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FOREWORD

This paper has been prepared as part of a larger examination
of past and future directions in highway safety sponsored by the
Motor Vehicle Manufacturers Association under a grant of unre-
stricted funds to The University of Michigan's Highway Safety
Research Institute. It has also evolved from work conducted under
the sponsorshin of the U. S. Department of Transportation in a study
entitled "A Systems Analysis of the Traffic Law System," completed
in 1972.

This paper was originally scheduled for release for review
by our colleagues in the field of highway safety in early 1978.
Current discussions on the future of highway safety now being
conducted in the public and private sector(e.g., the Automobile
Assessment Study conducted by the Office of Technology Assessment)
have led us to release the document earlier than scheduled. We
do so in the hope that some of the issues we raise will receive
more scrutiny because of the current interest in the topic and
that our conceptual approach will be strengthened by the comments
of the readers.

Early release of this document has not allowed us to complete
a rigorous internal review process. Thus, the paper exhibits
stylistic flaws, and some of the discussions are not as complete
as we expect the final version to present. We welcome suggest-
ions for improvement of both the substance and presentation
aporoach of the paper.

The paper is being circulated for comment within the highway
satety research and policy communities. In light of the prelimin-
ary nature of the document and the probability that it will be







substantially revised may we ask that any use of the content,
for other than review purposes, be discussed with us in advance of
such use.

We thank the readers for their consideration.

Kent B. Joscelyn Ralph K. Jones

July 1977 Ann Arbor, Michigan

i






1.0

2.0

3.0

4.0

5.0

6.0

7.0

CONTENTS

INTRODUCTION

1.1 Background
1.2 Scope and Approach

HISTORY OF HIGHWAY SAFETY THEORY

2.1 The Need for Theory
2.2 Formation of Highway Safety Theory
2.3 Summary and Conclusions

PROBLEMS WITH EXISTING THEORY

3.1 Limitations of Existing Theory
3.2 Consequences of Existing Theory
3.3 Summary and Conclusions

EW CONCEPTUAL FRAMEWORK FOR HIGHWAY SAFETY

AN

4.1 The Highway Transportation System

4.2 Society

4.3 Risk Management Systems

4.4 Fundamental Constraints on the Highway
Safety Process

4.5 Highway Safety Principles

4.6 Summary and Conclusions

THE IMPORTANCE OF UNDERSTANDING HOW PEOPLE MAKE
DECISIONS ABOUT RISK

5.1 History of Decision-Making Theory

5.2 Social and Psychological Factors in
Decision-Making

5.3 Summary and Conclusions

IMPROVING THE MANAGEMENT OF RISK

6.1 The Process of Risk Management
6.2 The Traffic Law System - An I1lustration
6.3 Summary and Conclusions

ANALYZING HIGHWAY SAFETY NEEDS: AN APPLICATION OF
THE NEW CONCEPTUAL FRAMEWORK

7.1 Problem Analysis
7.2 Need Analysis
7.3 Summary and Conclusions

51
51
55
63

67
68

78

79

79
89
85



8.0

9.0

IMPLICATIONS OF THE CONCEPTUAL FRAMEWORK

8.1 How About Decreasing Utility?

8.2 How About Non-Traditional Risk-Management
Systems?

8.3 Summary and Conclusions

CCNCLUSIONS AND RECOMMENDATIONS

Appendix A



1.0 INTRODUCTICN

The Highway Transportation System and the omnipresent auto-
mobile are as much a part of American life as apple pie. The
societal mobility provided by the auto, as a personal transporta-
tion unit, has shaped our society for better and for worse.

Along with the mobility that the auto has provided, auto use has
resulted in death, personal injury, and property losses because

of traffic crashes. These traffic crashes represent a societal

risk that must be managed.

This paper examines general concepts and theories developed
to explain traffic crashes and support efforts to reduce crashes
and crash losses. We are concerned with the macro-theory that
support the broad concept of highway safety, as opposed to micro-
theories that explain some special aspect of the crash problem
or a societal response. We are interested in identifying and
examining the general explanations that link the micro-theories
to provide direction for the highway safety effort.

This examination has been undertaken to develop a more
systematic frame of reference for evaluation of past approaches

and for development of future approaches to management of the
traffic crash risk.

‘1.1 Background

This paper developed from a more general inquiry that is
examining what has been done in the field of highway safety. The
objectives of the inquiry are to develop recommendations for the
direction of future programs and to identify the research neces-
sary to support future highway safety efforts.



As a first step in this inquiry, a general literature
review was undertaken. As the literature base was amassed, it
became apparent that some conceptual scheme would be necessary
to organize and synthesize past research findings and program
activities. Thus, we focused on identifying existing theory to
develop a conceptual framework for organizing existing knowledge
and identifying gaps that should be addressed by further research.

While our search revealed many micro-theories (e.g., math
models of vehicle dynamics) that follow generally accepted
scientific practices to explain and describe specific aspects of
highway safety, we did not find a well-developed body of liter-
ature describing a macro-theory of highway saftey. As we noted
the absence of formally stated general theory, we became aware
simultaneously of the general disorder of the field. In view of
the function that theory performs for inquiry and action, such
disorder might be viewed as predictable. Nonetheless, the magni-
tude of the disorder came as a surprise. We concluded that many
inconsistencies could be explained by the lack of a general,
formal, theoretical foundation for the field. [If this conclusion
is valid, it follows that unless a general conceptual framework
is developed, the future is apt to be as disordered as the past.

It is appropriate here to discuss a moment the function that
theory performs for a field of endeavor. Theory is a concern of
the researcher and the academician, but it is not their province
alone. Theory has significant implications for the practitioner
and for the public. Theory has been spoken of as a map to guide
both inquiry and action. Without theory, inquiry and action
move blindly, inefficiently, and often ineffectively.

The basic function of theory is exp]anation. A theory may
be thought o as a jemeralizaiion that explains statements or
organizes those statements to provide exylanaticon. SO the

theories not only explain but usually also alliow prediction.



Theories are not simply approaches for research or action. They
are more than a framework for investigation. By positing rela-
tionships that can be verified or denied by empirical findings,
theories provide an efficient means of advancing our understand-
ing of the phenomena in guestion.

The broader understanding that flows from a macro-theory or
a conceptual framework has significant practical import. The
conceptual framework provides (1) a method of organizing exist-
ing knowledge; (2) principles and rules for making decisions;
(3) a way to focus inquiry; (4) a common communication system,
and (5) order and direction for activity. These are all needed
in the field of highway safety.

We do not suggest that the field of highway safety is
devoid of theory. Limited conceptual frameworks exist and are
used. Macro-theories have been suggested in the past but are not
in use today. What is lacking is. a rigorous discussion of the
theoretical underpinnings of the research and program efforts
that form the field of highway safety today.

This paper has been developed to draw together the basic
literature on highway safe;y theory, discuss its limitations,
and raise for discussion a conceptual frameWork that may be
useful in ordering present knowledge and suggesting future
directions. The primary objective of this paper is to stimu]ate
discussion of highway safety theory and its applications.

1.2 Scope and Approach

This paper has been deliberately limited to discussion of
top-Tevel concepts. Any attempt to deal inclusively with all
issues of highway safety, assuming the task could be accomplished,
would have produced an unworkable document. Therefore, this
paper leads a reader through the major theoretical issues, and,
at the same time provides scme factual information on traffic



crash risk and aporoaches for managing that risk.

The remainder of this paper is divided into three major
parts. The first, which includes chapters 2 and 3, presents a
summary of existing theories of highway safety and discusses
their limitations.

The second part, chapters 4, 5, and 6, introduces a new
theory and important related concepts. Chapter 4 presents a new
conceptual framework for explanation and examination of the
highway safety process. Chapters 5 and 6 present related theory
and 1nformation'from other fields. We believe an understanding
of these concepts is necessary to improve the management of the
traffic crash risk.

The third part discusses the applicaticn of the new frame-
work and related theory to the probiems of highway safety
(chapter 7), and some implications for future research and
action (chapter 8). Chapter 9 presents our conclusions and
recommendations. ﬂ

We must emphasize that this paper is presented in the
context of discovery. It is intended to raise issues and
stimulate discussion, and not necessarily to resolve questions
or prescribe solutions. We hope that it may contribute to
some short-term solutions, but, more important, we hope that it
will produce more rigorous conceptual frameworks that, in tum,
will permit development of more effective ways to manage the
risk of traffic crashes.



2.0 HISTORY OF HIGHWAY SAFETY THEORY

This chapter presents brief descriptions of the major "theories"

of highway safety that nave appeared in the literature of the last
fifty years.

The role of theory was discussed briefly in the introduction.
Additional information is presented in the following section to
emphasize the importance and relevance of theory for the field of
highway safety.

Next, a review of the literature is presented. Many of the
models and conceptual frameworks discussed were not presented by
their authors as general theories of highway safety. They were
offered to aid in the explanation of the traffic crash problem and
to guide action to reduce crash losses. While they may not have
been formally labeled "theory", they have performed that role for
the field. Thus, we present and examine them as theory because
they constitute the existing highway safety theory.

2.1 The Need for Theory

In any field, theory is necessary to provide a rational,
consistent basis for analysis and action. In highway safety,
theory is especially important because of the complexity of
problems that touch almost every aspect of daily life and contain
a bewildering array of interrelated economic, social, political,
and techno]ogica] factors.

When we examine the way in which highway safety programs develop,
it appears that conventional wisdom prevails. Beliefs in the
effectiveness of certain approaches are held too tenaciously from
the perspective of experience or perhaps intuition. In many cases
programs are continued simply because they seem reasonable. Unfor-
tunately, reliance on experience and intuition, which appear to Se



the basis for conventional wisdom, has a predictable outcome. New
ideas will "look" like old ones.

A rigorous application of theory can address many of the problems
that arise from the application of conventional wisdom. First, the
use of theory leads to a better understanding of the problem. This
understanding provides more objective criteria for testing the
reasonableness of proposed programs as well as suggesting new
approaches and new ideas. The value of such a systematic or
scientific approach is well established.

A fundamental use of theory is in organizing existing knowledge.

With highway safety, this means knowledge about the causes, con-
ditions, and consequences of crashes and about ways of dealing with
the problems of crashes. Knowledge must be organized so that
elements involved in the generation of crashes and crash losses are
related to elements involved in the reduction of the frequency and
severity of crashes. As will be seen later in this paper, past
paradigms of highway safety have not combined these two categories
of knowledge into a single, integrated conceptual framework.

A second role of theory is in generating principles and rules

for making decisions. A practical theory provides a basis for de-

ciding what actions should be taken to achieve desired results.
This flows from the ability of a theory to explain and predict. In
highway safety, a theory should help decide how best to deal with

a given type of crash brought about by a particular set of circum-
stances under a specified set of cenditions. In a similar sense,
theory should provide guidelines for establishing priorities among
problems and courses of action for resolving problems. Theory
cannot be expected to provide a foolproof recipe for dealing with
traffic crashes. [t may be expected to provide a set of principles
for efficiently developing detailed prescriptive measures.

Another important use of theory is in directing inquiry. A

theory that is both problem-oriented and action-oriented assists in

Oy



determining the information required to develop the knowledge base
necessary for decision-making. It will suggest new areas of research
and new programs. This focusing effect of theory makes both research
and action more efficient.

Theory also helps by improving communication. It provides a

common set of terms, definitions, and relationships. This allows
researchers, practitioners, and policymakers to speak to each other
and to other concerned individuals in a common language. There is a
great need for improved communication in the field of highway safety.
Existing knowledge must be effectively shared and a more common
understanding of problems developed.

In summary, theory is essential to bring order into a field
which at times appears to be almost hopelessly complex. Theory is a
necessary requirement for action programs as well. Without adequate
theory, one is reduced to shooting in the dark at an undefined target
with an unknown weapon. With theory, one can productively direct
activity toward established goals.

One other attribute of a good theory must be mentioned. A
"good" theory provides for testing of its content. A good theory is
dynamic. It promotes evolution, even when the testing process
results in replacement of the theory with another. In contrast, a
bad theory does not facilitate testing or rejection.

One could read the foregoing and conclude that nothing happens
without theory. In a sense that is true. The problem is that things
happen with "bad" theories--theories that have not been tested,
that are not well founded, and that promote disorder and confusion.
Highway safety activities have not stopped for lack of a body of
sound theory. However, development and use of sound theory will
significantly improve the direction and effectiveness of future
efforts.



2.2 Formation of Highway Safety Theory

Although official concern over highway safety in the Unitad
States had been expressed since the early 1920s, not until the mid-
1960s were attempts made to develop comprehensive theories for
understanding_and attacking the problem. Six National Conferences
on Street and Highway Safety (in 1924, 1926, 1930, 1934, 1946, and
1949) had failed to produce even an adequate foundation for a
nationwide program in Highway Safety (1), although some topics of
major concemn were identified and described. In reviewing the state
of knowledge in the field circa 1952, the National Academy of
Science's Highway Safety Research Correlation Conference (2)
observed that despite a need for "large-scale research involving
systematic study of interrelated variables," most research had been
relatively small-scale efforts "to solve an immediate problem, or
isolated studies carried on by individual investigators with rela-
tively small resources to call upon." The report recommended
several broad areas of driver-oriented research, but the areas were
not comprehensive and no structure was presented for generating the
integrated program called for. An additional stimulus for an
organized attack on the problem resulted from a 1958 meeting of the
President's Committee for Traffic Safety, but most of the recommend-

ations followed a "shopping 1ist" format and were not explicitly
| related to any overall strategy of research and action (3).

Meanwhile, highway crash losses continued to mount. By 1966,
annual traffic deaths exceeded 53,000, (4) and the President requestad
Congress to initiate an "aggressive highway safety program" (1).

The immediate response was in the form of two pieces of legislation,
the Highway Safety Act of 1955 (P.L. 89-564) and the National Traffic
and Motor Vehicle Act of 1966 (P.L. 89-563). The Acts created two
federal agencies to administer a national program of highway safety.
The agencies were first established within the Department of Commerce,
but the Department of Transportaticn Act of 1966 (P.L. 89-670)



redesigned the two agencies as bureaus and assigned them to the new
Department of Transportation (DOT). In 1967 two bureaus were
combined into a single National Highway Safety Bureau (NHSB) and
placed under DOT's Federal Highway Administration (FHWA) where it
remained until 1970. In 1970 NHSB was organized as the National
Highway Traffic Safety Administration (NHTSA), a separate element
of DOT.

This flurry of federal activity was accompanied and followed
by a variety of separate efforts to "re-think" the entire problem
of highway safety. In 1966 the Motor Vehicle Manufacturers Assoc-
iation (MVMA) sponsored the landmark "An Analysis of the State of
the Art of Traffic Safety," by Arthur D. Little, Inc.(5). The auto-
mobile industry and the insurance industry established new programs
of extramural research (6, 7), and the RAND Corporation was com-
missioned by NHSB to develop a comprehensive approach to highway
safety (8). Numerous conferences were held to define future pro-
grams of research and action (10, 11).

As a result, several conceptual frameworks and theories of
highway safety began to emerge. The first of these grew out of a
simple classification scheme that had been implicitly accepted
since the 1920s but had not been formally articulated until the
late 1940s when the concept of highway safety as a public health
problem began to gain support (12). Types of factors related to
highway crashes were likened to types of factors considered in the
epidemiologic approach to the control of diseases by actions
against the host, the agent, and the environment. In the public
health metaphor, the "disease" of highway crashes could be dealt
with by measures aimed at the driver (the host), the vehicle (the
agent), and the highway (the envircnment).

In 1966 Haddon and Brenner of NHTSA added another dimension to
the public health conceptualization of highway safety, asserting
that losses from highway crashes result from a sequence of three



phases of interactions of the driver-vehicle-highway factors (13).
The three phases were defined as the time period preceding the
crash, the time period during the crash, and the time period follow-
ing the crash. The categories of factors were generalized to
include human, vehicle and equipment, and eqvironment. Those were
matched against the three phases to form a nine-cell matrix (Figure
2-1). This formulation was offered as a paradigm for highway safety
in classifying present knowledge, research, or "countermeasures" to
reduce crash losses (14).

While Haddon and Bremner were developing their framework in
the 1960s, other researchers were recommending that highway safety
adopt a "systems approach,"* a term that was not fully understood at
the time and was often used as a synonym for "comprehensive."
Frequently, these systems approaches were vague, incompletely stated,
and oversimplified. Many of their originators were operations
research specialists and engineers fresh out of the aerospace and
defense sectors, and the tools of these professions were confidently
offered as ready-made solutions to a largely analogous set of
problems.

Arthur D. Little, Inc. (5, 15) advocated a systems analysis
"methodology" that first focused on defining the objectives of
highway safety, next considered altermative approaches to achieving
those objectives, and then applied cost-effectiveness techniques to
selecting preferred altematives (See Figure 2-2). The selecticn of
objectives was seen as the "simplest task," the major difficulty
being the identification and selection of alternatives for achieving
those objectives (the objective was stated to be a reduction in "a
mix of fatalities, injuries, and property loss"). The immediate
need was to "determine causes of crashes," and the resulting review

* The Williamsburg Conference in 1953 (3) also recommended a
"systems approach to traffic flow and driver behavior” but
did not describe what was meant by the terms and did not
present a conceptual framework for applying it.

H



FIGURE 2-1: GENERALIZED VERSION OF THE HADDON-BRENNER MODEL
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FIGURE 2-2: ARTHUR D. LITTLE CONCEPTUAL FRAMEWORK FCR HIGHWAY SAFETY
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of crash causation research by Arthur D. Little (15) used the Haddon-
Brenner scheme for classifying current knowledge about causal factors.
An additional category ("Regulatory and Legal Factors") was used for
classifying knowledge about methods of reducing crash losses.

As noted above, the National Highway Safety Bureau (NHSB) com-
missioned the RAND Corporation to perform a "preliminary study of
highway safety measures." The results of the study were published
in seven volumes in 1968. The first three volumes (16, 8, 9) were
explicitly directed toward development of a "conceptual framework
for a systems model." The framework ultimately developed in the
study dealt principally with the events immediately surrounding a
crash and was primarily concemed with the driver and his inter-
actions with the vehicle (Figure 2-3). In the RAND framework, the
sequence of events became the "Pre-Accident Stage," the "Intra-
Accident Stage," and the "Post-Accident Stage," and each stage was
broken down into smaller "phases." Although a variety of factors
involved in the stages and phases were discussed, the factors were
not explicitly categorized as human, vehicular, and environmental
in the conceptual framework.

The most comprehensive of the theories and conceptual frame-
works generated by the systems analysts of the mid-1960s were
developed at The University of Michigan in the course of activities
conducted to establish the Highway Safety Research Institute. In a
1967 report (6), Bonder focused on the nation's highway transporta-
tion systems and a hierarchy of its subsystems (e.g., the vehicle, the
human operator, the highway, the casualty recovery facilities) and its
components (e.g., such vehicular components as engines, transmissions,
etc.). Highway safety was to be achieved through design, operation,
and control of this system (Figure 2-4). The primary "control strate-
gist" in the existing system was said to be the human operator who
decided, for example, when to pass, how fast to travel, and how to
avoid hazards.

A subsequent HSRI study for the Insurance Institute for Highway
Safety (IIHS) described the Highway Transportation System (HTS) as

—
(O8]



FIGURE 2-3: RAND CONCEPTUAL FRAMEWORK FOR HIGHWAY SAFETY
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FIGURE 2-4: BONDER CONCEPTUAL FRAMEWORK FOR HIGHWAY SAFETY
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a complex of four interacting subsystems: drivers, vehicles, roads,
and pedestrians (7). The phases were expanded from the precrash,
crash, and postcrash trichotomy of Haddon-Brenner to (1) condition-
ing (preparation for normal functioning), (2) traffic (actual normal
function of HTS elements), (3) accident initiation, (4) collision,
and (5) post-accident. The HTS was then described in relation to
its physical and social environment and to a "Highway Services
System" which facilitates the use of the highways in emergencies and
for purposes other than normal operations (Figure 2-5). A concurrent
study by the Stanford Research Institute (17) produced a somewhat
similar but less comprehensive and rigorous framework for highway
safety (Figure 2-58).

No further large-scale conceptualizing was documented in the
literature until 1972, when a NHTSA-sponsored study by Joscelyn and
Jones presented a conceptual framework that viewed the problem of
highway safety from a new perspecgjve (18, 19). In essence, their
formulation envisioned highway safety as a closed-loop control
process which attempts to maintain the negative outputs (called
"disutility") of the HTS at some level that will be tolerated by
society (Figure 2-7). The framework treated the HTS in much the
same way as earlier constructs, but added as areas of equal emphasis,
(1) elements of society that must be influenced to reduce crash
losses, and (2) elements that originate and apply measures to bring
about loss reduction. Particular attention was given to the process
by which crash risks to society were controlled, and terminology
(e.g., "risk management") drawn from the new discipline of systems
safety analysis (20) and from the insurance industry (21) was used
in describing that process. Later papers by Wilde (22, 23) applied
the framework in analyzing individual driver behavior vis-i-vis
crashes.

At present, there is little evidence to indicate that any of
the theories that are based on systems approaches have been widely

bt
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HSRI CONCEPTUAL FRAMEWORK

FIGURE 2-5
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SRI CONCEPTUAL FRAMEWCRK

FIGURE 2-6:
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FIGURE 2-7: JOSCELYN-JONES CONCEPTUAL FRAMEWORK
FOR ANALYZING THE TRAFFIC LAW SYSTEM

Man
Function
Vehicle Risk
ysfunction
Environment

HIGHWAY TRANSPORTATION SYSTEM

Utiliry

Disutility c\

Perception of Djsutility
b

Other Control
and Safety

Systems

Pressure

Distortion

PUBLIC

Peru! Iion Pressure
of System's )

Operation

{ Disum’oa‘j—[ Distorion J—

TRAFFICLAW SYSTEM

[lnGoﬂ«aﬁon{ [ Eniorcement ] IA‘; di

o | [sanee ]

Y

A Y

Y

[ Missions

!

Missions ] I Missions ]

Missions ]

A i

Risk Monagement forces

Source: Referesnce 18




adopted for planning highway safety research on a global scale. The
Joscelyn and Jones model has been used in analyzing, designing, and
supporting improvements to legal approaches to modifying driver
behavior, but has not been widely applied to other areas of highway
safety. Other constructs described above have been used in develop-
ing theories of crash causation and in developing data requirements
for analyzing highway crashes. For the most part, the public health
approach expounded by Haddon and associates has been accepted as

the fundamental framework for analyzing highway safety problems and
solutions.

2.3 Summary and Conclusions

In highway safety, theory is essential for organizing knowledge

and bringing order into a very complex field. Particularly important
is the need to relate knowledge about the nature of highway crash
losses. Theory is needed for determining in advance how to make the
right decisions about current responses to crash risks and for
directing inquiry to improve future responses. Theory is also valuable
for improving communications among individuals engaged in risk-
reduction activities (e.g., researchers, legislators, police officars).

The history of highway safety indicates that there has been little
effort to create a comprehensive theory of highway safety to meet these
needs and that promising theories have either not been sufficiently
developed for universal application or have not been widely accepted
and applied. The Haddon-8renner model, based con a public health
approach, is currently the most commonly used theory or conceptual
framework.

20



3.0 PROBLEMS WITH EXISTING THEORY

This chapter discusses the problems with existing theories
from two perspectives. First, the conceptual limitations of the
theories are examined. We look to see if the descriptions are
complete, if known relationships are defined, and if an adequate
explanation of how crashes are created and controlled is presented.
The primary focus of this examination is on the structure of the
model, conceptual framework, or theory--not its use.

Second, the consequences of using existing theory are examined.
As the Haddon-Brenner model has been used almost exclusively in
the past ten years, it is the focus of this discussion and criti-
cism. The discussion is negative because we are discussing problems
and there are problems that reliance on their model has created.

Two points must be considered to place this discussion in
perspective. First, their model has contributed to the field of
highway safety. Second, it fits the requirements of a "good"
theory in that its structure has provided for its testing, its
rejection and the development of new conceptual frameworks.

3.1 Limitations of Existing Theory

A review of the underlying principles of the conceptual frame-
works and theories described in the literature reveals two major
deficiencies.

o Existing theories concentrate on events closely
associated with traffic crashes.

8 Existing theories largely ignore interrelationships
among factors that produce crashes, control forces
that attempt to reduce crashes and crash loss, and
society as a whole.

(M)
p—



It is almost axiomatic that solution of a problem requires
that the problem be adequately defined. Thus, the focus of most of
the theories on the traffic crash problem is not inherently wrong.
It is only when the focus becomes exclusive cr so narrow that other
important factors in managing crash risk are exeluded from consider-
ation that the ccnceptual base of the theories weaken. Unfortunately,

this appears to be the case with most of the theories examined.

This situation is somewhat paradoxical, because the literature
is replete with discussions of the importance of systematic con-
sideration of all issues, with emphasis placed on the inclusion of
"societal" aspects of the traffic crashes and their management.

In 1949 Gordon (12) described "socioeconomic" factors as comprising
a major component of the environment in which traffic crashes occur
and "which come into play through association of man with his fellow
man." Said Gordon:

"Whatever the kind or nature of mass disease or injury,
the part exerted by the socioeconomic environment probably
is the most neglected of any epidemiologic influence, and
accidents are not different in this respect from any other
causes of damage."

The importance of the socioeconomic environment to safety was re-
emphasized in 1962 by McFarland and Mocre (24) in another paper on
the epidemiologic approach to accidents.

The Williamsburg Conference (3) was sufficiently concerned with
the societal aspect of highway safety to designate it as one of
three major areas for discussion (along with the systems approach
and the psychology of driver behavior). The Conference recommended
that the place of the automobile in American life, highway driving as a
social activity, and use of the automobiles as an economic activity
be major topics for future research. With respect to the last topic,
the conferenca observed that:

"An automobile trip by its very logic tends to differ from
ordinary economic good in several respects--e.g., there are



numerous external economics and diseconomics; consumer

preferences interact; there is uncertainty, risk, and

misperception of risk; there are other kinds of consumer
ignorance. ~ The usual market mechanism fails in this area

to allocate the burden and to encourage the economizing

of human life, time, and money. Research should aim at

specifying an ideal solution and, once this is done,

uncover the most profitable next steps public and

private policy must take. The problem of the economics

of traffic safety is akin to the economics of public

health and public goods in general; for instance,

schools, courts, defense, etc."

In 1967 Bonder (6) also recognized the need to include "social
and legal factors" in a conceptual framework for highway safety,
but assumed that these factors would be of primary importance only
as they affected the behavior of the "vehicle controller" (i.e.,
the driver). However, Bonder stated that:

"Later models must include the effect of social and legal

factors on design characteristics of the vehicle and other

subsystems and their effect on various aspects of the
operations model."

The HSRI conceptual framework of 1967 (7) also included a niche for
the "social environment," which was described as "aspects of the
organizational system of society, as a whole, which influence the
HTS." Highway safety "research gaps" in the area of the social
environment were said to include knowledge about the effects of
traffic laws, police enforcement, legal sanctions, driver education,
driving regulations, and public information on the driver, and
knowledge about the impact of social structures and values on the
driver.

Despite these repeated expressions of concern for the societal
aspects of traffic crashes and highway safety programs, the theory
which appears to have dominated activity within the field for the
last ten years fails to include these aspects explicitly. We refer
to the public heaith approach that was articulated by Haddon and
8renner in an expanded form.
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Their concept focuses on the crash problem. It is best suited
for describing crash processes and for identifying targets for
programs designed to control crash losses. If taken at face value,
this theory implies that the crash problem as defined through
application of the theory is something dealt with by some unde-
fined external group or forces. These undefined forces somehow
will be stimulated to the correct course of action once the nature
of the problem is understood. The general domains of countermeasure
design, implementation and evaluation are not explicitly treated by
the theoretical framework. As it appears in the literature, this
theory is the archetypal example of the second deficiency noted
above.

Several other problems also exist with the theory as it has
been set fbrth. t is difficult, in retrospect, to ascertain from
the literature whether these problems arise from the underlying
concepts of the theory or the way in which the concepts have been
operationally stated or defined.

The first problem is the first deficiency noted above. The
conceptual framework narrowly focuses on the crash problem. While
one may carry a causa] chain to absurdity, it seems clear that many
events not immediately associated with the crash sequence (i.e.,
pre-crash, at crash, and post-crash) influence crash causation and
consequent 10ss. The focus on the crash sequence, to the exclusion
of more general examination of HTS operations, often has as its
consequence too narrow closure. This results in Toss of informaticn
important for risk reduction. For example, direct application of
the theory would lead us to examine why people drove badiy in situ-
ations that resultad in crashes but not why people drove well and
avoided crashes. Qur point is that the emphasis is on the problem
to the exclusion of other information that may orovide insights to
the solution.
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A second problem with the theory has its genesis in the way
the theory is graphically presented. The precise three by three
matrix with each cell the same size conveys the impression of
equality among the cells. In reality this is not so. Apparently
one must assume that people not involved in crashes and operating
within the HTS are in a pre-crash state, post-crash state, or both.
Given the relatively large number of people not involved in crashes
compared to those who are, one must either conceive of the pre-crash
and post-crash elements of the matrix as inordinately large in
comparison to the at-crash elements (see Figure 3-1) or, alternatively,
think of the HTS as containing a series of Haddon-Brenner matrices
with drivers transitioning among them as a function of time (see
Figure 3-2). Regardless of the construct, the problem is that the
cells are not equal. One has much more time to implement preventive
countermeasures in the pre-crash phase than in the at-crash or
immediate post-crash phases.

The conceptual framework, as graphically presented, simplifies
a very complex problem. The focus is on the crash and leads to
the suggestion of countermeasures that equally focus on the crash.
This is an error only to the extent that such a focus precludes
other avenues of inquiry that might have greater effectiveness.
One is reminded of the parable of the drunk and the lamppost. Even
though the dime was lost in the alley the drunk preferred to look
for it near the street lamp, where there was light. The primary
impact of the Haddon-Brenner theory is to shine a bright 1ight
on one aspect of highway safety.

One can speculate on why this theory has been so widely accepted.
The literature, in both theoretical discussions and operational
applications, has used this conceptual framework almost to the exclu-
sion of others. Those who follow the personality theory of policy

analysis may point to tne fact that Dr. Haddon, after a significant
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career as a researcher, became the first director of NHSB,

where he was joined by Robert Brenner. The Haddon-Brenner model
was frequently referencad in public presentations and could be
viewed by observors as reflecting NHSB doctrine. It is probable
that the position of Haddon and Brenner and the exposure the
concept received promoted its widespread adoption. However, this
was probably not the overriding reason for its acceptance. The
theory was presented at a time when society generally perceived
traffic crashes as a problem. Thus, a problem-oriented theory fit
the mood of a society that was in a hurry to move forward with
action programs. The theory also was comfortable for widespread
elements of the highway safety community. Many of these individ-
uals grew up with faith in the three E's (education, engineering,
and enforcement) as the cure for traffic crashes. The Haddon-
Brenner theory was compatible with these concepts and provided a
convenient and more rigorous method of target selection. (In
fact, one can simply expand the model by illustrating this target
concept (see Figure 3-3)).

The theory was also expressed in familiar terms. It did not
use the jargon of the "systems approach," nor were complex ill-
defined relationships postulated and expressed in almost incompre-
hensible diagrams. It allowed conventional wisdom to proceed. In
particular, it allowed free reign to those who believed that the
traffic safety problem could be solved by more resources doing
more of the same thing. Unfortunately, the theory did not provide
explicitly for measurement of effectiveness, so that even though
more was done the effect is Targely unknown.

In a sense, the major limitation of this theory is that it
is too simple. It provides too broad brush a treatment that is not
sensitive to changes within society or interrelationships among
elements of the highway transportation system. As noted previously,
this appears to flow as much from the way the theory has been
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operationally expressed or defined as from the way in which the
concept was originally conceived. It is clear that both Drs. Haddon
and Brenner are scientists with a much broader view of society and
highway safety than may be seen from their expression of this con-
ceptual framework. It must also be remembered that the framework
has been used operationally by thousands of.individuals who have

had no communication with the authors of the concept and do not

have their background and experience in research or highway safety.

3.2 Consequences of Existing Theory

As discussed in the previous section, the macro-theory that has
dominated policymaking for research and action programs in highway
safety has been the Haddon-Brenner model. Several consequences of
following this general theory appear to conflict with both logic and
recommendations that appear in the highway safety literature.

The most general impact of following the thecry has been to
focus research and subsequent actions narrowly on the crash process
and events that closely precede or follow the crash in time. Thus,
one finds research describing the dynamics of crashes with signifi-
cant emphasis on the at-crash phase and action programs concentrated
on minimizing loss after crashes rather than preventing crashes.
More Timited examinations of pre-crash events (in the sense of
traffic crash causation) and post-crash events have been undertaken.

In contrast, research on the general driving task has been
limited. Perhaps more critical, research examining the compiex
relationships that create and support management systems intended
to reduce crashes is extremely limited. Examination of traditional
services such as enforcement, adjudication, and emergency medical
services has been undertaken, but in highly traditioral contexts.
The research has, in general, not questioned standing goals but has

focused on improving the efficiency of service delivery.
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Action programs have also been narrowly developed. In general,
they have tended to reflect extensions of pre-existing concepts
(pre-1965). Control force relatianships are presumed to exist.
Emphasis has been placed on increased levels of effort and better
management of service delivery, as opposed to questioning basic
‘assumptions of either objectives or service delivery methods.

This does not suggest that all approaches that have been
followed are wrong. What is suggested is that alternatives have
not been explored adequately and the approaches followed have not
been rigorously evaluated.

The research and action program record also reflects a strong
tendency to concentrate on efforts expected to have an immediate
impact on traffic crashes. There has been a tendency to look for
solutions in the "light," as did the drunk looking for the lost
dime. This may stem more from the basic human drives of policymakers,
who seek to make an impact that can be realized during their tenure
in office, than from careful application of sound highway safety
theory. Theory should direct policymaking toward effective research
and action programs. It should establish the unreasonableness of
programs that are not well founded. The narrowness of the Haddon-
Brenner theory has not provided this important function for policy-
makers.

It has been easier to focus on technological solutions (e.g.,
engineering changes) with emphasis on the vehicle and the highway
rather than the driver. Unfortunately once this trend starts it
is difficult to alter. The body of knowledge increases in areas
that are the focus of study. New research areas are suggested and
new programs started in those areas. Areas ignored do not advance.
In fact, in comparative terms they recede. This is largely the
case today with research and programs focused on the human factor.
This human factor appears in a narrow sense in the form of individ-
ual driver behaviors and in i broader form in the societal and



institutional responses to traffic crash risk. Rigorous, large-scale
research programs examining these complex issues in a comprehensive
structure do not exist. Action programs dealing with the human
factor reflect a collage of conventional strategies focused on
current targets of interest.

This lack of balance flows from the lack of an underlying body
of theory that can frame the area of highway safety, describe the
dimensions of the process, and establish a body of rules for decision-
making.

It is both interesting and informative to reflect on the safety
impact of the energy crisis, which produced reduced driving and
Tower travel speeds. The reduction in fatalities is dramatic evidence
of the "human" factor. In contrast, techno?oéy has provided the
lap-torso restraint, which has significant potential for injury
reduction. Yet, it is not used by a large portion of the population.
Qur research does not tell us why this is or suggest how it may be
changed. The solution of passive restraints, an example of looking
in the light, bypasses basic concerns about the role of the human
factor.

3.3 Summary and Conclusions

Existing highway safety theory concentrates on traffic crashes.
This narrow focus is a major limitation. Factors that manage the
crash risk are either excluded or inadequately treated. The roles
of society in creating traffic crashes and reducing crash loses
are largely ignored.

The most widely used theory, the Haddon-Brenner model, is useful
for describing crash processes and for identifying targets for risk
management action, but is inadequate for dealing with the intaractions
between the loss-generating elements of the Highway Transportation
System and the slements of society that wish to reducs those Tosses.
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Specifically, forces that provide motivation for individual or group
action to create or reduce crash losses are not treated explicitly
by this theory. This has resulted in the removal of many fundamental
areas of concern from the mainstream of highway safety research and
action. Clearly, a more comprehensive theory is needed to relate
the elements of society that generate and are affected by crash
Tosses.






4.0 A NEW CONCEPTUAL FRAMEWORK FOR HIGHWAY SAFETY

This chapter presents a new descriptive theory of highway safety.
The theory is presented in the form of a conceptual framework describing
the highway safety process. The framework develops the relationships
between societal objectives for safety in highway transportation and
functional means of achieving those objectives.

In preceding chapters we did not differentiate between the terms
theory, conceptual framework, and model. Ve use the term conceptual

framework to describe the new "theory" because it is not presented in
sufficient detail to warrant its being called a model. The conceptual
framework is useful for understanding 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:

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

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

The following sections define the elements, their interrelation-
ships, and fundamental constraints on the highway safety process.

4.1 The Highway Transportation System

The first element of our conceptual framework is the Highway
Transportation System (HTS). We define the system to include the
highway network, vehicles, system users, and supporting components.
This definition of the HTS is essentially the same used in several
other theoretical discussions of highway safety (6, 7, 17, 18, 19).
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Figure 4-1 depicts the HTS. (This illustration and similar illustrations
of otherelements are later combined in a graphic representation of the
conceptual framework--the highway safety process.)

HTS

System Users
Vehicles

Highway Environment
Support Components

The primary objectives of the HTS are to provide mobility with
safety. Many secondary objectives also exist, such as providing recrea-
tion and pleasure for system users, providing a market for the automobile
transportation industry, and supporting the national economy. The
top-level functions of the HTS may be described as the design, construction,
operation, and support of the system as a whole and of its constituent
parts. In this sense, the system is defined in a broader context than
in some prior theoretical frameworks.

The HTS was created and has grown in our society because it
provides benefits for society in the course of performing its four
top-level functions. The term "utility" describes all positive outputs
of the HTS. These include individual mobility, rapid transportation of
goods, and the social economic well-being that flows from the HTS opera-
tions. The HTS operations also produce negative outputs in the form
of traffic crashes with associated deaths, injuries, and property
losses. Other negative outputs include environmental degredation and
depletion of natural resources. The term "disutility" is used to
describe these negative outputs.*

*Some disciplines consider "utility” as a term having both positive
and negative values. In this sense, disutility is equated with
negative utility.



Figure 4-2 illustrates the HTS and its outputs.

HTS

System Users
Vehicles
Highway Environment

Suport Components

The concept of disutility may be operationally defined in a
number of ways. In this discussion, we describe it as the negative
output associated with a particular event (i.e., a traffic crash).
Thus, from a highway safety perspective, we may describe traffic crash
losses as disutilities. Society is concerned with minimizing the
occurrence of events that produce disutility, and, if they occur, with
minimizing the loss. This perspective requires that we think of future
action about future events. We use the term risk to aid in thinking
about future events that will produce loss. More explicitly, we
define risk as a probability.

Risk is the probability of the occurrence of an

event that will produce disutility.

In the simplest highway safety context we could speak of the
risk of a crash that would have associated with it some specific loss.
Actually, we are concerned with a series of risks: the risk of a crash}
of a vehicle, the risk of an occupant impacting on the interior of the
vehicle, the risk of additional loss because an injury dces not receijve
prompt attention, etc.

Tne concepts of risk and disutility are important because they
form the basis for societal concerns that lead to societal action.



4.2 Society

We identify society as the second major element within our
conceptual framework. Society is broadly defined to include all in-
dividuals and institutions, both public and private, that have a role
in making decisions about the operations cf the Highway Transportaticn
System. These decisions may be individual choices of a system user
(e.g., a driver), public policy enacted by a legislative body, or
decisions of other participants in the system. Society observes the
operations of the HTS and the utility and disutility generated. This
is illustrated in Figure 4-3.

HTS
Utility
o System Users /
o Vehicles &
. . \
¢ Highway Envircnment Disutility
¢ Support Components
Society

If the magnitude of the disutility is large enough compared to
the utility to evoke societal concern, formal actions are taken in an
attempt to reduce the risk that creates the disutility. These risk-
reduction actions are safety actions. In this context, it is useful
to think of society as representing the market for highway safety.

In our eariier work on the Traffic Law System (18, 19) we
suggested the concept of a level of disutility that would produce
formal public responses. We defined this level as the maximum toler-

able disutilitv. Disutility in excess of this level produces societal

prassure for nighway safety activity. As disutility increases above
this maximum tolerable lavel the pressure for nighway safety action



increases. Conversely, as the level of disutility drops below the
maximum tolerable level, societal concern decreases and support for
highway safety also decreases.

When disutility is in excess of the maximum tolerable Tevel,
society creates and supports systems to reduce the risk. We call
these entities risk-management systems.

4.3 Risk-Management Systems

The risk-management systems form the third element of our concep-
tual framework. These systems are formal and informal structures
created by society to exert control forces on the Highway Transportation
System to reduce risk. This is illustrated in Figure 4-4. (This
illustration presents our conceptual framework in its most basic form.)

The risk-management systems actually do not seek to eliminate risk,
although they may purport to. They operate to reduce risk to a level
less than or equal to the maximum tolerable disutility .

These risk-management systems are very numerous and not well
defined. They inciude formal systems (e.g., the Traffic Law System),
parts of formal systems focused on broader aspects of society (e.g.,
the health care delivery systems), and less formalized systems (e.g.,
the media used for public information and education). Many societal
influences (e.g., customs, ethics, mores, folkways, family structures,
peer pressures, etc.) also exert control forces that have not been
systematically defined. In fact, significant components of the risk-
.management element of the conceptual framework have not been formally
defined or their effect established. There are, however, many |
references to their existence throughout the literature of highway
safety and the more general literature on management of societal
risks (e.g., crime, public health, defense, etc.).

Viewed in a broad perspective, the conceptual framework repre-
sents a process. The object of the process is to control disutility
in a specific societal systam, in this case the Highway Transportation
System. The highway safety process is a disutility-control orocass.

39



System Users

/ UTILITY

¢ Vehicle
\
¢ Highway \ ISUTILITY /
Environment \ /
\ ,/
s Support \\\ ’//
SOCIETY

Risk-Management Systems

Figure 4-4

Traffic Law System

Public Information and
Education

Societal Influences

Insurance

Civil Litigaticn

¢ Other, Not Fully Defined

ee———————————————————————————————————



It can be thought of as one of several disutility control processes
that act to reduce societal risks in the broadest sense. These processes
compete for society's resources to carry out control activities.

An analogy can be made between the highway safety process and
closed-Toop control systems used to regulate physical systems. In both
cases, the objective is to maintain the output of the regulated system
within specified tolerances or, stated in another way, to reduce the
difference between the desired output and the actual output (i.e., the
system error) to zero. Signals that measure the system error are sent
to a control system that generates control forces that are applied to
the prime system to reduce the error. The control forces increase in
magnitude as the magnitude of system error increases. Continuous measure-
ment of error and the control forces provides information for adjusting
the strength of the control forces to reduce the error. In physical
systems, the continuous monitoring and adjustment eventually reduce the
error to some insignificant amount near zero and the system is said to
be in equilibrium.

In the Highway Safety Process (HSP), society serves as the monitoring
device, measuring both the system error and the strength of the control
forces. The error is the excess of disutility over utility. In this
sense, our term maximum tolerable disutility must be thought of as a
net term reflecting the cutcome of the societal balancing of utility
and disutility generated by HTS ceprations. The strength of the control
forces is a function of the operations of the risk-management systems.
Society in monitoring these operations also balances the positive and
neqative benefits. Society will not tolerate a risk-management activity
that produces more negative benefits than positive. The cure that is
worse than the illness'will not be tolerated. The monitoring function
is shown on an expanded version of the basic conceptual framework
(see Figure 4-5) by arrows indicating the information flow paths. The
information is used to make decisions about risk and risk management.

Thus, the crucial role that society plays within the highway
safety procass can be seen as a fundamental limitation of the nrocess.
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This fundamental limitation has its foundation in two basic contraints:
(1) perception of risk and risk-management operations; (2) information

on risk and risk-management operations. These constraints are inter-
related; perception is a function of information, but it also has quite
independent attributes. These constraints are discussed in the following
section.

4.4 Fundamental Constraints on the Highway Safety Process

In the preceding section the role that society plays in monitoring
net disutility and control force strengths was noted. The discussion
was in absolute terms, as if the actual values of disutility and the
control forces were known and used by society in decision-making. It
is evident that the actual values of disutility and the nature and
effects of the risk management operations are not known. This information
is not available today in the quantity or quality necessary to support
informed decision-making. The lack of information does not invalidate
the conceptual framework.

The highway safety process can operate optimally only if perfect
risk-management information is communicated to each of its elements and
components. Perfect risk-management information is complete and accurate

information on (1) the structure, components, functions, inputs, and
outputs of the highway safety process, and (2) the factors and processes
that govern decision-making within the highway safety process. The
term communicated, in the sense the word is used above, is a concept
that implies not only accurate transmission but also accurate reception

of the required information. We emphasize that accurate reception must
include accurate understanding.

It is this last element, understanding, that forms a major portion
of another fundamental constraint on the highway safety process-societal
perceptions. Even if complete and accurate information were available,
society would continue to be guided by its understanding or perception
of risk and risk-management activities in making decisions about the
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highway safety process. Thus, socie;y acts on the basis of perceived
disutility, perceived risk, perceived benefits and disbenefits of risk
management, rather than on the basis of actual values. The societal
perceptions are formed as a result of a compiex shaping of individual
perceptions. The perception formation process is il1-defined and il1-
understood. Available evidence suggests that a perception gap exists

(18, 25, 27). Perceived risk appears to be lower than actual risk,

but this is not clearly established. It is clear that perceptions of
risk and of the value of risk-management action govern the highway
safety process. Thus, in a theoretical sense of optimizing the process,
one would seek to reduce the perception gap to zero so that perceived
risk equalled actual risk.

In the real world one cannot realistically expect to reduce
the perception gap to zero. First, it is doubtful that information will
ever be available in sufficient detail to accurately establish actual
risk in every case.

Second, the process of risk perception is highly complex and
varies greatly from individual to individual. When we speak of perceived
risk or maximum tolerable disutility we speak of individual values
combined in a societal position. At any point in time those.individual
values represent a distribution, or many distributions. Individuals
vary not only in how they perceive risk but in how much risk is acceptable.
Risk is not a single item in this context but many. Individuals are
1ikely to hold quite different percepntions about diiferent risks and
what ought to be done about them.

Third, all the perceptions change with time. The percepticn of
risk is a dynamic and not a static process. These -changing perceptions
affect societal acceptance of risk management practices.

The objective, then, is to attempt to narrow percepticn gaps as
much -as possible.

If percepticn gaps were narrowed, society as a market forca
would appropriately determine the level of safety desired. A maximum
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tolerable disutility (net disutility) with a corresponding risk value
could be established. In turn, the nature and extent of risk-manage-
ment operations required to reach that risk level could be defined.
Safety measures beyond that point would not be supported. In fact,
personal risk-taking might increase the level of risk to the tolerable
level if it were artificially depressed. This concept has been sdggested
by Wilde (22, 23) as it relates to individual risk behaviors and by
Peltzman (34) in a broader societal context. Peltzman in effect argues
that, currently, the level of risk is equal to that which is tolerable,
and that this explains the lack of success of recent efforts to reduce
HTS risk. The mathematical methods Peltzman used to support this
hypothesis have been severely criticized (35). Some data tend to support
his hypothesis that risk equilibrium has been reached. For example,

one indicator of HTS risk, fatal crashes per 100,000 of population, has
remained at a fairly constant level for the past fifty years (see

Figure 4-6).

While his hypothesis may be supported, its basic validity rests
on the accuracy of societal perception of risk. If the present per-
ception of risk is lower than the actual risk and can be altered to a
value nearer to the actual value, it would follow, from our conceptual
framework, that society would support increased control action and
engage in personal risk avoidance until an equilibrium state with Tower
disutility was reached consistent with the new perception of risk.

Thus, the importance of societal perceptions of risk and risk
management can be seen. These perceptions form fundamental constraints
on the highway safety process.

Despite the ease in stating this proposition, the concept is
difficult to adopt in practice, if we can accept the validity of
past experience. Societal perceptions were either ignored or mis-read
in the development and promulgation of requlations requiring the
seatbelt-ignition interlock system (28). As a result, Congress, pre-
sumably reflecting the public perception of the negative value of this
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risk-management strategy, overruled the Secretary of Transportation and
rescinded the requirement. Similar public resistence has been noted in
the case of "get tough" traffic law enforcement campaigns (29). Societal
perceptions must be considered in design and development of risk-manage-
ment strategies.

Perceptions flow from information but are modified or altered by
biases inherent in the receiver or the sender. The Highway Safety
Control process is a complex of information transmission and reception
networks. Many social mechanisms act as filters serving to attenuate
or suppress the actual information being transmitted. These same
mechanisms also generate spurious information or false signals which
also affect perceptions. At every linkage, communication is inhibited
by "noise" which masks the content of information being transmitted.
This "noise" is a basic constraint on communication of information and
formation of accurate perceptions. It limits the highway safety process.
These filtering mechanisms are incorporated in Figure 4-7 to reflect a
more complete representation of our conceptual framework.

The critical need for accurate information, accurate societal
perceptions, and elimination of "noise" within the communication
systems must be understood if the highway safety process is to be
improved.

4.5 Highway Safety Principles

The following principles are basic statements that summarize
and explain the highway safety process described in the conceptual
framework:

1. The Highway Safety Process is the process society uses

to control disutility witnin the Highway Transportation
System to produce a state of equilibrium.

2. The Highway Transportation System is in a state of equili-
brium when its operations produce a level of disutility
equal to or less than a maximum tolerable disutility.

3. Maximum tolerable disutility is the maximum net HTS dis-
utility acceptable to society. Society determines this
1imit by talancing the utilities and disutilities resulting
from HTS operations.
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4. The highway safety process is limited by the quantity and
quality of information available for decision-making and
the perceptions of society about risk and risk-management
system operations.

5. Risk is the probability of occurrence of an event (e.g.,
a traffic crash) that will produce disutility (e.g.,
death, injury, property loss, etc.).

6. Risk-Management Systems are formal and informal mechanisms
created by society to exert control forces on the HTS to
reduce disutility to a tolerable level.

7. Society's demand for and support of risk-management activi-
ties increases as (1) the perception of magnitude of risk
increases (i.e., perception of the excess of disutility
above the tolerable level) and (2) the perception of the
net benefits of risk-management operations increases.

8. Society will not demand or support risk-management system
action if the Highway Transportation System is perceived
to be in equilibrium (i.e., perceived net disutility is
less than or equal to maximum tolerable disutility).

4.6 Summary and Conclusions

A conceptual framework that describes the highway safety nrocess
as one of society's disutility control processes has been introduced.
The framework includes three major elements: the Highway Transportation
System, Society, and the Risk-Management Systems. The risk-management
systems generate control forces to reduce risk within the Highway
Transportation System. The nature and extent of control forces depends
upon society's perceptions of (1) risks and associated net disutilities
and (2) netbenefits of the risk-management actions. Society wiil support
risk-management actions if risk exceeds a level society views as
tolerable, and if society believes the control actions of the risk-
management systems are appropriate. Society decides how much safety
s enough by balancing these equities. The balancing is critically
dependent upon the quality and quantity of information that describes
risks and operations of the risk-management systems. The way in which
society forms perceptions from this information is also critical,
because it is the perceptions rather than facts that govern societal
decision-making.
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5.0 THE IMPORTANCE OF UNDERSTANDING HOW
PEQPLE MAKE DECISIONS ABQUT RISK

The development of the conceptual framework in the preceding
chapter highlighted the critical role that individual and group
decisions play in the highway safety process. The decisions
individuals make determine the magnitude of the risk of traffic
crashes. The decisions groups make determine how effectively
the traffic crash risk is managed.

These decisions basically deal with risk and risk management.
A decision may be to take a risk, to avoid a risk, or to ignore the
whole issue. Risk-taking, risk-avoidance, and inaction all flow
from individual and group understandings and perceptions.

[f we are to reduce traffic crash losses, we must under-
stand how these decisions are made by individual system users,
policymakers, risk managers, and society as a whole.

In the same sense that we need general theory to structure
and guide the highway safety process, we need theory that explains
how decisions within that process are made.

This chapter briefly reviews decision-making theory. It
presents major theories and explanations that are useful in under-
standing risk and risk-management decisions.

5.1 History of Decision-Making Theory

A variety of theories and models extant in the social science
Titerature seek to explain the purposive, planned, or conscious
behavior of individuals and groups. Such theories attempt to explain
and pradict such behavior. Perhaps the best known of the theories of
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nlanned or purposive behavior is found in the empirical and

theoretical 1iterature in the area known as decision-making.

Decision theory has its origins in the branch of mathematics
known as probability theory. Questions posed in a decision-theory
context stimulated advances in the mathematics of probability theory.
So closely are these two fields allied that one can regard decision-
theory as a branch of applied probability theory.

5.1.1 Expected Value Theory. The first theory of decision-

making was based on the concept of expected values. The theory origin-

ated to f&ci]itate better decisions about gambling. It states, in
effect, that a gambler faced with a decision about how to make bets

on uncertain events with different payoffs should bet on the event

that, on the average, maximizes his winnings. The expected value model
may be formally specified as follows: a decision-maker must select

one alternative course of action out of a set of alternatives.

Through some independent random process, a "state of the world" is
determined or selected from a set of all possible states. The selection

by the decision-maker of an alternative, and the occurrence, by random
process, of a particular state of the world determines an "outcome"
which can be represented as a monetary payoff (or loss) to the decision-
maker. Further, it is assumed that the decision-maker Kknows the
probabilities with which each of the possible states of the world can
occur, knows the monetary values associated with each possible outcome,
and knows the sets of possible courses of action and possible states

of the world. The expected value model of decision-making states that
the "rational" decision-maker will make his choice by computing the
"expected value" or average return of each alternative available to
him, and then select that alternative whose expected value is Targest.
This maximizing of expected value is referred to in decision theory

as a strategy.

This model of "rational" decision-making, developed within the
context of gambling choices, was soon propcsed as a theory of human
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decision-making. Under the prevailing belief that humans were essen-
tially guided by reason and rationality, the normative expected value
decision model was proposed, and for a time accepted by some, as a
descriptive model of human decision-making.

As with other models and theories of human behavior, it was
not long before experimental investigations indicated that human
decision-makers did not in fact comply with the predictions of behavior
generated by the expected value model. For example, instances could
be constructed in which most persons would prefer certain choices
with Tower expected value over those with higher expected value. Thus,
it was evident that human decision-makers were responding to aspects
and dimensions of decision-making situations that went beyond the
mere computation of probabilities and monetary payoffs.

As is often the case in the history of scientific investiga-
tions and theory building, experimental evidence which contradicts
the prevailing theory of the day resulted in modifications of the theory
SO as to accommodate the new data, rather than outright rejection of
the theory. Uhat typically occurs when data challenges theory is an
elaboration of the theory--the addition, for example, of more free
parameters, the construction of more "special cases," or the specifica-
tion of limiting conditions which circumscribe the domain of the theory,
so that data incompatible with it are held not to be relevant. Uhen
a theory is popularly held it can prove to be surprisingly resistant
to contradicting experimental results. Often a scientific theory is
rejected only when it has become so elaborated with "special cases"
and conceptual elaborations that it collapses under its own intellectual
weight. A classical example of this is found in the case of the
Ptolemaic theory of the solar system, which fixed the earth at the
center of the universe and had the various stars and planets orbiting
around it at various speeds and distances. With the growing accumula-
tion of astronomical observations, ever more elaborate celestial
patterns of orbital movement had to be devised to maintain the geocentric



assumption of the theory. Only when the theoretical orbits of move-
ment bordered upon the preposterous did the Ptolemaic theory yield
to the far simpler and conceptually more economical heliocentric
Copernican theory. When one traces the history of theory and

modelling in the area of decision-making, a similar resistance to
theoretical innovation can be noted.

5.1.2 Utility Theory and Subjective Probability. Upon the
failure of Expected Value theory to adequately describe the decision-

making behavior of actual decision-makers, the theory was modified

by introduction of the concept of "utility." Without going into

the technical and mathematical properties of utility theory it is
sufficient here to define it as an index of an individual's personal
or subjective preference for an outcome, object, or event. By re-
placing the objectively defined concept of "value" (measured in
monetary units) with the subjectively defined concept of "utility," it
was hoped that the rationality assumption of human decision-making
could be retained by the simple expedient of proposing that individuals
were guided in their decision-making by those choices which maximized
expected utility rather than expected value.

Though expected utility theory fared better than its pre-
decessor in the experimental laboratory in explaining and predicting
the choice behavior of human subjects, anomolous experimental results
continued to be produced for which the revised model was inadequate
to explain. For example, certain choice situations could be con-
structed in which subjects consistently preferred an alternative
that provided lesser expected utility. Again, the data indicated
that the dimensions of decision-making were more numercus and complex
than those of the explanatory model.

The disparity between theory and data then led to further re-
finement of the rational theory of decision-making. It was next pro-
posed that the objectively defined probabilities of previous models



be replaced by what might be called "subjective probabilities." The
jdea was that individuals, in their decision-making, deal in probab-
ilities in a personal way, judging likelihoods in ways that well

might differ from some objectively defined standard. People could be
expected to make their decisions upon the basis of their own personal
and subjective feelings about probabilities, rather than upon some
extemally defined measure of likelihood. Further, this modification
in the theory allowed for individual variation in choice behavior and
decision-making. So it was possible, under the theory, for two decis-
ion-makers with identical preferences for outcomes to be both “ration-
al" and arrive at different decisions simply because they differed in
their appraisal of the probabilities of various outcomes. This concept
of subjective probability originated long before decision theory was
defined as a separate discipline, but was not incorporated into
decision theory until fairly recently.

What has evolved is essentially a psychological theory of

decision-making, rather than a truly "rational" theory. With abandon-
ment of the index of monetary value to appraise the worth of altema-
tives, and replacement of objectively defined probabilities with per-
sonal or subjective ones, the burden of understanding and predicting
the decision-making behavior of individuals and groups has shifted
from mathematicians and decision theorists to social and behavioral
scientists. That actual human decision-makers do not conform to neat
rational models of decision-makfng has become obvious. To under-
stand how decisions are made, attention must now be directed to the
social and psychological factors which affect human decision-makers.

5.2 Social and Psychological Factors in Decision-Making

Some social and psychological factors have already been iden-
tified by research, though their mode of operation is not yet well
understood. Other variabies affecting decision-makers will be
discovered through empirical research into such topics as human
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information processing, risk perception and outcome evaluation, cog-
nitive biases which affect various types of decision-makers, inter-
actions between the motivational states of decision-makers and
relevant dimensions of particular decision problems, perceived re-
1iability and source of information and its impact upon outcome and
risk evaluation, and several related questions that address the
human-nature aspects of decision-makers and the constraints and
Timitations that psychological and social realities impose upon the
decision-making process.

Along with the realization that formal and "ratjonal" models
of decision-making are inadequates as descriptive theories of actual
decision-making, it has begun to be accepted that social factors also
play an important role in the behavior of decision makers. The
individual does not function in a vacuum, but instead is part of a
social and institutional structure which tends to shape perceptions
and values in systematic ways. Thus, to understand and predict the
decision-making process, one must also study the social milieu in
which it takes place. An adequate theory of decision-making, unlike
theories of the past, must consider the influences of societal factors
upon individual and group decision-makers.

5.2.1 Learning Processes and Decision-Making. Knowledge of

human behavior gleaned from other areas of the behavioral sciences
can be of great helb in understanding the underlying psychological
and societal factors that affect human decision processes. One area
deserving further study in values is the manner in which fundamental
principles of the human learning process interact with bias and
place constraints upon decision-making. Although it appears obvious
that a decisicn-maker is also a "leamer," there is little in the
empirical or experimental literature which deals with changes in
behavior during the decision-making procass. Traditional models

of decision-making typically conceptualize the world as made up of
statistically independent events, and hence have relied upon mathe-
matics which embody independence assumptions. Behavicral scientists,



however, recognize that there is a marked statistical dependency in
real-world events which is often mirrored in the laws describing

human behavior. Unlike ideal decision-makers, human decision-makers
are affected in their perception of the present by expériencing the
consequences of the%r past decisions. In scme situations this may

be appropriate, as when the fisherman who was successful at a parti-
cular bend in the river in the past returns there in the expectation
of again being successful. In other situations, however, this very
"human" characteristic works to the detriment of decision-makers, as
when the gambler, having experienced a string of losses at roulette,
increases his wagers, falsely reasoning that his probability of a

win must have been increased by his past losses. To adequately under-
stand the dynamics of decision-making, the natural propensities of
humans to perceive the world in a particular manner and the plasticity
of behavior subject to past events or "reinforcers" must be incorpor-
ated in our theoretical formulations.

5.2.2 Recency and Time Delay. Another important aspect of

human behavior that plays a part in the decision-making process

relates to the dimension of recency. According to some learning
theorists, learning takes place when the consequences of various be-
havioral acts provide "feedback" to the individual in the form of
rewards and punishments. Behaviors that produce consequences re-
warding to the individual have an increased probability of a future
occurrence, while behaviors that produce punishing consequences have

a lessened probability of future occurrence. Through this "reinforcing"
mechanism the consequences of various behaviors serve to strengthen
certain behaviors while eliminating others. The recency phenomenon,
well established through experimental studies on both humans and
infra-human species in the psychological laboratory, plays an important
role in the leaming process. Put simply, the recency effect states



that the amount of learning produced by a reward or punishment will
depend upon the time delay between it and the behavior which produced
it. When there is a long delay, rewards and punishments do little to
alter them; when the delays are minimal, rewards and punishments have
their greatest impact upon learning. Graphically, the relationship
between time delay and amount of learning looks somewhat as shown in
the figure below.
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This fundamental principle of human learning has profound effects
upon how persons make decisions. It follows from tnis principle, for
example, that individuals will tend to underestimate and undervalue
the impact of future events, and correspondingly overvalue the immediate
consequences of their behaviors. This very human sort of bias is re-
flected in such sayings as "A bird in the hand is worth two in the bush,”
or "Let us eat and drink; for tomorrcow we shall die.”



Now, in some instances of decision-making, this sort of bias
may not be harmful; to a certain degree it may be justified, in the
economist's words, to "discount" the future. However, there are a
number of situations in which this aspect of human nature leads
decision-makers to seek short-run gains at the expense of objectively
more desirable long-range ones. In other words, the recency effect
associated with the learning process can exercise a systematic bias
upon a decision-maker's evaluation of alternatives, leading him to
overestimate the value of immediate rewards and underestimate the
value of delayed rewards. Similarly with punishments; the immediate
ones are overvalued, the delayed ones undervalued. For example, the
immediate discomfort or inconvenience of wearing a seat belt causes
some people not to use them, thereby increasing the risk of much more
severe consequences (e.g., death, serious injury) in the future. Only
after a crash has occurred, and the injury is an immediate event rather
than a remote one, does one regret not wearing a seat belt.

The bias in decision-making caused by the time-delay effect
can have specially deleterious effects when a particular behavior
produces a mixture of consequences, as, for example, an immediate small
reward and a delayed but severe punishment. In this instance the
time-delay effect may well lead the decision-maker to ignore the future
punishment in his preference for immediate gain or reward. For example,
a decision to drive after drinking too much alcohol produces an immediate
reward in the form of readily available transportation, but increases
the risk of a future crash and its accompanying "punishment."

5.2.3 Perception of Risk and Probability. In the preceding
discussion of the time-delay effect, attention was directed toward a
cognitive process which, in decision-making language, affects the
subjective evaluation of outcomes. It will be recalled that the
decision-making models used to describe choice behavior are comprised
of two classes of variables: those dealing with outcomes and their
evaluation by the decision-maker, and those involved with the appraisal




of probabilities, 1ikelihoods, and risk. Behavioral science can con-
tribute a great deal to our understanding of both of those classes of
variables.

In the probability or risk-appraisal dimension of the decision-
making process, one deals primarily with a perceptual/cognitive aspect
of behavior. This involves an aspect of human behavior in which there
- 1s a complex interaction between physiological, social, and environ-
mental factors. It is almost a truism to say, from a perceptual
standpoint, that "objective" reality exists only as an idealized state.
For example, studies conducted in the social psychological laboratory
have shown that an individual's perception of so simple an event as the
movement of a light source in a darkened room is greatly affected by
prior reports of movement made by other persons present. Similarly,
the motivational states and pre-existing attitudes and beliefs of an
observer can greatly affect his perception of a situation (hungry
persons tend to see food items in the ambiguous perceptual field of a
Rerschach card). Everyone is also familiar with the phenomenon captured
in the folk wisdom of the proverb, "The grass is always greener on the
other side of the fence," or the Aesop's fable of the "sour grdpes."

In these examples the perception of particular events or states of the
world is affected by the individual's probability of achieving a sought-
for outcome. (The proverb and the fable constitute competing "theories"
of behavior; the former predicts that unattainable outcomes are enhanced
in attractiveness, while the latter predicts that we deal with our set-
backs by minimizing them.)

Several other behavioral phenomena which can bias our appraisal
of "reality" have been discovered in the psychological Taboratory but
have not yet been integrated into our theories of decision-making. Ffor
example, it has been established that individuals, when shown a random
sequence of binary events (say, a string of red and blue lights) almost
invariably report detecting a "pattern." That is, people automatically
attempt to find and impose an orderly rule or explanation for cbserved



phenomena or an event when, in a statistical sense, such order is absent.
A converse effect has also been observed. Subjects in a psychological
experiment have been asked to attempt to generate a random sequence of
events--for example, to simulate the behavior of a fair coin and state

the outcomes of 100 hypothetical flips of the coin. When these humanly
generated "random" events are analyzed by statistical tests of randomness,
they are almost invariably found to be highly non-random--that is, very
different from what would be generated by a truly random device.

These two aspects of the human response to randomness have Sig-
nificant implications for the study and modelling of human risk behavior.
What they say is that humans deal quite poorly with random
events because they don't recognize randomness when they see it, and

what they do recognize as "random" (as for example, self-generated
sequences) is generally in fact not random. It is obvious to one obser-
ving this aspect of the perceptual process that it cannot but influence
the decision-making process by introducing systematic bias and certainly
less than optimal performance.

Another very human foible which affects decision-makers when
they deal with probabilities is their susceptibility to selective
distortions of memory when evaluating their own prior performances.
This has been demonstrated in studies where subjects are asked to
give estimates of the probability of occurrence of particular future
events. Sometime later (weeks or months), the subjects are brought
back and some are informed that the particular events had in fact
occurred, while others were told they had not. Each group of sub-
jects is then asked to recall their previous probability estimations.
Subjects told the events had occurred "recalled" larger probability
estimations than they nhad actually made; those told the events
hadn't occurred "recalled" smaller estimations than they had actually
made.

Tnis "hindsight" effect is not really surorising to observers
of human behavior. We are all prone to recall the past in ways which



enhance our self-esteem. However, when we wish or need to rely

upon the past to provide us with information and lessons upon which
to base present or future decisions, the "hindsight" effect can bias
our probability estimations, causing the decision-making to be Tess
than optimal.

Most humans have this "hindsight" bias partly because most
humans misunderstand and misapply the concept of “probability." Al-
though most persons have an "intuitive" theory of probability, in
many cases it varies so much from the objective theory that the perfor-
mance of untrained individuals in probability estimation tasks falls
far below optimal levels. For example, in tasks where humans are asked
to estimate the probability of alternative hypotheses, based upon
samples of data that pertain to those hypotheses, humans are far less
able to make optimal use of the available probabilistic information
than are statistical decision-making models. People generally tend in
such situations to be what is called "conservative"; that is, they
change their estimates of the probabilities at a slower rate than is
called for by the available evidence. Put another way, human decision-
makers, at least untrained ones, do not make full use of all the
information available to them in probability-estimation tasks.

The time-delay effect and biases related to perception and cog-
nitive processes provide important illustrations of some of the short-
comings of contemporary decision-theory, and pcint out a possible syn-
thesis of behavioral theories of learning or the one hand and decision-
theory on the other. Most existing theories of decision-making disregard
certain important psychological and social dimensions of human behavior
which play a crucial function in the decision-making process--for example,
the above-noted tendency for persons to "discount" the future in their
appraisal of choices or alternative courses of action. Behavioral-
learning theories, for their part, typically fail to take account of the
purposive planning and goal-seeking behavior of humans engaged in such
highly organized complex tasks as informaticn processing and problem



solving. A theoretical approach to decision-making that uses behavioral
science knowledge as well as the theoretical power of formal mathe-
matical models might well serve to remedy the shortcomings of our
present ability to affect the decision-making processes of persons
engaged in a variety of activities. Certainly, taking account of
certain human "limitations" which make us less than ideal decision-
makers may make it feasible to formulate decision-making aids to improve
our ability to make good decisions or assist us in avoiding some of the
more obvious shortcomings.

5.3 Summary and Conclusions

The theory of human decision processes has evolved to a point
where the underlying social and psychological factors in decision-
making are of central concern. At first, simplistic notions about
what constituted "rational" behavior dominated the field, leading
to models that, while appealing, did not reflect the actual behavior
of most decisicn-makers. These early theories dealt with what were
believed to be the two major ingredients in decision-making: the
probabilities of various events associated with a decision alternative,
and the values associated with the occurrences of those events. It
was found that real decision-makers often do not, as theory predicted
they should, combine these two ingredients so that the decision is
made on the basis of maximum expected value across all alternatives.

Substitution of subjective probabilities for actual probabili-
ties and utilities for values resultad in more realistic theories
but shifted the emphasis from the mathematical sciences to the social
sciences. At present, the major concern in the study of human decision
processes s how to determine subjective probabilities and utilities
rather than how to manipulate them.

The tendency of individuals to "discount" the future is an
example of a psychological factor that influences decision-making but
cannot be described in sufficient rigor for use in present mathematical



models. The way past experience is used in forming perceptions of the
present is another example of an important but insufficiently understcod
psychological factor affecting decision-making.

With respect to risk perception, the literature on human behavior
identifies several factors relevant to nhighway safety. For example,
in perceiving probability or risk, people tend to:

o make insufficient use of available information,
o be influenced by pre-existing attitudes or beliefs,

o have selective distortions of memory when evaluating
their own performance,

o be influenced by others in a group, and

o have difficulty in understanding concepts of randomness

and probability.

Efforts to narrow the gap between perceived risk and actual risk
in the Highway Safety Process would clearly be enhanced by taking
cognizance of what already is known in the field of decision-theory
and the behavioral sciences. Further reduction of the "perception
gap" will become possible when contributions of mathematical modelers
and statisticians are combined with those of behavioral scientists to
form an integrated theory of human decision processes. )

While an integrated theory of human decision processes is not
available, existing theory can be applied in the management of the
traffic crash risk. Existing concepts suggest new approaches for risk
management that have their foundation in an understanding of how
decisions to take risk or avoid risk are made. For example, past
approaches have relied heavily on increasing the perceived negative
consequences associated with an unsafe act (e.g., prohibiting the act
and sanctioning the offender). Decision theory suggests that we should
also consider reducing the benefit associated with the act, so that an
individual would be less likely to place himself at risk.

A major zonelusion, draun rom an understanding of dectaion
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context in the future than it has in the past. Understanding

how and in what contexts people make decisions should be a goal.
Technology will continue to play an important role in the reduction
of the crash risk. The use of technology should flow from an
understanding of the decision process. Technology cannot replace

the need for such understanding.
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6.0 IMPROVING THE MANAGEMENT OF RISK

This chapter presents basic principles concerning the manage-
ment of risk. The conceptual framework set forth in Chapter 5
described risk-management systems as an essential element of the
highway safety process. In reality, the entire highway safety
process is a risk-management process. The formal actions that one
associates with management, however, take place in institutions
that exert controls on the highway transportation system.

Management of risk is a process analogous to other management
processes. A body of theory that describes management exists and
may be applied to the management of the traffic crash risk. In
this chapter, basic management theory is used to describe the risk-
management process. Application of these basic principles can
improve the operations of the highway safety process.

Risk Management is a process that requires completion of six
discrete but interrelated steps. These steps may be taken by an
individual in making perscnal decisions about a course of action to
follow, by institutions in developing formal control actions, by
pubtic entities in generating formal public policy, and by society
in generating demand for and support of the highway safety process.

These steps, discussed in the following section, may be
succinctly stated as follows:

¢ Risk lIdentification;
¢ Establishment of Priorities Among Risks;
o Determination of Allocation of Resources:

Selecticon of Risk-Management Strategies and Tactics;
¢ Implementation of Risk-Management Actions; and
o Evaluation of Qutcomes in Terms of Risk Reduction



6.1 The Process of Risk Management

Of these steps, risk identification is the most crucial, since

it determines whether there will be a response at all by society
and its risk management systems. First, the magnitude of risk must
be determined and effectively communicated to all persons affected '
by it. This identification, communication, and reception creates
perceptions of risk that govern bcth individual and societal behavior.
Increased perception of risk leads individuals to:

e engage in risk avoidance;

e support the creation, funding, and operation of
risk-management systems; and

® cooperate with risk-management systems as risk-
management strategies are implemented.

Second, the nature of risks must be described in sufficient
detail to‘support further risk-management action. Information must
exist concerning how risk is created and what disutilities result,
when, and why.

Existing information on the traffic crash risk is Timited and
apparently not well understood. Appendix A briefly compares the
disutility of traffic crashes with disutility resulting from other
societal risks. The Appendix also summarizes data on traffic crash
causation drawn from the most recent NHTSA study. The major points
that can be drawn from these summaries are:

8 Society appears to view traffic crashes as less of a
societal problem than other risks that create greater
disutility.

o Human factors are the predominant cause of traffic
crashes. Environmental (including highway related)
and vehicle factors follow in that order. .

This informaticn suggests that greater efforts are warranted to
identify and effectively communicate the magnitude of the traffic
crash risk. Further, it suggests that human factors must be examined
in greater detail to develop information to support risk management
activities. (Note that the fact that a human failing caused a crash



does not mean that the only response should be directed against the
driver. A change in the vehicle, the highway, or both may be more
effective. Many failures, however, appear to warrant action directed
at the driver.)

A basic part of the risk-identification process is the deter-
minatijon of risk identification requirements. The content of infor-

mation needed by users to perform risk-management functions must be
specified. Effective methods of communicating this information must
also be specified. While risk-identification requirements cannot be
specified in detail a priori, a minimal requirement is that both the
magnitude and likelihood of various types of crashes be described in
terms that can be understood by individual citizens and by institu-
tions that must establish and implement policies for managing the
traffic crash risk.

After particular traffic crash risks have been identified,
priorities among them need to be established. This step involves
ranking specific crash risks and categories of risks in order of the
magnitude of the threats they pose to society. Extremely rare events
with very Tow disutility receive the lowest rank, while frequent
events that create great disutility receive the highest rank.

Thus, highway safety risks, to be non-trivial, must be asscc-
iated with a "reasonably high" likelihood of occurring, and when the
events occur, the disutility must be "sufficiently undesirabie."
Clearly, a major requirement of highway safety research is to provide
operational definitions of "reasonably high" and "sufficiently unde-
sirable."

Establishing priorities among risks is actually the first of
three steps that are closely interrelated. In the other two steps,
determination of allocation of resources and selection of risk-manage-

ment strategies and tactics, comprehensive programs of risk reduction

are designed to deal with risks ranked unacceptably high.
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Allocation of resources takes place in two contexts. The first
reflects the general societal decision allocating resourcas based on
the relative importance of a particular class of risks among all other
classes of risks. The second context relates to allocation of assign-
ed resources among the strategies and tactics selected for dealing
with risks within the specific class.

The selecticn of stratagies and tactics must be a systematic
analysis. The nature, magnitude, dynamic characteristics, costs,
and societal acceptability of control forces associated with expected
effects must be considered. This systematic process is not generally
followed today, even though claims are made by a multitude of system
managers that such management methods are applied.

Such a systematic analysis is likely to identify risks that
cannot be reduced to desired levels by applying existing counter-
measures. These risks must be addressed through research to identify
and evaluate new control forces.

After risks have been identified, ranked, and programs developed
to deal with them, the next step in the risk-management process is
implementation of risk-management actions. Here, all activities

necessary for operation of risk-management programs are performed.
Such activities range from provision of funds for programs to actual
application of control forces (e.g., arrest of an offender by a
police officer, or treatment of an injured person). Included are
such diverse activities as recruitment and training of operational
personnel (e.g., ambulance drivers), the monitoring of operational
methods and procedures (e.g., suspension of a driver Ticense), and
the purchase and maintenance of equipment (e.g., police cars).
Ideally, the determination of functional requirements for impiement-
ing risk-management strategies should follow a systematic process
whereby the perscnnel, equipment, facilities, and other resources are
allocated cn the basis of their contribution to the effectiveness of
the total risk-management system. Unfortunately, the systemwide
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coordination necessary for such an approach seldom occurs in the real
world (18).

The final step in the risk-management process is the evaluation
of outcomes in terms of risk reduction. The purpose of this step is

to identify effective control forces and risk reduction programs, so
that they may be more widely applied, and to identify forces and
actions that have not worked, so they may be improved or discarded.
The concept of risk-management requires that evaluation must be re-
lated in some reasonable way to the reduction of risk. Reliance on
ultimate measures such as actual reduction of crash losses is prob-
ably not feasible for most programs, particularly local ones. It is
more reasonable to target a risk-management approach on a particular
category of risk and then measure change in that risk (e.g., re-
duction in the frequency of a particular unsafe driving act).

It is critical that evaluations be conducted and the results
communicated to the risk-management systems and society. Society's
willingness to tolerate and support risk-management activity depends
on societal perceptions of benefits. Frankness in sharing infor-
mation on successes and failures is a necessity. This requires that
programs not be oversold. The consequences of evaluations that show
no reduction in risk are often disastrous for program managers who
have promised too much. We need to develop a clear societal under-
standing of the complexity of the traffic crash risk and of the highway
safety process. Simple solutions (that are societally acceptable) are
not likely to be found in the near future.

6.2 The Traffic Law System--An ITlustration

The preceding section discussed the risk-management process in
the context of the conceptual framework of the highway safety process.
This section describes the Traffic Law System, which is one of the
formal risk-management systems within the highway safety process.
txamination of the func*ions and operations of this risk-management
system wiil help to clarify the concepts and princinles developed in
prior sections.
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The Traffic Law System may be described as society's formal
mechanism for applying law to management of the traffic crash risk.
Law is appTﬁed in a variety of ways. In this limited examination we
focus on operations of the law system that deal with the system user
--predominantly the driver, although general provisions of the "rules
of the road" also deal with other users (e.g., owners, pedestrians,
bicyclists, etc.).

The use of the law may be seen in several contexts of equal
impertance. Law is used in a positive sense to provide guidance for
normal operations of the Highway Transportation System. These guide-
lines provide a series of common expectations (e.g., we will all
drive on the right side of the highway) that facilitate daily activ-
ity. These guidelines, drawn from theoretical understanding of risk,
suggest or require conduct that reduces risk.

The law also operates to prohibit actions that create increasad
risk. The law provides a formal system for dealing with individuais
who violate the proscriptions. This use of the law is embedded in
the concept of deterrence.

The premise of deterrence is that a behavior can be prevented
by the threat of punishment. Most theories of deterrence are based
on the hypothesis that a person contemplating a prohibited activity
will refrain from acting if the expected benefit derived from the
activity is less than the expected cost resulting from some threat-
ened punishment (30). The literature distinguishes between two forms
of deterrence, so-called "special deterrence," which prevents the
punished parties from engaging further in the undesired activity, and

"general deterrence," which discourages all members of a given group
from engaging in the activity even if they are not caught and
punished (31).

The formal means for creating deterrent threais to risky be-
havior within the HTS is the Traffic Law System (TLS). In effect,
such threats {2.g., driver license suspension, fines, jail) are the

72



control forces of the TLS and are developed as the TLS performs its
four top-level functions: Tlaw generation, enforcement, adjudication,
and sanctioning (18). See Figure 6-1. The objectives of these
functions may be stated as follows (19,32):

Law Generation

¢ Define risk precisely;

e Proscribe behavior that creates risk;

o Prescribe behavior that reduces risk; and
.

Provide for operation of the TLS through procedural
guidelines, creation of the necessary entities,
and funding.

Enforcement

o Detect and apprehend risk-takers for further system
action;

i Manipulate human behavior to reduce risk; and
o Collect basic data to identify risk.

Adjudication

o Determine if risk-taking occurrad in the case of
individuals apprehended by Enforcement;

o Determine validity of risk prescriptions by Law
Generation; and

¢ Provide fundamental fairness essential for system
operation.

Sanctioning

¢ Provide ultimate system response designed to ensure
that the sanctioned individual will not engage 1in
risk-taking in the future (special deterrence); and

¢ Provide a pattem of responses to individual risk-
taking that influences all potential risk-takers to
refrain from such action (general deterrence).

A wide variety of governmental agencies and institutions are
involved in performing these functions. Because our system of
government is based on the doctrine of separation of powers, no
single agency or institution is in charge of the whole systsm. There
is no “system manager" for *the TLS or for any other formal societal
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FIGURE 6-1
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control system. No "system specification" exists for describing
what the nationwide TLS must do or how it must do it, nor are there
nationwide "subsystem specifications" that tell how the components
of the TLS should perform in relation to each other and to the whole

"

system. In reality, the TLS is a "system of systems," each unit
operating in varying degrees of independence from the other, but all
Toosely bound together by a set of principles that encompass the
entire spectrum of human values, ranging from those implicit in our

culture to those explicitly addressed in our federal Constitution.

The Law Generation function is performed by federal, state, and

Tocal governments operating under legal constraints imposed by
federal and state laws, constitutions, and judicial precedents.
Legislative bodies create formal statements (i.e., statutes) of
prohibited HTS risks and the penalties for engaging in risky be-
havior. Laws, in the form of regulations, are also generated by
administrative agencies in the executive branch of government. In
addition to proscribing risky behavior and punishments, laws also
authorize operation of other components of the TLS (e.g., agencies
for licensing drivers, police departments) and provide direction and
constraints on operations of those components (e.g., procedures for
the arrest of a driver for risky behavior). More informal, de facto
laws are generated by other instrumentalities of government through,
for example, creation of speed 1imits and posting of stop signs.
Still more informal, .but just as real, laws are created by individ-
uals--for example, the police officer who makes a regulation through
directing traffic (32).

The Enforcement function is performed by state and local police
agencies. Primary operational sub-functions include:

o Cetection of Taw violators;
¢ Aporehension;

¢ Observation of the apprehended suspect to help decide
whether or not {0 arrest or issue a citation; and

¢ Arrest and post-arrest processing of a suspectad law
violator.
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An important secondary sub-function of Enforcement is to provide
a deterrent threat to potential risk-takers simply through the pres-
ence of police or police symbols. Research suggests that police
presence influences some driver behaviors (e.g., speeding) associated
with some crash losses (33). Enforcement also supports operation of
the entire TLS by providing information on the nature of risk (e.q.,
from arrest/citation records, from accident reports).

The Adjudication function of the TLS is most commonly associated

with traffic courts, where the rules of criminal procedure are foll-
owed to determine the guilt or innocence of individuals accused of
violating traffic laws. Major sub-functions of this judicial adjud-
ication process are:
¢ Determination of the charge to be made against the
suspect; and

¢ Conduct of pre-trial hearing to inform the accused
violator of the charge and his rights, and to determine
the quilt or innocence of the accused violator.
The last sub-function, commonly referred to as the "trial" when
conducted by the judiciary, has as its objective the finding of fact
and law related to a particular event and individual.

[t must be emphasized that the Adjudication function is not
always performed by a court of the judicial branch cof government.
Driver license agencies often hold administrative hearings where
findings of facts are made by a hearing officer. Further, in order
to expedite the processing of violations of lower risk, some offenses
have been "decriminalized," lessening the due process requirements
(e.g., New York) wherein minor traffic cases are handled by an agency
of the executive branch of government (i.e., the Department of Motor
Vehicles).

Sti11 less formal adjudicaticn processes often cccur. For
example, a police officer may decide whether a driver he has stopped
is quilty of an offense and decide no* to arrest or decide tc issue
a waming, thus precluding futher action by formal adjudicaticn
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components of the TLS. Similarly, a prosecutor may decide not to
charge or to reduce a charge in exchange for a promise to undergo
treatment for some condition (e.g., alcoholism) that led to the off-
ense. In most instances, however, it is the driver himself who
adjudicates after receiving a citation by pleading guilty or forfeit-
ing bail (32).

The Sanctioning function provides the ultimate deterrent threat
of the TLS. Again, it is performed by the judiciary (e.g., imposing
a fine), by an administrative agency (e.g., suspending a driver
license), or by a police officer (e.g., issuing a warming). The pur-
pose of the punishment is to prevent future occurrences of the risky
behavior by the punished parties and by other individuals who wish
to avoid punishment.

The basic steps of risk-management are performed within each of
the functional areas of the TLS. Each individual or agency should
deliberately go through each step to effectively and efficiently
discharge the risk-management mission. In addition, each functional
area has responsibility for performance of some of the steps for the
TLS as a whole. For example, the enforcement function has special
responsibilities to develop information on risks and share them with
other components of the system. In a similar sense, Law Generation
must translate general information on risk into operational defini-
tions of prescribed and proscribed behaviors. The risk-management
process is applicable in both a macro or system sense and in a micro
or individual agency sense.

In 1970, we analyzed the performance of the TLS as a risk manage-
ment system and found it conceptually sound but with insufficient re-
sources to manage HTS risk effectively. The level of resources avail-
able to the TLS was seen as a reflaction of the public's mispercep-
tion of the net disutility of the HTS. We concluded that this was
due to a lack of precise knowledge of risk and a lack of communica-
ticn to the public of axisting knowledge about risk. Our study also
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found that the principles of risk-management oftan were not being
applied by the TLS and that, as a result, existing resources were
not being effectively utilized. Minimal coordination among the
various elements of the TLS was found, resulting in a lack of common
purpose and in actions that were counter-productive to achievement
of ultimate system cbjectives. The fajlure of the TLS to operate as
a system was seen to result in serious inconsistencies in TLS inter-
actions with the HTS, society, and other RMSs, and even in non-per-
formance of major risk-management functions at the system level (e.qg.,
risk identification). Thus, significant violations of all steps of
the risk-management process were found to be commonplace in the TLS.

6.3 Summary and Conclusicns

The method by which the risk-management systems operate is
described as the risk-management process. Tnhis process is also used
for individual and societal decision-making about the highway safety
process. Basic steps in the process are:

Risk Identification;

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

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

Fvaluation of Qutcomes in Terms of Risk Reduction

A1l of these steps are critical for proper operation of the
risk-management systems and the highway safety process.

The Junction of risk identification is most eritical, because
the entire decision process revolves around an understanding of the

nature of risk and the z2ffects of control forece actions om reducing
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7.0 ANALYZING HIGHWAY SAFETY NEEDS: AN APPLICATION
OF THE NEW CONCEPTUAL FRAMEWQORK

The preceding sections of this paper have demonstrated the need
for treating the problem of highway safety within the context of
the societal systems that generate and attempt to deal with dis-
utilities caused by highway crashes. A conceptual framework for
analyzing these systems and their interrelationships was presented,
and the processes through which people make decisions about risk
were discussed. Some major problem areas and needs in risk-manage-
ment were mentioned.

The purpose of this section is to show how our conceptual
framework can be used to analyze overall highway safety problems and
needs in a more orderly and meaningful way than has previously been
possible. The analysis leads to a concise statement of top-level
requirements for managing highway crash risk and serves as a point of
departure for future, more extensive analyses.

7.1 Problem Analysis

Our conceptual tramework suggests that problems in managing
crash risk may be placed in three general categories. The categor-
ies contain problems pertaining to:

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

The term "Highway Safety Process" describes the complex of inter-

acting societal systems that creata and contrel highway crash dis-
utility (see Chapter 4.0). Some of the more obvious risk-management

problems within these categories ars discussed below.
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7.1.1 Description of the Highway Safety Process. The

Titerature on highway safety contains no record of an attempt to
develop a description of the entire HSP. The lack of a comprehen-
sive theory has, in fact, precluded such a global presentation of

the process. Researchers have yet to identify all of the HSP'éIements
and their components. The result has been fragmented, piecemeal
descriptions of elements believed to be important to a given restric-
ted analysis. Any analysis of the performance of the HSP as a whole
has been impossible for the most fundamental of reasons: all of the
parts of the system have not been identified. As a consequence of
the fragmented conceptual framework used in past highway safety
activities, the most neglected components of the HSP have been those
related to control of crash disutility. While many of the major
components of the HTS (e.g., drivers, vehicles, roads) have been
dissected to identify their constituent parts in great detail, very
few studies have attempted to isolate and classify the sccietal and
Risk Management System components of the HSP. No effort to identify
all of the significant parts of the societal and RMS components has
ever been made.

Similar problems exist in describing the functions of the HSP.
Several studies have analyzed selected functions of the HTS and RMSs,

but few studies have attempted to develop hierarchies of functions

in relation to top-level subsystem and system objectives. There has
never been a functional analysis of the entire HSP, nor any formal
attempt even to identify all of these functions. With respect to the
HTS, only the operational function seems to have received much
attention in 'the nighway safety literature. Analyses of lower-level
HTS functions involving interactions between driver and vehicle in a
particular driving scenario (called task analyses) have sometimes
been conducted in detail, but related functicns that must be performed
in the course of total driving "missions" (e.g., a trip to the cffice
on a busy expressway) have not been described in the same degree of
detail. Some functions of some RMSs (e.3., emergency medical



services, police traffic services) have also been identified, and in
one case (the Traffic Law System) a formal functional analysis has
been performed. However, the functions of many components of RMSs
(e.g., private safety foundations, insurance companies) have not
been described in sufficient detail in the literature, and few
functional descriptions have been related to the functions of risk-
management.

Without a comprehensive list of components and functions of the
HSP, the requirement for a structure interrelating the functions and
their performance cannot be met. Thus, there is no way of knowing
exactly how any given function contributes to the accomplishment of
risk management objectives, or how that function affects the accom-
plishment of the objectives and functions of other components. As a
result, RMS control forces cannot be evaluated in terms of the
functions that produced them, and the design and development of new
forces are nindered by the lack of information about what works and
what does not work in controlling crash disutility.

With respect to the outputs of the HSP, the requirement to
describe the disutilities of the HTS has been addressed most fre-
quently by past highway safety research. Such research has identi-
fied events immediately prior to, during, and following crashes, and
has developed a variety of descriptions of the resulting disutilities.
However, the risks and disutilities have not been adequately examined
with respect to events or conditions that occur or exist far in ad-
vance or long after a crash, so that many potential opportunities
for interdicting the series of events leading to disutility have not
been identified.

An additional prcblem is that crash disutilities that have been
studied have not been adequately described in terms that will support
risk-management actiocns, i.e., with respect to the risk associatad
with the disutilities, to other non-HTS risks, and to normative
values of factors related to disutilities. The same situation exists

a1



with respect to utilities of the HTS, which have received far less
attention than the disutilities. Particularly, no attempt has been
made to compare the utilities and disutilities associated with
particular HTS activities and collections of activities i.e.,
missions, and to relate the resulting net utility or disutility to
"risky" or "safe" driving behavior.

Much more attention has been given to identifying the outputs
of the HTS than the outputs of the RMSs. In general, neifher the
effectiveness nor disutilities of RMS control forces are known. The
result is that resources are commonly wasted on ineffective safety
programs, and potentially effective programs are rejected because
their disutilities are perceived as greater than the crash disutil-
ities they seek to reduce. The rescinding of federal requlations
requiring seatbelts to be interlocked with a car's ignition system
and the repeal of mandatory helmet use laws for motorcyclists in
some states are examples of public refusal to accept RMS "cures”
perceived as worse than the "illnesses" they were directed against.

Figure 7-1 summarizes existing major problems in developing an
HSP description to support risk-management. The problems are
shown relative to the three major elements of the HSP, i.e., the
HTS, RMSs, and society.

7.1.2 Decision-Making in the Highway Safety Process.

Considerable progress nas been made in recent years in developing
theoretical models of decision-making and in understanding psycho-
logical and social factors that enter into the 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.

Major difficulties exist in translating existing knowledge
from the behavioral sciences into terms useful for improving cpera-
tional decision-making. For example, it is not clear how the know-
ledge that most people do not use information afficiently in
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estimating risk can be used to better present information about crash
risk to police managers. Neither is it known how to use knowledge
about the tendenéy of human decision-makers to discount the future

to stop legislators from responding only to short-term highway

safety pressures and ignoring problems that will create far greater
pressures in the future. Nevertheless, given the difficulty of the
task, the greatest deficiency in meeting HSP requirements with regard
to decision-making is that there has been an insufficient effort to
attempt this translation. Thus, much patentially useful knowledge

is not being used to improve perceptions and decisiocn-making in the
HSP. The failure to use existing knowledge--a major current problem--
is discussed later in section 7.1.4.

Research efforts to gather new knowledge in the area of human
decision processes are inadequate. A recent study in England re-
vealed only a handful of publications about decision-making that
were relevant to highway safety. No federally sponsored U.S. programs
are concerned with describing current perceptions about risk within
the HSP. No known research in this country is examining how per-
ceptions about crash risk are formed and how decisions about risk-
responses aremade. Thus, present knowledge about decision-making is
not being used, and there are essentially no programs to promote the
use of this knowledge or to develop new knowledge.

7.1.2 Communication Within the Highway Safety Process.

No system-wide information system has esver been designed for the
entire HSP, and there is no record of any analysis of the content,
form, or method of delivery of information needed by various compon-
ents of the HSP. Formal information "systems" that do exist are
mainly repositories where information is stored rather than dissem-
inated. These rencsitories are usually designed to meet the needs
of specialized user groups, most frequently researchers, and are
most often located at the facilities of the user groups. Such user
groups include the federal government (e.g., NHTSA's Fatal Accident
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File), universities (e.g., HSRI's Information Center), and private
safety foundations and associations (e.g., the National Safety
Council, Motor Yehicle Manufacturers Association, and the American
Association of Motor Vehicle Administrators). A few information
"services" (e.g., the Transportation Research Information System or
TRIS) exist to assist persistent seekers of nighway safety informa-
tion, but some familiarity with the literature and the organization
of the retrieval systems is necessary for effective use of these
services.

The most serious problem in communication is in meeting needs
of the public and of operational components of the HTS and RMSs. No
ongoing, integrated program to provide to these components informa-
tion about risk and RMS control forces has ever existed at the
national Tevel.

Efforts to communicate with the public have mainly been in the
form of sporadic public information and education "campaigns" in
support of countermeasures aimed at particular behaviors associated
with crashes (e.g., speeding, drunk driving). The effectiveness of
most of these campaigns in modifying behavior has not been demonstra-
ted. The literature on highway‘safety provides no evidence of studies
performed to determine what kinds of information provided in what
form to what groups are required to enhance risk perceptions and to
support rational decision-making in dealing with risk.

With respect to RMSs, the major communications problem is in
providing information from existing repositories of knowledge in a
form suitable for risk-management at state and local levels of
govermment. [t is at these levels, where operational risk-manage-
ment stratagies and tactics are developed, that most resources are
expended and control forces are actually applied. VYet, state and
Tocal units of government have the least access to information needed
for these functions. Unmet needs ¢f these RMS components range

from concise state-of-knowledge raviews zbout risk, to manuals for
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operating countermeasurs orograms, to surveys of the results of
evaluations of past programs.

Figure 7-2 summarizes some major communication problems in
managing highway crash risk.

7.1.4 Use of Existing Information. Examination of past

highway safety efforts leads to the conclusion that information and
knowledge that are currently available are frequently not used in the
design or development of highway safety programs.

The risk-management process has been described in scme detail.
This is not a new concept. We state it in specific terms but it has
been a part of the general management literature for many years.
Yet, cne does not find such management concepts specifically incor-
porated within the Titerature on highway safety program management.

Current highway safety program literature refers to a three-
step process: (1) problem identification; (2) program development
and implementation; and (3) evaluation. In a general sense this is
close to the risk-management process. The difference lies in the
emphasis the latter places on risk identification, establishment of
priorities, and evaluation of implemented strategies and tactics in
terms of risk reduction. The actual practice in the agencies and
institutions that implement programs appears to ignore even the
management concepts in the existing highway safety Titerature as well
as the risk-management concepts. Programs are started as extensions
or expansions of existing activity. Risk identification is not
accomplished, and effective evaluation is a rarity.

We believe a major reason for this is the failure of states and
Tocal units of government to understand the system nature of their
highway safety efforts. There is not sufficient attention given to
the organizaticn and management of highway safety programs or to the
institutions that implement programs. This lack of system management
contributes to {1) failure to use existing information, and (2} failure

o
(o)}



*sweaboad
JoL4109ds jo jaoddns ul

‘wedb

-0oad 3pLM-WD1SAS ON @
*SJUBWUAIAOD 33P]S
pue [ed0[ JO SjLuUNn
01 paplLAocad jou uoLl

wedb

-0ad 9piIM-wBYSAS ON @
"suotLl
-ezruebuao enpiaLput
A0J pue S4aydueasau
404 3soyy 3daoxa

sweahoad

uo L3 P04 uL
burnurjuod jo
uorjeaado pue

ALedtpeaods ALuo auog -ewaojul djetadoaddy e sweuaboad |ews0) ON ® juswdolvasg g
UET uoLjPWAOJ UL
., subred -u43A0b6 JO S|9A8| 9¥3els “9pPLM-13] SAS papasu
-wed,, 3814 pa1e|0Sl pue |ed0| je ADudLD auop 10N -sjuauod JO Audat|ap
Y3LMm uoL3ounfuod ul -149p 159310349 " SSWY -02 S|H Pd3IV|3S U404 40 poyysu pue
1d92x3 siseq 93euadqL(9p | ISOw 40} SLSEQ dIPAIQL{IP Aluo sLseq 33euaqlL|ap Wwa0) ayy 40
40 [PUMOJ © U0 3uop JON 40 |[PWAOJ B UO 3UOp JON 40 |ewJa04 e uo auo(Q uoteuLnaalaq g

. subtred

-wed,, IRId pole —.Qw.—

Uyl tMm uotjzounfuod ut
1d80X9 siseq 3jeuaaqL|ap
J0 [BPWJAO4 ©B U0 3uOp JON

e
~uaaA0b jJo [8A3| 93e]s
pue (ed0| 3e ADualLdL4ap
1S93e349  “SSKY 3 Sow
404 SiLseq 33ea3qlL|9ap

40 |ewa0y e U0 3BUop JON

“9p LM~ SAS

auop 310N - sjuauod
-Wod SiH po1D|9S 40}
ALuo sLsSeq ajeuaaqL|ap
40 |PWAOJ ® U0 duU0(

PENEETTIRN]
uoLyeuouL
1eUM Jo
uoLeULWAd}3(]

£19120%

Swa) SAS
Jusuebeuep~ysLy

[TEFEIAS
uotrejaodsuea) Aemyb iy

$S9204d A194eS Aemybiy 9yl jo sjyuswsd |3

eauy

W3 | qoa g

$S9004d A39jes Aemybiy syl utylr iy bBurjestunummo)

UL swa|qouad Jofel J0 Aueumnsg

12—/ 2anbi 4




to develop new information through risk identification and evaluation.

Part of this failure can be attributed to a general tendency of
the public, policymakers, and the highway safety community to ignore
existing information on risk. Basic information on traffic crash
causation has demonstrated the importance of the numan element.

This has been reinforcad by more recent, more detaiied studies.
Despite this information, the tendency has been to allocate resources
to engineering or technological solutions focused on the highway and
the vehicle, with only Timited resources available to examine the
human element. We do not suggest that vehicle safety or programs
designed to improve the highway environment cease or be reduced. We
do suggest that as priorities for allocation of resources are estab-
lished, sufficient attention be given the human element. In the next
twenty years the Highway Transportation System will experience some
major transitions. Whether those can be accomplished with minimal
disruption of our scciety will depend not only on technological
solutions but on increased understanding of patterns of human
behavior.

The past practice of underestimating the human factor is reflec-
ted also in the design and development of programs that focus on
drivers and other system users. Conventional wisdom has prevailed;
most new programs look remarkably like the old. Policymakers have
relied on the Traffic Law System as a risk-management mechanism.

The TLS has been expected to be a deterrent to unsafe driving acticn.
Sanctions resulting from enforcement action have been expected to be
perceived by drivers as surrogate risks. Drivers, in making "rational"
decisions about courses of action, have been expected to consider the
unfavorable outcomes. Since the risk of a crash has apparently not
been sufficient to influence the behavior of many drivers, the risk

of legal action has been used as an additional decision factor. The
succass of this strategy has been 1imited, because the level of
enforcement is generally so Tow as to make the surrogata risk not



significantly more important than the crash risk in the human decision
process.

A more fundamental problem exists. The use of the legal system
is basically a negative reinforcement. A significant body of psycho-
Togical literature establishes that humans respond more effectively
to positive than negative reinforcement. We need to look for alter-
native strategies for driver control that rely more on incentives
than disincentives.

There are limits on the use of the criminal sanction. General
and unrestricted use of the law system for all aspects of driver
control is likely to exceed those limits. Altermatives to the classic
operations of the traffic law system are needed.

Since use of the Traffic Law System has been the primary risk-
management strategy at the state and local level, altemative strat-
egies are needed for highway safety, in general, not just for legal
system activity.

The problems discussed above stem from a lack of theory to focus
action. They are direct products of the failure to use existing
information and knowledge effectively.

7.2 Needs Analysis

This section outlines what needs to be done to overcome the
risk-management problems identified in the preceding section. The
resulting statement of highway safety needs is a first step toward
development of a set of top-level requirements for managing crash
risk. Further analyses of problems and needs are necessary to develop
more comprehensive and detailed statements of requirements. The
needs discussed below address the three categories of oroblems that
were described zbove, i.e.:

(1) the description of the Highway Safety Process (HSP)

(2) decision-making within the HSP, and

(3) communicaticn within the HSP.
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7.2.1 ODescription of the Highway Safety Procass. The HSP

and its individual parts should be described with respect to its
composition, functions, and outputs. A conceptual framework such as
the one presented in chapter 4.0 of this paper is the first step in
development of such a system description, but more detailed descrip-
tions are needed.

The first specific need is that each element and its components
be identified and described. The conceptual framework described in
chapter 4.0 identifies classes of components (e.g., the HTS, RMSs)
and gives examples of lower-level components (e.q., drivers, autc-
mobile manufacturers, driver licensing agencies). Additicnal
groupings and classifications of components need to be developed and
expanded to include each component whose activities are beljeved to
nave any significant impact on HSP operations.

Next, it is necessary that the functions of the HSP be identi-
fied in hierarchical form. Some top-level functions identified else-
where in this report incTude the provision of fast, convenient trans-
portation and the maintenance of HTS disutility at a societally
acceptable level. Lcwer-level functions of the HTS were said to
include the design, constructicn, operation, and support of automo-
bile equipment and highways. The primary functions of RMSs were
identified as risk identification, risk prioritization, resource
allocation, development of strategies and tactics, implementation and
operation of programs, and evaluation. The functions of one specific
RMS, the Traffic Law System were identified, discussed briefly, 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 interralated to form a detailed structure of the process.
Each top-level function must te 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
would, among 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 the driver and his passengérs who want to
minimize travel time, but to organizations that manufacture and
support the equipment and facilities invelved in such usage 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 relationship
to the varjous 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.

[t is necessary that HTS disutilities be stated not only in
tarms of the losses associated with a particular 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 (a.g., fire,
disease) and their associated risks.

O
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The outputs of RMSs are control forces designed to maintain
acceptable HTS disutility. As such, they are more difficult to
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 impartant to identify any negative
effects associated with application of that force (e.g., the viola-
tion 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.

7.2.2 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 perceotions about the
outputs of the HTS and RMSs. [t 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 he inaccurats. Thus, there is a need to determine
13,

the nature of societal, H and RMS percaptions 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 whether speed "traps" are more acceptable to
some groups of drivers than to others.

The concept of maximum tolerable disutility due to crashes was

introduced in Chapter 4.0 as an essential element of highway safety.
There is, therefore, a need to describe this reference value of
disutility for 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 1ifetime 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 Tower 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 raspconse to




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 action against a given
perceived risk, but the same risk in another jurisdiction may

leave the public apathetic. Finally, cne 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.

7.2.3 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 generatad by this general requirement.
First, there is the necessity to determine the nature of information
needed by each compcnent 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
autcmobile designer. Both need to know about the magnitude of the
risk associated with various blcod 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 mores in-depth



explanation of the effects of a given treatment regimen for alccholic

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, physicians 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 joumal 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.

7.3 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.




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

Description of the HSP

o The components of the HSP are not jdentified qnd described.
o The functions of the HSP are not identified and described.

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

o 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.

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

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

Communication

s The nature of the information needed by each companent
of the HSP has not been determined.

o 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 ia highway safety have been identified. With respect

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

o 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.
8 Existing knowledge should be used.
® RMS actions shouid be evaluated.

O
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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:

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.

[t is concluded that there is also a clear need for a more

formalized and extensive analysis of risk management needs, and for

the development o7 focused programs to meet those needs. That such

an analysis has not been conducted in the past is due in large part

Yo}
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to the Tack of an adequate theory or conceptual framework as a basis
for identifying nesds.



8.0 IMPLICATIONS OF THE CONCEPTUAL FRAMEWORK

Prior chapters have examined the theoretical framework of the
highway safety process and discussed top-level problems and needs.
These discussions are necessarily general and somewhat abstract.
However, the conceptual framework and associated theory from
related fields are not mere abstractions or methodological toys.
They have import and application for the practitioner.

This chapter presents some brief examples to illustrate the
implications of the conceptual framework for the field of highway
safety. The illustrative examples are intended only to stimulate
thought. They do not represent the breadth or depth of the concep-
tual framework. They are glimpses of what can be developed in the
future by thinking more broadly about the highway safety process.

8.1 How About Decreasing Utility?

As we examine the conceptual framework, it can be seen
that the operaticns of the Highway Transportation System are in-
fluenced by the utility they provide society. Trips and driver be-
haviors are associated with the perceived utility associated with
the trips or behavior. These trips and associated behaviors can
lead to crashes and their disutilities. Most past highway safety
efferts have focused on ameliorating a loss after a crash has
occurred, or on deterring unsafe behaviors by the threat of traffic
law system action or some other threat.

The threat of traffic law system action is a general deterrent.
[t flows from the actions taken against individual drivers (special
deterrent action) and the communication of those special deterrent
actions to the public. This is illustrated Selow.
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TLS Action Public General
(Special + Information -> | Deterrence
Deterrence) & Education

This general deterrence functions as a surrcgate risk. The risk
of a crash is perceived as too remote to deter most drivers from un-
safe driving acts, so society creates a present "risk" to modify
behavior. There are actually many such risks, but most are not as
evident as the TLS sanction.

f we think about the process that a driver goes through in
deciding to commit an unsafe driving act, we can describe it as a
balancing of perceived utilities and disutilities.

The benefits of driving unsafely are compared with the potential
negative consequences of the act. Most countermeasures seek to in-
crease the magnitude of the potential negative ccnsequences and thus
deter unsafe acts.

Limited examples appear in the literature of techniques designed
to reduce the benefits so that the value of engaging in the act de-
creases. Some cities provide free taxi service for individuals who
are intoxicated on New Year's Eve to reduce the utility of driving
while intoxicated.

Training programs for emergency vehicle operators use a variety
of demonstrations to establish that extreme high-speed operation oro-
duces little benefit in the delivery of emergency services. This is
intended to reduce the perceived utility of high-speed emergency
driving.

An aporoach that considers reducing the utility as a strategy
to reduca risk requires information about the utility associated with
unsafe driving acts. Information is also needed about safe driving
to understand how other drivers reached a decision not to engage in

unsafe driving acts under the same circumstances.

O
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The incorporation of the HTS and its outputs (utility and dis-
utility) within the conceptual framewark suggests new avenues for
inquiry in the development of risk-management approaches.

8.2 How About Non-Traditional Risk-Management Systems?

We noted above the reliance on the traffic law system to
increase the likelihood of negative consequences for drivers who
engage in unsafe driving acts. Examination of TLS operations
indicates that they are quite cumbersome. Moreover, because they
use the criminal sanction, they are rigidly bound by the fundamental
protecticns of the Constitution.

Examination of the range of existing risk-management systems
suggests that it may be able to increase negative consequences use
of other systems and thus reduce the probability that unsafe driving
acts will occur.

For example, enforcement of laws prohibiting driving while
intoxicated does not appear to occur at a rate commensurate with the
rate of driving while intoxicated. Various explanations appear in
the literature. One of the most frequent is that the police are dis-
couraged from making arrests by subsequent actions of the prosecutors
and courts. Also, the time that the police must spend on a DUI case
is a disincentive to making arrests. When one talks with Motor
Vehicle Administrators, they report that drivers who have been
arrested are most concemed with preventing their insurance companies
from Tearming of the arrest for fear their policy rates will increase
or the policy will be cancelled.

This suggests some alternative risk-management approaches that
use the flow of information among systems as suggested by the con-
ceptual framework. First, a procedure might be tried whereby police
tests for Blood Alcohol Concentrations (BAC) became a public record.
This information could be made available to the media, insurance
companies, or other interaested parties. This basic informaticn
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could form the basis for risk-management action by insurance
carriers without the necessity of formal sancticning by the traffic
Taw system.

Another similar thought--many states have passed implied consent
Taws. These laws provide that when a person operates a vehicle on
the highways of the state, he has given his consent to a BAC test
when a police officer arrests him for a drinking-driving offense.
Criminal and administrative penalties are provided for those who
refuse to take the test. In many states enforcement of the laws has
proved cumbersome and somewhat ineffective. Should an approach be
considered whereby insurance policies would provide for a rate in-
crease or policy revocation if an operator refused to take a test
when requested?

The use of other technological advances suggest themselves. The
ORBIS device is a camera system that automatically photographs a
vehicle that is exceeding a specified speed. Use of these devices
has been limited because most jurisdictions attach traffic violation
Tiability to the driver, not the vehicle. In contrast, most insur-
ance companies insure a vehicle and not an individual. ORBIS and
other technological systems can easily identify vehicles via license
plates. Should we consider simply transmitting photographs of public
violations of the speed limit to insurance companies and vehicle
owners, rather than worrying about tracking down the operator and
proving beyond a reasonable doubt that he was illegally operating at
an unsafe speed?

These suggestions are raised as illustration of potential new
countermeasures. Another aspect of the conceptual framework dictates
that before implementation is attempted, we must examine societal
perceptions about the benefits of such countermeasures and the risks
they address. Some risk-management approaches may be economically
defensible but not acceptable to society. For example, when one
considers the total societal cost that a chronic drinking driver can

—
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cause, a cheap countermeasure might be to provide him with a full-
time chauffeur. Perhaps this would be cost effactive, but it is
doubtful it would be societally acceptable.

8.3 Summaryv and Conclusions

Several brief examples were presented to illustrate that the
new conceptual framework directs inquiry to areas not previously
examined in depth. Specifically, the concept of decreasing the
utility associated with unsafe driving needs to be examined. Also
the functions of risk-management systems and their linkages need to
be studied. Society's reaction tc new approaches needs to be exam-
ined before they are implemented.

Each of these three points: (1) examining utility; (2) broad-
ening our perspective of risk-management systems; and (3) ascertain-
ing societal response to new highway safety approaches before
implementation, flow from an understanding of the conceptual frame-
work. These specific points reflect only a few of the directions
for inquiry suggested by the conceptual framework.






9.0 CONCLUSIQONS AND RECOMMENDATIONS

This paper has examined existing theory in the field of highway
safety and described a new conceptual framework for the highway
safety process. The framework illustrates the importance of under-
standing how people make decisions about risk. It also emphasizes
the importance of using sound management methods in the risk-manage-
ment process. Application of basic management methods will improve
the operations of risk-ménagement systems.

When the conceptual framework is used to examine past and curr-
ent problems in highway safety, it identifies some research questions
that need to be pursued.

Each of the chapters raised and discussed highway safety issues,
reached conclusions and made recommendations related to those issues.
We now identify a limited set of top level conclusions and accompany-
ing recommendations that we believe are most important for immediate
consideration.

Conclusion I Immediate emphasis should be placed on develop-

ment of an organized body of theory of highway
safety.

Discussion The lack of order, conflicting demands for
resources, and absence of an organizing frame-
work for decision-making are evidence of the
need for a general theory and model. We
offer a conceptual framework as a starting
point, but much more must be done.

Recommendation Formal programs designed to develop theory
should be started by the public and orivate
instituticns concemed with highway safety.
Cooperation should be encouraged but it is
Tikely that the field will benefit from
multiple as opposed to monolithic programs.

—
wn



Conclusion II

Discussion

Recommendation

Conclusion III

Discussion

The research community should take a leadership
role in encouraging the start of a research
program and critically reviewing its progress.

Priority should be given to improving the use
of existing knowledge about the traffic crash
risk and methods for managing that risk.

Available evidence indicates that societal
perceptions of the traffic crash risk are
inaccurate. Traffic crashes appear to be
viewed as less important than other societal
risks that produce less loss. A more accurate
perception of risk is Tikely to result in risk
reduction and improvement of risk-management
operations.

Formal programs should be established at the
federal, state, and Tocal Tevel to disseminate
information on risk and risk-management to
decision-makers. It will not be enough to
simply transmit information. The information
must be transmitted in forms that help to assure
that it is understood and thus will be applied
to reduce risk.

Emphasis should be placed on understanding the
role that human factors play in crash causation
and crash losses. Risk-management strategies
that effectively deal with these factors should
receive priority attention.

Available informaticn on the traffic crash risk

indicates that human factors are predominant

in traffic crash causation. These factors have

received only limited attention in the last ten

years--in the sense of rigorous systematic exam-
ination of risk, and develocment of risk-manage-
ment responses.

Further identification of "human" risk may well
result in risk-management strategies that focus
on changes in the vehicle or highway environment
or both.



Recommendation The responsible federal agencies should allocate
significant resources for research on risk
jdentification and development of risk-manage-
ment strategies focused on the human factor.
Funding efforts to establish a base for effect-
jve action should take priority over funding
conventional demonstration programs.

Conclusion IV  The general concept of highway safety should be
broadened and more disciplines encouraged to study
problems of crashes and crash losses.

Discussion The conceptual framework identifies many new
areas that must be described and studied to
elucidate the highway safety process. This
inquiry should involve individuals from
disciplines other than those traditionally
involved in highway safety research or programs
(e.g., decision theorists).

Recommendation Public and private institutions should establish
and fund programs designed to apply the best
minds from a wide range of disciplines to an
examination of crash risk and crash risk
reduction.

In tum, the research and academic community
should formally recognize, to a greater extent,
the importance of managing the traffic crash
risk. An understanding of how the traffic
crash risk is created and how it can be
managed can lead to a broader understanding of
how to manage risk in society.

We close this paper by emphasizing our opening statement. The
paper has been written in the context of discovery to raise issues
and stimulate discussion, and not necessarily to resolve questions or
prescribe solutions.

We hope that it will contribute to some short-term solutions.
But, more important, we hooe that it will lead to development of a
more vigorous concaptual framework that, in tum, will permit devel-

opment of more effective ways o7 managing the risk of traffic crashes.






Appendix A
INFORMATION ABOUT TRAFFIC CRASH RISK

Chapter 6 discussed the importance of risk identification
for the management of risk. The risk identification process
must take place in at Jeast two cohtexts. First, the magnitude
of the risk of concern--in this case the traffic crash risk--must be
examined in light of other societal risks. This examination leads to
a ranking of societal risks to guide allocation of resources '
by society to deal with such risks. This is a societal decision
process that determines relative importance among conflicting
concerns.

Second, the nature of the specific risk must be examined in detail
to ascertain factors that create the risk and associated dis-
utilities. This examination allows priorities to be established for
risk management actions, suggests targets for countermeasures,
provides information on the dynamics of cause and subsegquent loss
that shape the nature of the risk management response, and provides
a baseline measurement of risk that can be used in the evaluation of
risk management actions that are implemented.

Qur knowledge of the nature and extent of the traffic crash risk
is limited, as is our knowledge of other similar societal risks.
Present data provide insights and perspectives for further
inquiry. They suggest directions that should be taken for the future
and raise issues for discussion about the wisdom of directions
followed in the past. The following sections present general infor-
mation comparing the traffic crash risk to other societal risks as well
as information on traffic crash causation. These data are not defini-
tive and are provided to illustrate the problem and to foster discussion.

A.1 Societal Risk of Traffic Crashes

One of the most complex problems in societal science is develop-
ing valid operational definitions of concepts. In most cases the
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major validity problem relates to measurement. How we choose to
measure a problem may well influence the outcome. For some time

it has been fashionable to discuss traffic safety and other areas

of safety in terms of deaths. To a lesser extent safety discussions
examine injuries and property losses. Quantification of the number of
deaths has proved simpler than assignment of a value to an injury

or determination of costs associated with traffic crash

risks. Cost data and injurydata do exist and are regularly (or
irregularly) reported. Yet deaths appear more persuasive and
pervasive in safety discussions.

While we do not believe that deaths alone are an adequate
measure of disutility, it is interesting to compare the number of
deaths from traffic crashes with other "accidental" deaths.

Table A-1 lists causes of death by type of accident and the number
of deaths in recent years associated with each type of accident.
This information was obtained from the 1976 edition of Accident
Facts, a publication of the National Safety Council (4).

Traffic crashes are the largest single category of accidental
deaths. It would be iogical to expect that the societal response
would be to allocate more resources to deal with this problem than
other risks that produce accidental death. Yet, this has not
been done in the United States. |

Examples of this discontinuity come quickly tc mind. Seven
traffic deaths occur for every fire death. Yet, most communities
have fire departments funded and staffed at a level nearly equal to
their law enforcement agencies that have the primary responsibility
for traffic control. The law enforcement agencies must also deal
with general crime, maintenance of order and community service

demands.

In recent years public percepticns of the crime problem
have frequently resulted in diversion of police resources from traffic

duty to more general law enforcement functions. This trend started
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TABLE A-1

Accidental Deaths According to the International List of Causes of Death

Deaths are classified on the basis of the Eighth Revision of “The International
List of Diseases and Causes of Death’’, which became etfective in 1968. This revision
provides for a class of deaths due to injury when it cannot be determined whether
the death was an accident. suicide, or homicide. There were 3,149 deaths classified
in this category in 1974,

Type of Accident or Manner of injury | 1974t | 1973 . 1972 | 19N
All Accidental Deaths . .. .. .. e L...... 104,622 115,821 115,448 113,439
Transport accidents . ... ... ... ... . 50,659 59,986 60,480 58,529
Raupway BCTICRNIS . oo e 716 783 .. 532 TS0
MOLOF VENICIB . it e .. 45,402 $8.511 36.278 54.381
TrathC . . 45314 54.347 35.214 53,366
Nontratfic . ... ... ... .. . . e 1,088 1,184 1,064 1,015
Otnerroag venmicle . . ... e . 275 293 206 253
Water transDOmM . . . ...t e 1.379 1.728 1.388 1.331
Qrowning 1excludad Irom drownings below) . ... ..... 71,413 1.573 1.320 1,373
Cther water ranspGrt . ... ... ........... e 158 152 178 156
Air and space transoort .. .. ... ... 1.687 1.268 1.336 1,004
Poisoning by solids and liquids See also plge 82)........ 4,018 3.683 3,728 3.710
Qqiscning Sy Crugs and. mecicaments . PR 2.742 2,244 2,316 2.528
Boisoning Dy othér sond ang nauid sugstances . .. ... ... 1.274 1.239 1.212 1,182
Polsoning by gases and vapors (See also page 82) ........ 1,518 1,652 1,680 1,646
Falls . . 16,339 16,506 16,744 16,755
Fires and flames . . . . .. . .. ... . ... .. .. ... .. ... 8,236 6.503 8,714 8,778
Confiagration in orivate dwellings . . . . .. I 4.369 4382 4834 4,401
Contlagration in otner Suilaings of structures . Ce 224 230 283 2835
C\.n!agra'wcn a0t 1N buiigings or structures . .. .. ... 73 a7 22 123
IgMIuon O CIGINING . .. .. .. 44§ 37 542 855
Igmton of mignly inflammatie matenials .. ... .. ...... 185 254 2:4 223
ther and unspecified fires ang fames . ... .. ... ... .. 338 1.003 924 1.109
Natural and environmental factors .. .. ... ... ... .. 1,427 1,348 1 800 1,366
Zxcessive neat ... ... ... .. e 14 131 112
Excassive COId . .. .. ... ... ... ... e 348 381 '°0 361
Funger. thirst. exgosure and neglect . 201 240 2€3 283
8ites ang stings af vencmous amimais and insects . . 33 4 42 48
Otner accigenis caused oy animais . . .. ... .. ....... 139 184 146 163
Ligntming ... B . 112 124 g4 122
Cataclysm ... e . 384 193 5S¢0 248
Otner natural and envirenmental ‘actars . ... . .. . 3 i 6 29
Other accidents . . . .. . . .. 20,711 21,938 20,320 20,241
Drowning. suomersian (excl. water irans. "'o~nmgs above), 5.483 7182 8.156 5.021
Innalation ang .ngestian of ‘cod . 2.131 2.210 2.088 2.227
Innalation ana ingestion of cther object . REPI 310 303 742 830
Mecnamical suffocation . .. ... ... L . 1.083 1,109 1.104 1173
inbedorcradle . . ... .. ... ... 234 287 322 435
Other ana unsoecified mechanical sutfocation . .. ... .. 843 322 782 741
Struck accrcentally 2y falling ociect | .. R 1.143 1.196 1.218 1.168
Striking against ar struck acc.centally ,y ociects .. .. . 327 382 846 836
Caugm aczicentally in cr tetween 00/ecls . e 521 538 336 348
Cutting or piercing instruments ... ... ... .. e 112 133 129 147
Sxplesion of pressure vessel . e 57 73 3 7
Firgarms . . ... . 2.513 2513 2.442 2.360
Seif-inflicted .. ... ... £12 516 538 524
Cther ana unspecified lirearms . . . . .. e 2,001 2.102 1.504 1.336
Exciosive matenal . . ... ... 459 312 513 544
FIFBWOIKS . . e e d 5 10 3
Slasurig materials . ... ... .... o . 24 21 24 24
Exolosive gases ... .......... ... ..... S 230 234 242 228
Cther ana unspecified exgiosive marerial . ... ... ... 202 232 242 289
Hot substance. corrosive llquic. and steam . ... ... ... 218 2793 282 248
ZIRCINC CUITENt . . . . . e C 1,157 1,149 1.088 1.085
Home wiring and aophances ... ... ... e 203 232 206 216
incustrial wiring anc acauances e e 163 181 142 185
Cther electric current . ... . ... .. ... 536 34 504 534
Unspecihed electnc current . ... ... ... 155 172 126 160
Raciaticn . .. .. . . 1 Q9 ]
Macninery acc: cer's not eisewnere classified . . 783 284 336 374
Otner ang unscacifiea . . 2.285 2.333 2.178 2,305
Surgical and medical comnlicatlons and mlsadventuras 3,021 3.525 3,324 3,740
Coerative tnerageutic creceaures . . . . 2.:51 2,912 2,304 2.7386
Ctrer ang unsoecified therapeutic crocedures . .. 538 248 328 787
QOther and unscecifiec nontheraceutc sracecures . .. 232 287 182 217
Late effects death more lhnn 3 year after accident) . . 6395 682 648 876
Motsr venicle . o ‘26 122 3 137
3ils o 72 130 L) 131
Other anc unscecifieg 'ate etfects . . 257 340 350 283
Scurce: Naticrat Center ‘or ~eaitn Statisucs. See cage 22 for ccmoaraiity TLatest otficial igures.
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in the Tate 1960s and continues today. The underiying philosophy
is reflected in a 1969 statement by Chief Robert Igleburger of the
Dayton, Ohio, Police Department.

"While traffic moves freely and efficiently in many
sections of our urban centers, crime continues to rise,
severe social problems prevail and disorders frequently
break out. It seems to signify that new concerns and
priorities have arisen in metropolises."

With this in mind, the Dayton Police Department recently
undertook a program of massive review of its goals,
priorities, mission and methods of operation. We re-
viewed expectations of the community by analyzing our
service requests, citizen complaints, and community
attitudes and desires...had we done this five years
ago, our major priority would have been traffic law
enforcement; our present analysis showed it to be
repression of criminal activity and general public
service. Traffic control and traffic law enforcement
we determined could not continue to receive the man-
power allocation--over 20 percent--they had previously
received". Traffic Safety 63 (June 1969): pgs 14-16.

This comment reflects the reactions of a risk manager, in this

case a police chief, responding to societal perceptions of the
importance of various societal risks. Crime, in this case, was
deemed more important than traffic crashes. That societal
perceptions reflect this value probably cannot be disputed. The
accuracy of the perception and its acceptance by risk managers is
more debatable.

This can be illustrated by a rather interesting outcome of a
study conducted in St. Louis, Missouri. The study., designed to
improve aliocation of police resources, startad with the premise
that not all crimes were the same. For example, not all events
described as robberies present the same risk to the public.

Some involve violence and injury, while others, although serious,
do not have the same level of risk. The study examined a series of
crimes and rated their seriousness, based on the characteristics cf

the event (i.e., was there injury, was a weapon used, what was the
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value of the property stolen, etc.). To quantify seriousness the
authors, Nelson Heller and Thomas McEwen, used the Sellin-Wolfgang
scale to assign a numerical value to the characteristics associated
with each event. The same scale was also applied to traffic crashes
occurring during the study period. One would have expected a signi-
ficantly lower score for traffic crashes, as one component of the
scale--intimidation--does not apply in the case of nondeliberate
crashes. The results were surprising: "The injury and property
loss occurring in the average traffic accident is over fifty percent
more serious than that occurring in the average Part I offense.”
(Journal of Criminal Justice, Vol. 1, No. 3 pg 242). (Part I offenses
refer to the crimes of homicide, rape, robbery, aggravated assault,

burglary, larceny over $50, and auto theft that are reported in
Part I of the Uniform Crime Reports).

While this study cannot be viewed as definitive, it strongly
suggests the inaccuracy of the societal perception that crime is a
greater personal risk than traffic crasnes.

In the first part of this discussion, data that contrasted
traffic crash deaths with other accidental deaths were presented.
Next, the risk of traffic crashes was contrasted with that of crime.
Other comparisons can be drawn. Table A-2, renroducad from reference
(1), shows that motor vehicle crashes rank as the ieading cause of
death in the age group 5-24 years, and are a major cause of death
through middle age.

The data presented in this section are illustrative of the
relative importance of traffic crashes as a societal risk. They
are not definitive and, given present public perceptions, apparently
not well understood. This suggests that the relative risk of traffic
crashes must be better defined and communicatad so that more accurate
public perceptions can be developed. As long as the risk of traffic
crashes is perceived as less important than other risks, risk
management efforts focused on traffic crashes will be inadequate.
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A.2 The Nature of the Traffic Crash Risk

Knowledge of the nature of risk is necessary for the risk
management process. We need to know what causes traffic crashes
and the associated losses in order to reduce the risk of crashes
and crash loss.

The state-of-the-art of knowledge about injury-producing
mechanisms and the dynamics of the crash phase is far advanced,
compared to knowledge about traffic crash causation. In reality,
we do not know enough about either area.

The development of risk-management strategies is highly
influenced by perceptions of what causes traffic crashes. It
will be useful as we continue our discussion of highway safety
theory to have a commen understanding of traffic crash causation.

The study of traffic crash causation is still in a develop-
mental stage. Advances have been made in explanations of crash
causation. General findings have been replicated. VYet, there is
no general scientific agreement on methods of inquiry or the
analysis. Findings of recent studies should be regarded as
indicative rather than definitive descriptors of the causes of
traffic crasnes.

In this context, summary findings are presented here from a
study on Traffic Crash Causation conducted by the Indiana University
Institute for Research in Public Safety under the sponsorship of
the National Highway Traffic Safety Administration. These data
represent the most recent results of this multi-year study. Prior
findings have been reportad in a series of reports (See reference
26, our thanks to John R. Treat for providing these data, which will
appear in a report to be published soon).

The study was conducted in Monroe County, Indiana, over a
period of more than five years. The general objective of the
oroject was to satisfy national needs for data ragarding accident



causation and crash avoidance. Data were collected on three levels
of detail, as shown in Figure A-1. Only crashes that were investi-
gated and reported by police agencies in Monroe County were consid-
ered in the study. At level A, police reports of accidents, driver
license data, and vehicle registration data were collected. At
level B, technicians were sent to the scene of crashes shortly after
they occurred to conduct an independent on-scene investigation. The
Tevel-C investigations were conducted subsequently and involved a
multidisciplinary team of professions, many of whom held doctorates
or advanced degrees. Quantitative measurements of a number of
variables were made. Vehicles were removed to a garage facility

and examined by automotive engineers. DOrivers participated in
vision and driver knowledge testing. Accident reconstruction
specialists made detailed scene drawings and assisted in the
recognition, collection, and interpretation of physical evidence.

Following the data collection process, the multidisciplinary
team convened as a group to develop a clincial assessment of
accident causes associated with the crash. Causative factors are
listed in three primary categories: human factors, environmental
factors, and vehicular factors. A detailed definitional hierarchy
of factors or causal factor trees was developed within each of the
primary categories listed above. (Details of the definitional
approach are provided in reference 26).

In a singie accident it was possible for more than one factor
to play a causative role. Thus, a single crash might have a human
factor, a vehicie factor, and an envircnmental factor cited as
causal factors.

A causal factor rating system was used to express the degree
of confidence of the investigators in their conclusions. Conclusicns
were expressed as-certain when theras was no doubt as to the factor's
role. Factors were assessed as orobable when they were considered
highly 1ikely although not definite. A possible rating was used to
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Figure A-1

Data were collected on three levels of detail.

TECHNICIANS' FIELD SURVEY
(2258 ACCIDENTS
INVESTIGATED)

MULTIDISCIPLINARY TEAM'S
IN-DEPTH INVESTIGATION
| (420 ACLIDENTS INVEST|GATED)
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designate factors of potential relevance, althcough the evidence did
not substantially support their existence and/or involvement. Fail-
ure to assign a factor at the possible level reflected a judgment
that its involvement was highly unlikely.

The findings of the study are presented in overview form in
Figure A-2. Figures A-3, A-4, and A-5 detail the major causal
factors within each primary category. Note that the human factors
listed are defined as the direct causes of crashes. The study also
considered indirect causes, such as human conditions or states which
adversely affect the ability of the driver as an information process-
or and vehicle controller. These factors, which include categories
such as fatigue, driver experience, and alcohol impairment, are
sufficiently remote in their causal relationship that it becomes
difficult to assess their involvement with certainty. (Summary
discussion of this complex concept in this limited presentation is
likely to introduce misunderstanding. A reader desiring more
detailed information is referred to pages 41-48 in reference 26).

Caution should be taken in interpreting the data presented in
the figures. Human factors were found to be the predominant
causative factor. It is not correct to assume from this finding
that the only risk management response to a human failing should be
directed at the driver. Some underlying conditions that lead to
human failure may be most effectively addressed by modification of
either the vehicle or the roadway environment or both. It is also
important to note that most of the vehicular factors noted were
maintenance-related defects, not manufacturing defects. Thus, it
well may be that the best way to address some vehicle defects will
be through risk management actions targeted at the vehicle owner
or operator.

While these findings come from a relatively large study and
retlect perhaps the best available information on traffic crash

causation, they are not definitive. They should not be extrapclatad
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. Figure -4 - B
View. obstructions and slick roads were
the environmental factors which most
frequently caused accidents.
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to the entire United States or used to generalize in precise terms
(i.e., 93% of traffic crashes are caused by human failures). The
data, however, are remarkably consistent with other more limited
studies in the United States and in other countries as well. The
data have also shown a consistency from year to year within the
study even though both the observers and the observed conditicns
have varied.

Perhaps the most significant point, for purposes of this
discussion, is the relative involvement rates of the human,
vehicle, and environmental factors. In assessing risk management
approaches, establishing priorities, and developing strategies and
tactics, it will be desirable to keep in mind the general trends
as shown by the data from this study.

A.3 Summary and Conclusions

Risk management requires an understanding of the nature and
extent of the traffic crash risk. First, the magnitude of the risk
must be known to assess its importance relative to other societal
~ risks. Second, characteristics of the risk must be known to
select and establish priorities among risk management strategies
and tactics and to evaluate the effectiveness of selectad approaches.

Current data demonstrate that traffic crashes are a major
source of death and injury when compared with other types of
accidents. Crashes appear to present a greater risk than crime in
some settings. Even when compared with all causes of death in the
United States, traffic crashes are a major societal risk.

Examination of data that describe traffic crash causation
reveals that human factors are far more frequently involved in a
causative role in traffic crashes than either environmental or
vehicle factors. The relative role of human, envircnmental, and
vehicular factors must be considered in developing risk management
strategies and estabiishing priorities among approaches.
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