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FOREWORD

This discussion draft was prepared as a part of a larger examination
of past and future directions in highway safety sponsored by the Motor
Vehicle Manufacturers Association under a grant of unrestricted funds
to The University of Michigan Highway Safety Research Institute. This
document is one of a series of papers and reports being developed under
this effort. The first paper, Managing the Traffic Crash Risk: A

Conceptual Framework, was published in draft form in July 1977, and is

now being refined to reflect comments made by reviewers.

This document is also being circulated for comment within the
highway research and policy communities. As with the previous paper,
we welcome suggestions for improvement of its substance and presentation.
Because the document is preliminary and will most likely be revised,
we ask that any use of its content, for other than review purposes,
be discussed with us in advance.

Kent B. Joscelyn Ralph K. Jones
May 1978 Ann Arbor, Michigan
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1.0 INTRODUCTION

This discussion draft was prepared as a part of research activities
performed under a project entitled Highway Safety Planning Study. The
project is sponsored by the Motor Vehicle Manufacturers Association.

The research is being performed by the Policy Analysis Division of The
University of Michigan Highway Safety Research Institute.

This draft is being circulated to colleagues for review and
comment. After refinement it will be published as a report for general
distribution. Additional reports on other aspects of the project will
also be published from time to time.

1.1 Background

The Highway Safety Planning Study was begun in October 1976, under
MYMA sponsorship, through a gift of funds to The University of Michigan.
The general objective of the project is to establish within the private
sector an authoritative source for a thorough and continuing examination
of the traffic crash problem in the United States. The general objective
was translated into a series of specific objectives by the Policy
Analysis Division staff.

The specific objectives of the project were to examine the overall
highway safety problem and past highway safety efforts by:

1. developing and prioritizing statements of highway safety
problems;

2. identifying key policy actions that should be taken on the
basis of current knowledge;

developing and prioritizing statements of research needs;
describing existing highway safety research programs; and

developing research strategies and designs to address the
identified priority research needs.




The focus of the study is the portion of the field that deals
primarily with the human component of the Highway Transportation
System (HTS). This human-oriented highway safety research encompasses
the topics covered by NHTSA's present 18 Highway Safety Standards,
plus priority areas of problems and needs identified in section 2.0
of this report.

The project staff first examined existing literature describing
the traffic crash problem and past highway safety efforts. The sheer
quantity of the available literature required developing some organized
approach to categorize and evaluate the identified documents. A first
step was to examine the literature to identify a theoretical founda-
tion for highway safety that could serve as a framework for organizing
and explaining past research and programmatic efforts.

The Tliterature search revealed an almost total absence of a usable
general framework for analysis or explanation of the nation's highway
safety programs. Thus, a conceptual framework had to be developed
before the research effort could proceed. A conceptual framework was
developed in the spring of 1977. The framework and its implications
were presented in a briefing for the MVMA Highway Safety Programs
Committee in April 1977.

The conceptual framework was further developed during the spring
of 1977 and was used to analyze major problem areas to develop a statement
of research priorities. A discussion draft of a monograph, Management
of the Traffic Crash Risk: A Conceptual Framework, was prepared in

August of 1977 and was circulated for review and comment. This draft
presented the conceptual framework, discussed major highway safety pro-

blems, and identified priorities for research and action. This draft is
being revised and will soon be presented for general distribution.

The monograph and this document represent interim reports that
are part of a continuing research effort. As such, they necessarily
have been presented before analysis is complete. The continued
analytical work under the project is expected to identify new informa-
tion that will alter some aspects of these interim reports. In a similar
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sense, comments from reviewers will provide the authors with greater
insights, point out errors, identify problems in communication, and
generally improve the presentations. Thus, a reader should view these
as interim rather than final reports.

1.2 Scope and Approach of Report

This report addresses specific objective five: the development of
research strategies and designs to address high-priority research needs.
It describes general research strategies and broad program designs.

The technical approach that has been followed is consistent with
the general project design previously described. A general literature
search was conducted to identify published information describing the
nature of the traffic crash problem and past highway safety efforts.

A conceptual framework was constructed to analyze and examine this
information. These analyses produced:

1. a statement of priorities among highway safety problems;

2. an identification of policy actions that should be taken
on the basis of current knowledge; and

3. a statement of priorities among research needs.
These were reported in the document entitled, Management of the Traffic
Crash Risk: A Conceptual Framework. Using these findings as a base,

a detailed inventory of existing research programs was undertaken. The
objective was to compare existing research efforts with the identified
research priorities. Differences are being examined to determine if
additional research was required or if existing research approaches
should be modified. This inventory has not yet been completed, but
significant trends have been identified that provide an initial basis

for the research recommendations presented here. The completed inventory
will contain an in-depth examination of contract and grant awards made

by federal sponsors of highway safety research and will be used as a
basis for more detailed research recommendations to be published later.



1.3 Report Organization

The report has been organized to present the preliminary findings
in an order consistent with the project objectives and task structure.
Section 2.0 summarizes the information on research priorities presented
in the report entitled, Management of the Traffic Crash- Risk: A Con-
ceptual Framework. These research priorities provide a background for

section 3.0, which presents interim results of the Planning Project
with regard to the fifth objective--the development of research strate-
gies and designs to meet the identified needs. General research
strategies are described, and a general research program structure is
identified.

Section 4.0 presents observations and insights resulting from the
general analytical work of the Planning Study. Areas discussed are
(1) high-priority research topics, (2) research policy issues, and
(3) research sponsorship.




2.0 PRIORITY PROBLEMS AND HIGHWAY SAFETY NEEDS

The information presented in this section is summarized from our
prior report, Management of the Traffic Crash Risk: A Conceptual Frame-

work. This section first presents a summary of conceptual framework,
then a summary of the priorities discussed in chapter seven of that
report.

Our approach has been to develop a conceptual framework to explain
the highway safety process, use the framework to identify basic pro-
blems and the information needed to approach the solution of the problems,
and, then, establish priorities among the identified problems and needs.

The statement of priority problems and information needs forms a
basic statement of research requirements. These requirements can then
be compared with past and current research activities to identify unmet
needs. Obviously, if existing research adequately addresses the
identified research requirements, there is no need for additional research
program planning. If, however, significant problem areas are not being
addressed, additional research needs must be defined. The definitions
should logically identify basic strategies or assumptions as well as
the research programs.

We have chosen to state research requirements in broad terms.
This has been deliberately done to ensure adequate examination of the
major areas of concern. We have deliberately avoided stating research
requirements in terms of specific projects. This has been done to
avoid too early closure that would exclude from consideration concepts
or approaches that could contribute to the reduction of the traffic
crash risk.



One of our reasons for choosing this approach 1ies in the vastly
different definitions and perceptions of the term "research" that are
used or held within the highway transportation context. The defini-
tions of pure research, basic research, applied research, development,
demonstration, and evaluation are subjective at best. So are the
applications of those terms. The assignment of various types of pro-
jects to particular categories depends greatly upon the perspective and
position of the assignor. A project may be labeled as "applied research"
by one agency, while a similar project is labeled as "development" by
another. The terminology applied by those who conduct the research may
add even another dimension.

We have sought to avoid the confusion that grows out of this type
of labeling by presenting research requirements in broad terms as
statements of problems and highway safety needs.

A broad range of research activity will be required to address
these needs ranging from basic research through field evaluation
studies. At this point, we are more concerned with attempting
to develop a broad research base to support decision-making to reduce

crash risk than specifying the precise research domain for the
necessary study efforts.

The following sections of this chapter present: (1) a brief
description of the conceptual framework; (2) an identification of
major problems within the highway safety process: (3) an analysis of basic
needs; and (4) a summary statement of priority problems and needs.

2.1 A Conceptual Framework for the Highway Safetv Process

The conceptual framework described below is useful for under-
standing the highway safety process. It is a step toward formal theory.
We urge its examination in that context.




The conceptual framework has three basic elements:

o The Highway Transportation System;
¢ Society; and
o Risk-Management Systems.

The highway safety process entails interactions among those ele-
ments for purposes of reducing crashes and crash losses.

The first element of the conceptual framework, the Highway Trans-
portation System (HTS), is defined to include the highway network,
system users, and supporting components. The HTS has grown because
it has provided positive benefit for our society. Associated with
that positive benefit or utility has been such societal disutility
as traffic crashes.

Society has reacted when this disutility has been perceived as
being too large to tolerate (maximum tolerable disutility) by creating
formal and informal systems to control the risk of traffic crashes.

We have used the term Risk-Management Systems to describe the agencies,
institutions, and individuals who generate those control forces.

The societal decisions that lead to the creation, support and
cooperation with risk-management systems are a function of the public
perception of the risk* of traffic crashes to society and the value of
the risk-management actions in reducing that risk. We must emphasize
that it is the public perception of the risk and the public perception
of the value of the response that governs societal and individual
decision making--not the actual risk or actual value of the risk-
management response. The subjective perceptions are formed and influ-
enced by information flow within the highway safety process. This
information flow is not direct, and it is shaped by many factors that
serve as "filters" to amplify or distort fact.

This general conceptual framework is depicted in Figure 2-1. It
is important to understand that the full dimensions of each of the

* We use the term "risk" to aid in thinking about future events that
will produce loss. We define risk as the probability of the occur-
rence of an event that will produce disutility.



o

HTS

e SYSTEM USERS
e VEHICLES
*HIGHWAYS

e SUPPORT
SYSTEMS

FIGURE 2-1

THE HIGHWAY SAFETY PROCESS
UTILITY
DISUTILITY
| |
R
W/ \/
FILTERS
! ! TERAN
VAR
< — — — FIKE———- ———=2F |-——>
| |
__________ COMPLEX P N
> lT' > INFORMATION < l{ <
oS E | FLOW <o
£ sle____V —___ ~ s oo
< < : 7S : > >
VR Y
FILTERS
I /N /N\ I
' : : :
\/ Y

RISK MANAGEMENT SYSTEMS

e TRAFFIC LAW SYSTEM
e EDUCATION

e SOCIAL PRESSURES
* INSURANCE

e OTHERS, UNDEFINED

SOCIETY

* INDIVIDUALS

* GOVERNMENT
« LEGISLATIVE
«EXECUTIVE
* JUDICIAL

*OTHER PRIVATE
AND PUBLIC
ORGANIZATIONS




major components are not well defined in the existing research litera-
ture, nor are the effects of the risk-management systems that are
identified well established.

2.2 Problem Analysis

The conceptual framework suggests that problems in managing crash
risk may be placed in three general categories. These categories
contain problems related to:

o the description of the highway safety process,
o decision making within the highway safety process, and
@ communication within the highway safety process.

One of the major deficiencies of the existing literature is an
almost complete lack of information that describes the highway safety
process in operational terms. The major elements are not identified,
their functions are not described, the basic structure and inter-
actions of the process are unknown, and the consequences or outputs
of the process are not established. A summary of some of the major
problems in describing the highway safety process is presented in
Figure 2-2.

A similar problem exists with regard to understanding how and why
people make decisions about highway safety. We do not know why drivers
make decisions to take risks nor what factors may influence decisions
to avoid risk. There is also a lack of knowledge about how risk mana-
gers make decisions. Considerable progress has been made in recent
years in developing theoretical models of decision-making and under-
standing psychological and social factors that enter into applications
of such models. However, at present, no single integrated theory of
decision-making is available for rigorous application to the field of
highway safety.

Communication within the highway safety process is also a major

problem. No systemwide information system has ever been desiagned for
the entire highway safety process. The most serious problem in
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communications is in meeting the needs of the public and operational
components of the HTS and the risk-management systems for information
for decision making.

This is reflected in the relatively low usage of existing knowledge
that is currently available for the design and development of highway
safety programs at the federal, state, and local level. In particular,
information about the risk-management process is not used and evalu-
ation of existing programs is a rarity. Figure 2-3 outlines some of
the major problems in communication within the highway safety process.

These problems, identified above, stem from a lack of theory to
focus action. They are direct products of the failure to use exist-
ing knowledge and information effectively.

2.3 Needs Analysis

This section presents a brief discussion of what needs to be
done to address the basic problems identified in the preceding
section. The statement of needs is only a first step toward develop-
ment of a set of top-level requirements for managing crash risk.
Further analyses of problems and needs will be required to develop
more comprehensive and detailed statements of requirements. The needs
discussed below address the three categories of problems that were
described above, i.e.:

(1) the description of the Highway Safety Process (HSP)
(2) decision-making within the HSP, and
(3) communication within the HSP.

2.3.1 Description of the Highway Safety Process. The HSR and its
individual parts should be described with respect to its composition,
functions, and outputs. A conceptual framework such as the one presented
in Section 2.1 of this paper is the first step in development of such
a system description, but more detailed descriptions are needed.
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The first specific need is that each element and its components
be identified and described. The conceptual framework described in
Sectijon 2.1 identifies classes of components (e.g., the HTS, RMSs)
and gives examples of lower-Tevel components (e.g., drivers, auto-
mobile manufacturers, driver 1icensing agencies). Additional group-
ings and classifications of components need to be developed and
expanded to include each component whose activities are believed to
have any significant impact on HSP operations.

Next, it is necessary that the functions of the HSP be identified
in hierarchical form. Some top-level functions identified elsewhere
in this report include the provision of fast, convenient transportation
and the maintenance of HTS disutility at a societally acceptable Tevel.
Lower-level functions of the HTS include the design, construction,
operation, and support of automobile equipment and highways. The pri-
mary function of RMSs are risk identification, risk prioritization,
resource allocation, development of strategies and tactics, implemen-
tation and operation of programs, and evaluation. The functions of
one specific RMS, the Traffic Law System have been identified and
related to the primary functions of RMSs in general. Similar but more
detailed descriptions of HSP functions must be developed so that all
significant activities pertinent to the generation and control of HTS
disutility are known and related to HSP objectives.

When the components and functions of the HSP have been defined,
they must be interrelated to form a detailed structure of the process.
Each top-Tevel function must be related to every other top-level
function, and the components involved in the performance of that
function must be identified. Similarly, interfunctional relation-
ships must be developed among lower-level functions, so that, ulti-
mately, a network of functions can be created. Such a network
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would, amoné other things, enable one to determine how any given
activity performed by any given component might affect other
activities and components, and would thus provide a major tool for
the practice of risk management.

The last major need for describing the HSP is to define its
outputs. In the case of the HTS, this means stating the utilities
and disutilities associated with its various modes of operation,
its components, and its function. For example, driving at a high .
speed in a large "luxury" car on an interstate highway has a pos-
itive utility, not only to a driver and passengers who-want to
minimize travel time, but also to organizations that manufacture and
support the equipment and facilities invelved in such use of the
HTS. Even a direct disutility (e.g., a serious crash) that some-
times occurs as a consequence of this mode of operation may have
utility to some segments of society (e.g., automobile repair compan-
jes, hospital workers). It is essential to risk management that the
nature of the significant utilities and disutilities associated
with the operational modes of the HTS be specified in relation
to the varijous classes of individuals and organizations that receive
the utilities and disutilities. The etiology of crashes is an impor-
tant element of this "output definition" requirement vis-a-vis the

HTS, but it is clearly only one of many elements.

It is necessary that HTS disutilities be stated not only in
terms of the losses associated with a partitu]ar event but in terms
of the probability (i.e., risk) that the event will occur. Further,
to evoke an effective risk-management response, HTS disutilities
must be described in relation to other disutilities (e.g., fire,
disease) and their associated risks.

The outputs of RMSs are control forces designed to maintain
acceptable HTS disutility. As such, they are more difficult to
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describe than the outputs of the HTS, because it is necessary to

define not only their nature and origin but their purposes, effects,
and costs. Thus, for example, a control force in the form of a

driver license suspension imposed by an administrative agency must

be examined to identify its purpose (of, say, preventing crashes
involving teen-aged drunk drivers), its effectiveness in accomplish-
ing its purpose, and the total cost of RMS resources expended in
applying that force. It is also important to identify any negative
effects associated with potential applications of that force (e.g.; the
violation of fundamental constitutional rights by denial of due process).

Finally, the specific nature of society's "outputs” must be
known. These should be described in terms of required reductions in
specific risks and in terms of what constitutes acceptable control
forces for such risks.

Meeting the above needs will produce a comprehensive and detailed
description of the Highway Safety Process. Kept up to date, the de-
scription will provide a running history of the constituents, object-
ives, and outputs of the HSP, and thus will comprise the first basic
ingredient for designing, operating, and evaluating programs of risk-
management.

2.3.2 Decision-Making Within the Highway Safety Process.
Factors important in deciding how to deal with HTS risk must be
identified and described. Three specific needs are germane to
decision making within the HSP.

The first need relates to formation of perceptions about the
outputs of the HTS and RMSs. It was noted earlier in this report
that perceived risk often does not equal actual risk and that per-
ceptions about utilities of the HTS and disutilities of RMS control
forces may also be inaccurate. Thus, there is a need to determine
the nature of societal, HTS, and RMS perceptions of the risks and
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utilities of the HTS and RMS control forces, and to understand how
those perceptions are formed. It is necessary to know, for example,
how perceptions of crash risk due to speeding vary with demographic

characteristics, and how effective speed "traps" are in reducing crash
risks. |

The concept of maximum tolerable disutility due to crashes was

introduced in Section 2.1 as an essential element of highway safety.
There is, therefore, a need to describe this reference value of
disuti1ityvfor different groups of individuals from the HTS, RMSs,
and society in general. The need for such knowledge is fundamental
because it forms the basis for determining the specific objectives
of RMSs at any point in time. Combined with information about actual
and perceived disutility, it allows one to ascertain if society's
safety requirements are being met and the extent to which control
forces should be applied to meet those requirements.

For example, knowledge that, all things considered, the require-
ment that an average driver's chances of being killed in a crash
over a driving lifetime not exceed one in 1,000, when they are
actually more than 25 in 1,000, could have very significant impli-
cations for risk-management. Such knowledge would indicate that
RMSs were not satisfactorily accomplishing their objectives, since
actual risk greatly exceeds that which is acceptable, and perceived
risk is much lower than actual risk. On the other hand, a finding
that drivers who use a heavily patrolled roadway during nighttime
hours can expect. to be involved in some kind of serious crash once
in every 1,000,000 trips, when their safety requirement is one serious
crash in 100,000 trips, might indicate a misallocation of police re-
sources. In either case, maximum tolerable disutility must be known
in order to measure RMS performance.

The last need in this category is to understand how decisions
about responses to risk are made. In the case of the HTS, this
means, for example, that one understand why one driver's response to
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a given perceived risk will be risk avoidance, while another driver's
response will be to accept the risk. By the same token, the public
in one jurisdiction may demand immediate actjon against a given
perceived risk, but the same risk in another jurisdiction may

leave the public apathetic. Finally, one police agency may respond
to a given increase in perceived risk by allocating more patrol cars
to a given stretch of highway; but a police agency in another,
apparently similar, jurisdiction may take no action at all to deal
with the same amount of increase in risk. Thus, there is a need to
know the significant factors that lead to such wide differences in
responses to the same perceived risk, and to know how to manage '
these factors so as to obtain optimal responses from the decision-
makers.

2.3.3 Communication Within the Highway Safety Process.
The accumulation of a body of knowledge about the nature and effects
of the HSP will be of 1ittle use unless such knowledge is dissemin-
ated and understood by the components of the process. Effective
means foraccurately communicating needed information within the HSP
is thus a basic requirement for risk management.

Three specific needs are generated by this general requirement.
First, there is the necessity to determine the nature of information
needed by each component of the HSP.. .In general, each component
will need.at least some of each type of information defined by the
above specific requirements, but the depth and scope of the informa-
tion will vary greatly among components. For example, the information
needs of traffic court judges with respect to identification of risk
due to drunk-driving are different than the information needs of the
automobile designer. Both need to know about the magnitude of the
risk associated with various blood alcohol concentrations, but the
designer needs more detailed and precise information about how
alcohol affects vehicle-driver interactions and thereby increases
crash risk. However, traffic court judges need a more in-depth
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explanation of the effects of a given treatment regimen for alcoholic
drivers.

Individuals and organizations that are often not considered to
be a part of the HSP should also be provided information about high-
way safety and their role in it. For example, physiciaﬁs should be
aware that certain types of injuries are more likely to appear than
other injuries and should be prepared to identify and treat those
injuries when examining a crash victim.

Secondly, the appropriate form and method of delivery of the

information must be determined for each component of the HSP. For
example, the automobile designer might best be reached through tech-
nical reports and jourmal articles, while traffic court judges might
respond better to an intensive seminar involving colleagues and other
peers with specialized knowledge about alcohol-related crashes and
treatment methods for alcoholism. The mass media would be a better
vehicle for informing segments of the general public about alcohol-
crash risk and the responses of RMSs to that risk.

Finally, continuing communications programs must be designed
and implemented. The programs must provide needed information in
effective form to all components of the Highway Safety Process.

2.4 Summary and Conclusions

Our new conceptual framework has been used to analyze major
problems and needs in managing crash risk. Examination of the past
operation of the HSP reveals a range of problems inhibiting the
effective management of risk. The problems fall within the follow-
ing three categories:

(1) the description of the societal process (i.e., the
Highway Safety Process) through which the disutilities
of highway crashes are generated and controlled,

(2) decision-making within the Highway Safety Process (HSP),
and

(3) communication within the HSP.

18



Major problems contained in these three categories may be
listed as:

Description of the HSP

® The components of the HSP are not identified and described.
e The functions of the HSP are not identified and described.

® A detailed structure relating the components and functions
has not been developed.

e The outputs of the process are not defined.

Decision-Making

o The nature of perceptions about the HSP and its outputs
have not been determined and it is not understood how
these perceptions are formed.

e Maximum tolerable disutility due to highway crashes has not
been described.

o The process through which decisions about how to respond
to crash risk are made has not been described and is not
understood.

Communication

® The nature of the information needed by each component
of the HSP has not been determined.

® The appropriate form and method of delivery of needed
information has not been determined.

¢ Continuing communications programs to provide needed
information in effective form to all components of the
HSP have not been developed.

Major needs in highway safety have been identified. With respect

to the HSP as a whole, these needs may be stated as:

e A comprehensive theory of highway safety should be
developed.

® The perception of highway crash risk should be made more
accurate.

e The HSP and its components should be adequately described.
® Existing knowledge should be used.
® RMS actions should be evaluated.
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With respect to the Highway Transportation System (HTS),

major needs in risk management are:

Components should be more fully identified and described.
Operations should be more fully identified and described.
User decisions should be understood.

Utilities should be described in operational terms (e.g.,
the reasons for risk-taking or safe driving).

Disutilities due to crashes should be adequately identified
and described in operational terms that will support risk-
management actions.

Within the Societal component of the HSP, major needs are:

Risk perception should be made more accurate.

The processes through which perceptions are formed should
be described and understood.

Methods for changing perceptions should be developed.

Major needs of Risk-Management Systems have been identified as:

@
Q
@

RMSs should be identified and defined.
RMSs should engage in system management.
Risk-management action by state and local units of

~government should be increased.

The process of risk management should be followed.

Information on the effectiveness of risk-management
strategies and tactics should be provided to RMSs.

A wider range of risk-management strategies should be
considered and less reliance placed on traditional
countermeasures.

The effectiveness of the control forces of RMSs should be
determined and made known to the public.

Public support of control actions should be increased by
developing control forces that do not in themselves

generate excessive disutility.

It is concluded that there is also a clear need for a more

formalized and extensive analysis of risk management needs, and for

the development of focused programs to meet those needs.

That such

an analysis has not been conducted in the past is due in large part
to the lack of an adequate theory or conceptual framework as a basis

for identifying needs.
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3.0 RESEARCH STRATEGIES AND PROGRAMS

This section reports the results of the Planning Project efforts
focused on the fifth specific objective--the development of research
strategies and designs to address the identified priorify research
needs. This task is a continuing effort; this report represents
a first iteration.

Our approach has been to identify general research strategies
and major program areas that must be included within a comprehensive
highway safety research effort to address the major problems and needs
previously identified. This task will continue to develop more de-
tailed descriptions of programs that will include, when appropriate,
the identification of specific, high-priority projects. Subsequent

reports will present these findings.

This section is presentec in two parts. First, general re-
search strategies are described. This is followed by an identifi-
cation of major research program areas.

3.1 General Research Strategies

Strategy I An organized body of theory of highway safety
should be developed.

Discussion The Tack of order within the field of highway
safety in both research and action programs
reflects the lack of an organizing framework.
Theory is needed to provide (1) a method of
organizing existing knowledge; (2) principles
and rules for making decisions; (3) a way to
focus inquiry; (4) a common way to communicate;
and (5) order and direction for action to reduce
the risk of traffic crashes.
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Strategy I1

Discussion

Strateqy III

Discussion

Strategy IV

Discussion

The scope of highway safety research should be
broadened to include all aspects of the highway
safety process.

An examination of past highway safety research
reveals that significant areas within the high-
way safety process (e.g., the role of societal
perceptions of risk) have been ignored. The
Timited scope of past research has resulted in
highway safety action or countermeasure programs
of equally limited scope. It is unlikely that
significant reductions in risk will occur until
research and action programs address the full
breadth of the highway safety process and consider
the range of factors that lead to the generation
of risk within the Highway Transportation System.

The nature of research activity must be broadened
to include all types or phases of research rele-
vant to the reduction of the risk of traffic
crashes and crash loss.

Research may be defined in a variety of ways. Types
of research (or phases of research) range from basic
through applied to demonstration projects. An examina-
tion of past highway safety research efforts reveals
that very little basic or applied research related
to human-oriented highway safety is being conducted.
NHTSA, for example, conducts no basic or applied
research. Since we know so little about the opera-
tions of the Highway Transportation System and the
important roles that human decision-making plays
within the system, the lack of basic and applied
research focused on highway safety problems must

be viewed as a deficiency.

Highway safety research should be balanced so
that all priority areas of the highway safety
process receive proper attention.

Examination of past research efforts reveals that
significant research funding has been devoted to
the highway and vehicle, with emphasis placed on
the crash phase with a goal of injury reduction.
Human factors have not received significant atten-
tion, although they have been reported as playing
the major causative role by almost all researchers
examining traffic crash causation. Past research
has also focused almost exclusively on the dis-
utilities of the Highway Transportation System.
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Discussion

(Continued)

Strategy V

Discussion

Strateqy VI

Discussion

Unsafe driving acts have been studied. In
general, the studies have not attempted to de-
termine why people drive safely or what utility
is associated with the unsafe driving acts. This
narrow focus of past research has resulted in the
development of equally narrow countermeasure pro-
grams that focus heavily on the vehicle and the
environment. Most human-oriented programs rely
heavily on negative approaches (e.g., traffic law
enforcement). Some educational programs have
been attempted, but their effectiveness is not
established.

A deliberate effort should be made to increase
the quality of highway safety research.

A review of past research reyeals that the quality
of individual studies varies greatly. In some
cases this simply represents the capabilities of
the researchers involved. In other cases the
quality of the work product is directly related to
deficiencies in the design of the research that
were set forth in the statement of work by the
sponsor. The sponsor's designs are simply executed
by the contractor. The lack of flexibility in the
contracting process, in particular, that of NHTSA,
greatly contributes to this problem.

A deliberate effort must be made to increase
the usefulness and use of research findings.

There appears to be very limited use of research
findings and existing knowledge by decision makers.
Frequently, program decisions are made without using in-
formation that is available. This is particularly

true at the state and local level. The reasons for
this are not clearly established.

It is very difficult to readily access past research.
Many reports are not indexed. Many reports are not
in print--having been originally distributed in
Timited quantity. Retrieval from central sources
such as the National Technical Information Service

is not always a rapid process nor apparently well
understood by Tocal governmental personnel.
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Strategy VII  The Tevel of effort devoted to highway safety
research should be increased.

Discussion It is almost axiomatic that researchers will re-
commend more research. We do not wish to argue
that point nor disappoint those who expected that
we would suggest that more research is required.

We suggest, however, that even non-researchers
examining the current state of highway safety would
conclude that additional research effort is appro-
priate.

The highway safety problem is a significant national
problem. The costs to society in terms of non-
quantifiable losses such as death, pain, and suffering
and the quantifiable costs of injury, death and
property losses, rank high in any 1ist of public
health and safety problems. If it were purely a
health problem, one would expect a public cry for

a new institute of health safety to deal with the
problem.

The examination of societal response to the problem
of highway crashes indicated that there is a sig-
nificant Tack of understanding of what produces
crashes or what reduces crashes. We do not know
how to control the traffic crash problem.

Examination of the crash-reduction effort also
reveals that it is a relatively low technology
area compared to other aspects of society. The
Highway Transportation System does involve tech-
nology but the safety efforts, in general, make
only limited use of technology.

These factors--the magnitude of the problem, the
lack of knowledge of how to effectively deal with
the problem, and the relatively low use of tech-
nology in a high-technology society--all suggest
that increasing the level of research would contri-
bute to more effective management of the traffic
crash risk.

3,2 Research Program Structure

This subsection presents a general outline of a research program
structure for highway safety research. Major program areas are identi-
fied that contain related programs. These programs, in turn, contain
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families of related projects. The purpose of this presentation is to
develop a top-level description of the major program areas that can
serve as the basis for discussion of future research directions.

The concept of a program area is one that must be understood to
follow the logic of the presentation. The program areas have been
identified as major topic areas of relatively the same priority. They
may be thought of as links in a chain. Research must be undertaken
in each program area to complete the "chain" so that the problems and
needs of highway safety can adequately be addressed. lhile each pro-
gram area may be viewed as an equally important link in the chain, it
is clear that the areas are not of the same magnitude in the sense
of the amount of research required to adequately develop answers to
the problems and needs associated with each area. Some program areas
will contain many programs with Titerally hundreds of projects. Others
will have more limited scope. The importance of a program area flows
from the relevance of the topics included--not from the number of
projects or programs subsumed within the program area.

We have previously identified major problems and needs as being
associated with the various elements of the highway safety process
described by our conceptual framework. This same theme has been followed
to identify four major program areas:

General Highway Safety Process Research
Highway Transportation System Safety Research
Societal Highway Safety Research

Highway Safety Risk-Management Systems Research

The scope of these major program areas will be described in
greater detail later in this subsection,

In identifying major problems and needs we noted that three basic
problem areas could be identified. These included:
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e Description of the highway safety process and the con-
stituent elements of the process.

o Identification of the decision-making processes related
to the generation and management of traffic crash risk.

o The communication and use of information about crash risk
and the effectiveness of the risk-management process.
These problems generate needs that pervade all aspects of the
highway safety process. Thus, we have used these problem areas to
identify programs within each major program area.

In developing our conceptual framework, we noted that the high-
way safety process was basically a risk-management process. We '
specifically identified risk-management systems as one major element
of the conceptual framework, but noted that the process of risk-
management permeated all aspects of the highway safety process. We
noted that the risk-management process could be succinctly stated
to include the following steps:

¢ Risk Identification;

Establishment of Priorities Among Risks;
Determination of the Allocation of Resources;

o
]
o Selection of Risk-Management Strategies and Tactics;
o Implementation of Risk-Management Actions; and

[

Evaluation of Qutcomes in Terms of Risk Reduction.

The risk-management process as it relate to each major program
area also becomes an appropriate research program within each major
program area.

This, then, led us to state the basic structure for a general
research program in highway safety. The general program is divided
into four major program areas of equal importance. Each program area,
in turn, is composed of programs that address the following topic
areas:
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Description,
Decision-Making,
Communication of Information, and

S N =

Risk-Management.

This approach is illustrated in Figure 3-1, Each program is
composed of families of projects that address the major topic of the
program. It may be expected that a single project may logically address
topics in more than one program or more than one program area (See
Figure 3-2). The derivation of the need for the project, however,
would flow from an analysis of problems and needs in the major program
area. The identification of specific needs would lead to the identi-
fication of the specific project.

The following subsections describe each major program area in
greater detail and provide a preliminary indication of the programs
that would be included within each program area. Examples of projects
that would fall within programs are provided for illustration only.
The illustrative projects are not recommended as priority research
projects. They are presented for the purpose of explanation only.

3.2.1 Program Area A -- General Highway Safety Process Research.

Programs and projects within this program area are concerned with problems
and needs that are top-level concerns or permeate all aspects of the high-
way safety process. Problems and needs related to overall management of
the traffic crash risk fall within this program area.

Program A-1 Description of the Highway Safety Process

Projects within this program are concerned with
the identification of the nature of the highway
safety process. The development of theories,
models, conceptual frameworks and other methods
of explanation are included.

Particular emphasis is placed on the description
of the interrelationships of the constituent
elements of the highway safety process. Another
concern is the description of the highway safety
problem in the context of other societal risks.

27



v-a -2 -4 v-v quawabeury
AS LY
uotLjewaoju]
£-da €-3J €-94 e-vY 340
uoL3edLuUNWWo)
butey
Z2-a ¢-) 2-9 2-v uoLstoaqd
1-d -3 -9 -V uorydiadsaqg
SWa1SAS A33L00% 133 SAS S$S3204d
Juawsbeuey uoLrjejraodsuea] A193es
“3sty Aemyb LY AKemyb LH
a J e Y

AVdYY HOYVY3IS3IY AL34VS AVMHIOIH

L-€ 3¥N9I4

28



FIGURE 3-2

STRUCTURE OF HIGHWAY SAFETY RESEARCH
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Program A-2 = Decision-Making in Highway Safety

Projects within this program are concerned with broad
aspects of human decision-making as it relates to
highway safety. How risk is perceived and how the
risk-management processes are perceived are concerns.
The way in which top-level decisions about highway
safety versus other safety issues are perceived

is also of interest. The decisions of priority
interest are those of a policy nature that affect

the highway safety process as a whole.

Program A-3 Communication of Information

Projects within this area are concerned with the
communication and use of broad elements of informa-
tion that relate to the overall operations of the
highway safety process. The use of information

in policy formulation and implementation is a
particular concern.

The identification of information users and the
methods in which they receive and use information
for policy making would be examined.

Program A-4 Risk Management-Highway Safety Process Level

Projects within this area are concerned with the
application of the risk-management approach to
top-level decisions within the highway safety
process. These would include basic decisions
about the priorities among risks, development
of broad strategies for highway safety, resource
allocation, action program implementation, and
overall evaluation of the effectiveness of the
highway safety process. The management level

of interest would be the Congress and senior
elements of the executive branch in the federal
government and similar components of state and
Tocal governments.

3.2.2 Program Area B -- Highway Transportation System Safety Research.

Programs and projects within this area are concerned with the Highway Trans-
portation System as one of the constituent elements of the highway safety
process. The examination of the HTS is done in the context of the safety
implications of its operations and outputs. Thus, research programs are
focused on the HTS in the context of highway safety.
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Program B-1 Description of the Highway Transportation System

Projects within this program would describe the
objectives, functions, components, structure, and
outputs of the HTS. Such components include
drivers, vehicles, the highway environment, and
the support systems. Outputs include the posi-
tive benefits or utilities, such as mobility and
convenience, and costs of disutilities, such as
traffic crashes.

The factors which create utility and disutility
must be carefully described. Disutility descrip-
tions, such as the present accident investigation
efforts, must be continued but broadened to
describe the factors creating the initial

risk as well as methods that can reduce risk once
a crash has occurred.

Program B-2 Decision-Making within the HTS

Projects within this program will examine the
decisions that are made to create and operate
the HTS and the safety implication of those
decisions. Decision-making by system users
(e.g., drivers, pedestrians, and passengers)
will also be examined to understand how people
are placed in risk.

Program B-3 Communication of Information

Projects within this program will examine how
information is communicated and used within the
HTS. Information related to each element of the
HTS will be examined, users identified, the
method by which information is used identified,
and the impact on highway safety assessed.

Program B-4 Risk Management-Highway Transportation System

Projects within this program will examine the
general management process of the HTS to deter-
mine the safety implications. A distinction is
made here between general management activities
and specific risk-management actions which are
covered as a separate element of the conceptual
framework. The management process examined here
is that directly related to overall HTS operations.
An objective would be to identify general manage-
ment decisions that lead to increasing or reducing
crash risk.
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3.2.3 Program Area C -- Societal Highway Safety Research.

Programs and projects within this area are concerned with examining

the role that the societal element of the highway safety process plays

in the management of the traffic crash risk.

Program C-1

Description of the Societal Role

Program C-2

Projects within this program will identify and
describe the nature and extent of the societal
role in highway safety. Identification of the
ways in which society acts to influence factors
that generate risk or reduce risk within the
Highway Transportation System are of particu-
lar interest. Description of how society
creates and influences risk-management systems
is also included.

Decision-Making by Society

Program C-3

Projects within this program will focus on the
basis for societal decisions about highway
safety. Many of the same concerns that are of
interest in Program A-2 are of interest here
as well. The focus of projects within Program
C-2 is on individuals and groups whose deci-
sions influence the more formal policy-making
bodies and risk-management systems.

Societal Communication of Highway Safety Information

Projects within this area share the general con-
cerns of communication of information projects
in other program areas. The focus of projects
within this program is on individuals and in-
formal groups. The objective is to identify

how information about risk, risk avoidance,

and risk management is communicated within the
societal element of the highway safety process
and to develop methods to make the communica-
tion more effective.
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Program C-4 Societal Risk-Management Actions

Projects within this area are concerned with
identifying and describing risk-management
actions within the societal element. An
example would be a project that demonstrated
how a community could assess its highway safety
problem and obtain an adequate response from
the formal risk-management systems within

that community.

3.2.4 Program Area D -- Risk-Management Systems Research. This

program area is concerned with examination and improvement of the .
formal and informal systems that society has created to exert control
forces on the highway transportation system to reduce the risk of
traffic crashes. This program area is very large in scope and includes
many elements of existing research efforts.

Program D-1 Description of Risk-Management Systems

Projects in this program address a critical
objective--the identification and description
in functional terms of the formal and informal
systems used to control the operations of the
HTS. The scope of the program is broad. Not
only must existing risk-management efforts be
identified and described, but also new, inno-
vative approaches that have not been fully
used must be identified and described.

Program D-2 Risk-Management System Decision-Making

Research projects in this program will focus on
the decisions made within the risk-management
systems. Projects will examine existing deci-
sion processes to identify problems and to
suggest improved decision-making approaches.

Program D-3 Risk-Management System Communications

Projects in this program will identify informa-
tion needs for risk-management system operation,
identify information users, and develop methods
for improving the use of information for risk
management.
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Program D-4 Risk-Management System Operations

Projects within this area are concerned with
improving the functioning of all formal and
informal risk-management systems. Projects on
management, training, and technology transfer
are included. Projects that develop and
implement new, innovative strategies and
tactics are also included. Evaluation of
specific risk-management efforts would be
another example of projects within this
program.

3.3 Summary and Conclusions

A first iteration at identifying research strategies and programs
was made. Seven major strategies for meeting priority research needs
are suggested:

e develop an organized body of theory of highway safety,

¢ broaden the scope of highway safety research to include
all aspects of the highway safety process,

e broaden the nature of research activity to include all
phases of relevant research, from basic research to demon-
stration projects,

e balance highway safety research activity to focus proper
attention on all priority areas,

e increase the quality of highway safety research,
¢ increase the usefulness and use of research findings, and
e increase the level of effort devoted to highway safety
research.
General research programs in highway safety can be generated by
tabulating program areas versus topic areas. Relevant program areas

are:

General highway safety process research,
Highway Transportation System research,
Societal highway safety research, and

Highway safety risk-management systems research.
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Major topic areas of concern in each program area are:

o description of the highway safety process and its constituent
elements,

o identification of the decision-making processes related to the
generation and management of traffic crash risk,

e communication and use of information about crash risk and the
effectiveness of the risk-management process, and

o the risk-management process.

Specific projects addressing these sixteen research programs

need to be developed in a systematic fashion. Also, the pro-
grams themselves should be defined in more detail in a more in-depth

program of "research on research." Finally, a set of priorities
specifying which programs and projects should be conducted to what
extent, in what order, and in which time periods should be developed.
Some initial observations and insights about research priorities and
related issues are discussed in the next section.
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4.0 OBSERVATIONS AND INSIGHTS

The information presented in this interim report is preliminary in
nature. The inquiry has been constrained by the availability of informa-
tion and by the level of effort available for examination of existing
information. It would not be appropriate to state, on the basis of
this limited inquiry, formal conclusions and recommendations. The
nature of the inquiry has led the principal investigators to make some
observations and share some insights developed as a result of the re-
search efforts. These are presented in the following sections.

4.1 Priority Research

Three research topics have been identified as having the high-
est priority for the near-term future. These topics span all the
program areas identified previously. Projects addressing these
topics would be placed within the context of the most appropriate
program, but the outputs would be of benefit to other program areas
as well. These topics are described below.

Topic I Perception of Risk and Risk Management

The subjective perceptions of the risk of traffic
crashes and the value of risk-management approaches
form the basic constraints and sustaining forces for
the highway safety process. How perceptions are
formed, how perceptions change, and what factors
influence perceptions are basically unknown.

Until more objective perceptions can be developed,
it is likely that the highway safety process will

simply follow the direction suggested by the most

persuasive voice.
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Topic 1I Information Utilization and Technology Transfer

A finding of this study and others is that the
use of existing knowledge and technology in the
field of highway safety is relatively Tow. This
is particularly true at the local government
Tevel.

The ways in which information is transmitted and

used are not well known. The individuals who

should be using research findings are not adequately
identified. Methods for disseminating information
that are well known within the education and communi-
cation science communities have been applied on]y

to a lTimited degree in the past.

It is as critical to ensure that existing, valid
knowledge is used as it is to expand the existing
knowledge base.

Topic III Develop New Risk-Management Approaches

Examination of the range of risk-management approaches
now in use or under apparent consideration reveals
that heavy reliance is placed on conventional risk-
management systems such as the traffic law system.

These approaches are primarily negative in nature,
relying on the substitution of a present threat
such as arrest for the more indefinite risk of a
traffic crash.

Consideration needs to be given to more positive
approaches. For example, reduction of the benefits
associated with risk-taking should be examined.

4,2 Research Policy Issues

One of the most striking results of assessing research efforts
against the conceptual framework is that the process reveals how
narrow research has been in the field of highway safety. Recommenda-
tions of past studies almost invariably suggest more research of the
same nature and scope. Use of the conceptual framework shows that
significant areas of the highway safety process have received only
Timited attention. The scope of past research has not been adequate.
Thus it is important to broaden the scope of inquiry of highway safety
research.
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As part of this broadening of scope, consideration must also be
given to developing a balance. Research has tended to concentrate on
the highway environment and the vehicle. Only Timited research attention
has been given to the human component of the highway transportation
system. Examination of past funding indicates, at a first Took, that a
relative balance has been maintained among the components of the Highway
Transportation System. The funding for human-oriented research, however,
has been heavily biased toward demonstration programs such as ASAP.
These programs have consumed significant funds with insignificant
results. They cannot be viewed in the same context as past vehicle and
highway research efforts. Thus, we conclude that the emphasis on
human-oriented research should increase. Demonstration programs should
follow developmental research projects, not preempt them.

A comment must be made as well on the quality of research. The
present research funding process of NHTSA encourages low bidders and
discourages researchers interested in addressing non-obvious but seminal
problems. Typically, NHTSA conducts research procurement by the com-
petitive contract solicitation method. Approximately four weeks is
allowed from the announcement of a procurement (Request for Proposal)
until the due date for the proposal. Some of the procurements have
work statements that could cover research efforts ranging in magnitude
from one to one hundred years of professional effort. This produces a
bidding jungle that attracts the segment of the research industry that
can afford to invest in proposal writing and discourages the research
community that operates from universities or other non-profit organiza-
tions.

The result has been a lack of continuity in many programs. Work
started by one group is continued by a second. Lessons learned in the
first effort must be relearned by the second group. Work products of

38




extremely uneven quality have been produced and disseminated. If
the conclusions fit the policy objectives of the moment, the research
may be used to support action programs or defend past efforts.

The relatively small research community in highway safety has
made it difficult to obtain the type of critical comment that is
common in broader research areas. Individuals are reluctant to
openly criticize the NHTSA program and the work products of their
colleagues because of the perceived consequences. We believe it
very important for the future of highway safety research that quality
control methods be developed and implemented. "

4.3 Research Sponsorship

Our initial examination indicates that the vast majority of
human-oriented highway safety research is sponsored by governments.
We estimate that at least 75 percent of the total funding in this
area flows from federal sources. Private sector funding represents
only a small portion of the whole--probably about ten percent.

We suggest that it is important to review present funding
Tevels. We believe that, when all factors are considered, the expendi-
ture of additional funds for research in highway safety is
justified and necessary. This suggests increased expenditures

by both the public and private sectors.

The respective research roles of the public and private sectors
should be examined. It is likely that under both present and
future funding patterns the vast majority of research will be
funded by the federal government. It then becomes very important to
ensure that the policy issues of scope, balance, and quality discussed
previously are adequately addressed within the federal program.

This suggests that an important role for the private sector
is to help ensure that these objectives are met. The private sector can
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be far more influential and effective by funding efforts to produce
better quality federal research. The private sector should place
greater emphasis on funding basic and applied research to develop
policy directions for general highway safety research and on funding
the evaluation of federal research programs to ensure that proper
attention is given to scope, balance, and quality.
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