the Task Team members, and the widest range of
strategiesis considered. Only those strategiesthat are clearly
impractical are eliminated from consideration at this point.
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TABLE D-8 Impact analysis of two subsetsfor AASHTO Emphasis Areas 15 and 16
CARE System IMPACT Report
2000 Alabama Accident Data: run-off-road vs. not run-off-road
Generated by CARE on 02/20/2002
5.976 11391 10.358 0.577* —993.02
V008: Day of Week SubFreq Sub% OtrFreq Otr% Over Rep MaxGain
1 Sunday 3916 17.283 9093 8.269 2.090* 2042.46
7 Saturday 4230 18.669 13619 12.385 1.507* 1423.92
5 Thursday 3216 14.194 17610 16.014 0.886* -412.4
2 Monday 2841 12.539 16686 15.174 0.826* -597.01
4 Wednesday 2590 11.431 16195 14.727 0.776* —746.85
6 Friday 3423 15.107 20720 18.842 0.802* —846.18
3 Tuesday 2442 10.778 16045 14.591 0.739* -863.94
V009: Rural or Urban SubFreq Sub% OtrFreq Otr% Over Rep MaxGain
1 Rura 14835 65.474 24186 21.994 2.977* 9851.67
2 Urban 7823 34.526 85782 78.006 0.443* -9851.67

* Significantly over-represented.

In summary, the goa of the strategy identification method-
ology is to create and develop a set of preliminary action
plans. The goal here is not to optimize resource alocation.
Each preliminary action plan relates to a specific strategy for
a specific emphasis area objective. Once a set of preliminary
action plansisformulated for all emphasis areas, the estima-
tion of costs and benefits must be completed. These estimates
are essential for optimizing the strategies.

D1.5 ADDITIONAL EXAMPLES OF METHODS
FOR IDENTIFYING CRASH CONCERNS
AND DEVELOPING STRATEGIES
(ISMPROCESS STEPS 1, 2, AND 3)

The above sections propose a set of methodologies for
identifying crash concerns and formulating emphasis areas,
objectives, and strategies as part of an integrated strategic
highway safety plan. A number of applicationsthat are sim-
ilar in nature to these methodologies are reviewed in this
section in varying levels of detail. These applications cover
all crash concern areas, further emphasizing the potential of
the methodol ogiesfor facilitating an integrated management
process.

In the safety literature, a methodology presented for iden-
tifying crash concernsis sometimesreferredto asan “induced
exposure method.” This method istypically used for estimat-
ing the relative or absolute risk of driver groups or other ele-
ments, such astraffic control and roadway factors. Themethod
uses relative involvement of each group or element in ob-
served crashes compared with the relative proportion of that
group or element in the entire population. The induced expo-
sure method recognizes that comparisons between groups of
entities (e.g., driversand | ocation types) require some measure

of the groups’ relative exposure to risk to provide meaningful
results. However, in many cases, exposure dataare simply not
available.

The CARE IMPACT module uses an induced exposure
method to make comparisons between subsets. As an exam-
ple, suppose that a county were comparing itself to the rest
of the state. There is no reason to expect apriori that the cit-
izensof acounty areany different intheir driving habitsfrom
therest of the state or that reporting isany different (although
both of these factors might be exposed by this analysis).
Thus, it is assumed that the total crash history of the county
provides a proxy measure of the amount of driving that goes
onin that county. If this assumption holds, then the expected
proportions of the various crash characteristicsin this county
should be the same as it is statewide.

For those characteristics where the county is significantly
different from the rest of the state, the conclusion can be
drawn that the county is either over- or under-represented in
that characteristic. For example, say a cohol-related crashes
constitute 15% of all crashes in the rest of the state, and
alcohol-related crashes constitute 20% of al crashesin the
county. If thisdifferenceis statistically significant, thenit can
be reasonably concluded that this county has a significant
over-representation of a cohol-rel ated crashes and one should
further investigate the cause. Assuming that crashes involv-
ing acohol are reported uniformly acrossthe state, reporting
would not have to be perfect to expose this finding. For exam-
ple, if only 50% of acohol-related crashes in the entire state
were being reported as such, thefinding of over-representation
within this example county would still be vaid. Of course, if
thereis some reason to believe that reporting is not consistent
across the gtate, then this should be taken into consideration
when drawing conclusions.



Severa applications of the induced exposure methodology
are reviewed in the following sections. The last one—an
Alabamaapplication—isreviewed in considerably moredetail
than the others, since it is the most similar in principles and
application to the methodology presented in the body of this
report.

D1.5.1 Application 1: Analysis of Serious
Crashes and Potential
Countermeasures on North Carolina
Highways

Huang et a. (3) investigated the effects of driver, roadway,
environment, and crash factors on fatal and severe injury
crashes on all road types in North Carolina. The analysis
included examining distributions of the variations, descrip-
tive statistics, and bivariate statistics. Factors associated with
a proportion of these crashes that was higher than the aver-
age were flagged as higher risk. For example, urban two-lane
roads experienced a higher severe crash rate (severe crashes
per million vehicle-miles) than did any other road type. Fur-
ther, the characteristics of severe crashes were explored to
see if differences exist between the North Carolina data and
a second dataset.

The binomia proportions test was used to determine
which factors were associated with a higher-than-average
proportion of crashes. First, the proportion of severe crashes
for each factor was calculated and the standard error deter-
mined as follows:

s = |P*A-p)
\ n

where

SE = an estimate of the standard error of the proportion of
severe crashes for a given factor,

p = theproportion of severe crashesfor agiven factor, and

n = thetotal number of crashes associated with that factor.

A factor was considered a significant contributor to severe
crasheswhen the percentage of severe crashes associated with
that factor was greater than or egual to two standard errors
more than the percentage of all severe crashes.

D1.5.2 Application 2: Statewide Traffic Crash
Analysis Using GIS in Michigan

Datta et al. (4) present a process for evaluating and priori-
tizing traffic safety projectsand programsas proposed by loca
agencies. High-priority counties in Michigan were identified
for implementing safety initiatives.

The crash frequencies and crash rates using various expo-
sure measures were calculated for al cities, townships, and
counties in Michigan for 12 crash categories. Ranking was
performed by afrequency-rate method to avoid the selection
of areas with low crash frequencies but high crash rates. In
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the frequency-rate method, the crash frequency is plotted on
the horizontal axis and the crash rate on the vertical axis.
Areas (counties, etc.) are then plotted into cells, which rep-
resent a particular range of crash frequency and crash rate.
The upper and right-most cell then contains the most haz-
ardous areas. Proceeding to the left and down, decreasing
levels of risk are identified. In the analysis, the frequency-
rate method was conducted for each crash category and sep-
arately for each exposure type.

D1.5.3 Application 3: Using Induced Exposure to
Investigate the Effect of Driver Factors

Vitetta and Abdek-Aty (5) used quasi-induced exposure
methods to identify high-risk driver groups through arelative
crash involvement ratio. Quasi-induced exposure is based
solely on multivehicle crashes where fault has been assigned
to only one driver involved in a crash. The use of quasi-
induced exposure assumes that the distribution of nonrespon-
sible drivers in the population of two vehicle crashes closely
matchesthedistribution of the entire population of drivers. The
use of quasi-induced exposure also assumes that the driver
type of nonresponsible driver isindependent of the driver type
of the responsible driver. Crash propensity was examined for
different age groups (e.g., 1524, 25-34, and 35-44), vehicle
types, road types, divided and undivided roadways, straight
versus curved roadways, and various other conditions.

In general, when the event being studied isquiterare (e.g.,
acrash) in comparison to the amount of exposure (e.g., num-
ber of miles driven), then the odds ratios may be used to
estimate relative risk, or crash propensity. The odds ratio is
asfollows (6):

Odds Ratio = (FLE1)/(F2/E2)

where

E1 and E2 = the exposure counts for Groups 1 and 2 and
F1 and F2 = the event counts for Groups 1 and 2.

Group 2 is used as the baseline, and the odds ratio com-
pares the odds of an event in Group 1 to Group 2.

D1.5.4 Application 4: Estimating the Exposure
and Fatal Crash Rates of Suspended,
Revoked, and Unlicensed Drivers
in California

DeYoung et al. (7) used quasi-induced exposure to deter-
mine if unlicensed drivers or drivers with suspended or re-
voked licenses were over-represented in crashes. Data from
NHTSA’ s Fatality Analysis Reporting System (FARS) were
used to calculate crash and exposure rates for drivers in
California. Only multivehicle crashes in which one driver
was assigned fault were used to comply with the methodol ogy.
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Involvement ratios were calculated by dividing the percent-
age of unlicensed, suspended, or revoked drivers in the “at-
fault driver” subset by the percentage of unlicensed, sus-
pended, or revoked driversinthe* not-at-fault driver” subset.

% of driversin the at-fault group
% of driversin the not-at-fault group

Involvement Ratio =

Aninvolvement ratio greater than 1 indicatesover-involve-
ment, and an involvement ratio less than 1 indicates under-
involvement. Thisstudy indicated that unlicensed, suspended,
and revoked drivers are over-represented in fatal crashes 2 to
5 times more than fully licensed drivers. Potential sources
of biasin the methodology cited by the authorsincluded the
following:

* The proportion of unlicensed driverswas 33% higher in
the entire dataset than in the subset of crashes where
only one driver was deemed at fault.

* Driverswho die in a crash are less likely to be assigned
fault, andif any of the groupsisover-or under-represented
in fatdlities, the rates will be affected.

* |f not-at-fault drivers have characteristics making them
more likely to be involved in a crash, the exposure of
these groups will be over-estimated.

D1.5.5 Application 5: Use of the Induced
Exposure Method to Study the Highway
Crash Involvement of Driver Groups
Under Different Light Conditions

Dissanayake and Lu Jian (8) used Chi-square statisticsand
contingency table analysisto explore the relationship among
driver age (ages 15-25, 2565, and 65+), light condition
(daylight, dusk, dawn, darkness with street lights, and dark-
nesswithout street lights), and crashes. For two random clas-
sification variables X and Y (in this case age and light condi-
tion), where X hasr levelsand Y has c levels, the contingency
table has (r x c) cells. Each cell represents the observations
of Xand .

In contingency table analysis, the observed number of
crashes under each category is compared with the expected
number of crashes obtained by assuming a null hypothesis.
The Chi-sguare goodness-of-fit test statistic determinesif the
observed and expected values vary significantly. If thisisthe
case, the null hypothesis used in abtaining the expected val-
uesisdetermined to befalse. Based onthecritical Chi-square
value, a decision is made regarding the acceptance or rejec-
tion of the null hypothesis.

Three types of analyses were undertaken. The first tested
if driver age and light condition were independent consider-
ing crash involvement. The second tested if driver age and
light condition were independent considering driving expo-
sure. The third tested if crash frequencies were proportional
to driving exposure.

Totest if random variables X and Y are dependent on each
other, the null hypothesisis that they are independent. Under
this hypothesis, the expected frequencies for a cell are found
by multiplying the total number of observations by the prob-
ability that X = x and Y =y (where x and y are the marginal
distributions of the row and column variables, respectively).
To consider driving exposure, an induced exposure measure
was used. Only the not-at-fault drivers were considered in
order to represent the amount of travel by that group. Consid-
ering at-fault drivers as well would introduce biases if some
driver groups were over-represented in the crash data.

Theanalysisdetermined that driver age and light condition
were factors in crash involvement. It was also found that
driving exposure depends on driver age and light condition.
Finally, analysis showed that crash involvement of drivers
did not depend on driver exposure or light condition and that
certain driver groups are over-represented in crash involve-
ment for certain light conditions. Identification of over-
represented driver age groups was measured as the ratio of
the percentage of at-fault drivers to the percentage of not-
at-fault drivers. Wherethisvalueisgreater than 1, thereisan
over-representation of that age group in crashes.

D1.5.6 Application 6: Problem Identification
Methodology—Network Screening
Applications

“Network Screening” is a formal analytical procedure to
identify “siteswith promise” for moredetailed analysis. “ Sites
with promise” are sites that will benefit the most in terms of
safety by the expenditure of resources. A vast body of litera-
ture exists on these procedures. NCHRP Synthesis of Highway
Practice 91 (9) and NCHRP Synthesis of Highway Practice
128 (10) provide asurvey of common procedures used in state
DOTsfor identifying hazardous locations. NCHRP Synthesis
of Highway Practice 295, recently completed by Persaud (11),
has provided some additiond insightsin thisregard.

More sophisticated procedures have been proposed in
recent years. A major ongoing FHWA project will provide
states with practical state-of-the-art tools, including soft-
ware, for conducting network screening as part of Safety-
Analyst (Software Tools for Safety Management of Spe-
cific Highway Sites). An interim product is expected to be
available by 2004.

Below is a summary of more recently developed tech-
niques and ongoing initiatives that will influence the Safety-
Analyst toals.

D1.5.6.1 Advanced Network Screening
Procedures

Flowers and Griffin (12) have identified some difficulties
with conventional quality control methods. They suggest that
the upper control limit should be stated in terms of crash fre-



guency rather than crash rate, which is used in conventional
applications. Thisisin recognition of the nonlinear relation-
ship between crashes and traffic volume. The authors further
point out that, due to the randomness in the count of fatal
crashes and the large weight attached to this count, grossin-
accuracies would result if the observed crash severity for a
road section were used for prioritization. In short, the authors
suggest that EPDO (equivalent property damage only) crashes
should not be used for ranking. To mitigate this problem, the
empirical Bayes procedureis proposed (13, 14, 15).

Thereare several variations of the empirical Bayes method.
The essence of these variations is that the hazard of a site
should be based on an estimate of this site’s long-term mean
(m) rather than on its short-term count (x) or short-term crash
rate. An estimate of the long-term mean is obtained from an
empirical Bayes procedure that combines the crash count (x)
of a specific site with an estimate of the long-term mean (P)
based on the crash history of similar sites. This estimate of m,
the long-term mean, is aweighted average of x and P.

In research by Hauer (14) and Pendleton (15), the safety
performance (SP), or the predicted number of crashes, isesti-
mated from a safety performance function. A safety perfor-
mance function is a regression model with traffic and geo-
metric factors asindependent variables. Theweights of x and
SP are estimated from the mean and variance of the regres-
sion estimate. Safety performance functions for estimating
SP and the associated weights for avariety of location types
are available in recent literature. It is expected that a major
effort in the development of SafetyAnalyst will be devoted to
completing and upgrading the suite of safety performance
functions that might be required for the purpose of network
screening.

Persaud et al. (16) have evaluated the simpler empirical
Bayes—based procedures using datafor 1-km, two-lane high-
way sectionsin Ontario. For these procedures, the hazard of
asiteisindicated by one of the following:

* Thevalue of the long-term mean (m),

* The potential for safety improvement (i.e., the differ-
ence between m and what is expected for similar sites
[m-=SP]), or

* Thelong-term mean crashrate (i.e., mdivided by traffic
volume).

It was found that the empirical Bayes—based procedures
outperform the conventional techniques of using the short-
term crash count or crash rate to flag potentially hazardous
sites. Of particular note were the poor results of the crash rate
procedure, which showed atrend to identify sites with lower
annual ADTSs. The potential for safety improvement method
has since been refined and extensively tested by Persaud et al.
(17) and has recently been adopted for use in afew Ontario
jurisdictions (18, 19).

There are other, more complex variations of procedures
based on the empirical Bayestechnique. Higleet al. (20), for
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example, propose that hazardous sites be identified on the
basis of the probability of the empirical Bayes crash rate of
a site exceeding some threshold value.

D1.5.6.2 Current Network Screening I nitiatives

Somewhat more sophisticated, but similar in principle, isa
relatively recent application of empirica Bayes—based proce-
dures in an FHWA-supported initiative in New York State
(21). Following thiswork is another FHWA -supported initia-
tive in Colorado that is being spearheaded by Hauer. This
research effort recognizes that the overriding aim of the high-
way safety improvement process is to spend money where it
achieves the greatest effect in terms of crash frequency and
severity reduction. Theimplication isthat money will tend to
go to sites where there are many severe crashes or where the
potential for crash reduction is large, not to sites where
crashes are few but the crash rate is high because of low traf-
fic volumes. Given these considerations, current initiativesare
exploring the practicality of ranking locationsfor investigation
using prospective cost-effectiveness of potential safety treat-
ments. The most important product of the Colorado effort that
will feed the development of the SafetyAnalyst will be a soft-
ware package that implements advanced statistical methods
for identifying “ sites with promise.”

D1.5.7 Application 7: Methodology for
Developing Countermeasures for
Hazardous Locations (SafetyAnalyst)

Traditional approaches to developing crash counter-
measures have tended to address either the engineering or
human factors in isolation. Such studies ignore the fact that
human errors are more likely in some road and traffic situ-
ations than in others and that the likelihood and the conse-
guences of those errors can be greatly mitigated through road
design. Of late, several initiatives have offered an integrated
approach to developing countermeasures. These are being
culminated in FHWA' s SafetyAnalyst project, which is devel-
oping state-of-the-art toals, including software, for all aspects
of the road network safety management process.

The purpose of the diagnosis/countermeasure selection
model under development as part of SafetyAnalyst isto guide
the user in the diagnosis of safety problems and the selection
of apossible array of countermeasures at a specific site. This
sitemay be selected by anetwork screening tool or by the user
on some other basis. The decision of which countermeasures
actually get implemented is made with the use of economic
analysisand priority-ranking tools. Capabilities planned for a
network screening tool will include site identification, crash
pattern identification, and the diagnosis of areas of concern by
means of detailed office and field investigations. The diagno-
sis of areas of concern will be followed by the identification
of countermeasures.
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For each issue of concern, a list of potential counter-
measureswill be selected. Based on practical constraintsat the
site (e.g., ability to expropriate property to widen the road)
and financial feasibility (e.g., ability to fund building aninter-
change), a reduced list of potential countermeasures will
then be presented, together with target crashes and contra-
indications (e.g., no rumble strips in high-density residential
areas). Once the contra-indications have been used to €imi-
nate any countermeasures, afina countermeasure list will be
considered for implementation.

D1.5.8 Application 8: Alabama Problem
Identification Examples Based on an
Integrated Roadway-Crash File—

A Detailed Documentation

This application pertains to the problem identification
methodol ogy discussed in previous sections of thisreport. This
application includes the identification of roadway factors that
may be crash concerns. Rather than providing references to
assorted documents, detail is provided here to dlow an inter-
ested reader to apply thismethodology in hisor her jurisdiction.

The objective of this section is to demonstrate the capabil -
ity of roadway-crash file integration. This example only
scratches the surface of the potential use of these data, and the
displaysbelow are strictly for exemplary purposes and not for
drawing general conclusions. Infact, conclusionsinonejuris-
diction might not transfer to another, and so it is important
that all jurisdictions move to establishing thisintegration.

In order to identify problems using a jurisdiction’s road-
way characteristic data, it is necessary to create two inte-
grated databases. The first is a roadway data file to which
crash information is added, the roadway-crash file. The sec-
ond is a crash information file, to which roadway data are
added (which is most commonly done), the crash-roadway
file. Since distinguishing the two files could get confusing,
here are formal definitions:

* Roadway-crash file—thefile of roadway segment char-
acteristics that has been augmented to include the fre-
quency of crashes by severity for each of these segments.
Inthisfile, the number of crasheshy severity can bedeter-
mined for any segment and summarized for any subset of
segments.

* Crash-roadway file—the file of al crashes to which
geometric roadway data have been written so that the
roadway characteristics (e.g., lane width, shoulder sur-
facetype, shoulder surface condition) can be determined
for any crash and summarized for any subset of crashes.

To remember the distinction between the two files, recog-
nize that the X-Y fileisthe X file to which the Y data have
been added. Thus, the roadway-crash file is the roadway file
to which crashes have been added.

While the distinction between these two files might seem
subtle, it is quite significant. Without the roadway-crash file,

it isimpossible to evaluate the effect of roadway character-
istics since those geometric and other features where crashes
did not occur cannot be determined. In effect, this roadway-
crash file enables the comparison of “crash locations” with
“noncrash locations,” which is impossible to do with the
crash-roadway file.

Toillustrate, the frequency distributionsfor only two of the
variables in the roadway-crash file for Alabama are given in
Figure D-10 and Figure D-11. These distributions look rea-
sonable, and the data are complete for the mile-posted
(i.e., state, federd, and interstate) roadways of Alabama. Note
that in addition to the road characteristics and the crashes,
ADT counts have been added to thisfile. Preliminary analyses
determined that it wasimpossible to draw any meaningful con-
clusionsfromthese data without comparing roadways of com-
parable ADT. Thisis because ADT is the primary and over-
riding factor in determining the rate of crashesat any location.

Another new variable that was not given in the crash-
roadway file, at least as a categorical variable, is the road
identifier. Its presencein the roadway-crash file enablesiden-
tification of over-represented roadway typesusing the CARE
IMPACT system. In essence, this gives the appearance that
the worst locations are those with superior design character-
istics, since these characteristics are usually correlated with
the highest ADT categories.

D1.5.8.1 Comparison of Crash-Roadway
and Roadway-Crash Results

The graph of crash frequency by average grade from the
crash-roadway fileis shown in Figure D-10. The vertical axis
iscrash frequency; the horizontal axisisroadway grade. Note
that the top of thelist in the table is the far Ieft column of the
graph (i.e., severedowngradeisthefirst columnin the graph).

It might be reasoned that for every upgrade, there must be
adowngrade, since the roadways are measured in both direc-
tions, and the opposing directions are usually close to each
other. This reasoning would hold on two-lane roadways. It is
expected that this graph would be nearly symmetrical. The
conclusion drawn from the graph and tabularized datain Fig-
ure D-10 wasthat more crashes are occurring on downgrades
than on upgrades.

Compare Figure D-10 with Figure D-11 for all segmentsin
the roadway-crash database. In Figure D-11, asin Figure D-10,
the vertical axisis crash frequency and the horizontal axisis
roadway grade. Note that the top of thelist in the table isthe
far left column of the graph (i.e., null is the first column in
the graph).

Figure D-11 provides a control for the crash distribution
given in Figure D-10. In other words, Figure D-11 includes
slopesfor all segments, while Figure D-10 wasfor slopesfor
only crash segments. The basic assumption (for every upgrade
there is a comparable downgrade) holds very closaly for all
of the slope categoriesin Figure D-11 except thetwo “ slight-
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FigureD-11. Alabama crash data: Crash frequency by road grade, from the roadway-crash database.
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grade” categories. This discrepancy could be due to incom-
plete data (e.g., some road segments were under construc-
tion) or to the accumulation of differences on some four-lane
roadways that are separated enough to have differences in
slopes. Regardless, the main purpose of thiscomparisonisto
demonstrate the value of having the type of datathat isinthe
roadway-crash file.

D1.5.8.2 Example IMPACT Analysiswithin ADT
Classification

Prior to the adding of ADT to the roadway-crash file, many
CARE IMPACT analyseswererun in an attempt to determine
in genera those roadway characteristics that could be causing
crashes. All of these studiesidentified roadway characteristics
at the upper ADT range to be characteristics with the most
crashes. That is, those roadway characteristics identified as
“high-crash characteristics’ were inevitably some of the best
designed roadways in the state. The reason is that the fre-
guency of crashesincreaseswith ADT, more so than with any
other factor. Therefore, roadwayswith the highest ADTS, such
as interstate highways, were identified. However, these high-
volume roadways usually have the “best design” parameters.
In the absence of the ADT consideration, one might conclude
that wider lanes, paved shoulders, and gradual sopes cause
crashes.

The addition of ADT to the roadway-crash file enables
roadways to be compared within ADT classifications, thus
removing ADT asthe overriding causal factor (i.e., the pres-

ix.Care 6.0 - [IMPACT] :

File Filker Analysis Locations ‘window About

ence of morevehiclesisacausal factor). By comparing only
roadway segments within a common range of ADTS, the
effects of the roadway characteristics can be isolated. The
next section presents an examplefor one ADT classification.

D1.5.8.3 Low-Volume Example: 2,501-5,000
ADT for All Crashes

All ADT classifications should be analyzed with all vari-
ables in the database, comparing those segments that have
crashes (of various severities) with those that do not. This
analysis requires alarge number of computations. However,
it isquite feasible with current technology. Some tools, such
as the Alabama CARE system, can facilitate this analysis.
The feasibility of the analysis will be illustrated here with
just one ADT classification and one roadway characteristic.

For arelatively low ADT classification (2,501-5,000 vehi-
clesper day), the roadways were almost exclusively (98.5%)
two-lane roads. Severa of the variables, including average
grade and shoulder condition, showed no significant differ-
ences between crash and noncrash segments. Shoulder sur-
face type analysis, however, showed that more than 11%
more crashes than expected occurred on surfaces with grass
shoulders, as shown Figure D-12. (OverRep value for grass
shoulder surfaceis 1.111.)

In Figure D-12, the bar on the l€ft is the proportion of the
segmentsthat had crasheswith the particular shoulder surface
type, while the bar on the right gives the proportion of seg-
ments that did not have crashes with the particular shoulder
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FigureD-12. Alabama crash data: All crashes on roadways with ADT between 2,501 and

5,000 vehicles per day.



surfacetype. If the particul ar characteristic (in this case shoul-
der surface type) has no effect, then the same proportion is
expected in both bars. Thisis the case with most of the other
shoulder type categories in Figure D-12, since the two bars
are not significantly different. The “ curb and gutter” category
is under-represented in crash segments, perhaps because of
lower speeds in urbanized areas resulting in fewer crashes.
This analysis could be repeated with “curb and gutter”
excluded for a sensitivity analysis.

Thisisjust one example of the analysis of different vari-
ablesin the database, and the objective of thisexampleisnot
to conclude that grass shoulders are inferior. In other ADT
classifications, grass shoulders were not found to be signifi-
cantly different, and in other states this result might not be
replicated. Thisis an example of the ssmple problem identi-
fication methodology previously given (ISMProcess Step 2)
applied to determine the significance of a roadway charac-
teristic in crash causation. A thorough analysis of al such
characteristics over all ADT classifications is required in
order to perform an effective and comprehensive problem
identification of roadway characteristicsin ajurisdiction.

Another useful comparison is within the roadways them-
selves. All of the roadways that were more than 50% higher
than the expected crash values for this ADT classification
(2,501-5,000 vehicles per day) arelistedin Table D-9. (Since
this information is nondiscoverable, the roadway identifiers
have been altered for this example.) One would expect that
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the crash percentage and the noncrash percentage for each
roadway would be about the same:

* “Crash percentage’ is the percentage of the crash seg-
ments on the roadway of all crash segmentsinthisADT
classification.

* “Noncrash percentage’ isthe percentage of the noncrash
segments on the roadway of all noncrash segmentsin
this ADT classification.

Onewould expect that any given roadway would have the
same percentage of crash and noncrash segments. When
these percentages vary significantly, then the roadway should
be subjected to further analysis to determine specifically
where the problems might be. Note that because the data
were gathered directionally, each roadway direction has a
separate analysis (e.g., S-9 West is separate from S-9 East).

D1.6 OPTIMIZATION OF STRATEGIES
METHODOLOGY (ISMPROCESS STEP 4)

The optimization tools given in this section can be applied
at avariety of levels of the Problem (Emphasis Area) Identi-
fication Methodology. At the highest level, it might be applied
to select emphasis areas in situations where all potentially
promising areas cannot be addressed. This section assumesthat
the previous steps have established emphasisareas, objectives,

TABLE D-9 Sample of roadways with morethan 50% over-representation in crashesfor

the 2,501-5,000 ADT classification

Road | dentifier Crash Crash Noncrash Noncrash
(Not Actual) Freguency | Percentage | Frequency | Percentage | Over Rep. | Max. Gain
S-9 West 37 1.516 209 0.467 3.246* 25.602
S-6 South 57 2.336 665 1.486 1.572* 20.733
S-13 East 62 2.541 762 1.703 1.492* 20.443
S-11 East 49 2.008 580 1.296 1.549* 17.368
S-41 East 28 1.148 210 0.469 2.445* 16.547
S-74 North 31 1.27 267 0.597 2.129* 16.439
S-9 East 28 1.148 218 0.487 2.355* 16.111
S-74 South 29 1.189 269 0.601 1.977* 14.329
S-29 East 33 1.352 363 0.811 1.667* 13.203
S-13 West 55 2.254 769 1.719 1311 13.061
S-26 North 40 1.639 499 1.115 1.47* 12.786
S-41 West 23 0.943 215 0.481 1.962* 11.274
S-27 West 45 1.844 626 1.399 1.318 10.860
S-26 South 38 1.557 501 112 1.391 10.677
S-6 North 47 1.926 675 1.509 1.277 10.187
S-29 West 30 1.23 366 0.818 1.503 10.039
S-58 South 32 1.311 433 0.968 1.355 8.385
S-170 North 19 0.779 195 0.436 1.787 8.365
S-116 North 10 0.41 32 0.072 5.73 8.255
S-221 East 14 0.574 109 0.244 2.355 8.055
S-179 East 16 0.656 146 0.326 2.009 8.038

* Significantly over-represented.
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potential strategies, and preliminary action plans. The objec-
tive is to take these inputs and use crash and demographic
data to establish an optimal set of strategies. Possible appli-
cations at higher levels will be explained once the method-
ology is presented.

Once the emphasis areas have been established and a
potential set of strategiesis formulated, optimization can be
subdivided into three major steps, analogous to the general
problem identification methodology. The difference here is
that the goal is to identify target crashes and potential crash
reductions for emphasis areas, objectives, and strategies.
Optimization consists of the following major stages:

» StageA: I dentify subsetsof datathat will provideinfor-
meation on the emphasis areas and the objectives identi-
fied. For each of these subsets, determine crash frequency
by severity for the total subset of crash recordsthat could
be affected by the proposed strategies.

» Stage B: Analyzethe crash characteristics of empha-
Sis area subsets to generate the potential benefits for a
set of strategiesfor each objective of each emphasisarea.

» Stage C: Determine the most effective combination
of strategies by using an optimization procedure that
yieldsafina implementation plan considering available
funds, costs, effectiveness, and other limitations.

Once optimization is complete, the Task Team should
assess the achievability of the goals set out in ISMProcess
Steps 1 and 2. It isdesirable to confirm that the goalswill be
achievable through with the available resources. If the goals
are unreachable with the current level of resources, the goals
must be revised with the approval of the SPL during ISM-
Process Step 4.

D1.6.1 Stage A: Identify Subsets of Data

In contrast with the subsets defined in the Problem (Empha-
sis Area) ldentification Methodology, the emphasis aress,
objectives, strategies, and preliminary action plans that have
already been defined provide a definitive pathway to move
forward.

The defined emphasis areas enabl e one to use crash records
to estimate the potential crash reduction of strategies within
each objective and emphasis area.

Subsets of the crash records can be defined in avariety of
ways depending on the emphasis area or objective. All sub-
sets share one thing in common: they are defined by variables
within the crash records. Logical combinations of variable
attributes within the database define the subsets, sometimes
combined with Boolean“AND”sand “OR"s. Table D-10lists
selected AASHTO emphasis areas and related subset defi-
nitions. Note that some emphasis areas have multiple subsets
and that some subsets may apply to more than one empha-
Sis area.

The following rules provide overall guidance in specify-
ing subsets:

* |If the subset can be defined by a single variable, use a
logical OR operator to include all of the values in that
variablethat apply. Asan example, the subset of crashes
affected by graduated driver’ slicensing would be alog-
ica combination of the causal driver age within the
range applicable for the state (e.g., ages 16-19), as in
Table D-10, Emphasis Area 1.

* |f more than one variable is required to define the sub-
set, use alogical OR operator to include al of the val-
ues of each variable that applies. For example, alcohol-
related crashes might be identified by several different
variables. To form a comprehensive subset of alcohol-
related crashes, it is necessary to identify all of the ways
that alcohol could be indicated and use a logical OR
operator to include them. Also, adecision must be made
in this case as to whether “alcohol” also includes drug-
related crashes. If so, these crashes will be included as
well with logical OR (Table D-10, Emphasis Area5).

* A logica AND combination is required in those cases
where two variables must be present ssimultaneously in
order for the crash to qualify. For example, al restric-
tions that involve both a geographic area and a specific
variable will require a logical AND operator with the
geographical specification and the unqualified specifica-
tion of the variable. Another example is where the sub-
set is only referring to a limited severity classification,
as is typically the case with restraint emphasis areas
(Table D-10, Emphasis Area 8).

* |tisimportant to distinguish between “ crashes caused by”
and “crashes involving.” As an example, the emphasis
area of “Improving motorcycle safety and increased
motorcycle awareness’ requiresthat all crashesinvolving
motorcycles be included as opposed to just those caused
by motorcycles (Table D-10, Emphasis Area 11).

* Some emphasis areas or objectives may have corre-
sponding categoriesthat are not clear-cut; these emphasis
aress or objectives may require additional effort in order
to define the categories. For example, an “emergency
medical services’ emphasis area might consider only
those crashes for which the response time was greater
than some minimum expected time (Table D-10, Empha:
sis Area 20). Coming up with a reasonable minimum
response time may requireacombination of expertise and
trial and error.

* Some combinations require creativity and knowledge of
the way that the crash data are structured. For example,
just the portion of the vehicle damaged cannot determine
“head-on crashes.” While some crash databases might
have a code for head-on/cross-over crashes, it isnot crit-
ical. Head-on crashes can also be selected by making
sure that the two vehicles involved in the crash were
traveling in opposite directions (Table D-10, Emphasis
Area 18).
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TABLE D-10 Example subset definitions for selected emphasis areas

EMPHASISAREA

SUBSET DEFINITION

| Drivers

1. Instituting Graduated Licensing for Y oung Drivers

Causal driver aged 16-19

3. Sustaining Proficiency in Older Drivers

Causal driver aged >64

4. Curbing Aggressive Driving

Primary contributing circumstance isimproper passing, improper lane
change/use, following too closely, failure to heed sign/signal, failure to
yield right-of-way, or driving on wrong side of road

5. Reducing Impaired Driving

Any indication of acohol or drugs on the part of any driver

6. Keeping Drivers Alert

Causal driver fatigued (includes apparently sleepy)

8. Increasing Seat Belt Usage and Improving Airbag Awareness

a) Any child occupant aged 5-9 in an injury (fatal + nonfatal injury) crash
b) Causal driver not restrained

Il Special Users

9. Making Walking and Street Crossing Safer

a) Involving pedestrians
b) Pedestrians or bicycle crash at intersection or interchange

10. Ensuring Safer Bicycle Travel

Involving bicycles

111 Vehicles

11. Improving Motorcycle Safety and Awareness

Involving motorcycles

12. Making Truck Travel Safer

Causal vehicleisacommercia vehicle

1V Highways

14. Reducing Vehicle-Train Crashes

Involving trains

15. Keeping Vehicles on the Roadway
16. Minimizing the Consequences of L eaving the Road

Single vehicle crash off-roadway

17. Improving the Design and Operation of Highway Intersections

Crash occurred at intersection

18. Reducing Head-On and Across-Median Crashes

a) Head-on crash on two-lane road
b) Head-on crash on divided road

V' Emergency Medical Services (EMS)

20. Enhancing Emergency Medical Capabilitiesto Increase
Survivability

EMS arrival time was greater than 20 minutes

* Some emphasis areas or objectives cannot be identified
with any subset. For example, better management and
improvements in the traffic records system cannot be
isolated to any particular type of crash. In these cases,
recognize that potential strategies will have an impact,
though small, on all crashes. Thus, the entire set of crash
records should be used as a base, recognizing that the
percentage crash reduction might be estimated as quite
small.

The above rules are not comprehensive, but they are suf-
ficient to get most of the subsets defined. This must be done
in conjunction with personnel (RAE group and Task Teams)
who are familiar with the crash database.

D1.6.2 Stage B: Analyze the Crash
Characteristics of Emphasis
Area Subsets

The purpose of analyzing the crash characteristics of em-
phasis area subsets is to determine the potential benefits for a
set of strategiesfor each objective of each emphasisarea. The
analyses may be facilitated by an examination of the prelimi-

nary action plans related to a strategy. The crash records that
define these subsets are analyzed in two ways:

» According to the severity of the crash subset for the

entire emphasis area or objective and
* Using further analysis of the potential strategies by
severity for various implementation levels.

The following steps are recommended to determine the

potential benefits for a set of strategies:

» Step B1: For each emphasis area or objective, generate
a crash-frequency-by-severity table. Table D-11 gives
examplefrequenciesby severity for two emphasisareas.

* Step B2: For each strategy, generate a description of
how the emphasis area subset might be further modified
so that it will better reflect the strategy (as in the second
column of Table D-12).

» Step B3: For each of the strategy subsets defined in the
previous step, determine the logical specification to
encompass the crash data (e.g., AND, OR). (The strat-
egy subsets formulated and the considerations givenin
Stage A still apply.) Usethe subset definitionsto produce
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TABLE D-11 Example emphasis area crash frequencies by severity

Fatal Injury PDO Total
Emphasis Area Number Per cent Number Per cent Number Per cent Number
1. Ingtituting Graduated Licensing 124 0.54 5659 24.72 17113 74.74 22896
for Young Drivers
3. Sustaining Proficiency in 101 0.86 2694 22.90 8971 76.25 11766
Older Drivers

PDO = property damage only.

a frequency distribution for each of the strategies by
severity, asillustrated in Table D-12.

» Step B4: Reiterate StepsB2 and B3 for all of the empha:
sisareas so that the result will be afrequency distribution
by severity for each strategy.

* Step B5: Determine or estimate accident modification
factors (AMFs) (e.g., obtain AMFs from AASHTO Im-
plementation Guides) for each strategy, costs, and bene-
fitsat different levels of implementation.

The strategies have now been quantified according to crash
frequency by severity. However, before an optimal prelimi-
nary action plan can be attained, the strategies haveto betrans-
formed into mutually exclusive projects, and some estimate of
effectiveness must be made.

D1.6.3 Stage C: Determine the Most Effective
Combination of Strategies

While afew areas involved subjective judgment, most of
the strategies and approaches were guided by the creation

and comparison of the subsets of the crash records (Stage B
of this optimization methodology).

Before continuing, it would hel p to view an example output
of determining the optimal preliminary safety action plan
(Table D-13). This table was generated by the “Strategy
Implementation Level Worksheet” (contained in the Elec-
tronic Attachment—QOgptimization Software and Spreadsheets)
used to assist in thefinal stepsthat involves optimization—the
selection of activities to implement within the total resource
congtraints to bring about maximum safety returns.

For example, at Implementation Level 1aof “ Provide edu-
cation, outreach, and training,” the expected AMFs are 0.98,
0.96, and 0.94 for fatal, injury, and property damage only
(PDO) crashes, respectively. Therelated crashes determined
from subset analysiswere 124 fatal, 5,659 injury, and 17,133
PDO crashes. The present value of the cost of this imple-
mentation level is estimated to be $20,000. The annual ben-
efits are estimated to be $32,643,000, cal culated through the
expected reduction in crashes (2.5 fatal, 226 injury, 1,027
PDO). The costs per crash type used for this example are
$3,000,000, $100,000, and $2,500 for fatal, injury, and PDO

TABLE D-12 Examplecrash frequencies by severity for selected run-off-road strategies

Strategy (from
AASHTO Description Fatal Injury PDO Total
Implementation of crash
Guides) data subset Number Per cent Number Per cent Number Per cent Number
Shoulder rumble All run-off-road 397 175 8270 36.50 13991 61.75 22658
strips crashes
. Inner shoulder Run-off-road in 10 1.84 166 30.51 368 67.65 544
rumble strips median
. Enhanced Crash occurred on 155 1.95 3201 40.23 4600 57.82 7956
delineation of sharp horizontal curve
curves
. Improved highway All run-off-road 397 175 8270 36.50 13991 61.75 22658
geometry crashes
. Improved pavement All run-off-road 397 175 8270 36.50 13991 61.75 22658
markings crashes
. Elimination of Low shoulder 1 1.39 38 52.78 33 45.83 72
shoulder drop-offs roadway defects
present
. Skid-resistant Wet pavement 55 0.93 1722 28.97 4167 70.10 5944
pavement surfaces conditions

PDO = property damage only.
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TABLE D-13 Example cost-benefit calculations for selected strategies

Expected Number of
Strategy CrashesAMFs Costs and Benefits Valuesin Present Values (PV)
Costin Benefit/Y ear Sum Benefit Cost/Benefit
Fatal Injury PDO 1,000s in 1,000s Life(Yrs) in 1,000s *1,000
1 Provideeducation, 124 5659 17113
outreach, and training
la Implementation Level 1 0.98 0.96 0.94 $20 $32,643 10 $252,060 0.079
1b Implementation Level 2 0.96 0.94 0.92 $50 $52,257 10 $403,510 0.124
1c Implementation Level 3 0.93 0.91 0.90 $30 $81,249 10 $627,385 0.128
2 Ensuredriversare 728 24058 75452
licensed and competent
2a Implementation Level 1 0.99 0.965 0.965 $100 $112,645 2 $209,455 0.477
2b Implementation Level 2 0.98 0.955 0.955 $200 $160,429 2 $298,305 0.670
2c Implementation Level 3 0.075 0.94 0.94 $500 $210,265 2 $390,970 1.279

AMFs = accident modification factors.
PDO = property damage only.

crashes, respectively. These values are estimated from the
1994 FHWA crash costs. Estimating crash costs is further
discussed later in this appendix (Table D-17).

The effectiveness of thisstrategy isexpected to extend over
10 years. The present value of the benefits ($252,060,000) is
calculated using an interest rate of 5%. The cost-to-benefit
ratio is then calculated (20,000/252,060,000 = 0.000079).
Thisprocedureisthen repeated for each implementation level
of each strategy.

The application of the above procedure at a higher level
involves applying the AMFs to crashes by severity at that
higher level. For example, at the highest level, this pro-
cedure could be applied to resolving an emphasis area by
determining crashes by severity targeted in the entire empha-
sis area. Then expert estimates must be obtained as to the
crash reduction that could be expected from that emphasis
areain general and at what cost. Of course, thiswould be a
very broad estimate and would have to assume some typi-
cal strategies.

In terms of solving the optimization problem, a number of
approaches and software packages are available and some
jurisdictions may already have access to such software. The
approaches and software are reviewed at the end of this sec-
tion. A sample software package that optimizes for two lev-
elsof implementation accompaniesthis document (Electronic
Attachment—Optimization Software and Spreadsheets). The
adaptation of that application to nonroadway improvement
strategies or activitiesinvolves viewing each of the strategies
or activitiesasa“location.” Thealternativesbeing considered
areimplementation level swithin these strategies or activities.
Thesewould correspond to the alternative countermeasures or
activities being considered at alocation.

To formulate this in a more general sense, recognize that
optimization (for implementation levels or specific counter-
measures) can be performed if the following information is
available:

* A subdivision of the total problem into recognizable
stages (these stages might be the emphasis areas, the
strategies, or the action plans, depending on the level at
which the optimization is being applied).

* A number of alternatives for each stage of the total
problem. Of these alternatives, only onewill ultimately
be selected. These dternatives might beimplementation
levels at higher optimization levels or specific activities
or countermeasures at the lower optimization levels.
The " do nothing” alternative isimplicit with each stage
and need not be specified. The optimization procedure
will specify it when no other alternative at that stageis
superior to those given at other stages.

* A cost and a benefit estimate for each alternative
(within each of the stages).

The model being employed to estimate crash reductions
(or crash severity modifications) assumes independence be-
tween stages (emphasis areas, objectives, strategies, activi-
ties, etc.). That is, crash reduction at one stage is assumed not
to affect decisions made in another stage. However, since
crash causes are generally multifaceted and sinceit isimpos-
sible to come up with totally mutually exclusive crash cate-
gories (where a stage includes all such categories), this
assumption does not always hold. It would tend to hold more
in location-specific applications, especialy if the locations
were al far removed from each other, than in the implemen-
tation of other types of strategies, such as seat belt programs.

Adjustments need to be made if interdependence between
stages within the optimization procedureis significant. Inter-
dependence will generally always exist, but most often will
not be significant enough to alter policy in any way. How-
ever, when it does, there are some easy ways to account for
this. Consider one or more of the following:

* Combine stages: if two stages address the same prob-
lem, perhaps the categorization used can be improved.
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For example, some strategies address both run-off-road
and obstacle-off-roadway crashes.

* Change the structure of the alternatives: consider
combining two strategies to produce three alternatives:
A, B, and A plus B (simultaneously). This structural
change would generally be necessary when stages are
combined, but might also be considered when a strategy
affects more than one stage (e.g., a public information
and education program might be targeted at both speed-
and a cohol-related crashes). The combined countermea-
sure would take into account the effect of implementing
both simultaneously, either adding benefit for the syner-
gistic effect or removing cost due to the overlap.

* Rerun the optimization under various structures. a
strategy might be redundant in more than one stage.
Once the strategy appearsin thefinal policy, the source
data spreadsheet could be altered to remove the strategy
from the stage that is not funded at the lower optimization
level. Then, rerun the optimization starting at a higher
minimum cost. Such a hybrid policy would take into
account that earlier funding already covered the strategy.

Again, the spreadsheet model and optimization technique
aremerely toolsaimed at minimizng subjectivity in decision
making, and not at replacing it entirely. Once decision mak-
ersunderstand how results are generated, these results can be
used in a flexible manner to take into account interactions
among the various stages in order to maximize safety for a

given level of funding (i.e., reduce fatalities and injuries in
the most effective way).

D1.6.4 lllustrative Application of Optimization
Methodology for Site-Specific
Improvements on Roadways

This section is intended for use in conjunction with the
electronic version of this report (Electronic Attachment—
Optimization Software and Spreadsheets), which includes
spreadsheets and data files illustrating software that may be
used to optimize the alocation of resources for road safety
improvements. A spreadsheet format has been used toinput the
cost and benefit information described above into Table D-14.
For each implementation level for each strategy, enter thefol-
lowing estimates/information in the* Strategy Implementations
Levels Worksheet.xIS” spreadsheet:

* A cost for the level of implementation of the activities.

* A crash reduction percentage that will be expected if the
action item is implemented at the cost level specified.
This reduction may not necessarily be the same for all
severity levels.

* A lifein years that the action item is expected to bring
about these benefits.

The spreadsheet automatically cal cul ates abenefit per year
and a present worth of the total benefits over the life of the

TABLE D-14 Summary of cost-benefit information for three potential projects, taken from the summary sheet in the

“CostBenefit Analysis Worksheet.xIs” file

Reference Number: 1249
Cost Benefit Maintenance Cost C/B Ratio Total Cost
Alt1 Install traffic signal $140,000.00 $1,096,444.07 $6,000.00 0.1277 $146,000.00
Alt2
Alt3
Reference Number: 1250
Cost Benefit Maintenance Cost C/B Ratio Total Cost
Alt1 Protected dual left-turn $125,000.00 $10,350,977.44 $100,000.00 0.0121 $225,000.00
lanes from EB to NB
Alt2
Alt3
Reference Number: 1251
Cost Benefit Maintenance Cost C/B Ratio Total Cost
Altl Improve radius for $40,000.00 $153,353.86 $4,000.00 0.2608 $44,000.00
dual left-turns
Alt2
Alt3
C/B = cost/benefit.
EB = eastbound.

NB = northbound.



action item. Once the costs and benefits are available, opti-
mization procedures can be employed to select the set of
strategies that will bring about maximum total benefit within
the budget constraint.

The adaptation of this spreadsheet to nonroadway
improvement-type strategies or activities involves viewing
each of the strategies or activities asa“location.” The alter-
natives being considered are implementation levels within
these strategies or activities. These would correspond to the
alternative countermeasures (or activities) being considered
at alocation.

Asanillustration, alternative hazard roadway improvements
are used in the file “ CostBenefit Analysis Worksheet.xIS’ to
illustrate the general application of optimization to traffic
safety resource allocation. When conducting an optimiza-
tion, one should recognize that it is impossible to bring all
locations to the highest standards attainable. Given thislim-
itation, there are two primary considerations:

* Thereareliterally thousands of locations on public road-
wayswithin most jurisdictionsthat could beimproved by
some countermeasure.

* Inany given year, jurisdictions have alimited amount of
safety funds available for these improvements.

In other words, funding for safety improvements is lim-
ited, and analytical procedures are necessary if benefitsfrom
these improvements are to be maximized. Traffic safety funds
should be allocated to those locations or strategies that will
produce the maximum returnin terms of safety (both crash fre-
guency and severity reduction). It is not a matter of trading
money for lives, but rather saving as many lives as possible
with the resourcesthat are available. It isnot possible to deter-
mine if any location or strategy will qualify for funding by
considering only that location in isolation of all other candi-
date locations. Optimization requires that all potential loca
tions be considered simultaneoudly. This can be accomplished
by the following general steps:

1. Identify the locations within the jurisdiction that have
the highest apparent potential for crash reduction; these
will be subjected to further investigation.

2. Perform investigations at these candidate locations to
propose countermeasures, and estimate the counter-
measures costs and benefits.

3. Process the data to generate an optimal budget allo-
cation.

Optimal budget allocation is, by definition, that subset of
all of the proposed countermeasures or activities that will
maximize the total benefit produced. A problem identifica
tion approach should be used for determining potentially
hazardous locations. The following steps are recommended
to determinethoselocationsthat will beinvestigated in order
to generate cost and benefit information:
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1. Include locations that crash records indicate have
above a given threshold criterion as afunction of crash
frequency and severity.

2. Determine locations that have excessive crash rates
(with severity considerations).

3. Includelocationsthat have been reported by the public,
police, or other governmental officialsto be potentially
hazardous.

The number of locations considered for improvement
should be about three times greater than that which can be
funded at this point. No questionable location should be
excluded. Each of theselocationswill be investigated to gen-
erate the data that will drive the remainder of the process.

Once aset of locations for potential improvement has been
determined, reports are generated to summarize the crash
records for each of these locations. These reports should
includeall of thevariablesthat will be useful for investigation,
including such variable summaries as time of day, day of the
week, crash type, primary harmful event, weather conditions,
and all other roadway and environmental factors. In addition
to this summary, the original hard copiesfor all of the crashes
occurring at thelocation should be made availableto theinves-
tigation team. An interdisciplinary local investigation team is
best, including state and local officials and crash investigation
specialists. Loca participationisessential, and thosewho have
first-hand knowledge of the crashes (first responders) can be
invaluable. However, the team should a so include those who
have experience in countermeasure evaluation so that reason-
able estimates of benefit can be made. Several teams might be
required for statewide or large area optimizations.

Theinvestigation team should determine the following for
each location:

* A categorization of each crash that occurred at the loca
tion by cause,

* A summary of the crash frequency and severity by cause,
and

* A statement of one or more potential roadway improve-
ment countermeasures for each crash cause.

Inturn, the expert investigation team will call upon thelit-
erature and personal experienceto generate thefollowing for
each of the potential countermeasures that the team proposes
for the location:

* The countermeasure cost (out of the budget that isto be
allocated),

* Thenumber of the crashesthat have occurred at theloca-
tion that will be reduced if the countermeasure isimple-
mented (this can be indicated by a percentage reduction
within that given cause), and

* The expected life for which the countermeasure will
bring about benefits (before replacement or other major
costs are required).
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With these data, the cost-benefit information required for
the optimization processisgenerated. Table D-14 providesan
example of thisinformation for three locations that are used
later to demonstrate the inputs and outputs of the optimization
software.

The process at this point is one of getting the data, exem-
plified by Table D-14, into aformat that can be entered into the
optimization routine. A cost and benefit estimate is required
for each proposed aternative. The benefit estimateis obtained
by taking the present value of the crashes saved (by severity)
according to the agency’ s method of costing crashes. A pool-
ing of injury and fatal crashesis recommended in order not to
skew the results toward those |ocations that might have had a
fatality. (In most cases, an injury crash is as good a proxy for
future fatality crashes as afatality crash.) The benefit calcula-
tion routine can be programmed into the spreadsheet (Cost-
Benefit Analysis Worksheet.x|s), as was done to produce
Table D-14, so that the benefit estimate can be read directly
fromiit.

At this point, al of the data are available to drive the opti-
mization process. The optimization process is a stagewise
decision processwhere the stages here are defined by theloca
tions(i.e., eachlocationisastage). The problem resolvesitself
to allocating a portion of the budget (including zero if no
countermeasure is implemented) to each location in such a
way that the combination of these allocations produces the
maximum total benefit. Several optimization techniques can
be applied to accomplishthis, and these arereviewed at theend
of this section (ISMProcess Step 4). The only constraint on
using the computer program included with this report is that
there cannot be more than two aternatives at any location. (In
practice, this has not been found to be limiting.)

Table D-15 presents a portion of the cost-benefit data for-
matted for input to the computer program. The major part of
the data (after the first three lines) consists of three numbers
per line: alocation number, a present value cost, and a pres-
ent value benefit. A location in this version of the software
can have up to two countermeasures in this computer pro-
gram. (At most, one countermeasure will be selected for a
location; however, acountermeasure could be acombination
of improvements, or a strategy could be achieved by a com-
bination of activities.)

TABLE D-15 Dataformatted for the optimization process

1 Output flag parameter

2000000 3500000 250000 Budget parameters: lower; upper;
increment

68 Number of locations

1217 1250001 734949 L ocation number; PV of cost;
PV of benefit

1220 112000 361081

1220 350000 2166486

1221 550000 476858

1223 116000 4134549

PV = present value.

Notice that the second line of Table D-15 tellsthe program
to begin outputting resultsfor budgetsthat range from $2 mil-
lion up to $3.5 million in increments of $250,000. These
parameters can be altered to produce allocations over any
range of budgets. Table D-16 demonstrates the outputs from
just three budgets generated for this example. Thisillustrates
that as the budgets are increased incrementally, additional
countermeasures are added to the optimal solution. A zero
cost and benefit indicates that no alternative was selected for
the corresponding location.

The cost and the benefit over the range of budgets can be
plotted asin Figure D-13. This enables comparisons between
different optimizations over time or even alocations to vari-
ous types of countermeasures. It also enables those with flex-
ibility in postponing or accel erating expendituresto determine
if additiona funds should be alocated to (or removed from)
the current budget.

D1.6.4.1 Adjusting Safety-Related Costs
and Benefits to Current Dollar Amounts

Usualy, the most recent official cost-benefit publications
need to be adjusted to current prices before they may be used
for highway safety calculations. For example, the costs of
PDO and injury crashes for the value of life (as defined in
“Revision of Departmental Guidance on Treatment of the
Valueof Lifeand Injuries’ [22]), were provided in FHWA's
1994 Technical Advisory (23).

To convert a historical cost to a current cost using the
methodology given in the Office of the Assistant Secretary
for Transportation guidance document (22), take the ratio of
the most recently available gross domestic product deflator
over its corresponding historical value.

Thus, to convert the 1994 FHWA cost of $2,000 for aPDO
crashto 2002 dollars, the ratio of the 2002 (third quarter) and
1993 (fourth quarter) grossdomestic product deflators (110.73/
94.79) is multiplied by $2,000, resulting in a vaue of about
$2,300. The gross domestic product deflators can be found
on the Department of Commerce's Bureau of Economic
Analysis website, www.bea.gov (Select News Releases >
Select Gross Domestic Product > Scroll down to “Table 5.
Quantity and Price Indexes for Gross Domestic Product”).
Following this prescribed methodology, the crash costs by
severity for 2002 are shown in Table D-17.

D1.6.5 Review of Other
Optimization Approaches

In reviewing mathematical optimization approaches of
relevance, it is recognized that these approaches are mainly
geared toward the prioritization of specific projects (e.g., dlo-
cating abudget for siteimprovements). Generally, the projects
are independent in that specific crashes are targeted by only
one project. Therefore, available procedures may need to be
adapted for the problem at hand—allocating a general safety
budget among emphasis aress, strategies, and activities (each
adifferent stage of optimization), which may overlap in terms



TABLE D-16 Partial output of optimization process
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of

L ocation # Cost ($) Benefit ($) C/B Ratio
1306 10000 6007070 0.001665
1305 0 0
1304 0 0
1303 0 0
1302 0 0
1301 3000 454501 0.006601
1300 0 0

C/B = cost/benefit.
Budget = $2200000
Total benefit = $114164856

crashestargeted. There are two alternativesto optimize pro-

jectsthat may overlap:

» Conduct additional research, and very likely change data
structures and the way crash data are collected.

* Apply conventional procedures, recognizing the poten-
tial for and theimplications of project overlap, and make
appropriate adjustments.

This review of optimization approaches is based on the

second alternative.

Total Benefit

It should be recognized that Task Teams will not be able
to optimize their own strategies and action plan activities
because they possess the knowledge of only aparticular sub-
set of the budget. The Operations Manager, on the other
hand, has the compl ete picture. With the support of the RAE
group, the Operations Manager has tools designed to help
optimize the subset of the total safety resources.

Several methods, covering awiderange of complexity, are
availablefor priority ranking of sites/improvements. A num-
ber of relevant sources have been reviewed in order to deter-
mine the current state of knowledge. While the summary on

Total Benefit vs Budget
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TABLE D-17 FHWA crash costs converted into 2002 dollars

Crash Severity 1994 Value Conversion 2002 Value
Fatality $2,600,000 $3,000,000
Incapacitating $180,000 110.73 _ 1168 $210,000
Evident $36,000 94.79 $42,000
Possible $19,000 $22,000
Property Damage Only $2000 $2,300

optimization methods in the following paragraphs cannot be
regarded as exhaustive, it can be seen as a reasonable repre-
sentation of current practice, as well as some new ideas.

D1.6.5.1 Conventional Mathematical Approaches

A useful summary of safety resource alocation methodsis
provided in two reports (24, 25), the first of which reviews a
number of promising proceduresfor selecting safety improve-
ments to result in the maximum safety benefits per dollar
spent. These procedures are grouped into two categories:

* Weighting methods, including the cost-benefit and cost-
effectiveness methods, and

* Mathematical programming methods, including dynamic
and integer programming.

Weighting methods. Therearetwo main typesof weight-
ing methods:

* Project development ranking ranks projectsaccording
to net benefit, cost-effectiveness, rate of return, or other
economic measures and then selects from the list until
available funds are depleted. The procedure is simple
and popular but is not regarded as effective where there
are a number of aternatives at each location or where
the priority listing is constantly revised.

* Incremental benefit-to-cost ratio alows a project to be
selected if the extra expenditure is less than the extra
expected benefits when compared with the next lower-
priced aternative. This widely used procedure reduces
the impact of very-low-cost projects (compared with the
cost-benefit ranking method) while enhancing considera-
tion of additional improvements based on expected addi-
tional benefits.

A recent report by FHWA examined current and potential
roles of cost-benefit analysis in the transportation infrastruc-
turefield (26). Theway in which recent research advancescan
be incorporated into the theoretical base and practical tech-
niques of cost-benefit analysis were explored. Insights were
provided into the use of cost-benefit analysisin program- and
project-level analyses and into the appropriate cost-benefit

decision criteriafor particular applications. The report synthe-
sized the following information from various other sources:

» Estimation of parameters, such as the appropriate dis-
count rate, value of life, value of time, and externalities,
when applying cost-benefit analysisto the transportation
field (27).

 Estimation of relevant costs and benefits, including life-
cycle concepts and nonmarket costs (28).

* Recent and ongoing research into the significant exter-
nal benefits (such as productivity improvements) that
result from transportation network improvements (29).

* Techniques for assessing multimodal and multiple-
objective aternatives (1).

* Future directions, knowledge gaps, opportunities for
improvement, and future research necessary for cost-
benefit analysis (30).

Mathematical programming methods. Five methods
were considered in the FHWA Highway Safety Improve-
ment Program (24): goa programming, network analysis
techniques, linear programming, integer programming, and
dynamic programming. The last three methods were recom-
mended for consideration in the allocation of highway saf ety
funds and are summarized bel ow:

* Linear programming (L P) definesaclass of problems
in which the decision variables are nonnegative, the cri-
terion (or objective function) for selecting the best val-
ues of the decision variablesisalinear function of these
variables, and the constraints (e.g., resources) can be
expressed as linear equations or inequalities. The LP
method is said to be the most widely used method of
mathematical programming, although it was not com-
mon or easy to employ in the selection of safety mea-
sures for specific locations. However, the FHWA report
(24) suggested that the L P formulation could possibly be
used to all ocate safety funds among safety programs.

* |nteger programming is a linear programming prob-
lem in which some or al of the decision variables are
restricted to integer values. The FHWA report about the
Highway Safety Improvement Program (24) states that
limited progress has been made in the solution of
large-scale highway safety problems using this method.



However, recent optimization software, such asLINDO
(31), can handle very large problems involving up to
4,500 variables and 800 constraints.

* Dynamic programming is an optimization technique
that transformsamultistage decision problem into aseries
of one-stage decision problems. At the single-stage level,
asingle project with several alternativesis evaluated. At
the multistage level, selection is made among several
projects, each with severd alternatives. At thetime of the
FHWA report about the Highway Safety Improvement
Program (24), two states (Kentucky and Alabama) were
actually using this technique and more states were con-
sidering using it.

In Alabama (28), the dynamic programming procedure
begins with a computer search of crash records over the last
several yearsto providealist of candidatelocationsfor safety
improvement. The data are then summarized and sent to divi-
sional investigation teams, where engineers familiar with the
location generate possible safety improvement alternatives.
The divisional investigation teams are encouraged to add
locations to the list that may not have had enough crashes to
be included, but are considered to be potentially hazardous.
Investigations at each site are then conducted, and standard-
ized forms are sent to the central office for accuracy and con-
sistency checks. The forms are processed by an algorithm,
which generates cost and benefit data for each aternative at
each candidate | ocation. The benefits are based on the specific
crashes that the investigators believe will be addressed by
each proposed countermeasure. These costs and benefits (of
perhaps multiple proposed countermeasures per location)
providetheinput into the dynamic programming optimization
routine, which produces the maximum benefit possible over a
wide range of potential budgets.

Brown et a. (29) presented an update to the dynamic pro-
gramming procedure used in Alabama (28). They developed a
so-called “branch-and-bound” technique to handle larger sets
of project data more efficiently and to guarantee optimality.

D1.6.5.2 Comparison of Conventional
Mathematical Approaches

With regard to the choice of safety projectsthat maximizes
total benefits for afixed budget, the FHWA report about the
Highway Safety Improvement Program (24) ranked the pos-
sible procedures in the following order:

1. Integer Programming,

2. Dynamic Programming,

3. Incrementa Benefit-to-Cost Ratio, and
4. Benefit-to-Cost Ratio.

Despite its number one ranking, the use of the integer pro-
gramming approach is rare, perhaps because of its complex-
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ity. Fortunately, as the aforementioned FHWA report sug-
gests (24), incremental benefit-to-cost ratio (ranked third)
gives approximately the same choice of projects as the two
programming methods. The main difference isin the choice
of marginal projects within the budget. Thisis not seen to be
an important shortcoming, since safety budgets are often not
precisely specified, and human judgment should be applied on
those projects competing for the last dollars to be all ocated.

D1.6.5.3 Alternative Approaches

Alternative approaches have been devel oped to overcome
difficulties experienced by highway agencies in applying
conventional approaches. Three fairly recent initiatives pro-
vide aflavor for these alternative optimization approaches.

McGeehan and Samuel (32) evaluated the road improve-
ment prioritizing system being used at the time by the Vir-
giniaDOT and sought to devel op an alternative method. This
alternative method is a sufficiency rating system that evalu-
ates proposed projects on the basis of points assigned for a
number of variables representing cost, safety, traffic inten-
sity, and road classification. Valuesare assigned to avariable
based on an estimate of its significance in the prioritizing
decision. Points for each variable are awarded to a project
according to its level of deficiency in that variable, with a
maximum number of points assigned for the most serious
condition. The sum of points awarded to a project yields a
number for comparison with other projects in prioritization
and optimization. In thisnew method, each variableisdivided
into three data ranges representing values that are high
(above athreshold), medium (marginal), and low (adequate).
All proposed projects areinitially sorted into three groups of
high, medium, and low as defined by the ranges of a primary
variable. Thegrouped projectsare then evaluated using ranges
of asecond variable. Projectsin the high range of the second
variable may be elevated to the next highest group. The proj-
ects are ranked within the high, medium, and low classifica-
tion by the ranges of the individual variables as well. In the
final prioritized list, thefirst project in each group would be
the most deficient as assessed by all variables.

The above approach is particularly attractive when good
benefit estimates are not available (e.g., for new and innova
tive programs or at the level of an emphasis area or strategy)
and where many traffic safety experts are available to make
the ratings.

Chowdhury et a. (33) recognized that the decision of which
improvements should be programmed should be based on
credible methodology that accounts for multiple objectives.
After identifying the appropriate countermeasures on each
road segment and the functional relationships between the
crash rate and the cost of implementing the identified counter-
measures, Chowdhury et al.” s multi pl e-objective methodol ogy
selects the best countermeasures and allocates the available
resources optimally.
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Finally, and of especial relevance, isaDelphi-style decision-
making procedure used by Wisconsin to prioritize emphasis
areas. In this procedure, two ratings for each emphasis areain
the AASHTO Strategic Highway Safety Plan (in addition to
two emphasis areas pertinent to Wisconsin) were devel oped.
Rating 1 is based on the importance of the emphasis areain
terms of improving safety—essentially reducing the target
crashes. Rating 2 is based on the expected ability of safety
agencies to influence the problem. These two factors were
rated by 160 attendees at a conference and were multiplied
together to get an overall rating. The conference attendees
included representatives from the American Automobile
Association, the Department of Public Instruction, the Uni-
versity of Wisconsin, NHTSA, FHWA, the American Asso-
ciation of Retired Persons, the courts, the media, law enforce-
ment, and the legidature.

Through this conference, called the“ Traffic Safety Strate-
gic Change Event,” the original Wisconsin list of 24 empha-
sis areas was pared to 7 emphasis areas that participants felt
were not only important, but also could be influenced by
actions taken by Wisconsin DOT. Groups were formed to
develop strategies that included specific projects and policy
recommendations for each of the seven emphasis areas.

D1.6.5.4 Optimization Software

Commercially available software packages can be classified
as either generic optimization software or software specific to
safety resource alocation:

* Generic optimization software. Numerous packages
are available, many with free downloadable demo ver-
sions. A very useful summary with Internet links can
be found at http://www-fp.mcs.anl.gov/otc/Guide/Soft-
wareGuide.

» Software for safety resource allocation: The Safety
Resource Allocation Program (SRAP) package.
FHWA initiatives form the basis of an FHWA-
devel oped software package, SRAP (34). A companion

report to the user manual for SRAP describes imple-
mentation experience in lowa (35).

SRAP sinput data requirements include the following:

* Number of locations to be considered;

* Overall budget available, in dollars; and

* Number of countermeasure alternativesto be considered
at each location.

Each alternative at each location requires the following:

* |nitial construction costs, in dollars and
* Present worth of annual net benefits, in dollars.

Theinputsin the form of costs and benefits need to be con-
verted to present values using standard economic anaysis
equations. Analysisrequires assumptionson discount rate and
project life. The SRAP user manua recommends applying an
annual increase for maintenance and operating costs.

The SRAP procedure can be used to prioritize all projects
within a given budget, not just safety-oriented projects, as
long asitispossibleto estimate the present value of costsand
benefits of each project. The output of the programisalist of
projects, prioritized to provide the maximum possible bene-
fit from the expenditure of a specified budget. Three differ-
ent prioritization methods can be used and selected by the
software user: incremental cost-benefit analysis, integer pro-
gramming, or dynamic programming.

The main difficulty in applying the SRAP packageisthat it
can only handle onelevel for each aternative, soitisill suited
for solving a problem in which different levels of implemen-
tation of an alternative need to be considered. The only way to
apply the SRAPfor different implementation levelsis by arti-
ficially adjusting the inputs iteratively if the selected optimal
strategy set contains one or more strategies at more than one
implementation level. However, this adjustment is cumber-
some, and it may be far easier to adopt a generic software
package that specificaly addresses this difficulty.
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Appendix D2: Tools to Estimate the Effectiveness of Promising
or Innovative Strategies About Which There Is Insufficient Information

D2.1 INTRODUCTION

Before making a decision on a safety countermeasure or
strategy, decision makers must have information about the
expected safety benefits. Unfortunately, this important
information is often not available, is highly variable, or is
even contradictory among different safety professionals.
Results of studies completed using datafrom one region may
not be applicable to another.

When assessing an innovative strategy (or a strategy with
no reliable or known AMF), it is also important to consider
the strategy within the context of the entire Highway Safety
Improvement Program. The Operations Manager and SPL
should ask the following questions:

* What effect could implementing this strategy have on
other safety initiatives?

» Could other initiatives suffer in any way because of the
implementation of the new strategy?

* Could resources be drawn away from other initiatives?

The relationship between estimation and measurement
toolsinthel SMProcessis shown in Figure D-14. This appen-
dix focuses on methodsto study the effect of new, innovative,
or existing strategies for which there is otherwise insufficient
information to estimate their effect. The tools discussed here
include the following:

* Formal evaluation studies.

— Experimental studies.

— Quasi-experimenta designs and observational studies
(cohort studies, case control studies, before-after stud-
ies, time-series analysis).

* Alternatives for formal evaluation studies.

— Bayesian analysis studies.

— Systematic reviews.

— Subjective assessments.

The purpose of thesetoolsisto quantify the effectiveness of
different strategies. Using these tools often requires specific
data to be collected before, during, and after the implementa-
tion of a countermeasure. A formal statistical experiment is
appealing to the researcher becausethelogic of asimpleexper-
iment is often easiest to understand, with the results and con-
clusions being the most compelling.

An alternative design to theformal experiment isthe quasi-
experimental observational study, which can take advantage
of the surveillance practices used in many jurisdictions asso-
ciated with the licensing of drivers, the registration of vehi-
cles, and the documentation of traffic crashes.

Case studies of the different evaluation tools are provided
toward the end of this appendix.

D2.1.1 Assessing Whether Information Is
Insufficient

Assessing whether information on the safety performance
of ameasure is insufficient can be done only after a system-
atic review of available knowledge. Therefore, a systematic
review isan evaluation tool to define effectiveness of promis-
ing, new, or innovative strategies. The conduct of systematic
reviewsis covered later in this appendix.

Information can be insufficient for two primary reasons:

* There have been no safety evaluation studies.
* The studies undertaken do not provide reliable infor-
mation.

How does one decide if the available studies are reliable?
There are two aternatives:

* Case 1: The studies are inconclusive because the data
available are insufficient to reach areliable conclusion.
* Case 2: The evaluation studies may be flawed.

The second case presents a challenge in that it requires a
certain amount of statistical expertise and experience to
undertake a critical assessment of an evaluation study. Such
studies, or the knowledge obtained from studies, may be
flawed for avariety of reasons, including the following:

* Not accounting for selection bias (regression-to-mean),
or doing so improperly;

* Failure to separate the safety effects of other changes
(e.g., traffic volumes, other countermeasures, crash
reporting);

» Useof comparison groupsthat are unsuitable dueto dif-
ferencesin population, location, or westher conditions;

* Incorrect interpretation of accuracy of estimates or pre-
sentation of results without statements of accuracy;

* Incorrect interpretation of the results of cross-sectional
studies where differences between two groups may be
due to factors other than the measure of interest;

* Publication bias (the tendency to publish only favorable
results); and

* Selective citing of results (the tendency to ignore nega
tive aspects of results such asdeclining effectsover time
or increases in nontarget crashes).

Specific guidance on the conduct of acritical assessment of
evaluation studiesisbeyond the scope of thisdocument, since
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no amount of documentation can substitute for the required
training and experience. Good examples of critical assess-
ments can be found at www.roadsafetyresearch.com. This
website currently has systematic reviewsfor several measures
conducted to provide information on AMFsfor the FHWA’s
Interactive Highway Safety Design Model.

D2.1.2 Deciding on the Size and Scope of an
Evaluation: Decision Analytic Approach

Just as strategies must be prioritized, potential research
projectsto estimate the saf ety effects of strategies can be pri-
oritized, and in fact justified, based on an analysis of ex-
pected costs and benefits of the evaluation study. Hauer et al.
(13) described a decision analytic approach to this problem
and applied it to designing a pilot study to estimate the safety
effects of daytime running lights. In Hauer’ s proposed study,
arandomly selected fleet of vehicles would be selected, and
for each pair of vehicles, one would be equipped with day-
time running lights. Crash data of the treatment and control
vehicleswould then be compared after 1 year of driving. The

decision analytic approach was used to determine how many
treatment vehicles should be considered.

The conceptual background for the approach isasfollows.
A strategy can be erroneously administered in two ways:

* By implementing measures when the costs exceed the
benefits or

* By not implementing measuresthat would have positive
benefitsin relation to costs.

Larger studies cost more, and, at some point, diminishing
returns are achieved from larger study budgets. That is, the
increasein thevalue of information per unit of increasein cost
reaches a limiting value where investment in other studies or
programs would provide a higher return.

The complex equations developed will not be shown here,
but the general concept is described to demonstrate that the
method iswell founded in statistical theory. The starting point
isto determine what is presently known about the strategy of
interest—for example, Hauer’ s proposed study of daytimerun-
ning lights. Sixteen estimates of the AMF for daytime running



lights were obtained from an international team of experts,
with amean value of 0.951 and a standard deviation of 0.03.
These parameters were used to fit agamma cumul ative proba-
bility function to the data. If a study is conducted, the results
of the study add to the knowledge about the AMF and mod-
ify the probability distribution for the AMF, which will now
describe the probability of the AMF given the study results.

The value of astudy will be positiveif this new knowledge
reverses an erroneousimplementati on decision and negativeif
the decision staysthe same. For all possible outcomes of study
results, the value of the study can be calculated as the differ-
ence between the costs of implementing the measure and the
expected crash savings, calculated using the total number of
target crashes and the expected value of the AMF given the
study results. The expected value of the strategy can then
be calculated by the summation of all study values given the
study results multiplied by the probability of observing the
study results.

The probability function for the observed study resultsis
afunction of the probability of atarget crash to occur in the
control group integrated over al possible values of the AMF.
In a study by Hauer et al. (13), the results indicated that
although daytime running lights were expected to reduce
crashes, the costs of implementation were greater than the
expected benefits, and the expected value of information
gained from a study was less than the study costs.

D2.1.3 Procedure for Estimating AMFs

In order to determine which strategy to select for imple-
mentation, either on ajurisdictionwide scale or on asmaller
pilot study scale, the strategy’s AMF or function must be
used in a cost-benefit analysis to compare the strategy in
guestion with alternatives. The AMF istheratio of crash fre-
guency expected after a strategy is implemented to the
expected crash frequency had the strategy not been imple-
mented. However, for many strategies, even those that may
have been implemented in the jurisdiction for many years,
the necessary data for calculating the AMF may be unreli-
able, missing, unavailable, or simply never collected in the
first place. Innovative strategies are even more likely to lack
the necessary data given that the strategies may never have
been implemented.

The procedure for estimating an AMF, depicted in Figure
D-15, caninvolveavariety of different methodol ogies, includ-
ing quantitative analysis, systematic reviews, meta-analysis,
Bayesian anaysis, and subjective assessment. The procedure
isiterative, with AMF estimatesfor new or uneval uated strate-
gies first being developed through a review of external data
sources such as journals, publications, and other jurisdictions
or developed by subjective assessment using expert focus
groups. Estimates of the AMF should be updated as new data
are collected from either pilot or full-scaleimplementations of
the strategy.
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Determining an AMF involves decision making by the
RAE group starting with deciding whether there are suffi-
cient data available for calculating the AMF (Figure D-15).
Subsequently, the RAE group determines if the available
dataarereliable. Unfortunately, thereisno guarantee that the
data from a previous evaluation will necessarily be useful
due to problems with reliability, validity, or the incorrect
type of data. The less that is known about a safety strategy,
the more important the strategy’s evaluation will be both
within the |SM System and to the implementing agencies.

D2.2 FORMAL EVALUATION STUDIES

Formal evaluation studies may be experimental or quasi-
experimental. In experimental studies, the investigator has
ultimate control over the assignment of entities (drivers, vehi-
cles, road locations, etc.) to strategies or control conditions.
In quasi-experimental studies, the investigator does not have
control over assignment for many or all factors of interest, and
instead the assignment must be used “as-is,” in which casethe
investigator assumes a more passive role, merely observing
and attempting to understand the variety of different factors
at play in the study. This difference in control means that
sometimes the investigator cannot separate two factors of
interest that produce a single confounded measure where the
individual contribution of each factor cannot be determined.
For example, a study in which students are selected to enroll
in adriver education course would not be effective because it
would probably confound the effect of the driver course with
the effect of the students' ages, since most people who enroll
in driver education courses are young prospective drivers.
This sub-appendix includes a discussion of experimental
studies and quasi-experimental studies. Included in the quasi-
experimental studies are cohort studies, case control studies,
before-after comparisons, and time-series analysis.

Different study designseach havetheir strengthsand weak-
nesses, which should be recognized by those undertaking
studies of risk and safety evaluations. Theintent hereisnot to
take issue with designs used by different jurisdictions but
rather to provide some documentation of “best practices’ in
this regard. Methods for the devel opment of “best practices”
in clinical medicine and public health have been ongoing for
anumber of years. The best known and best established isthe
Cochrane Collaboration (36). The Cochrane Group has estab-
lished aformal hierarchy of designs for the evaluation of the
efficacy of strategies in public health and preventive medi-
cine. The Cochrane Collaboration has a group dedicated to
the review of studies related to injury. These studies include
reviews of research on the effectiveness of the following:

* Helmets for preventing head and facial injuries in bi-
cyclists,

 Traffic calming for preventing traffic-related deaths and
injuries, and
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FigureD-15. Procedure for determining the AMF.

» Graduated licensing for reducing motor vehicle crashes
among young drivers and others.

Some of these reviews have been completed and are
available. Othersare still in progress, but subscribersto the
Cochrane Library can examine the review protocol. The
Injuries Group has its own website at http://www.Cochrane-
injuries.Ishtm.ac.uk.

D2.2.1 Experimental Studies

In experimenta studies, entities (drivers, vehicles, or road
locations) arefirst selected according to aclear set of inclusion
and exclusion criteria. Eligible entities are randomly assigned
to one of several treatment or exposure groups (which may, in

some cases, include a nontreatment group). Examplesinclude
(2) driversreceiving either formal driver training or no formal
driver training and (2) intersections with or without red light
cameras. This assignment to groups ensures that chance alone
determines which treatment (typically one new measure and
one standard or control measure) each entity receives. Entities
are treated and followed to see if there are differential safety
effects that indicate that the countermeasure is better (or
worse) than the control condition. Because of therandomallo-
cation of entitiesto groups, it is assumed that statistically sig-
nificant differencesin safety performance between the groups
can be attributed to differencesin treatment.

Experimentsin thelaboratory, such astesting the materials
and effectiveness of seat belts, motorcycle helmets, or vehi-
cle door frames, are relatively easy to conduct from a statisti-



cal perspective and have been very important in the setting of
standards for equipment on which traffic safety programs
rely. On the other hand, the quantification of the change in
safety for improvements at road locations can be very diffi-
cult to determine, since sufficient data are usually not avail-
able to detect typically small changes. This is obviously a
problem when an entirely new safety improvement, or onefor
which there is insufficient information, is being considered.
Some researchers have attempted to circumvent the need for
crash data by conducting field experiments and observing
noncrash measures. Asaproxy, what ismeasured i sthe behav-
ior of drivers (e.g., conflict situations, speeding, red light run-
ning) that are believed to berelated to crash risk. Thedifficulty
with such studiesis that they usually fall short of establishing
the necessary statistical association between unsafe behavior
and crash frequency.

Another difficulty with experimental studies is that in
experimental traffic safety research involving humans, ethical
issues may arise that are often analogousto those that arisein
clinical medicine. Participants must consent voluntarily after
being given aclear description of therisks and benefits of their
participation. The process of obtaining informed consent will
vary by circumstance and may be uncertain or impossible in
some circumstances.

It is possible to conduct smple experiments on specific
aspects of asafety program, such asfeatures of the driver edu-
cation component of graduated licensing, or the issuing of
warning announcements for the location of red light cameras.
It isusualy more difficult to conduct an experiment that tests
the overall efficacy of a program, since al individuas in a
jurisdiction are exposed to the program and a control group in
the samejurisdiction is not available.

Itisvery difficult to conduct experimentsto assess the dif-
ference in risk of road crashes. This is because the risk is
often not susceptible to randomization, such as the risk due
to the age or gender of thedriver. Evenif random assignment
istechnically feasible, it may be ethically difficult to justify
arbitrarily assigning people to the group that one expects to
be at increased risk of a harmful outcome. The next section
discusses quasi-experimental designs for studies, where the
investigator is unable to assign entities to a group.

D2.2.2 Quasi-Experimental Designs
and Observational Studies

This section discusses four types of quasi-experimental
designs (also referred to as observational studies[Hauer, 37]):
cohort studies, case control studies, before-after comparisons,
and time-series analysis.

D2.2.2.1 Cohort Sudies

In the evaluation of strategies, it is sometimes possible to
identify two otherwise comparable groups, or cohorts, that dif-
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fer by some variable of interest (e.g., exposure to a particular
program or engineering feature) and follow them over time to
assess differences in consequences (e.g., their crash record).
Although the study entities have not been formally random-
ized asthey would bein an experiment, they are often assumed
to be aike enough to be compared after controlling for mea-
sured confounding variables. One can use administrative data-
bases of traffic convictions or crash records (for example) to
obtain direct estimates of risk of conviction or crash.

Case Studies 1 and 2 in Section D2.2.3 are examples of
cohort studies.

Thelack of random assignment meansthat preexisting dif-
ferences between the cohort groups may be at least partly
responsible for the results observed. However, cohort study
designs are stronger than case control studies (described in
the next section) becauseit iseasier to ensure that the groups
are defined and sel ected independently of the outcomethat is
of interest.

The cohort study designisamong the most common designs
used in the evaluation of strategiestargeted at drivers. Even
studies conducted many years ago have often employed
sophisticated statistical analyses. Though not an example of an
evaluation study, a good example of a cohort study design
is provided by Brezina (38). Brezina examined a sample of
approximately 49,000 Ontario drivers over a39-month period
in the late 1960s. He examined patterns of crash and convic-
tion occurrence associated with gender, age, degree of experi-
ence, and size of community, using life table analysesfor first
crash, multiple regression to predict crashes, and measures of
association between convictions and crashes. Brezina's study
is agood example of an early attempt to identify the charac-
teristics of high-risk driversin ajurisdiction.

The cohort study design is also commonly used in evalua
tions of safety measurestargeted at road | ocations. In thiscon-
text, the evaluations are also referred to as “cross-sectional”
or “with and without” studies. They are thought to be partic-
ularly useful for situations where information is insufficient
to conduct the preferred observational before-after study. As
isthe casefor studiesinvolving drivers, itisusually likely that
differences in crash experience between two cohort groups
could be partly due to factors other than the measure being
evaluated—factorsthat could not be controlled for. For exam-
ple, Sebastian (39) examined the crash rates of signalized
intersections in Wisconsin with various types of left-turn
treatments and concluded that fully protected left turnsarethe
safest and that protected/permissive phasing is less safe than
permissive only. The last result is counterintuitive and is
likely dueto differencesin characteristics other than left-turn
treatments between the groups of intersections. This finding
shows the difficulty in interpreting results of cohort studies.

Differences in traffic volume and other characteristics can
be controlled for through the use of a regression model in
which crashesarerelated to avariety of characteristics, includ-
ing exposure. The safety effect of making a change in one or
more variables can then be estimated using the regression
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model to calculate the resulting change in crashes. For exam-
ple, Council and Stewart (40) evaluated the safety effects of
converting rura two-lane roadways to four-lane roadways
based on regression equations relating crashes to the annual
averagedaily traffic (AADT) for roads with these two types of
cross sections. The estimate of safety effects so obtained can
betricky tointerpret, becauseit may not be possible to control
statistically for al possible confounders, such as speeds, sight
distance, and geometry. Thisdifficulty isthe reason why these
studiesmay |ead to counterintuitive conclusions (e.g., left-turn
lanes or illumination are bad for safety). Council and Stewart
found that, contrary to conventional wisdom, conversion from
two-lane to four-lane undivided highway could increase
crashes.

The studiesto examinethe effectiveness of graduated licens-
ing programs (GL Ps) include a number of cohort studies. For
example, acohort of newly licensed driversbeforeaGLPwas
introduced may be compared with a cohort of newly licensed
driversafter implementation of the GL P. Cohort study method-
ology hashbeen used to evaluate GLPsin Ontario (41), Florida
(42) and Nova Scotia (43). Many, if not dl, of these studies
have relied exclusively on administrative databases to iden-
tify suitable new drivers (i.e., drivers eligible for the GLP in
their jurisdiction, whether subject to it or not) and examined
crash frequenciesasrecorded in thedriver recordsfor adefined
period of time.

D2.2.2.2 Case Control Sudies

Cohort studies are not aways feasible for evaluation. Often
groups exposed to different risks of crash or injury are not well
defined, or the outcome of interest isso rarethat large numbers
must be followed for extended periods to accumulate a rea
sonable number of outcome events. In these circumstances, the
case control design may be advocated as an effective aterna
tive. Ingeneral, case control studiesrequire much smaller sam-
ple sizes than other designs; this difference isimportant when
data must be collected for each individua involved in the
study, such as the amount and type of driving done by each
individua . Thedifferenceisalso auseful featurewhen design-
ing pilot studies for measures for which there was insufficient
information for full-scale implementation.

The case control study design identifies subjectswho have
the outcome of interest, such as crashes (cases), and com-
pares them with agroup of people who have not experienced
this outcome (controls) with respect to factors that might
change therisk of the outcome. For example, one could look
at intersections with crashes involving elderly pedestrians
and compare the characteristics of these intersections with
characteristics for intersections that have not experienced
such crashes. Analyses might find a number of differences
between cases and controls, so a simple cause-and-effect
relationship that implicates one independent variable is not
clear. Statistical analysesthat are able to examine the associ-
ation with onefactor while controlling for other factors, such

asmultiple logistic regression, are commonly used to clarify
these relationships.

Haddon et al. (44) provide agood example of acase control
study. Haddon et al. carried out a case control study in New
York City to examine factors that might be associated with
fatal injuriesto adult pedestrians. The casesinvolved adults hit
by motor vehicles at aknown site and time in Manhattan who
died of their injuriesand were autopsied. For each case, ateam
of investigators returned to the site of the crash at the same
time of day and day of week to recruit four pedestrians of the
same gender asthe case. Sitesvaried from outside Grand Cen-
tral Station in the evening rush hour to a street in Harlem at
2:00 am. Each control pedestrian was asked to provide infor-
mation that had been obtained for the case in theinvestigation
of the fatality (e.g., age, race, place of residence, travelling
alone or in company, origin and destination of thetrip). At the
end of the interview, a breath sample was collected to assess
blood & cohol content (BAC) to compare with BAC obtained
at the autopsy from each case. For thisstudy, matching on gen-
der and site was not sufficient. The controls were much
younger than the cases, and age was likely to confound other
factors. The statistical analyses available to Haddon et al.
when these data were collected are very different from what
ispossibletoday; neverthel ess, astrong association with alco-
hol, after stratifying for age in the study’ s comparisons, was
demonstrated.

Another case control example is by Jones and Stein (45),
who studied the relationship between fatigue and tractor-
trailer crashes. For each crash, three control tractor-trailer
drivers passing the crash site at the same time of day and day
of week were selected. Based on data from crash-involved
and non-crash-involved drivers, those who had been on the
road for more than 8 hours were found to have double the
crash risk of those who had been driving for lessthan 8 hours.

Neither of these studies of long-distance truck drivers or
Manhattan pedestrians would have been possible as cohort
studies. Nor would they be ethical to study as an experiment.
The exposure (driving longer than 8 hours or pedestrian alco-
hol impairment) could not easily be used to identify individ-
uals for a follow-up study, and the outcomes (truck crashes
and pedestrian fatalities) arerare, so large numbers of exposed
and control groups would have to be followed to generate a
reasonable number of events. Only after the events have
occurred is it possible to identify individuals to take part in
such an investigation.

Despite their utility when the outcome of interest, such as
afatal crash, israre, case control studies are not as heavily
used in traffic safety research as might be expected. Unlike
some cohort studies, case control studiesrarely rely solely on
the data already available in administrative databases. Such
databases may provide part of the data needed, but case con-
trol studiesusually involve additional datacollection fromthe
cases and controls. For example, it has been suggested that
this study design could be very useful in some aspects of the
evaluation of GLPs, especialy when factors that are not part



of what isroutinely available on al drivers, such asadriver’'s
employment status or annual distance driven, are examined.

D2.2.2.3 Before-After Comparisons

There aretwo distinct methodol ogiesfor conducting before-
after comparisons. conventional before-after comparisons and
theempirical Bayes procedure. The state of researchin before-
after evaluation methodology iswell covered in arecent book
by Hauer (37). The book identifies the specia problems cre-
ated by the peculiarities of crash and related data and presents
the latest methods for accommodating these problems in the
proper conduct of observationa before-after studies. Funda-
mental to the concepts presented is a recognition that some or
all of the observed changesin safety following atreatment can
be due to factors other than the treatment and need to be sepa-
rated from the treatment effect. These factors include traffic
volume changes, seasonal trendsin crash occurrence, and ran-
dom fluctuation in crash counts. Three examples of before-
after studies are presented in Case Studies 3, 4, and 5 in Sec-
tion D2.2.3.

The conventional before-after study, which examines the
same entities before and after some trestment and observes
the changein crash frequency, is often used for the evaluation
of safety measures targeted at road locations. For example,
Griffith (46) used two approaches to evaluate shoulder rum-
ble strips installed on freeways. These approaches were a
before and after evaluation with yoked comparisons and a
before and after evaluation with acomparison group. Griffith
considered the empirical Bayes approach to eval uate shoul-
der rumble strips, but assumed that there was “ no selection
bias of treatment sites based on crash history” (i.e., regres-
sion-to-mean). The basis for this assumption was a statistical
examination of the similarity between the crash experience of
the comparison and treatment groups before the rumble strips
wereinstalled. The accuracy of the conventional before-after
study relies on the validity of the assumption of similarity
between the treatment and comparison sites. The validity of
thisassumptionis often questionable, especially in the case of
observational studies to evaluate measures applied to road
locations.

The empirical Bayes approach overcomesthe difficultiesin
conventional before-after studiesby controlling for regression-
to-mean and facilitating the proper accommodation of traffic
volume or exposure changes and time trendsin crash experi-
encein ajurisdiction. By not relying on the use of acompar-
ison group to accomplish these manipulations, the empirical
Bayes method overcomes a major difficulty with conven-
tional observational before-after studies. The objective, asit
isin the conventional before and after comparison, isto esti-
mate the number of crashes that would have been expected
inthe after period had there been no treatment. The treatment
effect isthe difference between this estimate and the number
of crashes actually recorded after treatment.
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The number of crashes that would have been expected in
the after period had there been no treatment is a weighted
average of information from two sources:

* The number of crashesin the before period and
* The number of crashes expected for entities with simi-
lar exposure (e.g., traffic) and physical characteristics.

The latter estimate is based on a reference population of
similar entities. Where sufficient data are available, the crash
experience of the reference group is used directly. However,
traits that make entities similar in safety tend to be many and
continuous in nature. Therefore, identifying a reference pop-
ulation of similar entitiesis usually problematic. It is becom-
ing commonplace to instead use a multivariate model, or
safety performance function, that relates crash experience to
traffic and to physical characteristics of the popul ation of enti-
ties from which the treatment entity is drawn. There are two
drawbacks of the multivariate model: suitable reference pop-
ulation datafor calibrating the modelsarerarein practice, and
the task of calibrating a multivariate model can be daunting,
even for those with substantial statistical knowledge. To over-
come these drawbacks, some analysts seek to adapt models
developed by othersfor reference populations similar to those
of interest. To this end, considerable research is underway to
develop a comprehensive suite of modelsfor avariety of ref-
erence populations.

Persaud et al. (47) recently applied the empirical Bayes
method to evaluate the conversion of conventional inter-
sections to roundabouts.

D2.2.2.4 Time-Series Analysis

Time-series analysisis often used routinely on data of traf-
fic crashes over time to assess the effects of changes such as
seat belt legidlation, an increase in enforcement for speeding
violations, or aDUI checkpoint program. Changesobservedin
thefrequency of traffic crashesmay be dueto legidation or the
enforcement of a program, but they may also be due to other
changes occurring concurrently over which the investigator
has no control. Sometimes these other changes can be mea-
sured and controlled in the analysis, but often they cannot.

Time-series analysis typicaly relies exclusively on admin-
istrative datawhen used in traffic safety research. Many inves-
tigators will conduct atime-series analysisto seek support for
a hypothesis about a new and promising measure before em-
barking on the more expensive and difficult efforts to collect
datato confirm the hypothesis. Case Studies6 and 7 in Section
D2.2.3 are examples of time-series analysis.

According to McBurney (48), an interrupted time-series
design is a“research design that alows the same group to be
compared over time by considering the trend of the data
before-and-after experimental manipulation.” The strategy (or
manipulation) interrupts sequential measurements of the per-
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formance measure (dependent variable). Differences in the
dataseries, before and after the strategy, are examined to deter-
mine whether the strategy caused the dependent variable to
change.

The interrupted time-series approach requires arelatively
long series of equally spaced observations both before and
after the implementation of a strategy. Monthly numbers of
traffic crashes are often used for this purpose. The analysis
involves examining the data statistically for the presence of
long-term trends and cycles in the series and determining
whether these trends and cycles changed when the strategy
was introduced.

For example, Voaset al. (49) used an interrupted time-series
study design to determine the effectiveness of 0.08 BAC law
enacted in 1997 in Illinois. The states surrounding Illinois that
gtill had a 0.10 BAC law were used as a comparison group.
Scopatz (50) and Tarko et al. (51) reported that this type of
comparison between statesis not always appropriate and that
ideally the comparison group should be drawn from the same
jurisdiction as the treatment group. Case Study 7 in Section
D2.2.3.7 contains more details of the Voas BAC study.

D2.2.3 Formal Evaluation Case Study Examples

D2.2.3.1 Case Sudy 1: Cohort Study
of a Driver Program

In a study by Marsh (52), over 17,000 drivers who had
reached a certain number of demerit points were randomly
assigned to one of six treatment programs or to the control
group. Four treatmentsinvolved variations of a group educa
tional meeting. Two treatmentsinvolved nonclassroom strate-
gies, one of which was an incentive in return for homework
and maintenance of aclean driving record. One of the educa
tional meeting treatments proved more effective than the
othersin that it was associated with a significantly lower rate
of crashes in the first 6 months compared with the control
group. For various practical reasons, planned experiments of
this type, in which chance aone dictates which subjects or
entities get which treatment, have been rare in the evaluation
of the strategies.

D2.2.3.2 Case Study 2: Cohort Study
of Another Driver Program

Ulmer et a. (42) conducted a study of Florida's GLP for
15-17 year olds. The program placed restrictions on un-
supervised nighttime driving that varied by age, penaltiesfor
traffic violations (resulting in an extension of the time until
full licensure), and a zero tolerance policy toward driving
with aBAC of 0.02%. The study compared per-capita crash
rates of 15, 16, 17 and 18 year oldsin 1997, thefirst full year
of graduated licensing, with crash ratesin 1995, the last full
year without graduated licensing. Florida crash data were

also compared with datafrom Alabama, where full licensure
isavailable at age 16, for the same years.

Only fatal and injury crasheswere analyzed dueto the vari-
ance in crash reporting between states and over time. Crash
rates based on the number of fatal crash or injury crash driv-
ers per 10,000 people were calculated for each age group.
Crash rate ratios were then calculated by dividing the crash
rate of each group by the crash rate of the reference group,
which was defined as 25- to 54-year-old drivers for the same
period. This standardization of crash rates allowed for com-
parisons across states. Differences in crash ratios before and
after the GLP weretested using the standard test for normally
distributed variables:

z= (R ~ R)/(Va + V)

where

R, and R, = crashrateratiosin the after and before periods
and
V, and V, = variances of the after and before crash ratios.

Crashrate ratios for 15, 16, and 17 year olds experienced
statistically significant declines, while the 18-year-old group
experienced no significant change. No significant changes
were found for any age group in Alabama. Overall, the crash
reduction for 15-17 year olds was 9% (19% reduction for
15 year olds, 11% reduction for 16 year olds and 7% reduc-
tionfor 17 year olds). At the sametime, learner license appli-
cationsrose by 29% and 14% for 15 and 16 year olds, respec-
tively, indicating that reductions in crash rates were not due
to fewer people holding licenses.

D2.2.3.3 Case Sudy 3: Before-After Study with
Random Assignment—Conventional
Evaluation of Crash Qurrogates

In field evaluations by Miller (53) and Retting et a. (54),
two methods for restricting right-turn-on-red (RTOR) were
evaluated:

» Traffic signsrestricting RTOR at specified times and
» Traffic signs restricting RTOR when pedestrians are
present.

Fifteen signalized intersections were randomly assigned to
three groups: control; no RTOR from 7 am. to 7 p.m., Mon-
day to Friday; and no RTOR when pedestrians are present. At
each restricted location, a sign was placed near the stop line
on the right side of the street and a second mounted overhead
next to the traffic signal. Each site was observed for 10 hours
before and 10 hours after sign installation during the same
time of day and day of week, and no observations were made
during poor weather conditions. Datafor the after period were
collected several weeks after the installation of the signs.



Each vehicle that arrived at the stop line unimpeded by other
vehicles was observed and recorded if

L]

The vehicle stopped at the marked stop line,

* The vehicleturned right on red,

* Thevehiclesthat turned right on red did so without com-
ing to afull stop, or

* The pedestrians yielded to the RTOR vehicle.

Significance testing was applied to the percentages of
observationsfor the four measures at the control and test sites
for the before and after periods. The testing was applied sep-
arately when pedestrians were present, when pedestrianswere
not present, and combined. It was concluded that signs pro-
hibiting RTOR during specific hours were very effective at
increasing driver compliance with stop lines and reducing the
number of pedestriansyielding to RTOR vehicles. Signs pro-
hibiting RTOR when pedestrians are present were not deemed
very effective.

D2.2.3.4 Case Sudy 4: Before-After Sudy with
Random Assignment—Conventional
Crash Evaluation

For an ongoing study to evaluate the safety effects of pave-
ment markings at hazardous horizontal curves(54), many rural
curve sites with prior crash histories were identified in Penn-
sylvania. Datawere assembled for each PennDOT district par-
ticipating in the study. Crash history indicated that 200 control
and 200 treatment sites were needed for the study. Based on
this sample size requirement and following engineering field
inspections, 400 digible siteswere randomized into treatment
and control groups, by district. Pavement markings were
installed at trestment sitesin the fall of 2001. Crash data will
be monitored at treatment and control sites over time.

D2.2.3.5 Case Sudy 5: Before-After Study with
Random Assignment—Empirical
Bayes Procedure

U.S. experience with modern roundaboutsis rather limited,
but in recent years there has been growing interest in their
potential benefitsand arelatively large increase in roundabout
construction (55). This interest created a need for the evalua-
tion of the safety of U.S. roundabouts asapromising new mea-
sure. Although there were several evaluations in other coun-
tries, the available information was deemed to be insufficient,
since it was unclear whether the experience in other countries
was transferable to the United States.

A paper by Persaud et al. (55) evaluated changes in motor
vehicle crashes following conversion of 23 intersections
from stop sign and traffic signal control to modern round-
abouts. The settings, located in seven states, were a mix of
urban, suburban, and rural environments. The urban sample
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consisted of both single-lane and multilane designs, and the
rural sample consisted of only single-lane designs. A before-
after study was conducted using the empirical Bayes proce-
dure, which accounts for regression-to-mean and the traffic
volume changes that usually accompany conversion of inter-
sections to roundabouts. Overall, for the 23 intersections
combined, this procedure estimated highly significant reduc-
tions of 40% for al crash severities combined and 80% for
al injury crashes (AMFs of 0.60 and 0.20, respectively).
Reductions in the numbers of fatal and incapacitating injury
crashes were estimated to be about 90% (AMD of 0.10).
The results were said to be consistent with numerous inter-
national studies and to suggest that roundabout installation
should be strongly promoted as an effective safety treatment
for intersections. Since the empirical Bayes approach isrel-
atively new in safety analysis, a secondary objective of the
paper was to demonstrate the potential of this methodology
in the evaluation of safety measures.

D2.2.3.6 Case Sudy 6: Time-Series Analysis
of a Photo Radar Program

Chen et al. (30) evaluated the effect of mobile photo radar
on vehicle speeds at implementation sites and nonimplemen-
tation sitesand on crashes and injuries. Photo radar unitswere
deployed in high-crash locations and | ocations requested by
local communities where there was a perceived speeding
problem. Speed data at implementation sites were collected
from the photo radar units. Speed data at a number of non-
implementation sites were collected by induction loop detec-
tors embedded in the pavement. Sitesfor induction loopswere
selected to ensure free-flow traffic conditions. The changein
vehicle speed at theimplementation siteswas examined using
a before-and-after comparison of the percentage of vehicles
exceeding the speed limit.

A 50% reduction in the percentage of speeding vehicleswas
found within 7 months of introducing photo radar. A reduc-
tion of 75% wasfound for vehiclestraveling at least 16 km/h
(20 mph) over the speed limit in the same period. The speed
data at the nonimplementation sites were then examined for
general changes in speeds associated with the introduction of
photo radar. A similar reduction in the percentage of vehicles
that were exceeding the speed limit wasfound but on asmaller
magnitude.

A pooled cross-sectional time-series analysis was con-
ducted on the mean speeds of the nonimplementation sites.
A model of one-way cross-sectional effect was estimated,
with the different nonimplementation sites serving as the
cross sections and the strategy of the photo radar program as
adummy variable. Simply put, the model predicts the mean
speed dependent on the characteristic of interest: the site, and
the before- or after-photo-radar period. The effect of photo
radar on mean speeds at these locations was estimated from
the model to be 2.4 km/h (1.5 mph).
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Interrupted time-series analysiswas used to study the effect
of the photo radar program on the number of monthly traffic
crash victims carried by ambulance- and police-reported fatal -
ities. Only crashes involving an unsafe speed of travel as
reported by the investigating police officer were included.
Nighttime crashes were also not included because an over-
lapping program aimed at drinking and driving occurred that
would affect crashesin that period.

This type of model is referred to as an ARIMA model
(AutoRegressive Integrated Moving Average model) and
introduces strategies, in this case photo radar implementa-
tion, as step functions in the models. This model can control
for crash trends over time and seasonality effects. Gasoline
saleswere aso included in the model as a surrogate for fluc-
tuations in the amount of driving over time. Daytime unsafe
speeds and injuries were found to have decreased following
the introduction of the photo radar program.

D2.2.3.7 Case Sudy 7: Time-Series Analysis
of BAC Intervention

Voas et a. (49) examined the effectiveness of the 0.08%
BAC law enacted in 1997 in Illinois regarding the number of
drinking drivers in crashes. The previous legal limit was
0.10%. Data from the Fatality Analysis Reporting System
(FARS) for Illinois were used and also compared with data
of surrounding states. The ratio of drinking drivers to non-
drinking drivers was analyzed using a time-series analysis.
Nondrinking driverswere included in the analysisto account
for general changesin milesdriven, the relative safety of the
roadway and vehicle, and other factors. ARIMA intervention
model swere devel oped with the datato compare the monthly
number of alcohol-positive (BAC > 0.01%) driversinvolved
infatal crashesfor theyears 19880 1998. A total of 114 pre-
0.08 BAC law monthswere compared with 18 post-0.08 BAC
law months. Thisinterim report concluded that the number of
drivers in fatal crashes with a positive BAC decreased by
13.7%, while surrounding states with a 0.10 law experienced
an increase of 2.5%.

A similar evaluation of anew BAC law points to a prob-
lem with these studies: the difficulty of identifying asuitable
comparison group that is similar to the treatment group in all
possiblefactorsthat could influence safety. A recent paper by
Scopatz (50) points to the difficulties of fulfilling this need
by examining the results from Hingson et al. (56). Hingson
et al. found that lowering legal BAC limitsto 0.08% resulted
in a 16% reduction in the probability that a fatally injured
driver would have aBAC above 0.08%. The treatment group
consisted of states that passed alower legal BAC law, while
the comparison states retained a 0.10% BAC legal limit.
Scopatz (50) points out that that there are numerous differ-
ences other than legal BAC limits between 0.08-BAC law
and 0.10-BAC comparison states. Therefore, it isimpossible
to conclude that the passage of a law was the sole source of

theresult and not some other uncontrolled-for factor. To sup-
port this point, Scopatz (50) showed that if logically valid but
different comparison states are chosen, the results change
dramatically and in most cases are consistent with a conclu-
sion of “no effect.” Tarko et al. (51) found that a similar sit-
uation would arise even in analysis confined to asingle state,
in which the treatment group is in one county and the com-
parison group is in another.

Idedlly, the comparison group should be drawn from the
same jurisdiction as the treatment group. The difficulty isthat
the pool availablefor the comparison group could betoo small
if most or al elements are treated or affected by the treatment.
Intheabove BAC cases, thelaw appliedto dl driversin astate.
As discussed earlier, measures such as red light cameras are
believed to have significant spill-over effectsto untreated sites.

D2.3 ALTERNATIVES TO FORMAL
EVALUATION STUDIES

Formal evaluation studies often require considerable
resources—data, time, money, and skilled analysts. One or
more of these resources are often so constrained that a for-
mal evaluation study cannot be undertaken. In the case of
new and promising initiatives for which there is no readily
available knowledge representing some sort of consensus
about its effects, the choices are as follows:

* Abandon consideration of theinitiative.
* Consider alternativesto formal evaluations.

Assuming that thefirst choiceisundesirable, it isof interest
to consider aternativesto formal evaluations. The aternatives
discussed in this section range from purely subjective (expert
opinion) to more quantitative methods (Bayesian analysis,
meta-analysis).

D2.3.1 Bayesian Analysis Studies

Bayesian analysis attempts to combine information from
previous studies with information on local conditions to
arrive at an estimate of safety effectiveness specific to the
area of interest.

A Bayesian analysis study requires a prior estimate of an
AMF that is then transformed into a more reliable posterior
estimate of an AMF by combining the prior estimate with
information onlocal conditionsand experiences. Spiegelhalter
et a. (57) describe different approaches for obtaining prior
estimates for use in Bayesian anaysis studies. Two common
approaches are the solicitation of expert opinion and the
meta-analysis of a systematic review of available research
material. These approaches are discussed later in this appen-
dix. Spiegelhalter et a. note that obtaining prior estimatesis
often based on judgment and that a certain degree of sub-
jectivity is unavoidable. They recommend that a sensitivity
analysis be performed using arange of prior estimates.



Melcher et al. (58) describe the development of aBayesian
analysis framework for refining AMFs from previous studies
using local engineering evaluations to develop likelihood
functions of AMFs, denoted by 6. In thisapplication, five per-
sons knowledgeable in road safety engineering were used to
review datafor anumber of local crashesand rate 12 counter-
measures as to their effectiveness for each crash. Thisrating
could include “no effect” if it was believed that a counter-
measure would have had no effect on reducing the risk of the
crash. By evaluating countermeasures over random crash
data, theresult was a statistical estimate of 0 that reflected the
local roadway and driver environment. These estimates of 6
served as the observed local data. By combining this local
estimate with knowledge gained through previous studies, a
stronger estimate of local effectiveness was obtained. The
Markov chain Monte Carlo method, atype of statistical simu-
lation method, was used to obtain an estimate of the most
likely value of the AMF. In applying this method for the sub-
jective estimates, the application must be repeatable and devel-
oped logicaly.

D2.3.2 Systematic Reviews

Itisrarefor asingle study to influence policy development
onitsown. What ismuch more common isfor abody of work,
conducted in a variety of settings, to be brought together to
inform policy makers, program developers, legidators, and
othersinvolved in the development of traffic safety manage-
ment. The process of assimilating knowledge from the docu-
mented information isreferred to asa systematic review, also
known as a study of studies. A systematic review isatype of
scientific study that triesto answer aclear question by finding
and describing al published and, if possible, unpublished
work on atopic.

In conducting a systematic review, the strategy for search-
ing for available information should be as thorough as possi-
ble within arbitrary limits for language of publication, dates
of publication, source of material, and so forth. For example,
some reviewers look only at papers published in the peer-
reviewed literature while others seek to access technical
reports, unpublished material, and so forth in the so-called
grey literature (i.e., literature that does not follow a formal
publication pattern, such asreports, technical notes and spec-
ifications, preprints, trand ations, and trade literature). Often,
several levels of review are used based on established crite-
riafor papers or studiesthat address the strategy in question.
Starting with titles, abstracts, or executive summaries, one
uses these criteria to exclude a number of clearly unsuitable
papers before obtaining the remainder for more detailed
review. This review is based on a formal abstraction docu-
ment and ideally involves two reviewers, with additional
reviewers to resolve disagreements. Studies judged to be of
deficient quality (using criteria previously established and
agreed to) are excluded from estimates of the effectiveness
of the strategy.
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Key questions to be asked in assessing study quality have
been documented by Elvik (59):

* How were study units sampled? Does the study describe
the sampling technique used?

* Do the data collected in the study refer to primary study
units or to aggregates of primary study units?

* Was crash or injury severity specified?

* Were study results tested for statistical significance or
their statistical uncertainty otherwise estimated?

* Did the study use appropriate techniques for statistical
analysis?

* Did the study find a statistical association between the
road safety measure and the outcome variables of interest?

* Canthecausal direction between treatment and effect be
determined?

* How well did the study control for confounding factors?

* Did the study uncover the causal mechanism through
which the treatment influenced the outcome variabl es of
interest?

* Did the study have a clearly defined target group, and
were effects found in the target group only?

* Arestudy results explicablein terms of well-established
theory?

Averaging the estimates from different studies assumes
that the estimates each reflect a common value, the “true”
effect. Sometimes the estimates vary so widely that one can-
not assume thereisasingle “true” value for the effect of the
strategy. Thereis much debate about how to handle this situ-
ation. The most conservative approach is simply to acknowl-
edge the variability in effect sizes and interpretation.

Often, theresults are presented simply asatable, listing all
usable studies and their salient characteristics and results. In
addition, one may present the size of the effect of the strat-
egy in each study graphically, distributed around some aver-
age of the effect size derived from these studies. The simplest
form of average isthe median, but many systematic reviews
that have aquantitative estimate of effect size use aweighted
average. The weight used may reflect the precision of the
estimates from each study (i.e., an estimate from astudy with
alarge sample size and limited random error would be given
a greater weight than one from a smaller study with more
“noise” in the data).

D2.3.2.1 Systematic Review Examples

National programs. Recently, the Centers for Disease
Control and Prevention (CDC), NHTSA, the National Asso-
ciation of Governor’s Highway Safety Representatives, and
many community organizations concerned with public health
and traffic safety conducted a series of systematic reviews of
evidencefor strategiesto reduce deaths and injuries to motor
vehicle occupants. This series of reviews is part of alarger
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program to develop guidelines for community preventive
services.

The methods used have been described in detail for the
general program (28). Miller (53) considered the economic
efficiency as well as effectiveness for the evaluation of traf-
fic safety strategies. These methods have been described more
recently (60). Briefly, the process comprises the following
tasks:

1. Develop aconceptual framework that identifiesfactors
that contribute to injuries, strategies that could modify
these factors, strategy selection criteria, and outcome
performance measures for which evidence is sought.
Selected strategies are those thought to be modifiable
and expected to have the greatest effect on reducing
the burden of injury from traffic crashes. The choice of
suitable outcomes requires consideration of the nature
of events (crashes, injuries, or usage), how these will
be measured (self-reported or observed), who will be
affected (children or drivers), and where the strategy
will take place.

2. Develop an analytical framework for each strategy that
identifies the specific issues that require further inves-
tigation, how evidence will be sought, and the criteria
for studiesto be included in the review.

3. Conduct, for each strategy, a detailed search for stud-
ies by consulting with expertsand by searching through
computerized databases. Each study is assessed for its
eligibility based on the criteria formulated during the
development of the analytical framework.

4. Evaluate and assess each study for its quality in design
and execution. Only studiesthat are considered good or
fair should be considered for evidence of effectiveness.

5. Summarizetheresultsand findings of the studies. Quan-
titative summaries are often called meta-analyses. In a
paper by Zaza et al. (60), the median of all effects was
estimated and the degree of variability between effects
was presented as a range or an interquartile range,
depending on the number of effects considered.

6. Summarize research gaps that become apparent during
the review and assessment of research studies.

Meta-analysis. Meta-analysis is a statistical technique
that combines the independent estimates of safety effective-
nessfrom separate studiesinto one estimate by weighting each
individual estimate according to its variance.

In a study on the safety effects of median barriers, guard-
rails, and crash cushions, Elvik (61) applied the meta-analysis
techniqueto 32 individual studies. In thisapplication, the“log
odds’ meta-analysis method was used.

The effect on crash rate of the three safety devices, E;, was
estimated by the odds ratio, defined as

E = ACC(G)/ACC(G)
~ ACC(W)/VKT(W)

where

ACC = total number of crashes,
VKT = vehicle kilometers of travel;
G = presence of a median barrier, guardrail, or crash
cushion; and
W = lack of amedian barrier, guardrail or crash cushion.

The statistical weight for each study result is defined as
w; = V[LJACC(G) + JACC(W)].

The estimated mean effect on crashes using all studiesis
calculated using the log odds method:
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where

E; = estimated effect of study i and
w; = statistical weight assigned to study i.

Elvik also analyzed the effects on crash severity, defined as
the change in the probability of afatal or injury crash, given
that an injury occurred. There are different odds ratios and
statistical weight formulas for these effects. The reader is
referred to Elvik’s study (61) for these formulas.

Elvik’ s study also tested for publication biasin the studies
used. Publication bias occurs when research results are not
published, often due to the results being counterintuitive
(e.g., anincrease or no effect on crasheswhen adecrease was
expected). Publication bias was investigated using a graphi-
cal method called the “funnel graph” method. Each study
result is plotted on agraph in which the horizontal axis shows
each result and the vertical axis shows the statistical weight
assigned. If there is no publication bias, a scatter plot of
results should resemble an upside down funnel. As sample
size increases, the dispersion of estimates should converge,
since larger sample sizes should give more accurate results.
If thetails of thefunnel are not symmetrical, then publication
bias may exist. Publication bias was not found to be an issue
in this study.

Hagenzieker et al. (62) isan example of ameta-analysis of
studies of incentive programsto encourage seat belt use. The
effectiveness of incentive programs on short- and long-term
seat belt use was sought. Studies were excluded from the
analysisif

* |ncentive was given not to individuals but to organiza-
tions or policymakers,

* Incentives were nonmaterial (e.g., praise),

» Enforcement was also a part of the program,

* No behavioral measures were reported, or

The article was areview.

A tota of 34 articleswereincludedintheanalysis. Twenty-
three variables related to the study background (e.g., year,



location, and presence or absence of seat belt law), research
characteristics (e.g., study design and observation periods),
and incentive program characteristics (e.g., duration of strat-
egy period and type of reward) were used to describe the stud-
ies. Two authors independently coded each of the studies for
the variables and attempted to deduce information that was
not explicitly given. Both unweighted and weighted means of
effect size were calculated. The study weights were assigned
based on the number of observations, as follows:

* <250 observations, assigned weight 1;

» 250-1,000 observations, assigned weight 2;

* 1,000-10,000 observations, assigned weight 3; and
* >10,000 observations, assigned weight 4.

The estimates for short-term effects were 20.6% and 12%
increasesin seat belt usagefor unweighted and weighted esti-
mates, respectively. The estimatesfor long-term effectswere
13.7% and 9.6% increases in seat belt usage for unweighted
and weighted estimates, respectively.

The authors aso found that the effectiveness of incentive
programsvaried by thetype of populationinvolved, theimme-
diacy of receiving the reward, and the initial rate of seat belt
use. Campaigns aimed at elementary schools showed larger
effect sizes, as did programs offering immediate rewards and
programs implemented in areas with a low rate of seat belt

usage.

Deriving AMFsfor usein FHWA's I nteractive High-
way Safety Design Model. Expert panels were assembled
at a 2-day workshop to critically evaluate the findings of
published and unpublished works related to the safety
effects of various geometric design and traffic control ele-
ments on two-lane highways. Each panel selected reliable
studiesand, onthisbasis, derived AMFs, where possible, for
application in FHWA' s Interactive Highway Safety Design
Model (IHSDM).

A related effort is a series of reviews conducted by Hauer
to also provide information on AMFs for use in FHWA's
IHSDM. At the time of the report’s writing, reviews have
been provided for lane width and number of lanes, shoulder
width and paving, access, road grade, horizontal curves,
and highway medians (available on Hauer’'s website, www.
roadsafetyresearch.com).

D2.3.3 Subjective Assessments

It may not be possible to know accurately the effect of a
strategy, but it may be possible to estimate what is not the
effect. For example, if anew strategy is estimated to result in
a 10-20% improvement in safety, then one may take a con-
servative chance and assume that the strategy will not have a
30% effect. Once certain best-case assumptions are made,
then cost-benefit analysismay be conducted. It may beknown
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that a30% improvement in safety can be achieved by expend-
ing the same resources in another area.

Formal evaluations and systematic reviews sometimes
cannot provide any clues to the likely safety impact of new
and promising measures. One can, with care, resort to more
subjective assessments, recognizing the limitations of this
type of information. Three potential sources of knowledge
can be tapped: expert opinion, “front line” opinion, and pub-
lic opinion. These three sources can be used individually or
in conjunction with each other.

D2.3.3.1 Expert Opinion

One can consult agroup of expertswith knowledge of sim-
ilar safety initiatives. This group may include high-profile
safety champions, group leaders, recognized consultants, and
university professors. These experts will have opinions on a
variety of subjects, but they may also have accessto alibrary
of information that may berelevant to the strategy in question.

D2.3.3.2 Front Line Opinion

One can solicit the opinions of safety professionals who
are not necessarily experts but who are on the “front line.”
Theseindividualsinclude local traffic engineers, police, and
health care professionals involved in safety. They are the
oneswho areimplementing strategies on adaily basisand/or
may have knowledge on driver behavior and crash causation
and what impact a potential safety initiative may have. The
information may not bein quantitative terms, but it may pro-
vide aqualitative indication (e.g., isthere likely to be reduc-
tion, increase, or no effect on crashes).

D2.3.3.3 Public Opinion

The public’s attitude toward safety and risk, reckless driv-
ing, and observing therules of theroad arerelated to safety. A
strategy that may not have any affect on the road conditions
but doesin fact influence public attitudes is one worth investi-
gating. Ways of ng public opinion include mail-, web-,
and tel ephone-based surveys. Statistical aspects of opinion and
attitude polls must be taken into account if the data are to be
trusted, including procedures for unbiased estimation of what-
ever characteristics are measured in these polls. In addition, it
isimportant to ask questions of different sources of opinion.

D2.3.3.4 Subjective Assessment Example

An example of a subject assessment methodology on a
large scale is Wisconsin's method of ranking emphasis areas
in the AASHTO Strategic Highway Safety Plan. Rating 1 is
based on the importance of the emphasis area in terms of
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improving safety—essentially, the target crashes. Rating 2 is
based on the ability to influence the problem—essentially, the
subjective perception of the safety impact of potential strate-
gies. Thesetwo factors, which wererated by all 160 attendees
at a recent conference, were multiplied together to get an
overall rating. The attendees included representatives from
the American Automobile Association, the Department of
Public Instruction, the University of Wisconsin, NHTSA,
FHWA, the American Association of Retired Persons, the
courts, the media, law enforcement, and the legidature.

D2.4 SUMMARY

Thisappendix briefly describes anumber of types of studies
useful in traffic safety research. The focus is on methods to
study the effect of new, innovative, or existing strategies for
which thereisinsufficient information. Some methods require
moreintensive effort, and while they may use established data-
basesin each jurisdiction, they may also require the collection
of data specific to the study. Other methods may be conducted
with administrative databases exclusively.

Experiments are the most appealing for many reasons. The
logic of asimple experiment is often easiest to understand, so
the results and conclusions from such a study are more com-
pelling. On the other hand, experiments have logistical diffi-
culties when used to evaluate population-based safety pro-
grams that, by definition, cannot be selectively administered.
A more popular design is the cohort study, which can take
advantage of the surveillance practices used in many jurisdic-
tions associated with the licensing of drivers, the registration
of vehicles, and the documentation of traffic crashes.

Before-after studiesare appealing but difficult to interpret
because of the lack of random assignment and confounding
factors. The empirical Bayes procedure overcomes many of
these concerns, but should only be conducted by those with
proper knowledge of statistical techniques as applied to such
studies. Also popular—and popular for many of the same
reasons—is the time-series study, tracking changes in the
frequency of events during a series of time intervals and

associating these changes to strategies implemented in the
jurisdiction.

Alternatives to formal evaluations such as the systematic
review (or meta-analysis) are growing in popularity. These
alternatives demand few of the normal resources usually
required for traffic safety research, but do require accessto a
good library and qualified experts and researchersto conduct
detailed reviews.

Which designs are feasible? In jurisdictions with the
resources, al of these designs will prove useful in different
situations. Where conducting a study may not be feasible
because of data, time, staff, or budget constraints, then con-
sulting experts, other professionalsinvolved in safety, or the
public at large may yield valuable insights into the potential
effectiveness of a safety initiative.

Regardless of which methodology is used to determine an
AMF, itisimportant for the Operations Manager and the SPL
to realize that the procedure for determining an AMF is iter-
aive. As new data are collected from either a pilot study or a
full-scale implementation, additional performance measures
should be taken and evaluated. AMFs change over time with
different populations and even vary from jurisdiction to juris-
diction. The AMFs must be updated in order to be valid rep-
resentations of the safety contribution of different strategies.

The process for determining an AMF emphasizes the
extreme importance of publishing the results of integrated
strategic highway safety plans. Datathat have been collected
but have not been analyzed, presented, reported, or shared
have no value. Whether or not a new strategy has been suc-
cessful, it is very important to report the results so that other
jurisdictions considering the same strategy have additional
information to consider. Reporting that a specific counter-
measure has not been successful, is just as important as
reporting the success of a strategy.

Finally, consider that it may not be possible to know accu-
rately what the effect of astrategy is, but it may be possible to
estimatewhat effect the strategy isnot. Systematic reviewsand
the use of subjective assessments can be used to estimate the
safety impact of strategies. The limitations of these studies
must be recognized when applying the information gathered.



D-51

Appendix D3: Performance Measurement and Evaluation Tools to Determine
the Level of Implementation and Success in Meeting the Goals of the ISHSPlan

Thisappendix presents performance measurement and eval-
uation toolsto determinethelevel of implementation and suc-
cess in meeting the goals of ajurisdiction’s ISHSPlan. The
two types of performance measurement, process and impact,
arereviewed in regardsto their data collection, evaluation, and
reporting requirements. Only after data collection and assess-
ment is it possible to evaluate the performance of strategies
and determine any necessary changes to improve the strate-
gies implementation.

The mechanisms of data collection for performance mea
sures should be designed during the devel opment of the pre-
liminary and detailed action plans (ISMProcess Steps 3 and
5, respectively). The required data and analytical methods
should be determined before any strategies areimplemented.
The Task Teams, with support as needed from the RAE group,
have the responsibility for identifying what, when, and by
whom different performance measureswill be collected. Task
Teams also ensure that the selected performance measures
will in fact meet the needs of the |SM System.

The Task Teams and RAE groups require more than just
this appendix aone to have the complete knowledge neces-
sary for devel oping evaluation designs, observational studies,
and analysis methodology for strategies. This appendix pro-
vides sufficient knowledge for management to understand the
major issuesinvolved in performance measurement. For man-
agement (and for Task Team members) who desire additional
understanding, references have been provided for further
reading throughout the following text.

D3.1 OVERVIEW OF PERFORMANCE
MEASUREMENT

Conducting performance measurement means examining,
appraising, and judging the worth of a strategy or a combi-
nation of strategies by answering the following questions:

* Have the right decisions been made?

* |sthe strategy or combination of strategies working?

* Does progress meet expectations?

* |Isit costing as much as anticipated?

* If everything had to be done over again, what would
remain the same and what would be changed?

According to the Procurement Executives Association
(63), performance measurement allows an agency to assessits
emphasis area goals and objectives. Performance measure-
ment reveals which safety strategies are working and which
are not and provides information on the strengths and weak-
nesses of different strategies. Performance measurement
can also provide the necessary intelligence that the SPL and

Operations Manager require to identify and initiate steps to
improve performance. Thisintelligence helpsto prevent lim-
ited resources from being allocated to ineffective and ineffi-
cient strategies. Itismore desirableto detect low performance
early in the implementation of a strategy, while there is till
an opportunity to do something about it, than after completion
of a strategy. High levels of performance can be useful for
media relations and can improve public accountability.

Performance measurement should not be an end in itself,
but atool for more effective management. To make effective
use of performance measurement results, the Task Teams,
supported by the RAE group, should report information in a
manner that can be clearly understood by the SPL and Oper-
ations Manager.

A key deliverable of the performance measurement is a
report that provides intelligence to decision makersin order
to allow them to answer the questions previoudly listed. More
specifically, the performance report should

* |dentify which strategies or combinations of strategies
are working (impact),

» Determine the effectiveness of each strategy or combi-
nation of strategies in reaching the emphasis area goals
(impact),

* ldentify areas of strengths and weaknessesin each strat-
egy or combination of strategies (impact and process),

* ldentify barriersto the successful execution of each strat-
egy or combination of strategies (process),

* Monitor and track the efficiency of resources used during
the execution of each strategy or combination of strate-
gies (process),

* Assessthe performance of stakehol der agencies (process),
and

* Formulate and initiate appropriate steps to correct areas
of low performance (impact and process).

A performance report could also serveasameansof inform-
ing all stakeholder agencies and their staff of how each strat-
egy is progressing. This will allow stakeholder agencies to
assess their own performance against predetermined perfor-
mance measures and against the performances of other stake-
holder agencies. Task Team members, coordinated by the
Operations Manager, would develop this performance report
during I1SMProcess Step 6. A performance report should also
include the information presented in Table D-18.

D3.2 DATA COLLECTION PROCEDURES

The proceduresinvolved in collecting datato quantify safety
are considerably different depending upon whether one is



TABLE D-18 Description of requirementsfor a performancereport
(from the National Audit Office [64])

Requirement

Description

Data management procedures

Explain how performance information was collected, validated,
processed, and analyzed. These explanations will provide therelia-
bility of the reported performance.

Perfor mance infor mation

The performance information should be presented in a manner that
can be clearly understood by those who will assess the performance
report (e.g., SPL and Operations Manager). A common practice is
to include diagrams and tables to clearly show performance against
targets.

Performance information can also be presented visually over time
in agraph. Trends and patterns are much more obvious to the
human eye when viewed graphically. |deally, such a graph should
contain not just the current status information but a so the original
estimate of expected progress, thereby allowing the viewer to make
immediate comparisons.

Analyze performance

Present possible explanations for significant variations between
performance achieved and performance expected. Explanatory
information should assist readers in understanding the level of
performance achieved and evaluating the underlying factors that
affected reported performance.

measuring process or impact performance. Some examples of
both process and impact measuresaregivenin Table D-19. In
addition, Figure D-16 depicts the relationships between vari-
ous activities and results for an emphasis area aimed at reduc-
ing speed-related crashes and crash severities.

D3.2.1 Process Performance Data Collection

A key deliverable of ISMProcess Step 5isadetailed action
plan that describes the activities required to effectively exe-
cute astrategy or acombination of strategies. Each activity in
thedetailed action planincludes atime schedul e with start and
end dates, allocation of resources, assigned responsibilities
for activity execution, and goalsfor each activity. Process per-
formance measurement requires that the following questions
be answered:

* Was the activity implemented? Was the activity com-

pleted? What factorsinfluenced implementation or com-
pletion of the activity?

TABLE D-19 Examples of performance measures

Type of Performance Metrics

Citations issued

Number of arrests

Number of drivers stopped

Number of TV advertisements aired
Number of intersections converted to
roundabouts

Miles of rumble strip implemented

Reduction in crashes

Reduction in crash severity
Reduction on offense rates
Reduction in recidivism rates
Improvement in public awareness

Process

Impact

* How many and what type of resources were used to
implement or complete the activity, and at what cost?

* Whowasinvolved in theimplementation of the activity?
Was |eadership for the implementation adequate?

* What were the results of the activity?

Oneway to gather thisinformation from the variety of peo-
ple involved in a given activity is through feedback forms.
NHTSA (65) recommends that the people who are responsi-
ble for completing feedback forms be involved in the form
design. Members of the Task Team responsible for the strat-
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FigureD-16. Srategiesaimed at reducing crash
frequency and severity due to excessive speeds.



egy (and related activities) should lead development of feed-
back forms. The feedback forms should be developed during
ISMProcess Step 5, in conjunction with the development of
detailed action plans.

A user-centered design process should bein place with the
following three emphases:

* Early focus on users and their tasks,
* Empirical measurement, and
* |terative design.

In other words, users of forms should be involved early in
the design process and not after the forms have been pro-
duced. Formal usability testing should be conducted by first
testing the forms in the field with real users performing their
daily tasks. Finally, expect an iterative cycle of design and
testing to finalize the feedback forms. Idedlly, basic training
should be provided to staff who will be completing the feed-
back forms. Thistraining will ensurethat formsare completed
inacorrect and consistent manner and enhance the quality of
data obtained from the forms.

In addition to feedback forms, there are other waysto col-
lect process performance measures:

» Schedule information to be updated through electronic
or paper Gantt charts.

* Certain measures (e.g., staff hours, citations issued)
can be obtained from existing personnel and financial
and administrative management systems.

» Other measures can be collected through the systematic
screening of data sources, such as newspaper archives,
TV station records, and official records.

D3.2.2 Impact Performance Data Collection

There are a number of different methods for collecting
data to measure impact performance indicators. The follow-
ing five methods are detailed in this document:

* Surveys,

* Psychometric and performance tests,
* Focus groups,

* Field studies, and

* Archival data.

D3.2.2.1 Surveys

One method of data collection, perhaps the most common,
is the survey. Surveys gather information about the opinions,
attitudes, knowledge, behaviors, and intentions of people. In
highway safety, surveysaretypically used to determineaware-
ness of safety issues, including knowledge of current strate-
gies. Creating surveys that obtain reliable information regard-
ing road user awareness and knowledgeisacomplex topic that
is best undertaken with the assistance and guidance of spe-
cidistsinthisfield.
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The use of surveys requires consideration of

* Bias,

* Survey instrument selection and design,
* Survey methodology, and

* Quality control.

Reliable survey data depends on

* Selecting representative survey respondents,
* Having a sufficiently large sample size, and
* Obtaining high response rates (63).

Bias. Biasmay result if the survey isgiven to respondents
who are not part of the target group or if the survey is con-
ducted at times and locations that do not correspond with the
characteristics of the target group/crashes. For example, a
survey with participants selected only from a household
phonebook may underrepresent college students that live in
dormitories and depend upon cell phones (65).

Survey instrument selection and design. There are var-
ious ways of conducting surveys. People of interest can be
surveyed through an oral interview or awritten questionnaire.
Some methods for administering surveys are

* Face-to-face personal interviews at home, at the office,
or elsewhere;

* Mailed questionnaires;

* Phoneinterviews,; and

* Written or verbal surveys at roadside checkpoints.

The method sel ected will depend on the research questions
that need to be addressed and on the sample size or popula-
tion that needs to be surveyed (which will affect the cost of
conducting the survey). Often, available resources predeter-
mine the method, sample size, and timeframe for the survey.
In general, mail surveys are the least expensive method but
canresult inthelowest responserate. Face-to-faceinterviews
can be the most expensive method of survey but usually gar-
ner a high response rate. Incentives can be employed to
encourage higher response rates for mail surveys, aswell as
for other survey methods.

Surveys should be brief, with only the very basic informa-
tion requested to measure the desired performance measure.
The Procurement Executives Association points out that sur-
veys should be easy to complete in the shortest period of time
(63). In addition, questions should be simple, direct, grouped
by topic, and not open-ended. As stated previoudy, profes-
sionalswho specializein designing surveysshould be actively
involved in the survey process.

Incorporating background questions (e.g., gender, age,
place of residence) will assist in amore detailed analysis of
the results. For example, differencesin categories of respon-
dents’ backgrounds may explain differences in responses to
survey questions.
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The Procurement Executives Association recommendsthat
a“comments’ section be added at the very end of the survey
for obtaining respondents’ general comments, impressions,
and recommendations (63). A “comments’ section often con-
tributes to higher response rates.

Survey methodology. It isimportant that survey partici-
pants be selected randomly and that they represent the target
group. Nonrandom sampling or nonrepresentative sampling
could introduce bias, as discussed previoudly. Stratified ran-
dom sampling techniques can be used to ensure that the sam-
ple represents the target group on important variables such as
gender, age, and ethnicity.

Surveys can gather information about

* A census of drivers of interest (e.g., all repeat traffic
offendersin the jurisdiction);

* A representative, randomly selected, or stratified sample
drawn from the popul ation of interest (randomly assigned
to complete a new educational course and all those
assigned to no treatment);

* A cluster or group (e.g., al repeat traffic offenders
within a certain county or city); and/or

* A quota sample of people in the population of interest
(e.g., one-third of all repeat traffic offenders in the
jurisdiction).

The sampling method will depend on the nature of the pro-
gram being evaluated and the budget available.

Surveys for purposes of evaluation—for example, in a
before-and-after study design—can be repeated with the same
participants or repeated with a different representative sam-
ple. In these cases, the survey procedures and the survey
guestions must be standardized to ensure that the findings
reflect real change before and after, rather than the outcome
of different procedures and questions. This standardization
includes interviewer training and quality monitoring in the
case of oral interviews.

The primary limitations of surveys are the respondents
truthfulness, their ability to accurately recall past behaviors
and events, and the inclination to respond in asocially desir-
able manner. Procedures can be embedded in questionnaires
to minimize these limitations (e.g., truthfulness scales).

When response rates are low, a nonresponse bias becomes
an issue to consider. Nonrespondents can be recontacted and
asked to indicate the reason(s) they did not respond to the sur-
vey. Demographic and other characteristics of respondentsand
nonrespondents can aso be analyzed to determine the extent
of biasand to ascertain whether findings need to be adjusted to
account for major biases.

Quality control. The survey instruments designed for
adequate data collection are asimportant as the act of collec-
tion itself. Armstrong et a. (66) have some instructions for
quality control that apply in many traffic safety situations:

* Relevance: The surveys should be designed to accom-
modate all relevant information, but only relevant infor-
mation. If some information is required only in special
circumstances, an efficient skipping pattern around “ not
applicable” items must be part of the design.

* Completeness: The survey, when completed, should
have no missing data except for clearly “not applicable”
items. This may require training of the people charged
with completing theform (e.g., police, interviewers) and
is especially important in the design of self-completed
forms (i.e., surveys completed by the participants them-
selves). Pilot testing of newly designed survey formsis
essential to identify problems at an early stage.

* Accuracy: A number of techniquesareavailableto search
for errorsin the data collection; again, the training and
supervision of data collectors will help to increase the
accuracy of the collected data. The less time spent pro-
ng data prior to analysis, the morelikely the dataare
to contain errors. A system that facilitates collecting data
accurately in the first place will repay dividends. Never-
theless, time must be spent checking for the inevitable
errors that do occur before the data can be released for
information and analysis.

* Brevity: Care is needed to ensure that collected data
are detailed enough to be useful, flexible enough to be
adapted to avariety of purposes, and still asbrief as pos-
sible. For example, it is more appropriate to record a
driver's age at a roadside checkpoint than to categorize
the driver into one of several age groups. The age cate-
gories may be sufficient to answer one set of questions,
but another set of questions may require more detail. In
some circumstances, it is more sensible to ask for the
driver’'s birth date.

Quiality control can also be enhanced by the use of com-
puters and automated data collection devices, which serveto

* Reduce the time and cost of completing forms;

* Improve data entry and completeness by edit and con-
sistency checks; and

* Add flexibility in terms of adding, deleting, or revising
data elements.

Data collection staff should be adequately trained, with the
help of clear and concise guidelines and processes on how to
capture data and ensure the accuracy of data.

D3.2.2.2 Psychometric and Performance Tests

The second method of data collection discussed here is
psychometric and performance tests. These tests can be used
to identify and assess problem drivers. Information derived
from these standardized tests on the characteristics of prob-
lem drivers and the reasons for their driving errors can be



used to improve driver training and licensing programs. This
information may also indicate the effectiveness of relevant
strategiesin changing knowledge, attitudes, skills, behaviors,
and intentions of the targeted driving population (e.g., repeat
traffic offenders, young or novice drivers).

Numerous psychometric instruments have been used to
assesssocia, psychological, and behavioral factorsassociated
with risky and/or problem driving. In thefield of road safety,
psychometric tests have been used to measure personality,
attitude, alcohol abuse, sensation seeking, health compromis-
ing, and risky driving behaviors. Basic psychometric princi-
plesinclude reliahility, validity, and norms.

Performance tests such as off-road and on-road skill tests
have been used for research. These performance tests have
also been used operationally by licensing agencies to ascer-
tain whether drivers are competent and whether drivers have
achieved the minimum standard of safe driving. Computer-
based performance tests, such as a hazard perception test,
have been applied in research and licensing contexts. Such
tests must also meet standards of reliability and validity.

D3.2.3 Focus Groups

The third method of data collection is the use of focus
groups. Leader-directed group discussions can be used to
obtain information on attitudes, perceptions, knowledge,
behaviors, and intentions of small, well-defined, and repre-
sentative samples drawn from targeted populations. Thefocus
group technique, which has been used predominantly for con-
sumer and marketing research, has also been effectively
applied in the field of road safety.

The primary advantage of focus groups is that the issue
under discussion can be covered comprehensively in a sys
tematic and standardized manner. Focus groups lend them-
selves to more in-depth probing than is possible in individual
interviews and surveys and, consequently, to a better under-
standing of the reasons behind attitudes and behaviors. Partic-
ipants can be probed to determine why attitudes and/or behav-
iors changed the reasons they have been resistant to change
and what is needed to produce change.

Group dynamics play an important role in such sessions,
so group leaders should be properly trained in thistechnique.
A limitation of focus groups is that the number of partici-
pants is relatively small. Therefore, even if the participants
represent the target population, the results from one or more
sessions may not generalize well to the larger population.

D3.2.4 Field Studies

Field studies are the fourth method of data collection dis-
cussed here. They involve the systematic observation of road
user behaviors on the highway. For evaluation purposes, road
users are observed before, during, and after the implementa
tion of a strategy to determine if the strategies have changed
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the behaviors of the road users as predicted. For example, field
observations can detect the presence or absence of a behavior
or record some measurement of a condition (e.g., vehicle
speeds, vehicle headways, or driver BAC).

Field studies are appropriate when existing (archival) data
sourcesand other data-gathering methods, such assurveys, are
unable to provide valid and reliable measures of the behavior
change under investigation. Given that many strategies are
intended to modify behavior on the highways as a precursor to
crash reduction, real-world observation is a very appropriate
data-gathering method.

To conduct avalid field study to measure an impact perfor-
mance indicator, the following issues need to be considered:

* What procedure to use for collecting the observations,
* What to observe,

* Where and when to make the observations, and

» Sample size and/or observation duration.

D3.2.4.1 Proceduresfor Field Data Collection

The procedures to be followed during a field observation
depend on thetype of safety behavior that hasto be observed.
There are two main categories of safety behavior:

» Behavior that can be observed remotely and unobtru-
sively. Examples of behaviors included in this cate-
gory are
—Vehicle speeds,

— Vehicle headways,

— Certain vehicle deficiencies,

—Vehicle loading (if using high weigh-in-motion
devices),

— Vehicle encroachments, and

— Failure to obey traffic control devices (e.g., failing to
stop at ared signal).

» Behavior that can be observed only by stopping the driv-
ers, occupants, or pedestrians. Examples of behaviors
included in this category are
— Theinfluence of alcohol or drugs,

— Certain vehicle deficiencies, and
— Driver and vehicle documentation (e.g., driver licenses,

permits).

During the second type of observations, a brief survey
guestionnaire can be administered to the person to collect
demographic information, trip purpose, and exposure-related
information, as well as other information pertinent to the
objectives of the evaluation.

Where possible, astraffic volumesallow, al vehicles pass-
ing the observation point should be observed. At higher vol-
umes, only a sample of vehicles should be observed.

V ehicles should be sel ected randomly. For example, decide
prior to beginning the survey that every nth vehicle will be
observed. It isimportant not to deviate from this decision dur-
ing the survey.
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At the point of observation, there should be no outsidefac-
tors (e.g., roadway or environmental characteristics) that
could influence the behavior of the driver who is the subject
of observation. For example, vehicle speeds should not be
influenced by the presence of intersections, steep gradients,
and weather conditions. Typicaly, when conducting speed
surveys, the observer and the equipment should not be con-
spicuous to drivers.

What to observe. What to observe during afield obser-
vation is determined by the definition of the performance
measure. Two example performance measures and related
field observations are shown in Table D-20.

It is often not so simple when the performance measure
relates to vehicle maneuvers or traffic conflicts. These sit-
uations often require the subjective interpretation of the
observer—when a vehicle maneuver is a conflict and when it
isnot. Itispossiblethat different observersmay interpret vehi-
clebehaviorsin adifferent way. Field observations aimed at
these types of performance measures require well-trained
observers.

Whereand when to maketheobservations. If the coun-
termeasure strategy is site specific (e.g., intersection
improvements), then field observations should be conducted
at these locations.

If the strategy aimsto have an areawide effect (e.g., reduce
drunk driving or increase seat belt wearing rates), then field
observations should be conducted at arepresentative number
of locations within the target area. The combined results
from these selected locations should give a representative
indication of the magnitude of the performance indicator for
the whole target area.

The number of locations depends on

* Thesizeof thearea,

* Thedesired level of accuracy,

* The cost of field observations, and
* The availability of resources.

To eliminate the potential for bias, it is recommended that
locations for such field observations be chosen randomly. It
isimportant that the same | ocations used for the collection of
baseline information prior to strategy implementation be
used for observations after strategy implementation. Traffic
and environmental factors may change from location to loca-
tion, at different times of the day, and on different days of the

week. Therefore, it is strongly recommended that observa-
tions be conducted under the same conditions (time, day,
weather) during both the before and after observations.

When deciding when to conduct field surveys, it isimpor-
tant to consider the target periods. For example, the activities
of astrategy aimed at curbing DUI will focus on timeswhen
DUI behavior and crashes are most prevalent (i.e., at night).
Field observationsto determine changesin the drinking rates
should also be conducted during this time period.

Sample size (observation duration). A key issue when
performing field observations is the required sample size.
The larger the available sample, the higher the accuracy and
reliability of the resultant measurements and inferences made
from the data.

Typically, two types of data are collected during a field
observation:

» Continuous data: Thistype of dataistypically collected
when a behavior is measured (e.g., vehicle speeds, vehi-
cle headways, gap acceptance, or BAC levels). Thistype
of data can provide means, standard deviations, medians,
and percentiles. The data can also provide proportions
(i.e., the proportion of sample sizes that exceed a certain
threshold).

* Binary data: A yes or no answer to a question (e.g., is
the occupant wearing aseat belt, or arethe vehicle head-
lightsworking?). Thistype of datacan be converted into
proportions (e.g., the proportion of driversthat arewear-
ing a seat belt).

A sufficient sample size is required to make meaningful
inferences about statistical indicators such asmeansand pro-
portions. For example, determining whether these measures
have decreased or increased significantly between two peri-
ods and by how much must be based on an adequate number
of samples. The formulas to determine sample sizes to make
inferences about means and proportions are found in every
standard statistics textbook.

D3.2.5 Archival Data

Thefifth and final data collection method included in this
report is archival data. Strategy evaluations can rely exten-
sively on existing data sources. For example, police crash
reports can provide a rich source of information on road
users, vehicles, infrastructure, and the crash itself. The use of

TABLE D-20 Example performance measures and therelated field observations

Performance measure

What to observe

Proportion of driverswith BAC > 0.08

The BAC reading of the driver

Proportion of drivers not obeying stop signs

Whether a driver approaching a stop sign stops at the
stop bar




such existing data sources avoidsthe high coststhat can often
be associated with collecting data.

However, existing dataare generated principally for admin-
istrative, legal, or accounting purposes and not necessarily for
road safety research and aggregate data analyses. For thisrea
son, such available datamay not conform to the exact require-
ments for the evaluation. The quality and completeness of
information from existing data sources, as well as any report-
ing biases, need to be carefully assessed before using such
available.

Appendix B2 discusses best practices for database man-
agement and the following archival data sources:

* State crash archives,

* Department of motor vehiclesfiles,

* Highway crash databases,

* Vehicle registration files,

* Ambulance service and prehospital care data sources,
* Health care and morbidity data,

* Trauma centers, and

* Federal crash archives.

Single data sources often lack comprehensive information,
but when merged with other data sources they can provide a
rich source of shared information. Indeed, the value of inte-
grating crash datawith datafrom rel ated sources has been rec-
ognhized for sometime. As early as the mid-1970s, Campbell
(67) commented, “in addition to the process for crash report-
ing and compiling, a good system should have the means for
linkage and match up with other files.” According to Erlander
(68), “The system must be capable of coordination between
different data sources so that data from different sources can
be put together to give a total picture.” Unfortunately, for
most states, political and practical difficultieshaveresultedin
alack of accessto critical data and an inability to integrate
data from multiple databases.

Considerable benefits can be achieved from an integrated
data system. Such a system reduces overlap, duplication, pro-
cessing, and storage requirements. In addition, an integrated
data system enables the sharing of information among agen-
ciesandisvitd for cost-effective safety efforts. Having timely
and comprehensive information available to traffic planners
and investigators and researchers can facilitate problem solv-
ing, the development of safety strategies, and their evaluation
and improvement.

D3.3 OVERVIEW OF THE PROCESS
AND IMPACT PERFORMANCE EVALUATION

Within the context of the ISMProcess, a process perfor-
mance evaluation isimportant for the following reasons:

* A detailed action plan has been formulated to achieve
emphasisareagoalsafter skilled and experienced persons
collectively decided on the process measures and tactics
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required. It should be determined whether or not the
strategies were implemented according to the detailed
action plan.

* An incorrect or inaccurate understanding of the rela
tionship between levels of implementation and process
performance measures could create future problems. An
accurate and correct level of understanding of thisrela-
tionship will facilitate future strategies and action plans.

* |tisimportant to monitor the usage of resourcesto ensure
that they are used efficiently and will be sufficient to
compl ete the implementation of the action plan.

* Process performance measures could reveal gapsin the
way that safety is managed or significant barriers and
shortcomings in the ISMProcess implementation. In
addition, performance measures may revea threatsinthe
external and internal environments; these threats could
hinder the successful execution of strategies. Process
performance measurement allows for the early identifi-
cation of areas of low performance and gives manage-
ment the opportunity to take corrective action.

Impact performance evaluation seeks to answer the ques-
tion, “Is a strategy or combination of strategies effective in
achieving the emphasis area’ s goals and objectives?’

NHTSA (65) identifies two types of impact performance
measures that can be used to conduct impact performance
evaluations:

* Crash-based performance measures (e.g., areductionin
crash numbers, crash rates, and crash severity) and

* Intermediate (or proxy) performance measures (e.g., a
reduction in speeding, increased seat belt use, or reduced
roadside encroachment).

NHTSA (65) statesthat it is not always possible to deter-
minethe safety effect of astrategy at alocal or even at astate
level using crash-based performance measures for several
reasons:

* Crashesarerelatively rare, and random events and crash
frequencies may fluctuate from time to time, even in the
absence of any countermeasures. Since the number of
crashes that occur at a location or within a community
may be small, datamay need to be aggregated over years
to obtain a sufficient sample size. Crashes are subject to
large stochastic components and may require large sam-
ple sizes. Obtaining sufficiently large sample sizes could
take along time (e.g., 35 years), by the end of which the
strategy might be over. It isthentoo lateto usetheresults
of such an evaluation to improve the performance of the
strategy.

* Crashesareinfluenced by avariety of factors. Thesefac-
tors (or variables) could include
— Introduction of highway safety measures,

— Economic conditions (e.g., unemployment),
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— Exposure (e.g., the amount of driving done by drivers
within ajurisdiction),

— Changesin driver profiles,

— Changes in population and/or vehicle numbers, and

— Changes in roadway and traffic standards.

NHTSA (65) concludes that, by using intermediate (or
proxy) measures instead of using changes in fatality and
injury levels, the cost of an evaluation can often be signifi-
cantly reduced. For these reasons, the use of intermediate
measures has been advocated. An example of the considera-
tionsinvolved in using intermediate measuresisgivenin Fig-
ure D-17. Thisfigure, taken from Dinh-Zarr et al. (69), pre-
sents a schematic of the relationship among strategy types,
proxy measures, and crashes for seat belt use strategies.

In Figure D-17, a possible proxy measure for a seat belt
program might be seat belt use. According to Dinh-Zarr et al.
(69), increasing and maintaining high levels of seat belt useis
essential. In all types of crashes, seat belts are approximately
45% effectivein reducing fatalitiesin passenger carsand 60%
effective in light trucks. It is estimated that seat belts reduce
the risk of serious injury to head, chest, and extremities by
50-83%.

Dinh-Zarr et a. (69) identified 46 studies of the effective-
ness of seat belt laws and found that all these studies reported
abeneficial effect on safety. Dinh-Zarr et al. identified

* 13 studiesexamining the effectiveness of primary enforce-
ment laws that found that greater benefits are associated
with primary laws compared with secondary laws and

* 18 studies on enhanced enforcement programs that
specifically target seat belt use.

The evidence found by Dinh-Zarr et al. indicates that
enhanced enforcement programs are associated with an
increasein seat belt useand adecreaseininjuries. Thisreview
of seat belt studies would be helpful for ajurisdiction to esti-

Enhanced
Enforce-
ment

Knowledge of
Intervention

O Intervention Types

|:| Health Outcomes

Perceived Risk of
Punishment

Fatal and Non-

[SeaIBeltUse H Crashes ]—> fatal Injuries

Intermediate
Outcomes

FigureD-17. Logic framework for seat belt use strategies
(from Dinh-Zarr et al. [69]).

mate the benefits (crash reductions) of strategies without per-
forming extensive data collection. Similarly, one could prob-
ably infer crash reduction from strategies aimed at reducing
BAC levels without actually measuring crash rates.

Previous research has already established and confirmed
the extent and the nature of the relationship between driver
behavior (as measured by speeds, BAC levels, seat belt wear-
ing, etc.) and safety (as measured by crash rates, frequencies,
and severities). NHTSA (65) recommends that some of the
stumbling blocks related to the complexity, cost, and effort
required for crash-based performance measures be overcome
by focusing on measures of driver behavior and awareness
(intermediate, or proxy, measures).

There are, however, many proxy measures (e.g., attitudes,
safe driving knowledge, and road test scores) that cannot be
relied upon asalternativesto crash rates (70). It isstill impor-
tant to include these proxy measures for two reasons:

* Most strategies, explicitly or implicitly, havetargetsthat
are viewed as necessary precursors to achieving safety
goals and objectives (e.g., improving driving skills to
produce safer drivers, which should result in fewer
crashes). The relationship between intermediate objec-
tives/measures (e.g., increased driving skills) and the
crash-based objectives/criterion (e.g., crash rates) needs
to be understood.

* Focusing only on the crash-based criterion (i.e., reduced
crash involvement) provides little insight as to why a
program failed to reduce crashes. By better understand-
ing the* change agent,” one can make better decisionsto
eliminate or improve existing strategies and create new
strategies.

NHTSA (65) identifiestwo different kinds of intermediate
impact performance measures:

* Indicators of road user behaviour, including
— Seat belt wearing rates,
— Speeding rates,
— Red light running rates,
— Intoxication rates, and
— Roadside encroachment rates.

* Indicators of awareness and public support, including
— Awareness of safety strategies and initiatives,
— Support for safety strategies and initiatives,
—Knowledge of safety legidation, and
— Driver attitudes (e.g., speeding).

D3.4 PROCESS PERFORMANCE REPORTING
REQUIREMENTS

D3.4.1 Process Performance Reporting

A guiding principle for process performance reports is to
provide sufficient information for top management to make



informed and intelligent assessments and decisions about the
performance of the implementation of a strategy or combi-
nation of strategies.

To assess the performance of individual strategies, the
process performance information could be given separately
for each strategy or combined to assess the performance of a
combination of strategies. To assessthe performance of stake-
holder agencies, the process performance information could
be given separately for each agency.

Process performance reports should compare the imple-
mentation of the program with what was scheduled in the
detailed action plan (as formulated by the multidisciplinary
Task Team). This includes the following information for
each scheduled activity:

* Activity,

* Start date/time,

* Duration,

* Completion date/time, and
* Degree of completion.

For activitiesthat are still in progress at the time of prepar-
ing the performance report, the percentage of thetask that is
completed should be estimated and compared with the sched-
ule. It isuseful toillustrate actual progress versus scheduled
progress using a Gantt chart (Figure D-18).

Progress performance reports should also compare imple-
mentation cost with the corresponding budget for the report-
ing period. Figure D-18, Table D-21, Figure D-19, and Fig-
ure D-20 indicate typical information that will allow the SPL
and Operations Manager to track and monitor the use of
resources against what was budgeted. This information can
be used to determine whether the program will remain within
budget. If the program is expected to exceed the budget, the
progress information will provide the SPL with an opportu-
nity to obtain additional resources or make modifications to
the strategy.

D3.4.2 Impact Performance Reporting

During the formulation of the emphasis area goals, objec-
tives, and strategies (ISMProcess Steps 2 and 3), anumber of
impact performance measures are identified. For each perfor-
mance measure, an evaluation design outlinesthe datarequire-
ments and the methodol ogies that will be used to analyzethese
data. A schedule to collect and analyze the required data for
the different performance measuresis developed. Thisinfor-
mation is finalized in the detailed action plan (ISMProcess
Step 5).

For each crash-based or proxy impact performance measure
of astrategy, theimpact performancereport should includethe
following:

* Problem Statement: Present the problem (performance
measure) to be studied.
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FigureD-18. Example of a Gantt chart.
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TABLE D-21 Monitoring of expenses versus
progress example

Description Planned Actual
Total funds expended $200,000 $120,000
Total funds expended (%) 50% 30%

of total budget

Percent complete 40% 25%

* Participants: Name the participants involved in the
study. Describe who collects the data, who does the
analyses, and so forth.

» Data Collection Procedures: Describe the materials
and procedures used to collect data. Provide enough
information so that the study can be replicated.

* Data Analysis Methodology: Describe the evaluation
design and methodol ogies used to validate, process, and
analyze the performance data. List all assumptions.

* Results: Present the results of the data in a clear and
organized fashion. Keep in mind the target audience—
the SPL and Operations Manager.

* Discussion: Interpret the results.

* Limitations: Discussfactorsthat affect theresults. Dis-
cuss potential confounding factors that could or could
not be accounted for and their potential impact.

* Conclusions; Summarize all of the above sections.

All impact performance measures of a given strategy must
then be combined to determine the overall impact of the strat-
egy. The purpose of the impact performance report is to
answer the question “Isastrategy or combination of strategies
effectivein reaching the emphasisareagoal sand objectives?’

D3.5 ASSESSING AND IMPROVING
PERFORMANCE

Theresultsfrom performance measurement must be effec-
tively used to improve the | SM Process. Performance results
can be used to determine gaps between strategic goal's, objec-
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FigureD-19. Monitoring performance with respect to
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Figure D-20. Monitoring performance with respect to
project progress example.

tives, and actual achievement. When a gap between current
results and desired goalsisidentified, there is an opportunity
to improve the process or strategy.

Reduced effectiveness could result from avariety of factors.
A strategy may be working less efficiently, and therefore less
effectively, because of the following:

* Resource cutsor shifting priorities (e.g., shift of enforce-
ment to security from apprehension of impaired drivers);

A changeinthe characteristics of the problem dueto past
success of the strategy (e.g., socia drinkers view drunk
driving as socialy unacceptable, resulting in hard-core
drinking drivers accounting for much of the alcohol-
related crash problem); or

» External factors such as demographic shifts, social
changes, economic cycles, infrastructure, institutional
factors, political changes, and new road saf ety initiatives
(e.g., there will be more young and aging drivers over
the next few decades and, consequently, increases in
their involvement in crashes).

Low performance could indicate the presence of one or
more of the following barriers:

* Theaction plan hasnot been implemented as sched-
uled. Any unplanned deviation from the schedule could
compromise the effectiveness of the emphasis area
strategies.

* Incorrect selection of activities to achieve goals and
objectives of selected strategies. This barrier could
indicate a lack of understanding of how to address the
emphasis area, possibly dueto alack of research or pre-
vious experience related to the particular emphasis area.
It could also indicate the involvement of insufficiently
skilled or inexperienced staff in the planning process.

* Incorrect or inaccurate scheduling of activities con-
sidering the temporal and geo-spatial characteristics
of the target crashes. Activities may have been sched-
uled at times and locations that do not reach the target



group. For example, sobriety checkpoints scheduled dur-
ing the daytime in quiet residential areas will not be as
effective asthose at night near entertainment locations.

* Insufficient coor dination among activitiesto produce
synergistic effects. Certain activities need to be sched-
uled in away to support and enhance each other. A typ-
ical exampleisthe requirement to combine publicinfor-
mation and education activities and law enforcement
activities to create a bigger impact on driver awareness
and behavior.

* Incorrect or inappropriate levels of implementation.
If not enough of an activity has been performed, the per-
formance measure may be unaffected. Thisbarrier could
indicate a lack of understanding of the relationships
between levels of implementation, process, and impact
performance measures.

* | neffective use of resources, resulting in low produc-
tivity levels. This barrier could indicate the insufficient
use of technology. For example, it could indicate the need
and judtification to move away from manual law enforce-
ment to automated law enforcement techniques where

appropriate.

A key responsibility of the SPL and the Operations Manager
isto assess and use the feedback (performance reports) given
by the Task Teams. The role and function of the SPL and
Operations Manager require that they understand and make
corrective actions to eliminate areas of low performance.

The SPL and Operations Manager can make the transition
from assessment to performance management in the follow-
ing manner:

1. Reanalyzeor initiatefurther analysis of datato enhance
the understanding of the problem. The findings from
this additional analysis need to be trandlated into mod-
ifications for strategies and action plans.

2. Redefine the goals, objectives, and performance mea-
surecriteriaif it isevident that they are unrealistic given
the current constraints and limitations of the |SM System.
Thegoals, abjectives, and performance measures should
be redlistic and achievable.

3. Redesign, modify, or adjust the strategies and/or the
action plan wherelow performance has been reported.
The changes could be magjor (e.g., cancel certain
strategies or add strategies) or minor (e.g., reschedule
activities).

4. Change the levels of implementation and/or take mea-
sures to improve productivity. This step may require
additional funds or the reallocation of existing funds.

Good feedback and communication from the Task Teamsto
the Operations Manager, SPL, and stakeholder agencies are
vital to managing performance. Informing al stakeholders
about the overall progress of a strategy keeps the stakeholders
motivated and committed to the objectives and vision. Infor-
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mation on corrective steps should be relayed to the relevant
stakeholders who implement the decisions and recommen-
dations of the SPL and the Operations Manager. Typicaly,
requirementswith respect to the modification of strategiesand
action plans will be communicated to the multidisciplinary
Task Teamsfor action and implementation.

D3.6 GENERAL ISSUES
IN EVALUATION DESIGN

D3.6.1 Regression-to-Mean

Many studies attempt to evaluate the effect of a counter-
measure on subsequent crash rates through simple, single-
group, before-and-after evaluation designs. Such studies
can never be considered definitive, and they are even more
flawed when applied to entities (e.g., road sections, inter-
sections, or drivers) that have been selected based on some
stetistical deviancy, such asinflated crash rates. Such stud-
ies are inevitably subject to natural regression artifact
(regression-to-mean).

The regression-to-mean phenomenon causes an entity
with high crash frequencies in one period to have lower fre-
guenciesin thefollowing period. Similarly, entitieswith low
crash rates will tend to have higher crash rates in the subse-
guent period.

The reasons underlying the regression-to-mean phenome-
non are technical, but they derive from measurement error
theory, which dictates that over the long run, good luck and
back luck will tend to average out. Entities with numerous
crashes, some due to chance events, are unlikely to continue
to have the same degree of bad luck over the next year. Con-
versely, some of the entities with exceptional crash records
have just been lucky, and this same degree of good luck will
not continue at the same rate.

The degree of regression-to-mean can be extreme, asindi-
cated in Table D-22, which is from a California study (71).
Table D-22 relatesto aprogram in which driverswith ahigh
conviction count in previous years were randomly assigned
to atreatment (individual hearing) or control group.

In Table D-22, the group receiving treatment appears to
have an enormous improvement in the subsequent crash and
citation rates due to the treatment. However, note that the
control group, which did not receive the driver improvement
treatment, exhibited an almost identical reduction. Rather
than 65—-71% reductions in subsequent crash and citation
rates, the proper comparison (treated versus control) indi-
cates that the treatment produced no positive effect on crash
rates (2.5% more crashes than control) and only avery small
reduction in citation rates (3% fewer citations than control).

Although much of the improvement in the treated group
refl ects regression-to-mean, which can be adjusted for math-
ematically, other change agents operate to confound interpre-
tation in absence of acontrol group. For example, the passage
of time, maturation, and life changes can affect improvement.
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TABLE D-22 Recordsof treated and untreated negligent drivers 1 year beforeand 1 year

after treatment

Mean Crashes Mean Citations
Treatment Control Treatment Control
Pretreatment 0.568 0.602 3.82 3.87
Posttreatment 0.199 0.196 1.09 122
Reduction 65.0% 67.4% 71.5% 68.5%

Drivers are also subject to court fines, increased insurance
rates, and numerous other contingencies that vary over time.
Since the control group is aso subject to these same time-
dependent change agents, the control group provides a base-
line for truly assessing the magnitude of improvement that
can be attributed to treatment.

The regression-to-mean difficulty is perhaps more preva
lent in the evaluation of improvements to highway locations
(intersections and highway segments), since these locations
are often selected for safety improvements on the basis of
their poor safety performance. When performing alongitudi-
nal before-and-after evaluation study, the regression-to-mean
effect must be accounted for.

D3.6.2 General versus Specific Deterrence

Deterrence theorists such as Ross (72) distinguish between
the general deterrent effect of astrategy or treatment and the
specific effects of atreatment.

Genera deterrence relates to the impact of anew law, pol-
icy, or treatment in deterring or influencing alarge population
of entities, often over an entire jurisdiction (e.g., treatments
aimed at speeding, drunk driving, seat belt usage, red light
running, or tailgating). Specific deterrence is concerned with
the impact of atreatment or strategy that has been applied to
a specific group of entities that has been deemed in need of
remedial safety treatment.

The distinction between general and specific deterrenceis
critical because the two types of deterrenceinvolve very dif-
ferent evaluation designs. For example, general deterrence
evaluations are often amenable to interrupted time series
designs, often using ARIMA models, while specific deter-
rence evaluations require the use of control groups and an
assumption that the control groups do not benefit from gen-
eral deterrence effects. These evaluation designs are dis-
cussed later in this appendix.

D3.6.3 Role of Exposure

Exposure to crashes and traffic citations is influenced by
the amount of driving, time of day, and places where people
drive. When the amount of miles driven by individuals is
known, it is possible to convert crash and citation frequen-

ciesto arate (incidents per million miles) or to use mileage
as a covariate in computing mileage-adjusted rates. Unfor-
tunately, evaluation studies require data at the individual
driver level, and mileage information for individual drivers
doesnot routingly exist in any state or federal database. There-
fore, mileage information for individual drivers must be ob-
tained on a selected basis as part of each evaluation study
through questionnairesand interviews (73-76). Theonly other
optionisto use sometype of induced exposure model (77, 78).

A more fundamental approach is to assess when expo-
surevariablesare essential to the validity of the study. When
assignment to treatment is random, exposure ceases to be a
problem (confounder) because the random assignment process
ensures that the groups are initialy equivaent in terms of all
variables, including driving mileage. Evenif subsegquent expo-
sure was reduced by the treatment and, as aresult, produced a
reduction in crash rate, this reduction would still be a causal
safety effect—one mediated by exposure reduction. Infact, the
objective of some countermeasures, such aslicense restriction
and license suspension, is to reduce exposure.

Where assignment to treatment groupsis not random, pos-
sible exposure differences become critical. Any differences
in subsequent crash rates could be a function of preexisting
differences in the amount and type of driving.

Crash rates are often used as a measure of safety at inter-
sections and road segments. The inclusion of exposure in
estimating safety is required to equalize for differencesin
the intensity of use in order to make comparisons more
meaningful.

The use of crash rates to make comparisons requires that
the relationship between crashes and exposure be linear. In
other words, the crash rate should be independent of thelevel
of exposure (E).

According to Hauer (21), choosing a measure of exposure
that isnot linearly related to the crash measure could havethe
following consequences:

* When the réelationship is not linear, the crash rate will
change asthe amount of traffic (exposure) changes, even
if there was no strategy and the road remained the same.
It is possible for the crash rate to decrease even as the
facility becomes less safe. It is even possible when two
facilitiesare compared with each other for the safer facil-
ity to have ahigher crash rate than the other facility.



* When evaluating the effectiveness of aremedial measure,
anonlinear safety performance function could cause the
effectiveness to be over- or underestimated.

D3.6.4 Quality of Data

Another issue in evaluation design is the quality of data
collected. Performance measurement should be based on
good information. | n addition, performance data should be of
asufficient quality to support decision making and to report
performancereliability. High-quality datahavethefollowing
characteristics:

* Valid: Adequately represent actual performance.

* Comprehensive: Include sufficient data.

» Accurate: Are free from significant error.

* Consistent: Are collected using the same proceduresand
definitions across collection points and time periods.

Good information can be expensiveto collect. Data collec-
tion procedures should not be an undue burden that impacts
an agency’s ability to perform its duties. Attempts to reduce
the cost of collection could compromise the quality of data
collected. There needs to be an appropriate balance between
the quality of data and the cost of collection. In order to col-
lect reliable datawithout placing an undue burden on cogt, the
National Audit Office (64) recommends the following steps
for agencies:

1. Clearly define the performance measurement criteria.

2. Formally define the minimum criteriafor good perfor-
mance data.

3. Involve experts with domain knowledge early in the
process.

4. Establish accountability for collecting and reporting

performance data.

Take advantage of existing data sources and processes.

Enlist managerial support, a key component in ensur-

ing good performance data.

oo

Maximizing the use of data from existing management
information systems can help to minimize the cost of collect-
ing performance data. Where performance data are already
used as part of routine supervision and monitoring, these
existing systems could a so be used to reduce the cost of data
collection.

Many management information systems within highway
transportation agenciesalready collect reliabledatathat could
be useful for measuring performance indicators. Examples
include

* Police crash records,

* Department of motor vehicle' sdriver and vehiclerecords,
* Law enforcement traffic citation systems, and

* Roadway inventory systems.
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In addition, the quality of the data may be evaluated at a
moretechnical level in terms of the fundamental characteris-
tics of the data, which are discussed in the foll owing section.

D3.7 TECHNICAL ISSUES IN STUDY DESIGN

This section defines several terms that are used to address
different pitfalls in the design of the evaluation of a safety
strategy. Definitionsare provided here and may also befound
in NCHRP 20-45, “ Scientific Approachesfor Transportation
Research,” Volume 1, available on-line at http://traffic.ce.
gatech.edu/nchrp2045 and as a CD-ROM, CRP-CD-22.

D3.7.1 Causation

Computing statistical associations between two or more
variables (e.g., excessive speeding and the number of fatali-
ties) inthe form of correlation coefficients, odd ratios, regres-
sion coefficients, and tests of significance is a relatively
straightforward process. Although causation resultsin asig-
nificant association between an independent variable (a safety
strategy) and dependent impact measure (asafety effect), asso-
ciations frequently appear without any causative relationship
because of extraneous variables.

For example, an epidemiol ogica study matching cell phone
use records to police reports of motor vehicle crashes may
establish a correlation between the two, but such astudy alone
would not prove causation. Extraneous variables are factors
that correlate with both the independent and the dependent
variable of interest, thereby introducing a correlation between
cell phone use records and police records of motor vehicle
crashes that isindependent of any causal association.

D3.7.2 Measurement

Measurement plays a key role when assessing the perfor-
mance of a strategy or a combination of strategies. The con-
cepts of systematic error, random error (variance), validity,
and reliability are fundamental to the development of impact
performance measures.

An impact performance measure is usually a proportion,
mean, or rate computed over alarge sample of entities(drivers,
intersections, etc.) that are distinguished based on whether or
not they have received agiven strategy. The estimation of such
parametersinvolves anumber of considerations, including the
concepts of precision and bias, which arein turn influenced by
sampling error and measurement error. These errors may be
random or systematic. These concepts are briefly discussed in
following sections.

For the association between the safety of an entity and the
entity’ scharacteristicsto beviewed ascausal, it isnecessary,
as stated in the previous discussion on causation, that the
relationship not be confounded by extraneous variables.
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D3.7.3 Precision and Accuracy

Precision is the degree of variability in the parameter esti-
mate (e.g., mean crash rate of drivers aged 21-25) produced
by a given sampling plan and sample size. As sample sizes
increase, the variability (standard error) of the estimate usu-
ally decreases. Thedegree of precision isoften represented by
confidence intervals, and precise parameter estimates have
small confidence intervals.

Accuracy refers to whether repeated samples of a given
size ultimately converge to produce an unbiased estimate of
the true mean. In other words, accuracy refersto the degreeto
which repeated samplings will be distributed symmetrically
around the “true” mean.

A sampling plan can have excellent precision but low accu-
racy or vise versa. High-quality data should have both good
precision and high accuracy. This combination of good preci-
sion and high accuracy normally requiresthe use of large rep-
resentative samples and properly specified statistical models.

D3.7.4 Validity, Reliability, and
Sources of Error

The concepts of validity and reliability are frequently used
to measure performance and skill. The definitions and formula
for different types of test reliability and validity are detailed in
a manua published by the American Association of Motor
Vehicle Administrators (79). More general definitions can be
found in atext on test construction and psychometric theory,
such as The Dependability of Behavioral Measurements:
Theory and Generalizability for Scores and Profiles (80).

D3.7.4.1 Validity

Validity refersto the extent to which atest or performance
indicator measures what it intends to measure. Validity also
refersto the ability of an observed measurement to capturethe
true value of the characteristic of interest. For example, isdis-
tance traveled over time a valid measure of exposure to crash
involvement, given the variability in speeds of travel? Are
nighttime crashesavalid indicator of astrategy or acombina-
tion of strategies aimed at reducing drunk driving? Campbell
and Stanley (81) distinguish between two types of research
design validity: internal and external (general).

Validity also refersto the ability to generalize the evalua
tion findings to a larger target population and operational
environment. If the evaluation is based on highly nonrepre-
sentative samples or uses the countermeasurein away that is
different than how the countermeasure is to be implemented
operationaly, theresultsof aninternaly valid study might not
be generalizable, in which case the study would have little or
no externd validity.

For example, assume that the state of Californiawas eval-
uating the effectiveness of vehicle impound strategies and

conducted internally valid studies in three cities. If it were
found that the strategies reduced repeat-offense rates by 12%,
15%, and 17% in the three cities, could one generalize these
estimates to an ISHSPlan implemented in the entire state?
Although one might not be confident asto the repeatability of
these results, it is likely that a statistically significant effect
would occur at the state level.

There are situations where generalization can become
problematic. Using the sameimpound strategy asanillustra-
tion, there might be considerably more doubt in generalizing
thefindingsin Californiato a different state or province.

D3.7.4.2 Reliability

Reliahility refersto the likelihood of getting similar results
from repeated samples. If the same variableis measured mul-
tiple times and the result each time is the same, then the mea-
sureisconsidered highly reliable. A low reliability meansthat
the results are likely to look quite different, even though the
same variable has been measured each time. Reliability has
important consequences for the validity of atest or measure,
sincevalidity cannot exceed reliability. A test or measurewith
zero reliability necessarily has zero validity.

For example, crashes are not really direct measures of
driver behavior, but are consequences of multiple inter-
acting variables of roadway, vehicle, and random external
variables. Assuch, driving behavior itself may be quitereli-
able but not highly correlated with actual crash involvement
(71, 82). Thelarge measurement error inherent in using crash
rates renders the crash rates susceptible to large regression
artifacts (regression-to-mean). Regression-to-mean will most
likely occur whenever individuals or groups of drivers are
selected based on crash rate deviancy.

Although limited as measures of individual crash propen-
sSity, crash rates can have acceptable reliability when com-
puted for aggregate driver categories (e.g., age, gender, and
prior traffic conviction frequency). One can therefore make
reliable actuarial estimates of a group’s crash expectancy
even though one cannot accurately predict which individuals
within that group will have crashes.

D3.7.4.3 Sourcesof Error

Random error. Variation that can be attributed to chance
alone is called random error. Random errors may be due to
subtle variations in the observer, circumstances, instruments
being used, observed person, road location, or vehicle. Such
errors are equaly likely to over- or underestimate the true
value. Measurements with a high degree of random error are
said to lack precision. Achieving a high level of precision, in
the face of high variability, is difficult in practice. It requires
anincreasein the number of observations and reduced sources
of variability.



Systematic error. Systematic error results in consistent
over- or underestimation relative to the true value, resulting
in a biased estimate of the truth. Sources of systematic bias
can be classified as one of two groups: selection biasor infor-
mation bias.

Selection biasinvolves problemsin the choice and recruit-
ment of study subjects (people, vehicles, road sites, crashes
for detailed investigation, etc.). This bias is particularly an
issue when performance information is collected from sur-
veys and when respondents are not selected randomly. This
biasisevident when entities such asroad locations or drivers
are selected for further treatment on the basis of ahigh crash
count, leading to the regression-to-mean phenomenon.

Information bias involves problems in the way the data
about each subject are obtained. Common causes of infor-
mation bias relating to measurements obtained from crash
dataare

* The underreporting of crashes,
* Inaccurate and incorrect crash information, and
* Missing crash information.

Both selection and information bias will affect the fina
measurements, including their reliability.

The underreporting of crashes can create significant infor-
mation biasif analysisis based solely on police crash report
data. According to a study done by Hauer and Hakkert (83)
among 18 reporting authorities in the United States, Canada,
the Netherlands, and Germany, the degree of crash under-
reporting is substantial and differs widely from one author-
ity to another. The authors estimated that fatalities seem to
be known to an accuracy of +5%. It was found that about
20% of injuriesthat require hospitalization are underreported
(i.e., inaccurate severity or not reported), and only about 50%
of al injuries sustained in motor vehicle crashes are reported
to the police.

Hauer and Hakkert (83) state that the probability of report-
ing an injury to young children is 20-30%, and for people
over 60, the probability is 70%. James (84) explains that the
low reporting rate for children is related to the type of crash
in which they are most likely to be involved in, namely bi-
cycle crashes.

Hauer and Hakkert (83) found that that the probability of
reporting an injury is largest for the driver, less for the pas-
senger, and even lessfor nonoccupants. Elvik and Mysen (85)
confirmed that reporting level stend to be higher for occupants
and lowest for cyclists. This was the pattern for al 13 coun-
tries considered in their investigation (85). Elvik and Mysen
found that the reporting of single-vehicle bicycle crashesis
particularly low—Iless than 10% in all the countries studied.

Hauer and Hakkert (83) argue that most of what is said
about road safety is based on crashes that have been reported
and not on estimates of what actually occurred. This makes
the safety problem appear to be smaller than it really is and
confuses changes in safety with changes in crash reporting
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trends. According to Hauer and Hakkert, if theinclination to
report a crash is constant from period to period and between
sites, comparisons on safety on the basis of reported crashes
are legitimate. However, Hauer and Hakkert argue that this
assumption isunrealistic. Several factorsinfluence the prob-
ability of a crash being reported—factors that can change
over time and from location to location.

D3.8 EVALUATION DESIGNS
AND ANALYSIS METHODS

The purpose of this section to

* Present an overview of the different key concepts and
characteristics of eval uation design and study approaches,

* Explain the relevance of these characteristics to high-
way safety, and

* Provideillustrative examplesof theideasusedin practice.

The reader is assumed to have at least a first-year-college-
level knowledge of research design and statistics. For more
detailsand elaboration, the reader isreferred to the references
and, particularly, to “ Scientific Approaches for Transporta-
tion Research” (available on-line at http://traffic.ce.gatech.
edu/nchrp2045 and as a CD-ROM, CRP-CD-22), which isa
comprehensive document. This section may be viewed as a
supplement to “Scientific Approaches for Transportation
Research” and not as a replacement or substitute. In addition,
there is considerable overlap between the evaluation designs
and analysis methods described in this section and those
designs and methods discussed in Appendix D2 when evalu-
ating new, innovative, or existing strategies for which thereis
otherwise insufficient information to estimate their effect.

Thetraditional textbook explanation of the scientific method
is approximately asfollows:

1. Form ahypothesis,

2. Collect data,

3. Analyzethe data, and
4. Report conclusions.

Road safety study design is not that simple. While the first
step of forming ahypothesis conformsto the traditional scien-
tific method, the steps that follow and their order islessclear.
The hypothesis is basically a question, any safety question,
wherethe answer isunknown or unclear. The question may be,
“How many lives would be saved if rumble strips were used
onall roadsin the state?’ Stating this question as ahypothesis
might yield, “Rumble stripswill reducefatalitiesby 4% inthe
state.” The type of question or hypothesis helps determine
what type of analysis needs to be conducted. However, the
question“Do rumblestripsreducefatalities?” may lead to very
different types of analysis. Therefore, researchers may need to
evaluate whether their hypothesisis appropriate.
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One misconception based on the textbook-based scientific
method is that first data are collected and then the analysis
method is chosen. Ideally, the evaluation method would be
chosen before the data are collected. Knowing how one is
going to analyze data determines which data need to be col-
lected. For pilot and evaluation studies, the original proposal
for the study should always include details regarding the
analysis. If the analysis method has not been decided upon
before the data have been collected, then thereisavery high
possihility that the datacollected will fail to adequately address
the hypothesis. Therefore, whilethe analysis can only be con-
ducted after the data have been collected, the analysis method
should be selected before the collection of data.

For nonpilot studies (i.e., studies that are retrospective
using historical data), the situation is obviously somewhat
different in that one does not have the luxury of determining
which datawere collected in the past. In order to conduct the
type of analysis needed, the historical data may need to be
transformed, adapted, or selectively filtered to fit within the
constraints of the necessary statistical test. Necessity isbased
on requirements needed to test the hypothesis.

The purpose of evaluation is to determine what effect a
strategy has on safety. In order to be successful, an evaluation
study must be designed to eliminate, or at least render improb-
able, alternative explanations for any observed changes. This
task is accomplished by controlling other influencing factors
so that their effects are either minimized or accounted for.
Using a control group is one methodology for factoring out
influencing factors. For example, Hauer (37, 86) discussesthe
study to determinethe effect of the Reduced Impaired Driving
Everywhere (RIDE) program on DUI injuries and fatalities.
Many factors and strategies can influence acohol-related
injuries. Therefore, the change in acohol-related injuries and
fatalitiesafter theimplementation of the RIDE program could
be due to a variety of factors. The RIDE program was not
implemented in every police district, and districts without the
program could act as control groups. By comparing the num-
ber of alcohol-related injuries and fatalities in districts with
and without the RIDE program, it is possible to determine
what reduction, if any, is due to the RIDE program.

A variety of research designs and techniques have been
developed specifically to assist in the design of evaluation of
strategies or treatments (81, 86, 87 ). Evaluationsfall into two
broad categories. randomized experimental designs and
quasi-experimental designs. (Note: some material inthe next
paragraphs has been also incorporated into Appendix D2,
where similar evaluations are applied to new or innovative
measures.)

D3.8.1 Randomized Experimental Design

In an evaluation design, the key method for deciding which
entities (e.g., drivers, road sites, and vehicles) should be
included in apilot study is random selection. Entities are ran-

domly selected for the application of acountermeasure. Exam-
ples of countermeasures include formal driver training or red
light cameras. A group of randomly selected entities receives
no countermeasures and is the control group, the group used
for comparison purposes. The other randomly selected entities
receive the countermeasure and are the treatment group.
Random assignment reduces the possibility that a con-
founding effect may somehow influence the results of the
study. A confounding effect is defined as avariable in a sta-
tistical model that is correlated with a variable that is not
included in amodel. For example, confounding may result in
an improvement being attributed to a strategy when, in fact,
theimprovement isdueto avariable unrelated to the strategy.
In awell-designed evaluation study, all extraneous variables
that might confound interpretation of the study results are
eliminated or controlled. Two examples of the confounding
effect from highway safety literature are the following:

* When behind-the-wheel driver training was first intro-
duced in high schoals, initial studiesfound that teenagers
who compl eted training had much lower crash rates than
those who did not. This statistical association was hailed
as evidence for the safety benefits of driver training. But
it was subsequently demonstrated that those who chose
to enroll in driver training classes differed on numerous
other characteristics (attitude, grade point average, etc.)
and virtually all of these personal characteristics were
associated with more favorable crash and citation rates
independent of any beneficial effects of driver training.
Biases of this magnitude are particularly strong in any
evaluation where entry into asafety strategy isvoluntary
or based on self-selection. Subsequent better-controlled
evaluations of driver training programs have failed to
produce unequivocal evidence of any safety value (88).

* Theevaluations of the effectiveness of court adjudication
sanctions(fine, jail, traffic violator schools, alcohol treat-
ment programs) are often corrupted by confounding fac-
tors. The procedures used by judges in determining a
driver’ ssanction are not random. Even when done as part
of aformal evaluation project, courts rarely follow an
established random assignment protocol. Consequently,
the resulting sanction groups will often differ on numer-
ous characteristics as a function of the judge’s discre-
tionary authority and subjective perception of which
sanctionislikely to bethe most appropriate and effective
for agiven offender.

In arandomized study, statistical differences between the
treatment and control groups are assumed to be due to the
effects of the strategy. A carefully designed evaluation study
will determine two things about a strategy:

* The magnitude and direction of effect of the strategy
(How large isthe effect, isit in the hypothesized direc-
tion?) and



* Whether the effect of the strategy is statistically signifi-
cant (Is the difference real and repeatable or a random
fluctuation?).

The smaller the magnitude of an effect is, the greater the
amount of effort isthat is required in the evaluation study to
conclude that an effect is significant. A greater effort implies
that a greater amount of data needsto be collected to measure
a smaller effect. As previously discussed, collecting more
datais more expensivein terms of budget and resources. One
method of obtaining more data at reduced cost isto use proxy
measures (i.e., measures that assess related or highly corre-
lated characteristics to the variable of interest). For example,
the number of conflicts at an intersection is highly correlated
to the number of crashes at an intersection. Since there are
many more conflicts per hour than crashes, much more data
can be collected by counting conflicts than by counting
crashes.

D3.8.2 Quasi-Experimental Designs
and Observational Studies

Controlled evaluation using random assignment is not
always possible or appropriate. For example, it isnot possible
to randomly assign peopleto certain ages or sexesor to assign
thehistorical number of crashesto different locations. In addi-
tion, in many cases it may be unethical to arbitrarily apply
countermeasures that are believed to reduce safety or to with-
hold countermeasures that are believed to improve safety
from a control group. In such cases, randomized experimen-
tal designs are either not possible or not appropriate.

When randomization is not feasible, one could consider
guasi-experimental aternatives. Campbell and Stanley (81)
and Cook and Campbell (87) have written extensively on
evaluation designs, primarily asthey relate to eval uating edu-
cational programs. Campbell and his colleagues do not actu-
ally advocate quasi-experimental designs; in fact, they point
out that quasi-experimental designs frequently lead to biased
results. The authors recommend that randomized designs
be used as extensively as possible and quasi-experimental
designs be used only if there are no other options.

However, because of the difficultiesinvolved in adequately
randomizing all factors of interest in traffic safety, experi-
mental designs are infrequently applied to evaluate counter-
measures and strategies. Quasi-experimental designs are
more often used with efforts to minimize potential biases. A
highway safety—oriented paper by Peck discussesusing quasi-
experiments to evaluate the specific effects of DUI sanctions
and DUI treatment programs (89). By far, the most common
guasi-experimental designs used in evaluating safety treat-
ments are variants of the nonequivalent control or cohort
study (also known as aweakly randomized treatment-control
design). Cook and Campbell (87) describe the variants and
conditions under which these designs can provide valid and
relatively definite results.
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D3.8.3 Before-and-After Comparison Studies

In arecent book, Hauer (37) has developed much of the
methodology in this area of safety analysis. The book identi-
fiesthe special problems created by the peculiarities of crash
and related data. Hauer presentsthelatest methodsto account
for these problemsin observational before-and-after studies.
Before-and-after refers to a class of studies where measure-
ments are taken before the implementation of a strategy and
then after the implementation. Before-and-after studies en-
compass al methodologies by which one may study the
safety effect of an implemented strategy on a group of enti-
ties (road sections, intersections, drivers, vehicles, neighbor-
hoods, etc.) (37).

Persaud (11) statesthat someor all of the observed changes
in safety following atreatment can be dueto factors other than
the treatment and need to be separated from the treatment
effect. Thesefactorsinclude traffic volume changes, trendsin
crash occurrence, and random fluctuation in crash counts.

The observed change in safety following atreatment isthe
sum of the following four effects:

* Treatment effect: The changeinthelevel of safety was
caused by the influence of a strategy. The estimation of
this effect is the primary objective of a strategy evalua-
tion study.

* Exposure effect: A change in exposure islikely to have
a proportional affect on crash frequency. Between the
before and after periods, anincrease or decreasein the ex-
posure (e.g., traffic volumes) may occur. Anincreasein
traffic volumes after the implementation of a strategy
could by itself lead to an increasein crashes. Not account-
ing for the exposure effect could result in the underesti-
mation of the treatment effect whenever traffic volumes
have increased, and vice versa. A countermeasure can
directly influence exposure—for example, an extended
learner period reduces exposure for young driversby lim-
iting their driving habits and, consequently, may reduce
the number of young drivers involved in crashes. Thus,
the effect on crashes is a direct result of the exposure
effect of the countermeasure.

» Confounding effect: Many possible causal factors are
difficult to identify and measure. Between the before
and after periods, there are changes in the traffic com-
position, driver composition (e.g., more older drivers),
law enforcement activity, legidlation, crash-reporting
practices, and so forth.

* Random effect: Variation in datacan often be attributed
to chance alone.

Crash counts in a time period are random variables that
have a Poisson-like distribution around a long-term mean
(90). Thislong-term mean isreferred to asthe “true” level of
safety. It is unlikely that an observed value will be equal to
the long-term true mean because of the discrete and random
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nature of crash data. The difference between the true mean
and the observed value is referred to as “random error.”
Remedial measures are normally applied to crash sites with
ahigh historical crash frequency. Thisapplication introduces
selection bias or the regression-to-mean effect (90). In the
after period, the count will generally decrease, even in the
absence of any remedial measure, thereby creating a false
sense of success.

According to Persaud (11), there are two distinct method-
ologies to conduct before-and-after studies:

» Conventional before-and-after comparisons and
* The empirical Bayesian procedure.

The above methodologies have different results when
eliminating the exposure, confounding, and random effects
from the observed change after treatment.

D3.8.3.1 Conventional Before-and-After
Comparison

The simplest, but least powerful, of al evaluation designs
isthe before-and-after study with no comparison group. This
method involves a comparison of the dependent measure
before and after theintroduction of astrategy to determinethe
extent of change. For example, the average crash frequency
among atarget group in the 5-year period before the strategy
could be compared statistically with the average crash fre-
guency in the 5 years following the introduction of the strat-
egy. If the strategy had the anticipated effect, the crash fre-
guency should be smaller after the strategy than it was before.

Although the before-and-after study with no comparison
groups provides an indication of the extent of change over the
period in question, it does not provide compelling evidence
that the change was directly aresult of the strategy. There are
numerous explanations other than the strategy that could
account for any observed change. For thisreason, other, more
powerful techniques must be employed when possible.

One of the simplest, most common meansfor improving the
design is to include a control group of entities that were not
exposed to the strategy. The more comparabl e the characteris-
tics of the treatment and control groups, the greater the valid-
ity of the results. The addition of acontrol group increasesthe
strength of the before-and-after study. However, strong con-
clusions cannot be made about the treatment effect, since
there are till numerous other potential explanations for any
observed changesin safety.

An elaborate statistical treatise on the conventional before-
after methodology is a draft FHWA report by Griffin and
Flowers (91). The report isintended to be amanual that doc-
uments and discusses the following six different statistical
methods. These methods may be used to determine whether
and to what degree selected highway projects are reducing
crashes:

* Simple before-and-after design,

* Multiple before-and-after design,

* Simple before-and-after design with yoked comparison,

* Multiple before-and-after design with yoked comparison,

* Simple before-and-after design with yoked comparison
and check for comparability, and

* Multiple before-and-after design with yoked compari-
son and check for comparability.

“Multiple” designs combine information from a series of
treatments to produce a more stable estimate of treatment
effect.

Y oked comparisons are characterized by three measures:
time per treatment site, before and after at the treatment site,
and before and after at a comparison site. These three mea-
sures control for extraneous factors such as changesin traffic
conditions, reporting thresholds, and other factors known and
unknown.

The comparability check is to ensure that crash trends in
the comparison group mirror those in the treatment group in
each of the before and after periods. For example, if crashes
arerising at 5% per year in the treatment group during the
before period, then one should expect crashes to rise by 5%
per year in the comparison group during the after period.

Hauer’ sbook (37), the report by Griffin and Flowers (91),
and other prominent sources such as Pendleton (15) empha-
size the problem of regression-to-mean. Hauer states that
using acomparison group to control for regression-to-meanis
problematic, since sites must be matched on crash frequency
in order to control for changesin safety dueto arandom fluc-
tuations in crash counts. For example, if atreatment site had
five crashes of the target type before implementation, the
matched comparison site should also have had five crashesin
the same period. Given this substantial data requirement, the
empirical Bayes approach is preferred over conventional
before-and-after designs, as acknowledged by Griffin and
Flowers (91), for situations “where regression-to-mean might
be at play.”

D3.8.3.2 The Empirical Bayes Approach

The empirical Bayes approach overcomes the difficulties
in selecting aproper comparison group by not relying on one.
In particular, it overcomes the difficulty of finding compari-
son sites with the same number of crashes when safety isa
consideration in selecting sites for treatment. The approach
also facilitates the proper accommodation of traffic volume
changes and time trends in ajurisdiction’ s crash experience.

The objectiveisto estimate the number of crashes expected
inthe after period at the treatment site had there been no treat-
ment. The treatment effect is the difference between this esti-
mate and the number of crashes actually recorded after treat-
ment. The number of crashes expected in the after period had
there been no treatment is aweighted average of the number of



crashesinthe before period and the number of crashesexpected
on siteswith similar traffic and physical characteristics.

To estimate the weights and the number of crashes expected
on siteswith similar traffic and physical characteristics, aref-
erence group of sites similar to the treated site is used for
extrapol ation as described by Pendleton (15). Where sufficient
dataare available, amultivariate mode, or safety performance
function, that relates crash experience to traffic and physical
characteristics of sites in the reference group is calibrated
and used to estimate the weights and the number of crashes
expected for the reference group.

Hauer (37) refersto thisasthe “multivariate EB [empirical
Bayes| method,” while Pendleton (15) callsit the* EB method
with covariates.” The approachispreferred over conventional
before-and-after approaches that directly estimate the refer-
ence group crash experience. However, there are two draw-
backs with the empirical Bayes method:

* Suitable reference population data for calibrating the
models arerare in practice.

* The task of calibrating a multivariate model can be
challenging, even for those with substantial statistical
knowledge.

To overcome these drawbacks, some analysts seek to
adapt models devel oped by others for reference populations
similar to those of interest. To thisend, thereis considerable
research underway to devel op acomprehensive suite of mod-
elsfor avariety of reference populations.

The main obstacle to applying the empirical Bayes
approach, according to Persaud (11), is that the methodol-
ogy, though conceptually simple, can be cumbersome to
apply, especialy for analysts without the required back-
ground in statistics. Even the provision of software packages
suchasFHWA'sBEATS (Bayesian Estimation of Accidents
in Transportation Studies) (92) has done littleto help in this
regard. AsPendleton (15) notes, “theissue of who should use
this complex methodology requires careful consideration,”
and theversion of BEATS existing at thetime“ requires addi-
tional effort to even be usable by the statistically sophisti-
cated researcher.”

D3.8.3.3 Cohort Sudies

A cohort study is a study in which entities that presently
have a certain condition and/or receive a particular treatment
arefollowed over time and compared with another group that
is not affected by the condition under investigation. In the
simplest variant of this study, which isthe one most relevant
to road safety evaluations, one group (e.g., drivers) receives
a treatment (e.g., driver training). A comparison group is
identified as onethat does not receive thetreatment. Thiscre-
ates a difficulty because assignment to treatment and com-
parison groups is not random (the groups are usually differ-
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ent in avariety of characteristics, some of which affect safety
performance).

For example, Sebastian (39) evaluated the safety effec-
tiveness of different left-turn phasing operations at signalized
intersections by dividing intersections into three different
groups depending on the left-turn phasing arrangement—
permitted, protected/permitted, and protected only. The aver-
age left-turn crash rates for these three groups were com-
pared with each other. However, the selected intersections
varied in anumber of characteristics that could affect safety
performance. For example, most approaches without a dedi-
cated left-turn lane operated with permitted phasing.

When assignment of treatments or exposures is not possi-
ble, the investigator must adopt a more passive role, usually
by conducting an observational study. Sometimesit is possi-
ble to identify two otherwise comparable groups, or cohorts,
that differ by some variable of interest (e.g., exposure to a
particular program or a particular engineering feature) and
follow them over time to assess differencesin consequences
(e.g., their crash record). After controlling for measured con-
founding variables, the study subjects can be compared even
though they have not been formally randomized as in an
experiment. For example, one can use administrative data-
bases of traffic convictions or crash records to obtain direct
estimates of risk of conviction or crash.

The cohort design isamong the most common designs used
in the evaluation of highway safety strategies. Even studies
conducted many years ago have often employed sophisticated
gtatistical analyses. Though not an example of an evaluation
study, agood example of acohort designis provided by Brez-
ina (38), whose study examined a sample of approximately
49,000 Ontario drivers over a 39-month period in the late
1960s. Brezina examined patterns of crash and conviction
occurrence associated with sex, age, degree of experience, and
size of community. Patterns were identified using life table
analysesfor first crash, multiple regression to predict crashes,
and measures of association between convictions and crashes.

The cohort design is commonly used in the evaluation of
safety strategies targeted at road locations. In this context,
they arealso referred to as* cross-section” or “with and with-
out” studies. For these applications, the differencesin crash
experience between two cohort groups is usually partly due
to factors other than the measure being evaluated, and these
factors cannot be controlled for.

Differences in traffic volume and other characteristics can
be controlled for through the use of a regression model in
which crashes are first related in a regression equation to a
variety of highway features, including traffic volume. The
safety effect of making achangein one or more variables can
then be estimated using the equation to cal cul ate the resulting
change in crashes. Council and Stewart (40) evaluated the
safety effects of converting rural two-lane roadways to four
lanes based on regression equations relating crashes to the
annual average daily traffic (AADT) for roads with these two
typesof cross sections. Thiscan betricky tointerpret, because
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it may not be possible to statistically control all possible con-
founders such as speed, sight distance, and geometry. This
difficulty isthe reason why these studies may lead to counter-
intuitive conclusions (e.g., that seemingly “good” measures
such asleft-turn lanes or illumination are bad for safety).

The studies to examine the effectiveness of graduated
licensing programs (GL Ps) include a number of cohort stud-
ies. For example, a cohort of new drivers licensed before a
GLPisintroduced may be selected to compare with a cohort
of new drivers licensed after the GLP is in place. These
designs have been used to evaluate GLPs in Ontario (41), in
Florida (42), and in Nova Scotia (43). Many, if not all, of
these studies have relied exclusively on administrative data-
bases to identify suitable new drivers (i.e., eligible for the
GLPintheir jurisdiction, whether subject to it or not) and to
examine their crash frequencies as recorded in their driver
records for a defined period of time.

Numerousfactorsor conditionsfavor acohort study involv-
ing nonrandomly assigned cohort groups. Inferences from
nonrandom studies becomelessvulnerableto validity threats
if some of the following conditions exist:

* Somedegree of active control in assignment of subjects,

* Moderate or negligible self-selection in determining
treatment group membership,

* A small degree of bias on the covariates,

* A treatment effect (differences in adjusted means) that
is much larger than the bias,

* A covariate pool that reflects most of the important fac-
tors known to be related to outcome,

* Minimal measurement error on the covariates, and

* An unadjusted treatment effect that is statistically sig-
nificant and opposite to the direction predicted by the
observed bias.

Cohort studies can aso be enhanced by use of a control
variable (89). A control variable is a measure that reflects
exposure but is expected to be uninfluenced or lessinfluenced
by treatment. For example, Peck (89) cites two California
studies in which interpretation of the effects of DUI counter-
measures were enhanced by comparing effects on alcohol-
related crashes with crash rates for non-acohol-related
crashes. Griffin and Flowers (91) present anumber of before-
and-after evaluations on the effects of continuous shoulder
rumble strips on on-the-road crashes. Each design uses day-
time crash frequency as control measure based on the logical
premise that rumble strips would have a much greater effect
on nighttime crashes.

D3.8.3.4 Case Control Sudies

Case control studies compare entities that already have a
certain condition with entities that do not. A cohort study
may not be feasible if entities are exposed to different risks
of crash or injury. Or the outcome of interest may be so rare

that large numbers must be followed for extended periods to
accumul ate a reasonable number of outcome events. In these
circumstances, the case control design may be an effective
alternative.

In general, case control studiesrequire much smaller sample
sizesthan do other designs; thisisimportant when datamust be
collected for each individual involved in the study, such asthe
amount and type of driving done by a group of drivers. The
case control design identifies subjects who have the outcome
of interest, such as crashes (cases), and compares them with a
group that has not experienced this outcome (controls) with
respect to factors that might change the risk of the outcome.

For example, one could look at intersections with crashes
involving elderly pedestrians and compare the characteristics
of theseintersectionswith intersections that have not experi-
enced such crashes. Analyses might find a number of differ-
ences between cases and controls, so that asimple cause-and-
effect relationship that implicates one factor is not clear.
Statistical analyses that are able to examine the association
with one factor while controlling for other factors, such as
multiple logistic regression, are commonly used to clarify
these relationships.

Haddon et al. (44) provide a good example of a case con-
trol study, though not an example of an evaluation study.
Haddon et al. carried out a case control study in New Y ork
City to examine factors that might be associated with fatal
injuries to adult pedestrians. The cases were adults hit by
motor vehicles at a known site and time in Manhattan who
died of their injuries and were autopsied. For each case, a
team of investigators returned to the site of the crash at the
same time of the day and day of the week to recruit four
pedestrians of the same gender asthe case. Sitesvaried from
outside Grand Central Station in the evening rush hour to a
street in Harlem at 2:00 am. Each control pedestrian was
asked to provide information that had been obtained for the
case in the investigation of the fatality (e.g., age, race, place
of residence, travelling alone or in company, and origin and
destination of the trip). At the end of the interview, a breath
sample was collected to assess BAC, to compare with BAC
obtained at autopsy from each case.

Matching controls to cases on gender and site was not suf-
ficient. The controls were much younger than the cases, and
agewaslikely to confound other factors. The statistical analy-
ses available to Haddon et al. when these data were collected
werevery different fromwhat is possibletoday. Nevertheless,
the authorswere ableto demonstrate a strong association with
alcohol after stratifying for age in the comparisons.

Despite their utility when the outcome of interest is rare
(e.g., fatal crashes), case control studies are not as heavily
used in traffic research as might be expected.

Unlike some cohort studies, case control studiesrarely rely
solely on the data already available in administrative data-
bases. Such databases may provide part of the data needed, but
usually involve additional data collection from the cases and
controls. For example, it has been suggested that case control



design could be very useful in some aspects of the evaluation
of graduated licensing, especially when factors that are not
part of what is routinely available on all drivers are to be
examined, such asadriver’ semployment status or annual dis-
tance driven. However, case control studies are less useful for
evaluating the effects of treatment programs because the strate-
giesof interest would often not be present, at least at sufficient
sample sizes, in the pre-outcome histories of the subjects.

D3.8.3.5 Interrupted Time-Series analysis

Time-seriesanalysisis used to develop forecast models for
time-indexed data; in other words, each data point is associ-
ated with atime-stamp. Thefollowing example servestoiillus-
trate how an interrupted time-series design was used to evalu-
ate the effect of a sobriety checkpoint program.

Lacey et al. (93) used an interrupted time-series design to
measure the effectiveness of Tennessee's statewide sobriety
checkpoint program called Checkpoint Tennessee. The depen-
dent variable and measure of effectiveness used in the study
was “drunk driving fatal crashes.” A drunk driving fatal crash
was defined asafatd crash in which one of theinvolved driv-
ers had a BAC of 0.10%. Data for the study were obtained
from NHTSA’s Fatality Analysis Reporting System (FARS).

Two techniques were used to account for confounding
factors:

* A model of drunk driving fatal crashes in five states
surrounding Tennessee (Kentucky, Georgia, Alabama,
Mississippi, and Louisiana) was developed using the
same proceduresto seeif an effect occurred coincident
with Tennessee strategy. Such an effect might indicate
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aregional or, possibly, anational factor not associated
with the strategy.

» All fatal crashes were also included as an explanatory
variable in the model for Tennessee and the model for
the five surrounding states.

To account for a possible lag between the time the pro-
gram was started and the time an impact occurred, the analy-
sis was conducted using different start dates.

The ARIMA analysis method developed by Box and
Jenkinsin the 1970s, and incorporated in the SAS statistical
package as PROC ARIMA, was used to anayze the time-
series data. Lacey et al. (93) found that the best results were
obtained when “all drunk driving crashes’ wasthe dependent
variable. The model showed that the strategy variable
(Checkpoint Tennessee) had a significant effect, amounting
to a reduction of about nine drunk-driving fatal crashes per
month (t ratio = =7.06). Thiswas a 20.4% reduction over the
projected number of drunk driving fatal crashes that would
have occurred with no safety strategy.

The results are depicted graphically in Figure D-21. The
heavy line (labeled “model, program™) representsthe ARIMA
time-series model fitted to the actual data. The light line
(Iabeled “model, no program”) shows the series after the start
of the checkpoint program had there been no program.

According to McBurney (48), an interrupted time-series
design is a“research design that alows the same group to be
compared over time by considering the trend of the data
before-and-after experimental manipulation.” The strategy
interrupts sequential measurements of the performance mea-
sure (dependent variable). Differencesin the dataseriesbefore
the strategy is implemented are examined to determine if the
strategy caused the dependent variable to change.
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The interrupted time-series design is one of the most
powerful evaluation designs and has been widely used in
the traffic safety literature to assess the impact of avariety
of strategies, including changesin drinking and driving leg-
islation (94) and GLPs (43).

The interrupted time-series approach requires arelatively
long series of equally spaced observations both before and
after a strategy. Monthly summaries of traffic crashes are
often used for this purpose. The analysisinvolves examining
the data statistically for the presence of long-term trends and
cyclesinthe series and determining whether these trends and
cycles changed at the time the strategy was introduced.

According to an onlinetutoria by Polson (95), theinfluence
of extraneous (confounding) factors is the greatest threat to
internal validity in an interrupted time-series design. One way
to account for confounding factorsisto include a control con-
dition. For example, time-series datafrom acontrol group can
be assessed (a design called Interrupted Time Series with a
Nonequivalent No-Treatment Control Group Series; see Cook
and Campbell [96]). Another possibility would be to collect
time-seriesdatafor another dependent measure that should not
be affected by the treatment variable but could be affected by
likely confounding variables (adesign called Interrupted Time
Series with Nonequivalent Dependent Variables).

A frequently used approach in evaluating DUI laws is to
compare monthly pre- versus postcrash rates involving alco-
hol (or late-night crashes as a surrogate) with a comparison
seriesinvolving non-DUI crashes (or daytime crashes). These
designsare often easy to execute, assuming that the necessary
monthly or weekly historical crash dataexist and are adequate
for detecting moderate-to-large strategy effects. However,
the designs often lack sensitivity for detecting small strategy
effects.

The design must effectively rule out most alternative expla-
nations for any observed changes in the dependent measure,
thereby enhancing thevalidity of theinferencethat the changes
are attributable to the strategy.

D3.8.3.6 Regression Discontinuity Method

The regression discontinuity method sometimes involves
acomparison of thetrendsin the annual series of the outcome
measure before and after the strategy. | n essence, thismethod
isatime-series analysis using annual data. It can be used to
determine the extent to which the prevailing trends in the
dependent measure were altered subsequent to the introduc-
tion of the new strategy. The analysis involves calculating
the regression line for the dependent measure over time with
theinclusion of aparameter to represent the strategy (i.e., the
implementation of the new strategy [97]).

This method can be used with any outcome measure for
which there is a number of equally spaced data points (e.g.,
annually) before and after the strategy. The regression discon-
tinuity method can rule out the possibility that any apparent
change in the outcome measure was the result of a preexisting
trend. The regression discontinuity method can also be made

more powerful through the addition of a control group with
data over the same period of time.

Polson (95) summarized the regressi on disconti nuity method
asfollows:

* Theperformance metric ismeasured before the strategy.

* The strategy is applied.

* The performance metric is measured after the strategy.

* A regression lineis calculated separately for the perfor-
mance measures before and after the strategy.

* The regression lines are compared to determine the
effect of the strategy on the performance measure.

Beirnesset al. (98) used regression discontinuity procedures
in an evaluation of the vehicle seizure/impoundment (VSI)
and administrative license suspension (ALS) programsimple-
mented in Manitoba in late 1989. The authors examined the
annua number of fatally injured driverswith positive BACsin
Manitobain the 5 years before and the 6 years after theimple-
mentation of the ALS and VS| programs. Linear trends were
plotted for the number of drinking driving fatalitiesbeforeand
after the introduction of the two strategies. The authors found
that prior to 1990, the linear trend was rising, but following
implementation of the ALS and VS programs, the trend was
flat. Applying the regression discontinuity method revealed a
strategy effect that approached significance (p < 0.08). This
suggested a disruption in the series corresponding to the
implementation of ALSand VSl programs. In the comparison
province of Saskatchewan, the trend lines revealed that prior
to 1990, the number of drinking-driver fatalities was decreas-
ing; since 1990, the trend continued downward, but at amuch
sower rate. Regression discontinuity analysisrevealed no sig-
nificant disruption in the series between 1989 and 1990 (p >
0.1). Based on these findings, the authors concluded that

regression discontinuity analysisreveal ed an effect of the strat-
egy in Manitoba of marginal significance, but asimilar analy-
sis of data from Saskatchewan failed to find a significant
change in drinking-driver fatalities corresponding to the time
of theintroduction of ALS and VSl in Manitoba (98).

Although the previous types of studies have focused on
time-series applications, regression discontinuity can be used
in any study where there is a strong covariate and subjects
have been assigned to treatment based on their scores on the
covariate.

D3.9 PRACTICAL APPLICATIONS FOR THE
DEVELOPMENT OF PROCESS AND
IMPACT MEASURES AND THE DESIGN
OF RELEVANT EVALUATION METHODS

D3.9.1 Instituting Graduated Licensing
for Young Drivers

Graduated driver licensing for young drivers is one of
AASHTO's 22 key emphasis areas. Considering graduated



driver licensing for young drivers is appropriate from two
perspectives:

* The elevated crash risk of young, inexperienced drivers
iswell documented in the United States and elsewhere.
Accordingly, young driversare an identifiable emphasis
areathat needs to be addressed in all jurisdictions
* Driver licensing, and in particular asystem of graduated
licensing, is a promising solution to reduce the crash
involvement of young drivers, since
—The program directly addresses the two factors that
give rise to the higher crash risk of young drivers—
inexperience and immaturity—by ensuring that begin-
ners acquire their initial on-road driving experience
under low-risk conditions and by delaying full licen-
sure until they are older and

— A growing body of research demonstrates that gradu-
ated licensing is an effective safety measure (al evalu-
ations conducted to date have reported positive safety
benefits).

None of the evaluation studies of graduated licensing con-
ducted to date, however, illustrate all aspects of the evaluation
design and system measurement process in highway safety.
Taken together, these studies can be used to demonstrate how
the process can and should operate. The studiesthat are refer-
enced in this section include evaluations of GLPsin

* Nova Scotia (35, 43, 99),
* Michigan (100, 101), and
* North Carolina (102).

D3.9.1.1 Problem Identification and Solutions

Asmentioned above, theyoung driver crash problemiswell
documented, as humerous age-based studies have found that
young drivers have the highest per-driver and per-distance
crash rates. Typically, however, concern about the problem
results from atragic crash in which ateenage driver is at fault
and severa innocent victims are killed. Intense media atten-
tion to the crash raises public awareness about the problem and
ademand for political action.

The government agency responsible for road safety typi-
cally reacts to this call for action by commissioning a study
to examine the contemporary magnitude, characteristics, and
causes of the young driver crash problem. Per-capita and/or
per-driver age-based crash rates (e.g., the number of 16-year-
old driver crashes per 10,000 licensed drivers compared with
the crash rate for older drivers) are examined, confirming the
elevated crash risk of young driversin that jurisdiction. Based
on such research, the government agency considers possible
solutions that have been suggested for reducing the risk of
crash among young people. Graduated driver licensing is
among the solutions and has become increasingly popular
over the past decade. Thisisillustrated by the fact that more
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than 40 states have adopted some version of graduated driver
licensing.

D3.9.1.2 Process Measures

The effectiveness of a GLP can be examined in operational
or administrative terms (i.e., how well has it been working).
This examination can encompass, very broadly, all aspects of
the management and delivery of the program. Process mea-
suresfor GLPsinclude

* Number of driverslicensed in each stage of the program,

* Number of drivers who take and successfully complete
driver training,

* Length of time that novices remain in each stage of the
program,

* Number of license test attempts and failures at each
stage of the program,

* Number of police chargesfor violating the conditions of
the program, and

* Number of driverswho graduate to afull license.

D3.9.1.3 Impact Measures

Intermediate, or proxy, measures. Severa intermediate
or intervening factors that can impact the effectiveness of a
GLP in achieving its safety goals have been examined in
recent studies. These factors include the following:

» Knowledge about the program—to be effective, parents
and teens need to understand how the program works, and
they must be aware of the penalties for noncompliance.

» Support for the program—to be effective, the program
requires the support of parents and their teens because a
lack of support can result in noncompliance.

* Type and duration of practice driving—to be effective,
novices need to experience awide range of different traf-
fic situations under the extended period of supervised
practice.

» Compliance with the restrictions—to be effective, teen-
agers need to comply with the various restrictions and
conditions placed on them.

The evaluation design for the proxy measure follows.

Questionnaire-based, self-report surveys have been em-
ployed to obtain information on the above issues. For exam-
ple, Mayhew et a. (99) conducted telephone interviewswith
450 teenagers, ages 16-18, and 500 parents, with teenagers
ages 16-18, inthe Nova Scotia GL P to obtain information on
their knowledge about the program, their attitudes toward it,
and the level of support for and compliance with its restric-
tions. Waller et al. (101) surveyed 814 parents of young driv-
ers in Michigan to determine how the parents were dealing
with the new GLP and how acceptable the parents found it.
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In the Michigan program, a responsible adult is required
to certify that ayoung driver had received extended (at least
50 hours) supervised practices. Such extended supervised
practice is a critical aspect of an effective GLP. The Waller
study surveyed parents of young drivers who had completed
the supervised driving requirement. The survey was admin-
istered at licensing offices when young drivers accompanied
by aparent (or other certified supervisor) were seeking Level
2 licensure. The survey requested information about

* The supervisor’s relationship to the driver;

* What, if any, assistance was offered in the driving super-
vision task, and whether the help was used;

* Thetype and duration of supervision; and

* What limits the parents placed on the student’s driving
beyond the state’ s requirements.

The issue of compliance with the restrictions imposed by
GLPsisalso being addressed in several ongoing studies with
driver record data (i.e., examining information on the number
of GLPs and any convictions or violations of novice drivers
in the program).

Crash-based impact measures. Theam of aGLP isto
reduce the incidence of crashes for the primary target group
(i.e., young drivers). The evaluation design for this measure-
ment follows.

A variety of research designs and techniques have been
used to evaluate the safety impact of GLPs. These studies
have employed quasi-experimental research designs because
graduated licensing is typically applied to all young novices
obtaining a license, thus making random assignment to the
old or new licensing programsimpossible. A few studieshave
used interrupted time-series anal ysis—one of the most power-
ful quasi-experimental evaluation designs—to examine the
monthly number of crashes of the primary target group for
extended periods before and after the program was imple-
mented (99). The primary advantage of time-seriesanalysisis
that it rules out the possibility that any observed short-term
changes could be the result of long-term trends or cyclesin
the data series and not of the program itself. Such studies
typically test for both an abrupt, permanent change and a
gradual, permanent change following the introduction of
graduated licensing. The design effectively rules out most
alternative explanations for any observed changesin the out-
come (dependent) measure, thereby enhancing theinference
that the changes are attributable only to the program.

Most studies, however, used before-and-after comparisons
with controls to assess changesin crashes among the primary
target group (43, 100, 102). This approach involves compar-
ing the prevalence of crashes among the primary target group
prior to the introduction of the program with the crash experi-
ence of these groups after the program wasimplemented. Typ-
ically, the year the program was implemented is omitted from
the comparisons because of transitional changes in licensing

(e.g., arush to get licensed just prior to implementation to
avoid the new requirements).

Most of the evaluations compare per-capita crash rates in
the before and after periods to control for fluctuations in pop-
ulation among the primary target group. A few studies also
compare per-driver crash ratesto control for changesin licens-
ing, which could account for changes in the frequency of
crashes in the target group.

Internal and external control groups not exposed to the
new program have been used in most of these studiesto con-
trol for the effects of other confounding factors or eventsthat
could influence the prevalence of crashes (e.g., an economic
recession that would impact both young and older drivers
alike). Internal controls typically include an older age group
of drivers; external controls include similar age groups in
other jurisdictions that did not implement a GLP.

Studies, particularly of U.S. programs, typically examine
theimpact of graduated driver licensing on the crashes of teen
drivers (e.g., 16 and 17 years old), the primary target group
for the program. The programs that have been evaluated in
Canada apply to all novices, not just young ones, so that the
evaluations have examined the impact on al novice drivers
aswell.

The types of outcome measures examined in these studies
have varied considerably. However, most studies have exam-
ined the effect of the program on al motor vehicle crashes
as well as crashes that involve injury. A few studies have
also included ameasure of nonfatal injury crashesaswell as
alcohol-related crashes (e.g., crashes in which the police
reported the driver as having been drinking or a“surrogate’
measure such as single-vehicle crashes of male drivers that
occurred at night).

Investigations completed to date have focused on the over-
all short-term impact of the GLPs. These studies provide few
insightsinto the reasons why graduated licensing is effective
(e.g., whether it leads to safer driving or whether the benefits
are attributable to reductions in the amount being driven,
especially during the extended “learner stage” of supervised
driving). Ongoing studies of GL Ps are attempting to address
these issues. For this purpose, novice driver record data con-
taining information on start and end dates for each license
stage are being analyzed to examine, for example,

* Thetransitional and long-term effects of the implemen-
tation of the program on licensing (e.g., rate of licens-
ing just prior to, and subsequent to, the date of imple-
mentation and age at which novices decide to become
licensed—some may wait until they are 18 to avoid the
system);

* The relative contribution of each stage of the program
(i.e., learner and intermediate levelsto the overall safety
effect); and

* Thelong-term impact of the program into full licensing
on crashes.



D3.9.2 Aggressive Driving

The goal of thisemphasisareaisto reduce crashesthat are
attributable to aggressive driving. The AASHTO Implemen-
tation Guide on aggressive driving collisions identifies two
basic objectives and five strategies for addressing the issue
of aggressive driving (Table D-23). Evaluation designs for
one of the abjectives and related strategies are described
briefly in the following sections.

D3.9.2.1 Deter Aggressive Driving

Educateand impose sanctionsagainst repeat offenders.
Thetarget of educating and imposing sanctions against repeat
offendersis drivers showing a history of violations that indi-
cate a pattern of aggressive driving. Driving records can be
used to identify aggressive drivers (i.e., high-frequency vio-
lators), with some further classification or assessment system
developed and applied to distinguish between aggressive and
nonaggressive violations.

Education for repeat offenders has been identified for
impacting the behaviors of drivers with a history of aggres-
sive driving. This strategy is an educational anger manage-
ment classthat usesafacilitation model to modify aggressive
driving behaviors of repeat offenders. Repeat offenders can
be induced to take the course either by court order or by a
motor vehicle department all owing attendance as a substitute
for alicense action.

Process Measures. The purpose of the process eval uation
isto determineif the new educational courseisimplemented
asintended and isoperating in an efficient and effective man-
ner. The measures of process eval uation can be developedin
parallel with the development of the operational definition of
aggressivedriving (i.e., the process or assessment procedures
for identifying aggressive drivers for the strategy) and the
course curriculum aswell asteaching strategies. Information
that needs to be collected could include the following:

* Number of judges, other court personnel, and/or depart-
ment of motor vehicles staff trained in the procedures
and requirements for enrolling driversin the program,;

* Number of ingtructorstrainedinthedelivery of the course;
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* Number of judges and/or department of motor vehicles
staff and percentage of all trained judges and/or depart-
ment of motor vehicles staff that actually refers repeat
offendersto the class;

* Number of aggressive drivers identified by the courts
and/or department of motor vehicles for remediation
(i.e., how well is the random assignment working);

* Number of aggressive drivers and percentage of all eli-
gible offenders that elect to attend the class as a substi-
tute for alicense action;

* Number and percentage of aggressive drivers assigned
to the course who successfully completeit; and

* Revenue collected from course attendees.

In addition to the above program-related data, information
can also be obtained from those agencies and personsinvolved
intheimplementation and delivery of the new educationd pro-
gram. Judges, department of motor vehicles staff, and trainers
can be surveyed using asemistructured questionnaireto obtain
their opinions, comments, and concerns about the delivery and
operation of the program as well as suggestions that might
improve the overal efficiency of the strategy.

Participants can be surveyed upon course completion to
obtain their views and opinions about the value of the course,
for themselves personally and for others attending, aswell as
their recommendations for improving program delivery and
course content. If the program isvoluntary, eligible offenders
who accept other license action instead of the program can be
interviewed to determine why they choose not to participant.
Course participants who do not complete the program can be
interviewed to determine the reasons for dropping out.

Impact Measures—Specific Deterrence. Educating andim-
posing sanctions against repeat offenders targets a specific
group of repeat offenders(i.e., identifiable aggressive drivers).
Accordingly, the impact evaluation can examine the specific
deterrent effects of the new educational course—theimpact of
the program on persons directly affected by it. This impact
could be measured by

» Statistically significant increases in knowledge and atti-
tude improvement following course completion, aswell
as at 6- and 12-month follow-up periods;

TABLE D-23 Objectivesand strategies for aggressive driving from the AASHTO I mplementation Guide

Objective

Strategies

Deter aggressive driving in specific populations, including those with
ahistory of such behavior, and at specific locations.

Target enforcement.
Conduct educational and public information campaigns.
Educate and impose sanctions against repeat offenders.

Improve the driving environment to eliminate or minimize the external
“triggers’ of aggressive driving.

Change or mitigate the effects of identified elementsin the environment.

Reduce nonrecurring delays and provide better information about these
delays.
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» Statistically significant decreases in self-reported inten-
tionsto drive aggressively in different traffic situations
causing frustration;

» Statistically significant reductionsin speeding violations
and aggressive driving incidents in a 12-month period
following course completion; and

» Statistically significant reductions in crash rate in a
12-month period following course completion.

The evaluation design is amenable to arandomized experi-
mental designinwhich target offendersarerandomly assigned
by courts or (preferably) amotor vehicle department to one of
severa treatments, such as

* No treatment control,

* A simplewarning letter,

* A traditional group meeting focusing on knowledge and
attitudes using alecture-based approach,

* The new educational course focusing on anger manage-
ment using afacilitation model, and

* A brief individual hearing or counseling sessioninwhich
the offender receivesalicense control action (e.g., 1-year
probation with restrictions and a 360-day license sus-

pension).

The treatment comparisons will ultimately depend on the
existing driver improvement actions in the jurisdiction that
develops and pilots the new educational course.

The randomized design has to be modified if the new
program isvoluntary and not court-ordered or mandated by
the motor vehicle department (i.e., if eligible offenders are
allowed to attend as a substitute for alicense action). Eligi-
ble offenders who voluntarily take the course may differ
from those who select the license action. Demographic and
driver record information have to be examined to ensure
that observed changes in outcome measures (e.g., subse-
guent moving violations and aggressive driving incidents)
are only the result of course completion. Any significant,
preexisting differences between treatment groups hasto be
controlled statistically.

Differencesin subsegquent 12-month driving records can be
evaluated through logistic regression or analysis of covari-
ance. Survival analysis can be used to examine, for the vari-
ous groups, the probability of not violating or having a crash
(i.e,, “surviving”) at various time intervals after treatment
(e.g., 3 months, 6 months, and 9 months). Examining the
probability of not violating or having a crash over time helps
to determine the extent to which the new education course
prevented, reduced, or delayed repeat violations and crash
involvement.

Improvementsin knowledge, attitude, and behavioral inten-
tions can be eval uated through changesin before-and-after test
scores. Self-report questionnaires can be administered prior to
the strategy and shortly following completion. To determine
the duration of the effects on knowledge, attitudes, and self-

reported behaviors, the questionnaire can be administered
again 6 months and 12 monthsfollowing program completion.
For this purpose, offenders can be required or induced to
complete follow-up interviews (e.g., as a further condition
for retaining the license).

Impact Measures—General Deterrence. A coordinated
enforcement and public awareness campaign aimed at aggres-
sive driving would be expected to have global effects on the
prevalence of aggressive driving behaviors targeted as well
ason crashes, particularly those that appear to indicate aggres-
sivedriving. Impact measuresinclude statistically significant
reductionsin

* Aggressive driving in the targeted area, as measured by
reductions in observed and/or self-reported aggressive
behavior and citations over time;

* Overall crash rates over time; and

* Proportion of crashes attributable to aggressive driving.

Evaluation Design. Educating and imposing sanctions
against repeat offenders is amenable to a quasi-experimental
research design. Potential high-risk sites can be identified
throughout one or more states. Some of these sites can become
thetarget of the enhanced enforcement and publicinformation
campaign. A sample of similar sites from another area of the
state can constitutethe control sites. Relevant rates on themea-
sures should be collected and tabulated, including crash rates
in each group prior to initiating the campaign. Treatment X
multiplied by interactions can be evaluated for evidence of
significant effects on the criterion measures.

Baseline data on the incidence of aggressive driving, cita-
tions for aggressive driving, and crashes associated with
aggressive driving can be obtained for the treatment and con-
trol sites prior to, during, and after the implementation of the
coordinated enforcement and public information campaigns.

A variety of evaluation designs can be employed to measure
changesin the prevalence of aggressivedriving. Following are
two examples:

* Observational surveys. Studies that involve observing
the performance of drivers on the highway are frequently
conducted to estimate the prevalence of a behavior such
as speeding or running red lights. Observing traffic in
treatment and control sites before, during, and after the
coordinated campai gn generatesinformation on the num-
ber of drivers engaging in a predetermined set of behav-
iorsthought to haverelevanceto aggressivedriving. Traf-
fic volumes at each site during the observation period
should berecorded to standardize the counts of aggressive
driving. Filming can be used to observe driving behavior.

» Self-reported surveys. Motorists in the treatment and
control sites can simply be asked how frequently, and
under what circumstances and conditions, they engagein
aggressive driving behaviors and have personaly experi-



enced such behaviors by others. Self-reported surveys
administered before, during, and after the coordinated
campaign provide a direct and efficient method to esti-
mate changes in the prevalence of aggressive driving as
well as ascertain the level of awareness about, and sup-
port for, the targeted enforcement and public information
campaign. Moreover, this approach provides the oppor-
tunity to determine the motivations and situations that
precipitated the aggressive behavior and to obtain demo-
graphic and psychological information on driverswho do
and do not drive aggressively. This approach overcomes
themajor limitation of other research designs (e.g., obser-
vational surveys) and data sources (e.g., charge and crash
data) that only provide information on the observed
behavior and not the motives and intent of the behavior
(e.g., observations by police or field staff of tailgating on
the highway may reflect alack of ability of the driver to
judge a safe following distance or aggressive driving or
something else).

Target Enforcement and Conduct Educational and Public
Information Campaigns. The two strategies of “target
enforcement” and “conduct educational and public informa-
tion campaigns’ are discussed together in this section
because of the functional dependency between them. As
observed in the AASHTO Strategic Highway Safety Plan
Implementation Guides, acoordinated publicity campaign can
be agreat help to increase the driving public's perceived like-
lihood of being apprehended for driving aggressively. Public
information and awarenessisan essentia ingredient to the suc-
cess of selective and increased enforcement. Conversely, pub-
lic information designed to deter aproblem such as aggressive
driving isineffective in the absence of an increased subjective
perception of detection and negative contingencies. Therefore,
the above two strategies have been linked and introduced in
combination.

ProcessMeasures. Theprocessevaluationinvolvescareful
monitoring of the targeted enforcement and the public aware-
ness campaign to ensure that the strategies are implemented
in an efficient and effective manner and that thelevel of inten-
sity iscomparable acrosstreatment sitesand over the duration
of the campaign. Process measuresinclude an increase in the
following:

* Police personnel allocated to the selected regions,

* Officer time on targeted enforcement efforts,

* The number of drivers cited or referred to courts or
department of motor vehicles for sanctions or reexami-
nation,

* The amount and number of TV and other media public
information and education messages, and

* Public awareness of aggressive driving and support for
the coordinated initiative.
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Feedback forms administered before, during, and after the
campaign can be used to determine the number of people
exposed to, and aware of, the media messages, as well as to
enhance enforcement on the highways. Focus groups can be
used to develop the media messages and, subsequently, to
determine reactions to the campaign. These focus groups
should include motoristsidentified by means of self-reporting
and driving history who do and do not drive aggressively.

Impact Measures—Specific Deterrence. The goal of pub-
lic information campaignsisto impact the behavior of “pop-
ulations” and, therefore, is not expected to have a specific
deterrent effect (i.e., on a specific, targeted group of aggres-
sive drivers).

Impact Measures—General Deterrence. Targeted enforce-
ment targets a specific group of repeat offenders and does not
include effortsto inform the public about the strategy. Accord-
ingly, the strategy may not have any measurable global effects
on aggressive drivers in the general population or on crashes
that result from aggressive driving.

D3.9.3 Unlicensed, Suspended,
and Revoked Driver Strategies

The AASHTO Implementation Guide on unlicensed, sus-
pended, and revoked driver accidentsidentifies 5 basic objec-
tives and 10 strategies for addressing the issue of unlicensed
driversand drivers with suspended or revoked licenses (Table
D-24). Potential performance measurers and evaluation de-
signs for the first four objectives and related strategies are
described briefly in the following sections.

D3.9.3.1 Apply Special Enforcement Practices

Increase enforcement in selected areas. Increasing
enforcement in selected areas targets times and placeswhere
U/S/R (unlicensed/suspended/revoked) drivers appear to be
over-represented. Selected enforcement to apprehend U/S/R
drivers should be conducted at these high-risk times and
places.

The execution and evaluation of this strategy involves the
following steps:

1. Identify databasesthat contain information on the inci-
dence of U/S/R drivers by location and time. This step
requires crash, police citation, and/or traffic conviction
data that contain information on license status and the
time and location of U/S/R driving incidents.

2. Develop a selective implementation enforcement
protocol.

3. Determine the required number of sites.

4. Obtain cooperation from states and local authorities.
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TABLE D-24 Objectivesand strategiesfor unlicensed, suspended, or revoked driversfrom

the AASHTO Implementation Guide

Objective

Strategies

Apply specia enforcement practices.

Increase enforcement in selected areas.
Routinely link citations to driver record.
Create and distribute “ hot sheets.”

Restrict mobility through license plate modification or
removal.

“Stripe” license plate.
Impound license plate.

Restrict mobility through vehicle modification.

Immobilize/impound/seize vehicle.
Install ignition interlock device (11D).

Restrict mobility through direct strategy with offender.

Monitor electronically.
Incarcerate.

Eliminate need to drive.

Provide alternative transportation choice.

5. Develop a specific research design and data collection
procedures.

6. Implement the strategy and obtain data on the specified
process and outcome measures.

Process Measures. The purpose of the process eval uation
isto determine if there has been an increase in enforcement
activitiesaimed at U/S/R drivers and an increase in citations
and conviction rates of U/S/R drivers.

Potential process performance measuresfor thisstrategy are

* Number of enforcement personnel assigned to the high-
risk selected areas,

* Number of cited U/S/R drivers,

* Court conviction rate, and

* Increase in vehicle impoundment.

Impact Measures—Specific Deterrence. The purpose of
the specific deterrence impact evaluation is to determine if
there has been areduction in the subsequent crash rates and
conviction rates of convicted offenders.

Potential specific deterrence impact performance mea-
suresfor the strategy of increasing selective enforcement are

* Subsequent 1-year rate of convicted offenders and
* Subsequent 1-year traffic citation rate of convicted
offenders.

Impact Measures—General Deterrence. If the program
has a general deterrent effect, one would expect to see

* A reductionintheincidence of cited offendersover time
and
* A reduction in the proportion of crashesinvolving U/S/R.

Evaluation Design. The evaluation design is a prospective
nonequivalent two-group cohort design with inclusion of
available covariates to increase dtatistical precision and to
reduce assignment bias. The covariates include age, gender,

prior driving record, and aggregate “ecologic covariates’
based on the zip code of the driver’s residence (see DeY oung
[103] for examples of how to compute socioeconomic indexes
for zip codes by use of census data).

The comparison group should be selected from department
of motor vehicles files and consist of suspended or revoked
drivers who were not convicted of a suspended or revoked
citation during the sametime period. At aminimum, the com-
parison group should be matched to the experimental group
on city of residence and, preferably, zip code of residence.
Given the uniqueness of the criterion distribution and the
small percentage of subjects expected to have more than one
posttreatment incident, logistic regression and COX propor-
tional survival analysis are the preferred statistical analysis
methods. Sincethereisnoway of identifying unlicensed driv-
ers in most department of motor vehicles file systems, the
specific analysis of effects would not normally include un-
licensed drivers.

In some states, the available data may be amenable to an
ARIMA time-series analysisif the necessary number of pre-
strategy time points for crash rates exist, and the license sta-
tus of the crash-involved drivers can be determined. Another
technical contingency iswhether the number of crashesinthe
experimental and control series is sufficient to meet certain
assumptions required by ARIMA.

The existence of the necessary historical datais even more
problematic for measuring the incidence of U/SIR driving. If
an ARIMA approach cannot be justified, the only optionisto
perform a before-and-after analysis of annua rates of U/S/R
driving convictions. Rates might be computed for an experi-
mental and comparison areafor, say, three single-year periods
prior to the program and two single-year periods subsequent to
the program. In thistype of design, the unit of sampling might
be number of zip codes or enforcement regions within the
experimental and control group areas. Evidence of atreatment
effect would be in testing the significance of the year (before
and after) times the treatment (group) interaction using a log
linear contingency table analysis. For crashes, another option
isto use crashes not involving U/S/R drivers as an additional



comparison using one of the before-and-after designs with
“yoked comparisons’ contained in Griffin and Flowers (91).
Some of these designs contain provisions for checking for
biased covariates (“checks for comparability”) and alow for
single versus multiple sites.

Routinely link citations to driver record. Routinely
linking citationsto driver records requiresthat all citations be
regularly checked against driver records to determine license
status. According to the AASHTO Strategic Highway Safety
Plan Implementation Guides, this check should ideally occur
at the time of apprehension.

Process Measures. The purpose of process evaluation is
to determine the extent to which the strategy has increased
the detection of U/S/R driving and the successful conviction
of U/S/R-cited drivers.

Potential process performance measuresfor thisstrategy are

* Proportion of U/S/R driverswho are appropriately cited
by police and
» Conviction rate in court on the cited charge.

Process evaluation will require the availability of reliable
baseline data on the number and proportion of improperly
licensed drivers that are detected on the basis of routine
enforcement.

Impact Measures—Specific Deterrence. The purpose of
the specific deterrence impact evaluation is to determine if
there has been areduction in the subsequent crash rates and
conviction rates of convicted offenders.

Potential specific deterrence impact performance measures
for this strategy are

* Subsequent 1-year crash rate of convicted offendersand
* Subsequent 1-year traffic citation rate of convicted
offenders.

Execution and evaluation of this strategy requires a non-
equivaent control group design in which the license check
versus no check is based on the geographical area of the
citing officer unless the status check can be randomized or
“quasi-randomly assigned” within a selected enforcement
region. Under this latter preferred design, police make status
checks on certain days and not others—for example, even-
versus odd-numbered days. Drivers who are appropriately
cited as a result of the license status check constitute the
experimental group, and driverswho avoided not being cited
asresult of the nonstatus check constitute the control group.
This design has the advantage of creating equivalent groups,
and the statistical analysisisastraightforward application of
logistic regression or COX proportional survival analysis.

Impact Measures—General Deterrence. If the strategy
has a general deterrent effect, one would expect to see
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* A reduction in the incidence of cited offenders over
time and

* A reductioninthe proportion of crashesinvolving U/S/R
drivers.

Evaluation Design. The design should involve similar
options as described in the strategy to increase selective law
enforcement. Notethat if therandomized designisused to eval-
uate the specific effects, an evaluation of genera deterrence
cannot be based on that same data set or enforcement area.

D3.9.3.2 Restrict Mobility Through License Plate
Modification or Removal

“Stripe’ licenseplate. Accordingtothe AASHTO Strate-
gic Highway Safety Plan Implementation Guides, the aim of
license plate striping is to discourage unlicensed driving by
canceling the vehicle registration on a vehicle operated by a
U/S/R driver and covering the annual renewa sticker with a
striped “zebra” sticker. A sticker that has been “ zebra striped”
is considered probable cause for an officer to stop avehicleto
check the license status of the driver.

Process Measures. The purpose of process evaluation isto
determine to what extent eligible vehicles driven by improp-
erly licensed or unlicensed drivers have been “zebra striped”
and appropriately reported to the state licensing agency. Poten-
tial process performance measures for the strategy of striping
license plates are

* Theproportion of the eligible vehiclesdriven by an unli-
censed driver that are striped and appropriately reported
to the state licensing agency and

* No significant variation in percentage as a function of
the demographics and characteristics of the offender
unless authorized by the law.

Impact Measures—Specific Deterrence. The purpose of a
specific deterrence impact evaluation isto determineif there
has been areduction in the crash and citation ratesinvolving
“zebrastriped” vehicles and the drivers of such vehicles.

Potential specific deterrence impact measures for this
strategy are

* Subsequent crash rate of striped plate vehicles and unli-
censed offenders who were driving such vehicles and

* Subsequent citation rate of striped plate vehiclesor unli-
censed offenders who had committed an offense result-
ing in a plate striping.

Impact Measure—General Deterrence. The purpose of a
genera deterrence impact evaluation is to determine if there
has been adecreasein the proportion of casualty crashes (fatal
and injury) involving U/S/R drivers after the implementation
of the strategy.
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A potential general deterrence impact measure for this
strategy isthe proportion of casualty crashes (fatal and injury)
involving U/S/R driversfollowing implementation of thelaw.

Evaluation Design. The logistical requirements, strategic
considerations, and research design options are almost identi-
cal to the preceding two strategies with some modifications. In
addition to identifying acontrol group of nonstriped plate sub-
jects from the same period as the striping, a second control
group of U/S/R violators should be identified from the state
licensing agency’ sfilesfor the year prior to implementation of
the striping program. The use of a control from the prior year
was used by DeY oung (103) in his evaluation of the specific
effects of the California vehicle impound program because of
concern over large selection biases influencing application of
striping policy during the enforcement period. The use of two
control groups permits an assessment of assignment bias and
superior statistical adjustments. Differences in overall state
crash and conviction rates associated with differing calendar
year for measuring posttreatment outcomes can be controlled
for statistically.

Interrupted time-series analyses using an ARIMA model
should be used to determine if the monthly number of casu-
alty crashes involving unlicensed drivers decreased follow-
ing implementation of the strategy. Two levels of control
series should be used:

* A matching state and
* The number of crashes involving only licensed drivers
within each state.

If the license status of nonfatal crashes is not available
from state files, the analyses can be limited to FARS data.

An alternative to comparing crash volumes of unlicensed
and licensed driversisto model the following ratio:

C

C

where

Cy = Crashesinvolving U/SR drivers and
C. = Crashesinvolving only licensed drivers.

Impound licenseplate. Theaim of thisstrategy isto dis-
courage improperly licensed driving by impounding and
destroying thelicense plate of the vehiclein which thedriver
is apprehended.

Process Measures. The purpose of a process evaluation
isto determine the extent to which the license plates of eli-
gible offenders have been confiscated and the extent to which
drivers driving without license plates are apprehended and
convicted. Potential process performance measures for this
strategy are

* Number of offenders who have their license plate con-
fiscated and

* Number of drivers driving a vehicle with a confiscated
plate who are convicted of the offense.

Impact Measures—Specific Deterrence. The purpose of a
specific deterrence impact evaluation is to determineif there
has been areduction in the crash and citation rates during the
period of confiscation. Potential specific deterrence perfor-
mance measures for this strategy are

* Number of crashes during the period of confiscation,

» Rateof DUI re-offense during the period of confiscation,

* Number of alcohol-related crashes during the period of
confiscation, and

* Number of moving violation suspensions during the
period of confiscation.

Impact Measures—General Deterrence. Impounding
license plateswould have adeterrent effect on offenderswho
would be exposed to the strategy should they driveillegaly.
Potential general deterrence performance measures for this
strategy are

* Number of casuaty (fatal and injury) or fatal crashes
involving unlicensed drivers,

* Number of fatal had-been-drinking (HBD) crashesinvolv-
ing unlicensed and U/S/R drivers (note: thisis limited to
fatal crashes because acohol designations are often not
reliable for injury crashes), and

* Number of late-night (10 p.m. or later) casualty (fatal and
injury) crashes involving U/S/R drivers (note: late-night
crashes are frequently used as a surrogate for alcohol-
related crashes).

Evaluation Design. Theresearch designisthe sameasthose
used for striped plates except that two additional ARIMA
models are involved for measuring the general deterrence
effects on HBD and late-night crashes. The two types of
crashes involve a comparison of two time series within the
selected dtate. In the case of HBD-fatal, non-HBD-fatal can
serveasacontrol series; for late-night crashes, daytime (6 am.
to 7 p.m.) crashes can serve as a control series.

D3.9.3.3 Restrict Mobility through
Vehicle Modification

Immobilize/impound/seize vehicle. According to the
AASHTO Strategic Highway Safety Plan Implementation
Guides, the goal of this strategy isto impound or immobilize
the vehicles of multiple offenders.

Process Measures. The aim of the process performance
evaluation is to determine the extent to which the impound-



ment and immobilization of eligible vehicles haveincreased.
Potential process performance measures for this strategy are

* Number of eligible vehicles that would be impounded,
immobilized, or forfeited, depending on which options
are available to the selected state, and

* Number of U/S/R drivers who become €ligible to be
licensed or reinstated and do so within 3 months of
impoundment.

Impact Measures—pecific Deterrence. The purpose of
specific deterrence impact evaluation isto determine whether
the subsequent crash and citation rates of drivers decrease
after the vehicles are impounded or immobilized. Potential
specific deterrence performance measuresfor thisstrategy are

* The subsequent 1-year crash rate of the drivers of
impounded vehicles,

* The subsequent 1-year rate of DUI offenses, and

* Thesubsequent 1-year rate of moving violation citations.

Evaluation Design. The evaluation design considerations
for immobilizing, impounding, or seizing vehicles are simi-
lar, if not identical, to those of license plate confiscation. For
examples of such designs, see DeY oung (103, 104).

An additional strategic consideration with vehicle im-
pound and immobilization concerns the identification of the
impounded vehicle sample. In California, for example, there
iscurrently no centralized file of impounded or forfeited vehi-
cles(103). Thismakesidentification of any sample extremely
difficult because of the need to access numerous local police
databases, which also creates problems in terms of the relia-
bility of even enumerating the total number of vehicles
impounded. Any implementation and evaluation of this strat-
egy needsto establish a centralized database at the outset.

Impact Measures—General Deterrence. Potential genera
deterrence performance measures for vehicle impound and
immobilization are

* The number of casualty crashes by U/S/R drivers and
* Thenumber of HBD fatal crashesinvolving U/S/R driv-
ers following enactment of the program.

Install Ignition Interlock Device. According to the
AASHTO Strategic Highway Safety Plan Implementation
Guides, the goal of the ignition interlock strategy is to install
an ignition interlock device into the offender’ s vehicle so that
the driver can operate the vehicle only when sober. This strat-
egy can reduce hazardous driving by relicensed U/S/R drivers.

Process Measures. Potential process performance mea-
sures for the ignition interlock strategy are
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* Number of offenders with ignition interlocks installed
and

* Rate of proper installation and compliance with state
specifications and maintenance.

Impact Measures—pecific Deterrence. Potential specific
deterrence performance measures for this strategy are

* Number of subsequent 1-year crashes caused by the tar-
geted offenders,

* Number of 1-year subsequent HBD crashes, and

* DUI recidivism rate.

Evaluation Design. In addition to many of the logistical
considerations outlined above, any eval uation would beinflu-
enced by whether the statute is mandatory or allows judicia
discretion. Another consideration isthetiming. Someignition
interlock requirements are applied at the time a driver quali-
fiesfor conditiona reinstatement, whereasothersareinstalled
at thetime of conviction for aDUI offense.

Assuming that arandom assignment design isnot feasible,
the only option is some form of prospective nonequivalent
control group design. The control group consists of offend-
erswho, for some reason, are not required to install an inter-
lock. Detailed covariate data have to be collected on both
groups to reduce self-selection and other confounding vari-
ables. If thistype of design is adopted, an additional control
should be selected from DUI offenders convicted in the year
prior to theignition interlock law. This control could be less
confounded by selection biases, but would be subject to
potential biases emanating from the different time periods of
the observations. Total population crash and conviction rates
from the time periods could be used to assess this source of
bias and provide a standardization referent for an adjusted
logistic regression or log linear analysis.

Impact Measures—General Deterrence. The ignition
interlock strategy is amed only at drivers whose vehicles
have been fitted with an ignition interlock and therefore does
not involve ageneral deterrence evaluation.

D3.9.3.4 Restrict Mobility Through
Direct Strategy with Offender

Incarceration for DUI offenders. According to the
AASHTO Strategic Highway Safety Plan Implementation
Guides, the goa of incarceration is to restrict the activities,
including driving, of repeat offenders.

Process Measures. Potential process performance mea-
sures for this strategy are

* The proportion of eligible offenders assigned to one of
the programs,
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* The mean amount of time served, and
* The costs of the sanctions.

Impact Measures—ecific Deterrence. Potential specific
deterrence performance measures for this strategy are

* Whether jail and house arrest groups have at least 20%
fewer crashes than the community service group during
the 12-month period following initiation of the sanction;

* Whether thejail and house arrest groups have at least 25%
fewer HBD crashes than the community service group
during the 12-month period following initiation of the
sanction;

* Whether the jail and house arrest groups have at least
30% fewer DUI convictionsthan the community service
group during the 12-month period following initiation of
the sanction;

* Whether, when computed from the time the incarcera
tion ends, the above reductionswill reduceto 10%, 15%,
and 20%; and

* Whether, compared with similar nonjailed offenders
from a prior year, the jail and house arrest groups have
30% fewer crashes, 35% fewer HBD crashes, and 40%
fewer DUI convictions during the 12 months following
initiation of the sanction.

Srategic Considerations. House arrest (electric monitor-
ing) and incarceration are used as sanctions for DUI offenses.
In most states, incarceration is mandatory for repeat offenders.
In some states, including California, brief jail ismandatory for
first-time offenders. However, in California and numerous
other states, some form of community service is frequently
used in lieu of actual jail time, particularly for first-time
offenders. It therefore seems logical to evaluate house arrest,
jail, and community service as optional variants of a sanction
intended to punish and, inthe case of jail and house arrest, tem-
porarily remove offenders’ accessto avehicle. It appears fea-
sible to evaluate the comparative effects of these sanctionsin
a randomized three-group design. Offenders deemed by the
court to beappropriatefor incarceration are randomly assigned
tojail, house arrest, or community service.

Thelength of the sanctions are graduated by number of pri-
ors (first-time, repeat), and it might also be necessary to limit
the target groups to first- and second-time offenders because
of the reluctance to waive in-jail incarceration for third-time
offenders. To make the sanction severity more equitable, the
length of house arrest and community service can be longer
than jail time.

If the randomized design listed above is not feasible,
another option is to assign offenders discretionarily to the
above sanctions based on the judgment of the court or a pre-
sentence assessment formula. The amount of time of each
sanction can be varied randomly within each sanction level.

Some offenders can receive only very brief exposuresto serve
as quasi-controls for those receiving the full length.

The only other option can be some form of nonequivalent
control group design, but the selection biases are likely to be
too extreme to alow for valid inferences. Note that neither
of the above designs has a pure control group unless one
chooses to view community service as acontrol. It therefore
might be desirable to use as controls offenders from the pre-
vious year who qualified for jail but did not receive any.

Evaluation Design. A randomized design has been pre-
sented above. If not feasible, the only quasi-experimental
option that seemsfeasibleisto use offendersfrom the two pre-
viousyearswho meet theeligibility criteria. Thisoption results
in a difference in the calendar period for monitoring subse-
quent performance, but there are a number of methods for
adjusting or standardizing the effects for time-related differ-
encesin statewide crash and convictionrates. In any event, this
option makes the design a prospective nonequivalent control
design with time of measurement as an additional covariate.

Given the 24-month follow period and the need to measure
the effects from both the beginning and the end of the incar-
ceration or house arrest, the COX proportional survival analy-
sis with two treatment strategy points appears to be the best
method of analysis. If a randomized design proves feasible,
the method of statistical analysisisthe same, but thereisless
concern over selection and other biases. Sample size consid-
erations should be based on the same criteriafor the strategy
for increased selective enforcement.

Impact Measures—General Deterrence. Incarceration does
not entail ageneral deterrent analysis. Many of the offenders
may also be under license suspension and in alcohol treatment
programs during the same period used to evaluate the effects
of jail and house arrest.

D3.9.4 Head-On Crashes

The goal of the head-on crashes emphasis areais to reduce
head-on crashes associated with highway (i.e., nonintersec-
tion) segments. A head-on crash occurswhen avehicle crosses
the centerline or amedian and crashesinto avehicle approach-
ing from the opposite direction. Head-on crashes can be the
result of inadvertent actions by the driver or deliberate actions
of the driver (e.g., driving on the wrong side of the road). The
AASHTO Strategic Highway Safety Plan |mplementation
Guides identify two objectives and seven strategies for
addressing the issue of head-on crashes (Table D-25).

Evaluation designsfor thefirst objective and rel ated strate-
gies are described briefly below. The strategy to install cen-
terline rumble strips will be used to illustrate issues relating
to the design and implementation of process and impact per-
formance evaluations.
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TABLE D-25 Objectivesand strategiesfor head-on crashesfrom the AASHTO

Implementation Guide

Objective

Strategies

Keep vehicles from encroaching
into opposite lane.

roads.

Install centerline rumble strips for two-lane roads.
Provide wider cross sections on two-lane roads.
Provide center two-way, left-turn lanes for four- and two-lane

Reallocate total two-lane roadway width (lane and shoulder) to
include anarrow “buffer median.”

Minimize the likelihood of crashing
into an oncoming vehicle.

roads.

Use dlternating passing lanes or four-lane sections at key
locations.

Install median barriers for narrow-width medians on multilane

Implement strategies over extended sections of highway or only
to selected spot locations.

D3.9.4.1 Keep Vehicles from Encroaching
into Opposite Lane

Install centerline rumble strips for two-lane roads.
The purpose of centerlinerumblestripsisto alert driverswho
may inadvertently encroach into opposing lanes.

Process Measures. The purpose of a process evaluation
would be to determine

* The number of road miles where centerline rumble
strips have been installed,

* The number of hazardous locations where centerline
rumble strips have been installed, and

* The number of vehicle miles of travel exposed to cen-
terline rumble strips (requiresinformation on traffic vol-
umes and the length of treatment locations and be
retrieved from an agency’ s roadway inventory and traf-
fic volume data files).

The information required to obtain the process perfor-
mance measures should be collected from agencies on whose
highways centerline rumble strips have been installed using
formal reports.

Impact Measures. Two types of measures—proxy (inter-
mediate) measures and crash-based impact measures—can be
used to conduct an impact performance evaluation. It should
be noted that in order to do a crash-based performance evalu-
ation, a sufficient sample of crashesis required at the treat-
ment locations. Head-on crashes are generally only afraction
of the total crashes at alocation and can require long before
and after periodsfor a sufficient sample of head-on crashesto
come available. In cases like these, a proxy (intermediate)
impact performance evaluation can provide some idea as to
whether centerline rumble strips will be effective in reducing
head-on crashes.

Intermediate or Proxy Measures. Thegoal of implement-
ing centerline rumble strips is to reduce vehicle encroach-
ments into the opposing lane. The purpose of a proxy (inter-
mediate) performance evaluation isto measure the changein
the centerline encroachment rate before and after the imple-
mentation of centerline rumble strips.

Evaluation Design. The evaluation will require the mea-
surement of centerline encroachment rates using field obser-
vation studies at a number of preselected locations (e.g.,
locations that have previously experienced problems with
centerline encroachments). The before and after encroach-
ment rates will be compared to determine if there has been a
significant reduction in the encroachment rate. Encroach-
ment rates can be determined by counting the number of
vehicles that encroach over the centerline at a location dur-
ing a specified period of time and expressing this number as
a proportion of the total number of vehicles that have trav-
eled through the location during this time period.

In designing afield observation study like this one, consid-
eration needsto be given to the required sample size to detect
the desired change in the encroachment rate. Should the sam-
ple size be unrealistically large, consideration can be given to
using automatic sensing devices to detect encroachments. It
isimportant that the after study be conducted in amanner that
will minimize the effect of changes in confounding factors
(e.g., traffic volumes, traffic composition, and weather) be-
tween the before and after periods. This manner of conduct-
ing the study might require that the after study be conducted
during the same time of day, by the same observers, during
the same day of theweek, and under similar weather and envi-
ronmental conditions as during the before study.

The relationship between encroachment rates and traffic
volumes can be nonlinear, and the field observations should
be conducted under conditions of similar traffic volumes.
The analysis of datawill require the hypothesis testing about
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two proportions and the construction of aconfidenceinterval
for the difference between the two proportions.

The effect of centerline rumble strips on safety at aloca
tion may be a function of a number of variables (e.g., traffic
volumes, roadway width, travel speeds, type of terrain, and
passing opportunities). These factors need to be accounted
for in an evaluation to determine the safety effect of center-
line rumble strips. This makes it very difficult to conduct a
cohort study, which requiresthat, if possible, the comparison
and treatment groups be similar in all respects except for the
treatment (i.e., centerline rumble strips).

If safety isaconsideration in determining the locations to
implement centerline rumble strips, the assignment to the
trestment group is nonrandom and the potential for regression-
to-mean is introduced. Not accounting for the regression-to-
mean bias could result in an overestimation of the safety effect.

The conventional before-and-after method is not recom-
mended because it does not account for the regression-to-
mean effect. The accuracy of the conventional before-and-
after evaluation with a control group relies on the validity of
the assumption of similarity between the treatment and con-
trol group sites. The validity of this assignment can be ques-
tionable. For example, to account for the regression-to-mean
effect, the crash experience of the comparison group should
be similar to that of the treatment group. Finding such asim-
ilarity can be difficult given that the common practice is to
apply safety measures in a nonrandom manner to locations
with the worst safety records.

To overcomethe problems associated with the cohort study
and the conventional before-and-after approach and to
account for exposure, regression-to-mean, and confounding
factors, the recommended approach isto use an observational
before-and-after study using the empirical Bayes approach.

From data about unchanged locations and a considera-
tion of existing models, predictive regression models are
calibrated for crashes to traffic flow and geometry. This
allows the empirical Bayes method to account for possible
regression-to-mean effects. The same model can also be
used to account for changes in exposure. A comparison
group can be used to account for changesin weather, demo-
graphics, and other factors.

In selecting a comparison group, caution should be exer-
cised to ensure that crashes did not “migrate” or “spill over”
onto control group locations. It is possible, for example, that
centerline rumble strips delay overtaking maneuvers until a
section without centerline rumble stripsis reached.

The empirical Bayes before-and-after method with acom-
parison group can be used to predict the expected number
of crashes after the implementation of centerline rumble
strips, given the unique traffic flow and geometric charac-
teristics of the treatment locations. This prediction will be
compared with the number of crashes in the after period to
determine the safety effect of the centerline rumble strips.
The variance of the safety effect and its confidence interval
should be cal cul ated to determine the accuracy of the safety
estimate.
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