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CHAPTER ONE
INTRODUCTION

This volume, a review of the literature on police procedures for
enforeing certain unsafe driving actions (UDAs), was prepared under
National Highway Traffic Safety Administration (NHTSA) contract number
DOT-HS-8-01827, entitled "Police Enforcement Procedures for Unsafe
Driving Actions." The review is one volume of a three-volume final
report of work conducted under this contract. The remainder of the final
report is presented in "Volume I: Summary" and "Volume III: Field
Studies." The project was conducted by staff of the Poliey Analysis
Division of The University of Michigan Highway Safety Research Institute.

The UDAs treated in the review are:

o speeding,

e following too closely, and

e driving left of center.
Much of the review concerns the speeding UDA because of the large
traffic safety problem it creates nationwide and because of the great
volume of literature that exists on speeding.

This review was conducted as a part of a joint effort supported by the
police enforcement contract and another NHTSA contract of broader
scope entitled "Identification of General Deterrence Countermeasures for
Unsafe Driving Actions" (Contract number DOT-HS-7-01797). The part of
the review that is applicable to countermeasures other than those
employed by police agencies is presented in a separate volume to be
published as a part of the final report of the general deterrence project.

The term "police enforcement procedure" as used in this review is
defined as follows:

A police enforcement procedure is a sequence of tasks

performed by police personnel to deter drivers from
committing UDAs.



This definition specifically excludes the process of designing tasks or

sequences of tasks.

OBJECTIVES
The general objective of the review was to identify and discuss
literature germane to three UDAs. Specific objectives were to:

e describe police enforcement procedures in terms of their
objectives, activities, and resource requirements;

e identify legal factors that influence the use of the
procedures by police agencies;

o determine the effects of the procedures on traffic safety
and related variables; and

o identify knowledge gaps that need to be filled by future
research.

This volume is one work product developed to support a larger analytic
study. The report is a collation of the identified literature, and it is not
intended as a critical review, analysis, or synthesis. It is designed as a
tool to support analysis. The summary volume (Volume I) of this project
presents analytical findings and more specifiec recommendations. A third
volume contains information developed through telephone contacts and site
visits with enforcement agencies and related organizations.

DEFINITIONS OF THE SUBJECT UDAs

As noted above, this review deals with three UDAs: speeding,
following too closely (FTC), and driving left of center (DLOC). One of
the first tasks of the review was to seek rigorous definitions of these
UDAs. This search was not successful. Most studies either did not
define the UDAs at all or defined them incompletely or ambiguously.
Definitions that were found varied widely among the studies even though
the same terminologies were often used.

To help fill this definitional gap, a substudy was intitiated to develop
operational definitions of the three UDAs. Because the definitions were

needed by the companion project on general deterrence countermeasures



as well as by this project, the substudy was supported by funds from both
projects and involved the staff of both projects. The detailed results of
the definitional study are described in a separate volume to be published
as a part of the final report of the general deterrence project (Jones,
Treat, and Joscelyn 1980). A synopsis of the definitions is provided in

Volume I of the police enforcement project.

SCOPE AND LIMITATIONS

Literature on police procedures for enforeing laws on all three UDAs
defined above was sought in the course of the review. Despite an
intensive search effort, no pertinent literature was found for the
DLOC UDA. Further, only one document was found on enforcement
procedures for FTC, although a few more documents describing the
effects of police procedures for the speeding UDA on the FTC UDA were
found.

Thus, with a few exceptions, this review deals only with the speeding
UDA. This limitation is stated here as a ground rule to avoid distracting
repetitions of it throughout the reivew. Unless explicitly stated
otherwise, all of the discussion in this document pertains to
speeding. Procedures for enforcing laws pertaining to both types of the
speed UDA defined in Volume I of this report were sought in the review.

We found that the documents usually did not specify which type of
speeding UDA was the target of a given procedure, but most seemed to
be aimed at the absolute-speed UDA. When the target was a
relative-speed UDA, the specific conditions under which a driving act was
so classified were not stated in the report or article. The actual use of
the 95th percentile criterion for determining when to initiate enforcement
action for speeding was not reported in the literature. Nor was there
any explicit mention of the use of traffic flow information for
determining an enforcement threshold for relative-speed UDAs.

Finally, our review emphasizes more recent literature and discusses
earlier literature to provide a historical perspective. Also, earlier work is
discussed when there are no recent publications that cover a particular

topie. Previously published reviews in one important area of research,



the effect of enforcement procedures, are compiled separately in

Appendix B for ready reference.

APPROACH

This review was a part of a larger review that addressed a wide range
of countermeasures against the subject UDAs. In addition to the police
enforcement countermeasures that are of concern here, literature on
adjudication, social influence, public information, and citizen-participation
countermeasures was reviewed. Theories, concepts, and factors
influencing deterrence, driver decision-making, and risk-taking were also
sought. This approach was essential for developing information for use in
attacking the UDAs along a broader front, as required by the general
deterrence project. However, it was also beneficial to the police
enforcement project in providing more avenues to relevant material,
thereby reducing the risk of overlooking documents of interest.

Literature on police procedures and their effects was sought from
several sources, our own HSRI library being used as a source most
frequently. Other major sources were the International Association of
Chiefs of Police, the Criminal Justice Periodical Index, the National

Criminal Justice Reference Services, the National Safety Council, the
Northwestern University Traffic Institute, the Transportation Research
Information Service, and the NHTSA library.

The documents obtained from these sources included police manuals,
journal articles, research reports, articles in trade magazines, and sales
brochures, among others. Most of the manuals described how to perform
police traffic tasks such as approach a car, approach a driver, and write
a citation. The articles and reports often contained descriptions of
innovative or experimental police programs in cities, counties, or states,
and sometimes described evaluations of police procedures. However, most
documents did not contain an evaluation of the procedures described.
There was little information on all aspects of a given procedure, and only
one study (Darwick 1977) of police procedures for a UDA of interest
(exceeding the 55 mph national maximum speed limit) attempted to
document a range of procedures comprehensively.



One of the objectives of the review was to deseribe the resources
used in given procedures. For our project, a particularly important
resource was the equipment used by police to detect and "measure”
UDAs. A wide range of measurement equipment was identified in the
search, including radar, VASCAR, the Following Too Closely Monitor, the
Visual Speed Indicator, ORBIS, vehicle sensing devices, closed-ecircuit TV,
and high-speed cameras. Many of the documents deseribing this
equipment included an assessment of it, instructions on how to use it, and
its cost. A separate appendix listing and summaries of major source

documents about equipment has been provided (Appendix D).

ORGANIZATION OF THIS VOLUME

The review is presented in two formats. The first of these is a
narrative synopsis of relevant literature. This synopsis, the body of this
report, is presented in five chapters, including this introductory chapter
(Chapter One). Chapter Two discusses enforcement procedures within the
context of the other funections of police traffic services. Two classes of
procedures are treated: general-deterrence procedures and
special-deterrence procedures. The former are aimed at creating a
deterrent threat among drivers who are not actually apprehended for a
traffic law violation, while the latter are concerned with deterring a
special group of drivers who first must be apprehended for a violation.
Legal factors that inhibit or preclude the use of certain procedures in
some jurisdictions are also discussed in Chapter Two.

Chapter Three discusses empirical literature dealing with the effects
of police procedures on three types of traffic variables: traffic flow
variables, traffie crash variables, and traffic law violations. Each class
of variables is examined with respect to general-deterrence procedures
and special-deterrence procedures.

Chapter Four reviews literature on the allocation of police resources
among enforcement procedures. The review identifies philosophies,
policies, and strategies for assigning police manpower and equipment as
functions of location, time, and type of procedure.

The last section (Chapter Five) summarizes the findings of the three



preceding sections. It also presents the authors' conclusions about the
overall state of knowledge in the field and makes recommendations for
filling identified gaps in the literature.

The second format used in this review is a series of appendices that
present information on types of literature. This format differs from that
used in the body of the document, in that the information is organized by
source document rather than topic.

Appendix A contains a tabular presentation of the desecriptive
literature on enforcement procedures and their effects. Appendix B lists
and discusses a collection of empirical literature on the nature and
effects of procedures.

Appendix C summarizes literature oh police procedures for enforcing
violations of a subeclass of traffic laws that is of current interest, the 55
mph national maximum speed limit., Most of the documents in this
appendix are descriptive and nonempirical.

Appendix D deals with measurement techniques and instruments used
for enforcing laws on the subject UDAs. Each source document in this
appendix is summarized in terms of the characteristic measured, the
measurement technique, and the measurement method.

Appendix E summarizes representative statutes and court cases dealing
with the legality of certain police enforcement tactics and the use of

certain detection and identification equipment.



CHAPTER TWO
ENFORCEMENT PROCEDURES

This chapter of the review presents descriptions of police enforcement
procedures for relevant unsafe driving actions (UDAs). The concern here
is the "what" and "how" of enforcement procedures rather than their
effect or value. Legal factors that affect the selection and use of
procedures are also considered briefly. Literature on the performance and
effectiveness of procedures and literature on the allocation of resources
among procedures are discussed in later sections.

The literature describing operational procedures is surprisingly sparse.
Most research reports and journal articles discuss procedures incidentally
in the course of describing an experiment or "erackdown." We have found
only one study with the explicit objective of identifying and describing
relevant procedures, and that study was limited to one traffic law
violation--exceeding the 55 mph national maximum speed limit (NMSL).
The study was performed by the International Association of Chiefs of
Police (IACP) under contract number DOT-HS-6-01345 with NHTSA and is
reported by Darwick (1977). Because of its relevance to other speeding
UDAs, the TACP study is cited extensively in this section, along with
other literature that deals with enforcement procedures in a more
peripheral way.

As will be seen, each procedure is made up of several component
subprocedures. While the components are relatively few, possible
combinations of them into full procedures are many. This section
concentrates on components of procedures and discusses a few of their
more common combinations as illustrations of full procedures. The
discussion of specific procedures is preceded by a background discussion of
the role of enforcement in police traffie services in general and traffic

safety in particular.




ENFORCEMENT AND POLICE TRAFFIC SERVICES
Enforcement is one of the three most common traditional approaches

to managing the negative effects of our nation's Highway Transportation
Systems (HTS). Enforcement and the other two approaches, education and
engineering, were at one time called the "three Es" of traffie safety.
Enforcement, in this context, encompasses all police traffic services and
is concerned with the day-to-day regulation of human behavior. As one
authority put it:

I am sure, of course, that traffic law enforcement is at least

one of the most important activities by which we can deal

effectively with the motor vehicle traffic problem and reduce
accidents and losses. (Ashworth 1959, p. 22.)

This same writer also recognized that the reduction of accidents is an
extremely complex problem and that there is no one "simple answer" that
will solve this problem. As he stated:

I am equally sure that police enforcement cannot do the job
that must be done all by itself. In faet, it now seems clear
that the role of enforcement and the influence of
enforcement tend to change, from time to time and from
situation to situation, and that it must be related to manv

other factors which have nothing to do with the law or
enforcement. (p. 22.)

Other agencies (motor vehicle departments, courts, insurance
companies, etc.) also exist to regulate driver behavior either directly or
indirectly, but the police have the responsibility to ensure that the system
continues to function efficiently. The primary stress in the literature is
that, among the three basic components of the system (drivers, vehicles,
and roadways), the police can exert significant influence only on the
driver. Some police agencies conduct vehicle inspections or perform
certain kinds of traffic engineering, but their primary goal is to regulate
the behavior of the people who use the system.

Of the other agencies helping regulate human behavior in the system,
the driver licensing process can only screen out the most obviously
defective driver applicants. There is no guarantee, however, that these

rejected applicants will not use the system. The courts and motor



vehicle departments also act to regulate the use of a driver's license once
issued, but again there is no guarantee that a person without a license
will refrain from driving. In fact, statisties on arrests for driving while
under suspension or revocation reveal that a surprisingly large percentage
of drivers are not deterred from driving by official denial of this
privilege (Coppin and Van Oldenbeek 1965). In the end, the responsibility
for enforcing licensing regulations and court decisions becomes a police
function.

In the mind of the publie, the police represent a public service
agency. While the police were originally formed for the single purpose of
law enforcement, over the vears they have been continually looked to
when the need has arisen for some public agency to perform an additional
service. Thus, we often see the police in a role that is quite unrelated
to law enforcement. This view, coupled with another public image of the
police as the "righter of all wrongs," has resulted in a profusion of
unrelated tasks being thrust upon the police.

It is quite clear that police agencies have assumed traffiec supervision
responsibilities simply because there was no other agency available to
handle the task. As one early report of a New England town notes:

By 1908, however, a serious traffic problem had developed and
a new use for bicyclemen was found. Although there were
only 700 automobiles registered in the City of New Haven,
seven pedestrians had been killed in 1908 alone. To cope with
this situation, Chief Cowles set up an embryonic traffic

division composed of the bicyelemen and two patrolmen on
foot. (New Haven Police Department 1961.)

The reasoning the Chief used to support this program was, in his own
words:
On account of so mueh reckless driving of automobiles about
the city, I decided on April 1, 1908 to detail two patrolmen in

plain clothes, their special duty to be on watch for violation
of the automobile laws. (Price 1969.)

It is reasonable to assume that most police agencies got into the
traffic supervision business in much the same way.

To examine the nature of police traffic responsibilities and practices,



it is necessary to identify each function or service that the police provide
to the motoring public. It is apparent from review of the literature and
from discussions with experienced police officials that, on a national
basis, the police perform four relatively common or primary functions on
the roadway:

traffic law enforcement,
e accident management and investigation,
e traffic direction and control, and
o general motorist services. (Fennessy et al. 1968, p. 25.)

To understand the first function (which is the subject of this review)
it is necessary to view it within the context of the other three functions.
Traffic law enforcement is conducted in conjunction with the basie
surveillance and patrol funetion of police agencies. The basic assumption
underlying traffic law enforcement is that drivers regularly violate
(inadvertently or deliberately) the guidelines or rules that are established
to promote safe use of the highway system. The basis for these laws is
the body of system-usage customs that has developed over the years. In
a Northwestern University Traffic Institute publication, this development
is traced as follows:

When automobiles first appeared on the highway it became
necessary to establish certain rules as to how individual
drivers should use the highway. Since most confliets occur
because two vehicles attempt to occupy the same space at
the same time it is not surprising that most early traffic laws
were concerned with specifying who had the immediate right
to use the road. As motor vehicles became more numerous,
highway systems more extensive, and people learned more
about the problems involved in driving, additional laws were

derived to define safe driving in general. (Northwestern
University Traffiec Institute 1959.)

As this comment indicates, these rules do not relate to behavior that
is necessarily bad; they exist to encourage behavior in accord with a
generally accepted form. As stated earlier, a key assumption underlying
traffic law enforcement is that drivers do not voluntarilv regulate their
behavior to conform with the norms established for system usage and,

therefore, these norms must be enforced with punitive measures—primarily

10



fines, but occasionally revocation of driving privileges or imprisonment.

The objectives of enforcement in regulating driver behavior are:

e to develop, through the application or threat of application
of an enforcement symbol or enforcement action, an
avoidance reaction on the part of the driver toward
potentially dangerous behavior,

o to remove obviously dangerous drivers from the highway
transportation system,

o to educate drivers, either through direct contact or
observation of enforcement action, about the implications
of driver behavior that differs from the accepted norm, and

e to induce compliance with traffic laws and ordinances
through continuous enforcement pressure.

The second function of police traffic services is accident
management and investigation. The term "accident investigation" has
come to represent, in police usage, all police activities that are
performed in connection with a traffic ecrash. A commonly accepted

definition has been provided by Baker and Stebbins (1964) as follows:

. the part of street or highway traffic supervision
performed by police in connection with traffic accidents.
This activity includes but is not necessarily limited to
accident reporting by police; on-the-scene accident
investigation; follow-up aceident investigation; police traffic
law enforcement arising from the accident; police traffic
direction and other emergency services to prevent additional
injury, damage or loss; and preparing in addition to a routine
traffic accident report, a traffic citation or special accident
investigation report stating conclusions about how and why the
accident occurred. (p. 172.)

The International Association of Chiefs of Police has adooted a resolution
concurring in the use of the Baker and Stebbins definition of Police
Traffic Accident InVestigation. In addition, they have also approved the
definition below concerning the distinction to be made between "reported"
and "investigated" accidents:

On-the-Scene Accident Investigation. All police traffic

accident investigation at the first visit to the scene after the
accident for the purpose of gathering information and handling

11




the emergency.

Follow-up Investigation. All police traffic accident
investigation except on-the-scene accident investigation,
completion of the official traffic accident report and
appearance in court in connection with the accident.

Traffic Accident Reporting. Collecting information for,
preparing, and submitting to a designated agency an offiecial
report of a traffic accident by some person involved in or
connected with the accident or by police who learn about it.
(International Association of Chiefs of Police 1964.)

The third function of police traffie services, traffie direction and
control, involves the following activities:

1. Answering questions, especially about local traffic rules
and how to reach places or routes.

2. Indicating to drivers and pedestrians what to do, especially
at congested points or where hazards make streets and
highways dangerous or difficult to use.

3. Making emergency rules for the flow of traffic when the
usual regulations prove inadequate or when special
regulations have not been made to meet unusual or
unexpected or temporary traffic conditions.

Additional traffic direction and control definitions have been specified

in the Police Yearbook as:

l. Police Traffie Direction: The part of police traffic
supervision that involves telling drivers and pedestrians how
and where they may or may not move or stand at a
particular place, especially during periods of congestion or
in emergencies; i.e., generally all police activities
necessary to ensure smooth and orderlv flow of traffic.

2. Police Traffic Control: The part of police traffic
direction which is concerned with the control of vehicular
and pedestrian movement at a particular place on the road
such as an intersection.

3. Police Traffic Escort: The part of police traffic
direction that involves mobile supervision of movement of
one or more traffic units from one point to another. This
may include directing movement of surrounding vehicles
and pedestrians by means of audible and visible signals in

12



such a manner as to permit free and safe movement of
the vehicle or vehicles being escorted. (International
Association of Chiefs of Police 1961.)

Miller and Baldwin (1944) define the problem as follows:

The problem of traffiec control is first one of area control,
which consists of the plan and techniques involving the
selection of routes, the separation of various tvpes of traffie,
determination of safe speeds, the elimination of confliets both
at intersections and between intersections as well as the
provision for storing parked or standing vehicles. It is the
result of planning by both enforecement officials and traffic
engineers.

Unfortunately, cooperative effort between traffic engineers and
enforcement officials is often not as formal as is needed. The
development of such a plan often finds the traffic engineer and the
enforcement planners operating independently of each other.

The last function of police traffic services is general motorist
services. The stranded or disabled motorist is increasingly becoming a
topic of concern to police traffic administrators. This problem is
particularly acute on the controlled-access highway and in rural areas. In
an urbanized area the motorist can generally cope with the situation
through his own means, but when, for example, he is out of gas on an
isolated section of the Interstate System, with no means of reaching a
gas station, he looks to the police for assistance. Typical services that

the police may provide to a motorist in this situation include:
o Relay a message,
o Transport the motorist,

e Provide fuel or mechanical assistance (for cooling system
failure, tires, etec.),

® Push or tow the vehicle,
o Supply first aid or medical assistance,

e Perform a public safety service (e.g., removing hitchhikers,
and responding to criminal inecidents),

13




o Give information and directions.

Bradford Crittenden, formerly Commissioner of the California Highway
Patrol, has written of the problems a policeman can expect in terms of
service needs on the Interstate System. Examples of such problems
inelude:

Mrs. X has a sick child and needs a doctor, Mrs. Y is having
labor pains and her husband is rushing her to the hospital.

Mr. Z was traveling with another car and somehow the two
vehicles got separated.

Mr. Q has an urgent message for his brother who is right now
on the highway.

Mr. A has a flat tire; Mr. B is out of gas; Mr. C has a dead
battery.

Mr. F, who stopped for an hour to nap, was held up at gun
point.

Mr. G, who also stopped at a roadside park, was attacked and
his wife assaulted. (Crittenden 1964.)

Another article stresses that:

The police are the only organized "safety group" in service
three hundred sixty-five days a year, twenty-four hours a day,
and by the nature of their responsibility and authority, in
direct contact with highway users. (Tamm 1964.)

It is clear that motorist services, as well as other functions indirectly
related to law enforcement, are becoming accepted police funections.

Police traffic services also involve many auxiliary and support
functions. Safety education and public information are among the most
important of these. Safety education is usually directed at specific
persons or groups, while public information about traffic is directed more
toward the general publiec. The more highly specialized police agencies
usually combine the two funections. In less specialized agencies, these
functions are usually performed by both staff and field personnel.

Since the theory of traffic law enforcement requires that both a fear
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of punishment and a belief in "omnipresence" be ingrained in the driving
population, a public information program that gives wide publicity to
police enforcement action is absolutely essential. As Miller and Baldwin
(1944) state:

The value of traffic law enforcement is fully realized onlv if
adequate publicity is given to it. The deterrent effect of a
single arrest is increased by the publicity it receives from the
violator himself, but the department can multiply the effect
manv times by publicizing totals of arrests and convictions for
various offenses in particular areas and in the state as a
whole. The distribution of this information can do much to
keep the public conscious of the need for proper driving as
well as to make them aware of the service and protection
rendered by the department.

In most agencies, safety education often takes the form of lectures
and film presentations to schools and citizen groups and "ecampaigns"
directed to specific groups (e.g., pedestrian safety, school safety, etc.).
In some jurisdictions, police personnel are assigned full-time or part-time
to the schools to conduet driver training classes. Cooperation with
official and unofficial traffic safety groups is also usually considered part
of safety education activities.

Other auxiliary functions of police traffic services varv among the
jurisdictions. They include, or have included:
driver licensing examining
traffic engineering
vehicle inspecting
court services
maintaining "pounds" for abandoned or junked vehicles

investigating hit-and-run incidents and stolen cars
(Fennessy et al. 1968.)

® e & & 0

The preceding discussion briefly illustrates the extremely broad scope
of police activities in the traffic area and shows that enforcement is but
one of those activities. This background is an essential prerequisite to

interpreting the more specific literature on police enforcement procedures
for the subject UDAs.
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THE ROLE OF POLICE ENFORCEMENT IN TRAFFIC SAFETY
Various views on the role of police enforcement in traffic safety have
been expressed by analysts and practitioners. The range of these views is

illustrated by the following statements:

Traffic law enforcement has as its pri arv objective the
creation of a deterrent to violators and potential violators of
traffic laws and regulations. One of the important kinds of
deterrent thus supplied is the fear of fines, imprisonment or
loss of driving privilege. (International Association of Chiefs
of Police 1966.)

Enforcement is directed toward developing negative or
avoidance actions on the part of drivers. The principal power
of enforcement is the power to punish or to make the
consequence of committing a forbidden act unpleasant. If
enforcement is frequent and certain this oroduces a strong
negative response to committing certain acts. If the negative
implications developed through enforcement are strong enough
they will resolve confliets concerning prohibited actions by
making the anticipation of unpleasantness outweigh temporary
desires to behave illegally. (Northwestern University Traffic
Institute 1959, p. 8.)

The ultimate aim of traffiec law enforcement is voluntary
compliance with traffic regulations on the part of motorists
and pedestrians. Enforcement is at best a deterrent; it can
be a compellant only when the potential violator is taken into
custody and is therefore physically unable to violate the
law . . . Three purposes are served by enforcement contacts
with violators. First, any hazard resulting from the violation
is immediately halted; second, opportunity is provided to
create a deterring influence which will keep the particular
violator from further violations; and third, it affords an
opportunity for creating in the minds of other drivers and
pedestrians the fear of punishment if they violate. (Miller
and Baldwin 1944.)

Some time ago, a group of law enforcement officers were
asked to define the word enforcement. Their replies were to
the effect that enforcement is the process of ensuring
compliance with or observance of regulations. In a limited
and technical sense, enforcement means compelling people to
observe the rights of others. A more nearly correct
definition of the term . . . would be the overall process of
encouraging, persuading, and finally, as necessary, compelling
drivers to exercise a due regard for the life, safety, and
property of others. (Kunz 1950.)
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The function of enforcement is to ensure compliance with
laws and ordinances. It cannot ensure absolute compliance all
the time by everyone, particularly in the area of traffic—the
number of drivers and vehicles and the extent of the
opportunity to violate is simply too great. (Northwestern
University Traffic Institute 1959.)

Our aim in police enforcement is directed toward educating
the motorist into voluntary compliance with traffic laws. I
am certain that, in most instances, the recipient of a
speeding summons has learned that the slight amount of time
saved by his reckless driving is small compensation for the
time lost answering the summons, and no compensation at all
when he is involved in a bone-shattering accident. This is
education. (Kennedy 1958.)

A more useful framework for analysis can be constructed by envisaging
enforcement as a part of a larger societal control system that attempts
to maintain traffic crash risk at some level that is acceptable to societv
as a whole (Joscelyn and Jones 1978). We call this system the Traffic
Law System (TLS) (Joscelyn and Jones 1972). Its operating principle is
deterrence, which presumes that a behavior (in this case, a UDA) can be
prevented by the threat of punishment. Theory has it that deterrence is
accomplished through the effect of the punishment in preventing the
punished parties from committing further UDAs (called special
deterrence) or by preventing drivers from committing UDAs even if thev
are not caught and punished (called general deterrence) (Gibbs 1975;
Zimmering and Hawkins 1973).

The TLS tries to create deterrence threats bv performing four general
functions:

1. The generation of laws prohibiting the risky behavior (Law
Generation)

2. The enforcement of these laws (Enforcement)

3. The official determination of guilt for those accused of
not complying with the laws (Adjudication)

4. The imposition of legal sanctions against those found
guilty of disobeying the laws (Sanctioning)

Enforcement operates in a special-deterrence mode through police

17



apprehension of drivers who have already committed a UDA. Usually, the
drivers are then referred to subsequent TLS components for possihle
punishment. When operating in a general-deterrence mode, enforcement
attempts to create a perception of police presence and associated
punishment, and actual apprehension is not required.

A variety of procedures have been used by police in attempting to
create special- and general-deterrent threats. Special-deterrence
procedures are often covert, since their objective is to cateh drivers who
have violated a UDA law. Such procedures have been established as a
part of Americana by the comic strip motorcycle cop who hides behind
the signboard or the rube sheriff on TV who conceals his car just inside
the county line.

By contrast, general-deterrence procedures tend to be overt to create
the impression that police officers are everywhere and that any violation
will be followed by certain apprehension. However, covert procedures can
also support general deterrence by creating a fear that a police officer
might be behind every signboard or in every unmarked car.

Another difference between special- and general-deterrence procedures
is that the former require surveillance, detection, apprehension, and
sanctioning or presanctioning activity by the police. General-deterrence
procedures do not, in general, require these activities, but may involve
them in establishing a credible threat.

In view of the different roles played by police enforcement in special
deterrence and general deterrence, the discussion of the literature in this
section treats these two basic types of procedures separately. The
discussion covers both the nature of the procedures and legal factors that
affect their use in an operational setting.

GENERAL-DETERRENCE PROCEDURES
The literature indicates that the components of general deterrence
procedures tend to fall into four major categories:
e intensity of enforcement,
e visibility of enforcement symbols,

e patterns and configurations of patrol, and
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e type of patrol vehicle.
Procedural components in each of these categories are discussed in this

section.

Intensity of Enforcement

The most obvious way of creating an increased atmosphere of oolice
presence is to have more police units on a given stretch of roadwav in a
given time period. This may be accomplished by increasing the number
of police units that patrol the roadwav, by increasing the frequency of
patrol of existing units, or by both. Either of these approaches will
increase the probability that a driver will encounter a patrol unit in a
given time period.

The number of patrol units passed by a driver per mile of travel has

been defined as the intensity of enforcement (Michaels 1960). Clearlv,

Number of patrol units on the roadway
Length of the roadway

Intensity =

A given level of enforcement intensity is achieved in the course of
surveillance and basic patrol of the roadway system. The International
Association of Chiefs of Police (1964) states that it is fully a police
responsibility to:

Patrol publiec ways to observe all vehicle use and users,

roadway and vehicle conditions and to deter would-be violators
of traffic law.

Some authorities on traffie services claim that the most important
standard that can be applied to police traffic services is the abilitv to
patrol actively all road segments 24 hours a day. Scanlon (13964), for
example, states that:

Surveillance of the entire system twenty-four hours a day
every day of the year is the patrol agency's primary
responsibility. Manpower should not be allotted for other
patrol functions of the system, such as the use of radar or
selective enforcement, until adequate surveillance is
accomplished. (p. 12.)
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It is also quite obvious that around-the-clock surveillance and patrol of
all roadway segments is almost impossible in nearly all large-area,
undermanned, police jurisdictions. The problem basicallv concerns
adequate manpower levels and the need to manage these resources as
effectively as possible. As Franklin Kreml (1953) stated on the police
manpower problem a number of years ago:

In states the problem is with rare exception, one of sheer

inadequacy. In cities it is one of the effective use of the
force available. (p. 42.)

The amount of police supervision allocated to individual road segments
varies widely among the states (see Table 2-1). However, while length of
the patrol route is one important factor in maintaining adequate
surveillance, traffic density is another: increased traffic density appears
to increase directly the service demands placed on the police officer and,
if most of his time is spent in responding to these demands, the level of
surveillance or moving patrol time per police car may drop proportionally.
In regard to surveillance one publication states that:

Some states recommend a minimum patrol frequency on

freeways of at least one pass at a given point each half-hour,

and a somewhat reduced frequency in rural areas and

elsewhere during periods of light traffic. (American
Association of State Highway Officials 1961, p. 12-13.)

A policy of this sort may be applicable in some states, but it is clearlv
impractical in states that are severely undermanned. On the county and
municipal levels, such a policy may be impossible because of other factors
and demands (e.g., crime, nonpolice services, manpower limitations, nature
of jurisdietion).

In some jurisdictions, the use of helicopters and airplanes, operating in
conjunction with ground vehicles, has proved helpful in maintaining a high
level of surveillance in order to locate sources of congestion, disabled
vehicles, and accidents, as well as in the enforcement of traffic laws.
Bad weather and darkness, however, limit the effectiveness of aircraft.
Electronic surveillance (television, etec.) of the freeway system has also

proved helpful. Even so, twenty-four-hour-a-day surveillance of the



ajeoad sronossodo ajeubape Jnoyrim sAemydey papraip ‘uorLyTppe uj

GLGT Uor3IedTISOAUL JO neoang [rIOpa  19dIN0g

ssa13s13e1S 9sayr yitm swojqoxd xayrany
“OATJ J0 anoj jo tojdoey u Aq patydripnw

aq pinoys Apqeqoad ‘3ovy ur ‘pue Juipeaystiw oxe soandrj 950yl ‘sarITATIde proyrsao ro Juriroddns aayizo o3

puv $33TYS 2033 03 pajedofle st xomoduew a1

apnioul Arqeqoad soandry oyl

“}00(3> oyl punoxe yiom A[juiousd sorouse aorjod 20Ul IDUIS i

‘uotstagadns orjjexl ui podedus A1oAL3Ide jou IUB OYM 1ounosad

-uotingoqdasjursim 03 1d0(qns odw sd2INFry asaYyl asustxodxs jeuosaad ano wolry

ibs‘c 8 vl LSE ODTXO MON LSy vip sesuey
SLY T AN | 182°1 Aosaopr MoN LE6°S €96 BMO|
VL8 ‘e v ot 961  aauysduey MoN £9L°¢ £56 rURTPU]
ws‘s G vl SS1 UPUAON £99°€ 1.8°t1 S1outfig
SL6°C £ pe 90 eyiseIqaN 8EL°E 61 oyept
86C°¢ v oS 02e vuejuUoH V6S‘Y 192 erdioon
650V S'01 sL TINOSSTN £TT‘S L91°1 epLaoy:d
£99°¢ S 81 195 rddrssissTi v98 ey axemMe[0q
8€9°S I°ve GGV B1OSIUUTH 10£ 2 806 INdT329uU0)
12L°2 £ 00z ‘e uedTyosipy SZ6°¢E 1SS opeao|o)
S6V ‘¢ 8°C L0001 S1I9SNYIESSUR 9962 Pro ‘S viuxojyrie)
6691 L €251 pueiicy S0C°g vuv sesuejay
voc e z°zi 9z¢ ouTeR 658°1 sv8 TUOZTAY
£08°C LS 98 curEsInog €16 787 ejsely
9.5°C 6"V 156 Ayonjuay 1S0°Y 099 euRqery
1901330 1921330 J921 350
aotrjod xod exooryod xad s - ao110d xoad »x00T70d xad cxoo1
suojlerlsidax ALemydiy * hwo.umo 231u3s SUOTIRIISLIBL +S1221330 ERR RN
93T 10d 00T 10d
EXRISIETN Arewyxd * DII2TYSA
JIojom 93els JO SOLIN J03j0wm 31e]1S
8L61 ‘1g¢ J2q01d0

SHUAOTIW “IOULVd AVMHOTH ANV HITI0d HLVLS ANLL-TI0:d

[-Z 4149Vl

21




93801d SU9A0SSOId ajenbape inoyzrm sAemydiy paprAip ‘uoriTppe uj

6461 UOTIRST1SOAUT JO neOIANY JRIDPO]

:02IN0g

*$O11ST3IBIS 959Yyld yiimM suod[qoad aoyrany

“®ATF 40 anoj jo 1o3deJ e Aq poarrdripnuw

3q pinoys Liquqoad €1dov3 ut ‘pue Suipvorstw oxe soandry Ssoyl ‘soTITATIOE peayssno 1o Juriroddns xayro o3
puc s3FTYs saayl 03 pojudo[[e sy xamoduvm oyl ‘YO0[d 9yl punole YIom A|[eiousd sepauade adtjod oSOy IOUTS ,,

spuroutr Apqeqord saandry ayy,

cuorstaradns oryjyexy ur padedua A[aaT3de Jou aaev oym [suuosod

‘worieiaadrojurstw 03 329fqns oxe soandry osoayy oouatraadxe jeuosisd ano woxy

891°¢ 0°1s LL1 vloje( YyInog
819°C Sep 44 Burwody 8V ‘T el 8vL eutI0IR) YINnos
66V S 5 ¢€C .14 UTSUOISTH 162y LS 951 pueysy apoyy
0L0°‘C 8 0l GvS BTUT3IIA ISaM £0Z°C Ly 8L9°S etuBATASuuag
269°¢ 8°8 V8L uolgurysuy 0$8°1 1S 096 uogaiQ
8L9°C VL 91z I eruydaip SI0‘Y (TR ¢4 LS rwoye (yo
A AN 8°6 85S¢ Juowrap S€8°9 ST LT 860 ‘1 oty
£L1°C £ ¢l 344 yeiq S5¢9°S L 89 €01 ®Bloje(q YIaoN
958°¢ v 82 9v‘C SEX9[, ELs Al €60°T rulfOoIE) Y3IION
9£8°¢ vzt 182 2aSSOUUI, ez Sy sves AIOX MON
RE & 3 (o) J321330 J3D2TJj0 J3d21Jjo
sotrjod aod waorpod xad s dorrod aad r+30170d x0d S1oo1
SuUoOT 1eIISEBOU Aemydry wuowmuo a1e18 suorjralsidox Aemy3iy * w,.uu: ERLSTS
y JDTT10g4 ) [elol O X |
21o1oA Axvwrad : ERRIATEY Axewyad
Jojou djels Jo salll Jojou 21e38 JO SOfIN
8LG1 ‘1§ 10q031d0

SHHAOTIWY "IOWLVA AVMHOTH UGNV ADI70d GLLVLS HWLL-Tifd
(panuijuod) [-7 T4Vl

22



system, as recommended by Scanlon, is costly.

Brackett and Edwards (1977) have considered strategies to increase the
perceived intensity of enforcement without necessarily increasing the
actual intensity. The aim of these strategies was to convince drivers
that a roadway is patrolled every day; thus, the deterrent threat created
by a patrol vehicle could be carried over to days when the vehicle was
absent. Patrol costs would thereby be considerably reduced.

These investigators have varied the presence of patrol according to
two different schedules: a fixed ratio of patrol nresence to patrol
absence and a decreasing ratio of patrol presence to patrol absence. In
the first schedule, the patrol is present for three of the davs of the
working week and absent two. In the second schedule, police presence
decreases gradually from continuous presence (five days of the working
week) to two days. For both, the days of the patrol vehicle's presence
are selected on a random basis.

This manipulation of patrol frequency draws heavily upon the concepts
of behavioral reinforcement theory. In the above-mentioned work, the
authors discuss the relationship of reinforcement theorv to traffic
behavior; they note:

Reinforcement is generally regarded as anything that
facilitates learning. In the case of avoidance learning
reinforcement is the avoidance of an unpleasant situation. In
terms of the traffic situation, drivers have learned to
associate . . . the presence of a patrol vehicle with the

possibility of receiving a traffic citation, either through
personal or vicarious reinforcement. (p. 13.)

Thus, driver compliance with the traffic law is instrumental in avoiding
traffic citations.

Central to this entire reinforcement process, and to the manipulation
of patrol frequency, is the schedule under which the behavior is
reinforced. Two general kinds of schedules can be identified. Continuous
or 100 percent reinforcement occurs when reinforcement is provided every
time the appropriate behavior appears. This is akin to a patrol unit
always being present and in view on a particular stretch of roadwav.

Partial or intermittent reinforcement schedules also reinforce the behavior
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of concern but not on every occurrence; for example, a highway patrol
unit is present on three, not five, randomly selected days of anv given
work week. The nature of partial reinforcement allows for the desired
behavior to be effectively maintained with fewer incidences of actual
reinforcement.

Some "procedures" for inereasing the perceived intensitv of
enforcement do not necessarily involve the police directly, for example,
public information and education (PI&E) campaigns. These campaigns
usually consist of press conferences, news releases, and public service spot
announcements for use by local newspapers, radio stations, and television
stations. Use has also been made of outdoor billboard advertising. In
addition, members of law enforcement agencies have appeared at high
schools, colleges, service clubs, and community organizations to discuss
highway safety. A more detailed discussion of PI&E activities related to
UDA enforcement can be found in such sources as U.S. Department of
Transportation (1978); Clark (1976); Elliott (1977); Reinfurt, Levin, and
Johnson (1973); and Witheford (1970). In addition to PI&E campaigns run
by police departments, many departments in effect create their own
advertising by selecting a clever or easily-recognized theme or symbol for
their speed enforcement campaign; one of the best known of these is
Maryland's "Operation Yellowjacket" (Clark 1978).

Another mode of communication that has been utilized by enforcement
officials to publicize their presence is the citizen band (CB) radio. It is
well known that the recognition of an enforcement vehicle by drivers is
often accompanied by CB broadcasts regarding its presence. Use of this
mode requires little or no additional outlay in resources; drivers do the
advertising for the traffic enforcement organization (Booth 1978).

Roadside signs have also been used to advise motorists about safe and
unsafe driving behaviors. In a sense, such signs serve as reminders of
police presence and possible negative consequences of risky driving.
Visual speed indicators have been used to display the message YOUR
SPEED IS . . . . as vehicles pass over induction loop detectors in the

pavement. If a vehicle is traveling at 56 mph or more, the words SLOW
DOWN are displayed. Warning signs indicating "Speed Check Zone" have



also been displayed in efforts to control traffic speed in both the absence
and presence of patrol units (Dart and Hunter 1976; Hunter and Bundy
1975).

Both electronic systems and warning signs have also been used to
encourage safety gap acceptance. Signs have presented such messages as:
FAST TRAFFIC AHEAD; ALLOW TIME TO TURN; FAST TRAFFIC;
and HAVE YOU TIME TO TURN. More elaborate is the FTC (following
too closely) Monitor. The FTC Monitor is an electronic system that
measures gap time and signals if it is too short; it includes:

. a detector in the roadway that locates the front and
rear of every automobile passing in its lane of travel, a logic
system that throws a signal to a sign on the highway {or to a

police car) and a sign that flashes a "danger" signal to the
following motorist if he is dangerously close. There is an
additional signal that flashes "violation" if he is flagrantly too
close. In addition, the "violation" signal triggers an audible
signal to emphasize the violation. (Traffic Safety Svstems,
Ine. 1971, p. 5.)

With either warning signs or elaborate electronic svstems, the objective is
the same; that is, to increase the intensity of police enforcement

perceived by the motoring public.

Visibility of Enforcement Symbols

As was noted earlier in this chapter, there are two opposing
viewpoints on the use of enforcement symbols for generating deterrent
threats. The first holds that enforcement symbols (e.g., patrol cars,
traffic monitoring equipment, ete.), should be made as visible as possible
to "advertise" their presence and induce compliance with traffic laws.
The second viewpoint is that enforcement symbols should be hidden or
disguised, so that the driver will be unsure where they are and might
assume that they could be everywhere.

Darwick (1977) has defined three degrees of openness of patrol used by
state agencies for traffic enforcement. The most open is that of
"utilizing plainly marked patrol vehicles being operated bv uniformed

officers who are instructed that they may under no circumstances conceal
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themselves in order to effect apprehensions for traffie violations" (p. 120).
In the second and less open group of procedures, the patrol vehicle may
be positioned in such a way that motorists will either see the vehicle
"only after they are too close to reduce speed or never become aware of
the police presence at all" (p. 121). In the third procedure, the patrol
vehicle is made to appear to be a ecivilian vehiele.

A number of actions have been taken to increase the visibility, and
therefore the recognizability, of patrol. Foremost among these is to have
the patrol vehicles be in full view of motorists, for example, parking
vehicles on freeway ramps, or overpasses, or in the median. Darwick
(1977) also notes that a patrol car parked at right angles to the traffic
flow provides the best visibility for passing motorists.

Police observation platforms have been used on roadways in England to
make police presence more conspicuous to drivers. Southgate (1975) has
identified several general principles to be followed in the siting, layout,
and construction of roadway police observation platforms. The primary
requirement is "a comfortable and unobstructed view of the road in both
directions with the ability to gain immediate access to the road in either
direction" (p. 34). Other criteria specified by Southgate include: spacing
platforms about ten miles apart; constructing the platform one meter
above the roadway with an exit tapered to the back of the hardshoulder
to allow police vehicles a straight run on to the road; and designing the
platform so that vehicles may park at about ninety degrees to the traffic
flow.

Additional procedures for making enforcement symbols more visible
include plainly marking the patrol vehicle and its personnel as such. This
may be accomplished by mounting decals on the vehicle's side and rear
and emergency lamps on the roof. Also, officers are frequentlyv
instructed to wear their uniform hat while in the car (Darwick 1977).

The most obvious procedure for making enforcement symbols less
visible is to hide them. This has been accomplished by having police park
their vehicles on entrance ramps, behind overpass supports, behind trees
or other growth in medians, on overpasses, and any other olaces where

motorists may not expect police to be, or may see the vehicle too late
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to change their driving behavior (Darwick 1977; Smith 1962).

The second commonly used procedure for reducing the visibility of
enforcement symbols is to disguise them. Often, police vehicles are
disguised as civilian vehicles. Darwick (1977) notes that this has been
accomplished by state enforcement agencies by one or more of the

following techniques:
There would be no departmental or state seal displayed.

The license plate would not be identifiable by a governmental,
tax exempt number.

The vehicle would be equipped with options not associated
with public vehicles, for example, white wall tires, concealed
radio antenna, decals on bumpers, vinyl top, and even clothing
on hangers.

There would be no departmental restriction to prevent the
officer from wearing civilian garb over his uniform or
otherwise covering the top part of his uniform while driving.
(pp. 121, 124.)

A less extreme procedure for disguising patrol vehicles as such is the
use of unmarked patrol cars; the same color, make, and model of vehicle
is used but without a light dome and with plain license plates and luggage
rack on roof (Klebelsberg 1963).

Law enforcement agencies may reduce the recognizability of marked
patrol vehicles by implementing one or more of the following strategies
identified by Darwick (1977):

Patrol vehicles may not all be the same color or color scheme.
Emergency lights are mounted below the roof line.

The seal of the state or the police ageney on the door may
be the only mark of identity except the license plate.

The officer, in uniform, is not required to wear his hat when
in the ear. (p. 121.)

[]
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Patterns and Configurations of Patrol

A number of police procedures focus on how to most effectivelyv
position the visible patrol unit. Both moving and stationarv patterns of
patrol have been used.

Moving law enforcement vehicles usually are standard patrol cars or
motorcycles. They travel with the flow of traffic usually at the posted
speed limit and often around five mph below the limit (Baker 1954;
Council 1970; Joscelyn, Bryan, and Goldenbaum 1971). Baker (1954) has
reported that a motoreycle patrolman in motion could be seen by cars as
much as half a mile behind him and a quarter of a mile ahead.

In addition to making motorists aware of patrol presence, moving
enforcement units can also be used to set a pace for traffic flow. State
police cruisers have been used as "chaperones" on highways by moving at
the 55 mph speed limit, thereby encouraging motorists to do the same.
In some instances, the conspicuity of these units is inereased by having
them cruise with all lights on (U.S. Department of Transportation 1977a).

Stationary patrol vehicles are positioned in a variety of visible
configurations in attempts to create deterrent threats. Conspicuously
marked vehicles are stationed on the roadside. Patrol units have been
parked:

e perpendicular to the roadway on the side of predominant
traffic flow;

o perpendicular to the roadway on the side of
nonpredominant flow;

e parallel to the roadway on the side of nonpredominant flow;

o parallel to the roadway on the side of predominant flow
and facing in the direction of travel; and

e parallel to the roadway on the side of nonpredominant flow
and facing in the direction of travel.

These enforcement units may or may not be equipped with visible radar.
In some instances, patrol units are placed in a "pack" position; Joscelyn,
Bryan, and Goldenbaum (1971) describe one variation of this approach as

follows:
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. . two marked police vehicles were positioned along the
side of the road at a prescribed distance from one another
(approximately 0.1 miles). The first vehicle deployed a radar
antenna. The second, the "catch" vehicle, possessed no radar
device. (p. 29.)

In the above patrol configuration, the patrol officer is passively
waiting in the vehicle. In other patrol configurations, the officer appears
to be giving a ticket to a stopped driver. In these instances, a civilian
vehicle is stationed immediately in front of the police vehicle. The
police officer may either be: (1) accompanied by another person, (2) the
driver of the civilian vehicle, (3) in the police car, or (4) standing beside
the civilian vehicle.

The above patterns and configurations of patrol have been drawn from
descriptions in Baker (1954); Calica, Crowther, and Shumate (1964); Council
(1970); Joscelyn, Bryan, and Goldenbaum (1971); Organisation for Economic
Co-Operation and Development (1974); and Smith (1962). It should be
noted that these procedures are not used exclusively of each other; more
frequently, they are found in combination (e.g., a marked vehicle with
radar moving with traffic or a motorevele parked perpendicular to the
road).

Type of Patrol Vehicle

It may be expected that different types of patrol vehicles generate
different deterrent threats, depending on their attention-getting properties
and the degree to which they are associated with enforcement action.
Automobiles, motoreyeles, and aircraft are used as patrol vehicles, and
police sometimes patrol on foot.

All law enforcement agencies make use of marked patrol cars as
patrol vehicles (Darwick 1977). These vehicles are usually four-door
police-package patrol sedans, and may or may not be equipped with radar.

Motorcycles are usually used with either hand-held or vehicle-mounted
radar units operated by the ecycle rider. Motorevele operators also work
with marked patrol cars or another cyele (Darwiek 1977). Althouch

motoreycles are not used as extensively as patrol cars, Booth (1978) has
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found that they are more easily recognizable as enforcement vehicles.

Aircraft is a third vehicle type employed by traffic enforcement
agencies. The types of aireraft most commonly used for highway patrol
are fixed-wing and STOL (short takeoff and landing) airplanes, and
helicopters (Darwick 1977). The visibility of aircraft is an important
factor in fostering patrol presence, but as Rasmussen (1977) notes: "The
greatest advantage in aircraft is its ability to cover vastly more territory
than a conventional ground unit" (p. 11). Moreover, signs are often
present on selected highways to advise drivers that the road is patrolled
by aircraft. Measured miles are marked on the pavement so aircraft can
pace speeding drivers and report them to ground units. In some cases,
pilots have slowed speeders on remote highways by flying into visual
range and using sirens and a public address system (Craig 1975).

Traffic patrol on foot is not commonly used by enforcement agencies.
It appears to be most useful in instances where highway conditions are
not conducive to parking a patrol vehicle safely (Darwick 1977).

The Maryland State Police reported using "camouflaged" vehicles
(rental cars, trucks, vehicles confiscated from drug traffickers, ete.) to
heighten perceived enforcement; they want drivers to have the impression
that any car on the highway may be driven by a police officer (Clark
1978).

SPECIAL-DETERRENCE PROCEDURES
As we have noted, the aim of special deterrence is to prevent or

reduce the incidence of UDAs among drivers who have been caught and
punished after committing a UDA. To do this, police officers perform
the following functions:

e surveillance,

o detection,

e apprehension, and

e presanctioning/sanctioning.
Literature on procedures that are used in performing these functions is

discussed below.

30



Surveillance and Detection

Surveillance, a function that supports general deterrence as well as
special deterrence, was discussed generally earlier in this chapter in
connection with procedures for increasing enforcement intensity. The
discussion here is concerned with more specific aspects of surveillance as
related to procedures aimed at apprehending UDA violators. Because of
the intertwining of surveillance and detection in special-deterrence
procedures, the two functions are discussed together.

The type of equipment that is used for detection appears to have the
strongest influence on a jurisdiction's choice of a surveillance/detection
procedure. The discussion below provides a svnopsis of various types of
detection equipment and related procedures that have been used by the
police in enforcing laws relating to speeding, following too closely, or
driving left of center. More detailed information on such equipment is
presented in Appendix D.

The speedometer and odometer in the police vehicle were widelv used
twenty years ago in a procedure known as paecing. The procedure is still
used today, but not as extensively (Darwick 1977; Witheford 1970).

The pacing of another vehicle by the use of a patrol vehicle's
speedometer is performed in two ways. In each, the police officer is
either behind or abreast of the subject. In the first procedure:

The officer may concentrate his attention on the suspect
vehicle and adjust his speed until the two vehicles are judged
by him to be traveling at the same rate, after which the
officer will look at his speedometer to ascertain its reading.
The speed registered will be then of the suspect vehicle as
well as that of the officer. The closer to the suspect vehicle
the officer is at the time he conduects his pacing, the more

likely it will be that he will determine speed by this method.
(Darwick 1977, p. 48.)

The second technique is performed by holding the patrol vehicle at a
steady pace while judging the apparent change in the distance between
the patrol vehicle and that of the suspect.

If the officer has judged the speed of the violator when first

noticed as not being particularly high, although fast enough to
be in violation, he will adjust his speed either to that at
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which he will ordinarily make a speed arrest or that above
which he will effect an arrest. . . . If the officer is holding a
speed at which he will take enforcement action, he will make
a stop if the suspect vehicle holds an even distance or pulls
ahead. If the officer holds a speed above which he will take
enforcement action, he will stop the violator only if the
distance between the two vehicles increases. Where the speed
of the violator is obviously much above the limit, the rate
held by the officer will be the five mph increment closest to
that which he believes is the violator's speed. Dependant (sie)
on the accuracy of the officer's original estimate of the
violator's speed, he will arrive at his decision to apprehend or
not either immediately or after trying several pacing speeds.
The farther away from the suspect vehicle the officer is and
the more time and distance there will apparently be to
perform the pacing, the more likely it is that the officer will
employ this type of pace--holding his own speed and then
judging the change of distance, or lack of change, between
the vehicles. (Darwick 1977, p. 48.)

Because of the availability of more precise methods (for example,
radar), odometer pacing is used infrequently in most jurisdictions. Again,
Darwick (1977) desecribes this procedure:

. . The officer utilizes the speedometer to hold a steady
speed and the odometer to determine whether he is
overtaking, holding even or falling back from the target
vehicle at the speed held. As the suspect vehicle passes
checkpoints . . . for example the shadow beneath an overpass,
the officer notes the odometer reading and subtracts that
figure from the reading when he reaches the same checkpoint.
He then knows how far behind the target he was when the
target passed that checkpoint. By following this procedure
twice, the officer determines two odometer differences, which
are two following distances. If the second difference is
greater, then the target vehicle's speed is higher than the
officer's. If the second difference is smaller, then the
suspect's speed has been less than the officer's; the officer
was overtaking at speed held. (p. 49.)

The standard patrol car and the motoreycle have been the vehicles
most commonly employed for pacing purposes.

The stopwatch was perhaps the first instrument used to enforce
speeding UDAs, predating even the speedometer and odometer. Today, its
main use is in conjunction with procedures that emplov aireraft. One

procedure using aireraft has been described by Rasmussen (1977) as follows:



The Aireraft Division contacts Distriet Headquarters for a
particular county. The District advises the pilot of the
number and location of the ground unit assigned to work with
the aireraft. . .

When the pilot nears the designated location, he contacts the
ground unit by radio. The ground trooper takes his assigned
place beside the road.

Slowing the plane to about 100 miles an hour . . . the pilot
cruises at an altitude of 1000 feet. He clocks the speed of a
car over a mile, using section lines or prepainted markings as
checkpoints.

If a car is speeding, the pilot radios his partner in the ground
unit, who writes it down as the pilot calls it out--color of
car, location (distance from ground unit), speed checked and
time. As the violator approaches the Patrol vehicle, the
ground trooper waves him over. (pp. 11-12.)

Darwick (1977) reports that twenty-five state police enforcement
agencies said they use stopwatches from aircraft for enforcement of the
55 mph NMSL. Fixed-wing aircraft were said to be most common, but
some agencies also used helicopters.

Stopwatches are used not only in aircraft measurement of speed, but
also by officers measuring speeds in school zones and other low-speed
zones in urban or residential areas. Some police departments have begun
to use electronic stopwatches (Kukla 1979).

Radar began to be applied to speed enforcement around 1947. Radar
devices used by enforcement agencies are based on the Doppler effect.
The devices measure the change in frequency between the radio signal
transmission and the signal reflected from a moving object (Witheford
1970). They can be attached to patrol cars (usuallv on the top edge of
the glass of a side window or on the dash), to motoreveles, or to a fixed
mount (e.g., a tripod or a bridge railing). Hand-held radars are also
available and because of their portability, compactness, and licht weight,
are favored by motoreyele patrolmen (Darwick 1977; Goetzke 1974).

Surveillance and detection procedures using radar are best classified

according to whether the devices are attached to a moving or a
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nonmoving mount. Nonmoving radar is used to determine "the speed of a
vehicle, which is approaching or receding while the radar itself is not in
motion" (Darwick 1977); it must remain stationary in order to accurately
read the speed of the target vehicle. It may be used from parked patrol
cars or motorcycles, from a fixed installation, or bv an officer on foot
(hand-held). Both overt and covert procedures are used to measure the
speeds of approaching or departing vehicles. Hand-held radars are
particularly useful for such applications because they can be aimed at
target vehicles in both direcfions. Hand-held radars are often used
covertly from nonmoving (and moving) mounts because they can quickly be
moved out of sight whén not in use.

Moving radar is aimed in the same direction that the patrol vehiele in
which it is mounted is moving; it determines the closing speed of the
patrol vehicle and the target vehicle. The target's speed is caleulated by
subtracting the patrol vehicle's speed from the target vehicle's speed.
Moving radar can be converted to nonmoving radar for stationary
operation. As with nonmoving radars, moving radars are used overtly or
convertly on patrol cars and motoreyeles to measure the speeds of
approaching or departing vehiecles.

The present generation of radars have a range of a half-mile or more.
Some have an automatic "lock-on" feature that signals the officer when a
vehicle is detected exceeding a preset speed (Darwick 1977), although new
standards will prohibit the use of the lock-on feature.

That radar devices can produce erroneous speed measurements has
been known for a long time. Recently, however, crities of radar have
attacked 'its reliability and at least one court decision has explicitly
disapproved its use in speeding trials. In that case, a Dade Countyv
(Florida) distriet judge concluded that the validity of radar speed
measurements cannot be established beyond a reasonable doubt, and
therefore cannot be offered as evidence of guilt. The so-called "Miami
radar decision" has since generated extensive comment in the literature
(e.g., Blackmore 1979; Shaw 1980; Smith 1979).

The error most often cited by crities of radar is the so-called cosine

error. Radar speed measurements are accurate only when the angle
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between the radar unit and the target vehicle is small (see Figure 2-1).
This is so because the radar unit measures the component of the target's
speed along the line of sight between the radar and its target. The size
of that component is proportional to the cosine of the angle between the
radar and the target: if the angle is zero, its cosine is equal to 1.0 and
the measured component equals the target vehicle's actual speed; as the
angle increases, the cosine becomes less than one, and the measured
component less than the target speed. In the stationary mode, cosine
error presents no serious problem, because it always favors the driver and
is not a valid defense. However, since moving-mode radar also measures
the patrol vehicle's speed, cosine error could result in the undercaleulation
of how fast the patrol vehicle is traveling, which could in turn
overcalculate the driver's speed. To minimize the effects of cosine error
some police departments have instructed officers to ensure that the radar
antenna is aligned with the patrol vehicle's direction of travel to within
eight degrees (Michigan State Police 1979). As the table in Figure 2-1
indicates, the cosine error resulting from a deviation of less than eight
degrees is minimal.

Research has also identified a number of other potential errors that
are associated with radar speed measurements. These include:

e Shadowing, the tendency of a moving radar unit to
confuse the speed of large, slow-moving vehicles (e.g.,

trucks traveling in the same direction of the patrol
vehicle) with that of the patrol vehicle itself;

e Batching (bumping), changes in the displayed target
vehicle speed caused by sudden changes in patrol vehicle's
speed;

o Panning, erroneous readings caused by the radar's antenna
moving through its own display;

e Scanning, erroneous readings caused by too-rapid
movement of the antenna, or by placing the antenna too
close to fans or heaters; and

o Ghost readings, caused by interference from police band
and CB radio transmissions within the patrol vehicle, as
well as by overhead power lines, neon lights, ete. (U.S.
Department of Transportation 1980)
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FIGURE 2-1

EFFECT OF LINE-OF-SIGHT ANGLE ON
THE ACCURACY OF POLICE RADAR

Line-0f-Sight
Angle

Zi— Target Vehicle

Line of Sight

Stationary Radar

Aﬁ;?::og;Ziizz Radar Speed Error, %

0 0
8 1.0

15 3.4

30 13.4

45 29.3

60 50.0

75 74.1

90 100.0
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In addition, the "automatic lock" feature found on modern radar units
observes and alerts an offficer to violators that the officer might not
have seen. This raises the possibility of incorrect identification. For
example, the alarm might not have been set off by the vehicle closest to
the patrol vehicle, but by a larger vehicle overtaking the closer one. It
should be pointed out that each of these potential sources of error can be
minimized or even avoided by trained and experienced officers who
observe proper instructions for operating radar units (Denver Police
Department 1979; Michigan State Police 1979).

The most recent court decisions dealing with radar also reflect this
approach: courts are willing to accept radar speed measureménts as
reliable, but they do require a showing that proper procedures were
followed, and that the area where the observation occurred was free of
distorting influences.

A device called VASCAR (Visual Average Speed Computer And
are unfavorable. The VASCAR operation is based on the simple formula:
Distance divided by Time equals Speed. It is a speed computer into
which distance traveled and elapsed time data are fed. The VASCAR
operator stores distance in the unit by activating an electrical switch on
the unit when his patrol car passes a certain point on the highway; he
turns off that switech when his car reaches another point farther down the
road. Thus, a measured distance is recorded.

Time is stored on a VASCAR unit when the operator activates a
second electrical switeh as a target vehicle passes either of the two
predetermined distance points. Location points can be almost anvthing:
shadows, guard rails, painted lines, ete. The time switeh is turned off
when the target vehicle reaches the second point. This method of timing
results in an average speed. A target vehicle can be clocked from a
minimum distance of one-tenth of a mile to a maximum of one and a
half miles (O'Neal 1967). VASCAR is mounted in a patrol car and may be
used in both moving and nonmoving modes.

VASCAR is not as widely used as it once was; reasons cited by



departments include the extensive downtime problems and the fact that
radar is as effective. However, VASCAR cannot be found by radar
detectors because it emits no radiation (Darwick 1978).

The surveillance and detection devices outlined above have to be
attended by a human operator. Automated detection devieces (for
example, ORBIS) have been designed to eliminate this need. ORBIS III
determines speed by pavement sensors and automaticallv photographs
violators, their vehicles, their speeds, and the violation date, time, and
location. Prosecution is based on registration information obtained from
the vehicle's license number (Myers and Ottman undated). Darwick (1977)
reports that no state agency said it was using an automated device for
enforeing the 55 mph national maximum speed limit. A pilot test of the
ORBIS III automated detection system was conducted in Arlington, Texas,
in 1970-1972. The photographs of speeding vehicles were used primarily as
a basis for warning letters; citations were seldom issued (Vought Missiles
and Space Company undated). The warning letters were sent to the car
owners who were identified from the license plate numbers that appeared
in the photograph. It appears that ORBIS effects on speed were more
due to general deterrence than special deterrence (see discussion in
Chapter Three).

Video recording equipment has also been used to support police
traffic enforcement. Portable videotape units have been mounted in
troopers' cars to film drivers' behaviors. These portable units have pistol
grips and can be moved left or right, or tilted up or down. They are
equipped with zoom lenses to make close-ups possible. In addition, the
units have attached microphones and are equipped for instant replay. The
equipment does not appear to have been widely used for the UDAs of
concern in this report. It has been used by some enforcement agencies in
providing evidence for prosecuting drunk driving cases.

Apprehension
Procedures for apprehending violators of speeding laws are largelv
dependent on the patrol configuration being used. Solo configurations

require those in the detecting vehicle to apprehend law violators. Team

38



configurations use one or more units for detection and one or more
additional units for apprehension.

A common team configuration deploys one detecting unit parked at the
side of the road and a second unit parked downstream of traffic at the
side of the same road (Figure 2-2a). The first unit detects violators
passing by, radios their identify ahead to the "catch" unit. The catch
unit then pursues and apprehends the violator. Sometimes, more than one
catch unit is used, especially when many violators are being detected in a
short period of time.

Another variation of the team approach has the detecting unit parked
on one side of a divided highway surveilling traffic on the other side
(Figure 2-2b). The catch vehicle is also on the other side of the highway
and apprehends the violator after being notified via radio.

Automobiles, motorcyecles, and aircraft are used in team configurations.
All three types of vehicles are used for detectors, but only the first two
apprehend violators.

Marked and unmarked vehicles are used for apprehension. Also, the
apprehending vehicle may be moving as well as parked prior to initiating
pursuit. When a moving vehicle is used in a solo configuration, a rapid
turn-around is required for apprehending vehicles traveling in the opposite
direction. For a further description of police procedures for apprehending
violators see Darwick (1977); Joscelyn and Jones (1972); Joscelyn, Brvan,
and Goldenbaum (1971); and Weston (1960).

Policies for pursuing vehicles that attempt to escape vary among
jurisdictions. Fennessy et al. (1970) identified three tvpes of such policies
being followed eireca 1970:

Type 1: Officer Judgment Model--All basie decisions to
initiate, conduct, or terminate hot pursuit are made by the

street officer. His decisions are subject to internal review
and possibly legal action depending on 'due care' provisions.

Type 2: Restrictive Police Model—In these agencies there are
certain restrictions on the officer's decision to initiate
conduet, or terminate a pursuit (e.g., only pursue for felonies,
no speed above 20 mph over posted limits, stop at
intersections, ete.)
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Type 3: Discourages Pursuit--These policies caution or
discourage the officer from engaging in hot pursuit. However,
none of the agencies expressly forbid pursuit, if there is no
other choice, or if there is an extreme emergency. (p. 153.)

Fennessy and associates found the type 1 model to be "by far the most
predominant among U.S. Police agencies,"” with few agencies following
type 2 and even fewer following type 3 policies. The researchers also
found that nearly 90% of all hot pursuits in four jurisdictions stemmed
from traffie law violations and estimated that between 300 and 400

people are killed in pursuit-related crashes every year in the United States.

Presanctioning/Sanctioning
Following apprehension, the police officer initiates actions leading to
the imposition of sanctions on the violator. First, the officer must
decide whether to release or arrest the accused violator. An arrest is
rarely made for the violations that are of concern in this review.
Usually, the driver is given a warning (either verbal or written), or a
citation requiring him to appear at an adjudicative agenecy (for example, a
traffic court), or to post bond or collateral pending appearance. A
citation or "traffic ticket" is the most common outcome (Fitts 1966;
Institute for Research in Public Safety 1973; Joscelyn and Jones 1972; and
Lewis 1976).
Police agencies vary greatly with respect to the number of tickets

they issue. In this respect, Gardiner (1969) reported that:

The police in Boston and Dallas, two cities that in 1960 had

populations of approximately 700,000, wrote 11,242 and 273,626

moving-violation tickets respectively-a twenty-four-fold

difference. Niagara Falls, New York, and Wichita Falls,

Texas, with populations of slightly over 100,000 in 1960, saw

1,245 and 10,211 tickets in 1964. Police in Springfield,

Massachusetts, wrote 14,720 tickets, while their counterparts

in Grand Rapids, Michigan (also with a population of 175,000),

were writing 36,727. Finally, in Cambridge and Somerville,

Massachusetts, two adjacent cities with populations of 100,000,
the police wrote 5,457 and 750 tickets respectively. (pp. 6-8.)

Because of a lack of data relating ticketing action to crash reduction,
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police have had great difficulty in articulating specific policies in this
area. Many police agencies have written manuals governing virtually all
aspects of police procedure, but not the department's policy on the
enforcement of traffic laws. There are numerous unwritten guidelines
(e.g., "concentrate on the quality of enforcement action" or "have X
number of motorists contacts per shift") but very little formal guidance.
One highway patrol believes that formal policy on enforcement action
serves as a constraint to effective performance, and states:

The Patrol's basie philosophy is that with proper training and

selection of personnel a department can rely upon the

judgement of an officer regarding enforcement contacts and

that guides often become a 'straight jacket,’ which eliminate

individual actions based on conditions existing at the time of
violation or’ infraction. (Hathaway 1966, p. 20.)

Some departments have a written policy that officers must take
enforcement action against every violation that they observe. However,
as most police officials (especially in urban jurisdictions) will admit, this
is elearly impossible.

Nearly all citations for the violations that are of coneern here have
led to determinations of guilty and the imposition of fines as sanctions.
License suspensions are imposed for more flagrant violations and when too
many "points" are accumulated. Jail sentences are rare (Gardiner 1969;
Joscelyn and Jones 1972).

Note that state judicial or administrative agencies are not the only
elements that impose sanctions. Apprehension and a verbal or written
warning are in a sense sanctions that most motorists want to avoid, and

these sanctions are imposed by the police.

LEGAL FACTORS AFFECTING THE SELECTION AND USE OF
POLICE ENFORCEMENT PROCEDURES

A number of factors influence whether and how a procedure will be
used in a given jurisdiction. Such factors may be classified as
institutional, political, econoniie, social, and legal, among others. A full

discussion of all of these factors would be beyond the scope of this
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review. However, the last class of factors (legal factors) has such a
strong influence on police procedures (and, indeed, on the procedures used
by other elements of the Traffic Law System) that it must be dealt with
here.

Police officers who enforce traffic laws are constrained by prevailing
constitutional, legislative, and administrative restrictions governing
enforcement techniques. Failure to observe these legal constraints not
only provides drivers with defenses to their being convicted of traffic
offenses, but also could expose the police to civil or even criminal
liability.

Legal factors of particular importance to traffic-law enforcement
include: restrictions on the use of certain surveillance and detection
procedures; requirements governing the use of evidence obtained from
surveillance and detection devices in traffic-case adjudications; and the
impact of sanctioning practices on traffic enforcement itself. Each of
these factors is discussed below.

The legality of various highway crash countermeasures has been the
subject of extensive examination in another NHTSA-sponsored study
entitled, "Legal Constraints Relevant to Countermeasure Development,”
contract number DOT-HS-7-01536. Readers interested in a detailed
treatment of the legality of speed countermeasures as well as other
highway crash countermeasures should refer to the following documents:

Rusehmann, P.A.; Carroll, H.O.; and Joscelyn, K.B. 1979. An
analysis of the potential legal constraints on the use of
mechanical devices to monitor driving restrictions. National

Highway Traffic Safety Administration report no.
DOT-HS-805-523.

Rusechmann, P.A.; Greyson, M.; Joscelyn, K.B.; and Carroll,
H.O. 1979. An analysis of the potential legal constraints on
the imposition of owner liability for moving traffic violations.

National Highway Traffic Safety Administration report no.
DOT-HS-805-526.

Ruschmann, P.A.; Greyson, M.; MecNair, J.W.; and Joscelyn,
K.B. 1979. General legal considerations relevant to highwav
safety countermeasure program development and
implementation. National Highway Traffic Safety
Administration report no. DOT-HS-805-525.
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Ruschmann, P.A. Joscelyn, K.B.; and Carroll, H.O. 1980. An
analysis of the potential legal constraints on the use of
advanced alcohol-testing technologv. National Highway Traffic
Safety Administration report no. DOT-HS-805-453.

Note that citations to cases and statutes in this subsection do not appear
as footnotes to the text; instead, these are collected in Appendix E in
the form of a bibliographic essay.

Restrictions on the Use of Certain Enforcement Procedures

As pointed out earlier in this section, enforcement procedures mayv be
classified as either "overt" or "covert." Because many enforcement
procedures are covert, and because the advent of radar detectors and
citizens band (CB) radio has caused some police departments to perceive
a greater need for covert procedures, this section is chiefly concerned
with them.

Generally, the use of technology to aid law enforcement is not onlv
permitted by law, but there is language in some court decisions to the
effect that traffic violations demand the use of modern technology to
detect and identify them. There are some cirecumstances under which the
use of certain devices would violate the Constitution; however, these
circumstances generally involve intruding into private places, or restricting
one's freedom to move, without having sufficient cause to do so.
Therefore, these constitutional provisions likely would not apply to the
detection of speeders and other moving traffic violators.

However, apart from constitutional considerations, considerations of
fair play have led a number of state legislators to prohibit or restrict
certain traffic-enforcement practices, especially clandestine monitoring of
traffic and the use of devices that allegedly "entrap" drivers.
(Entrapment can loosely be described as police conduct that encourages
individuals to commit offenses they were not otherwise inclined to
commit.) One example of a fair-play issue involves police use of a
speedometer "pacing" technique in which the patrol vehicle drives faster

than the posted limit (usually adding a few mph "tolerance™ and measures
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the speed of traffic behind it. When the patrol vehicle paces traffic by
increasing speed until vehicles are no longer gaining on it, those drivers
behind the patrol vehicle might be enticed into travelling faster than they
intended (Darwick 1977, pp. 48-49). Owing to the perceived unfairness of
this technique, at least one state (California) has prohibited this tactic by
agency procedure (Darwick 1977, p. 48).

Another legislative constraint, found chiefly in California and
Washington, is the prohibition of "speed traps" or time-distance speed
measurements. These statutes prohibit the use of VASCAR and
stopwatches, which use the time-distance principle; however, they do not
prohibit the use of radar speedmeters.

In addition, some states have prohibited the use of radar under
circumstances that lend themselves to abuse: for example, Mississippi
prohibits local police in small communities from using radar on federal
and state highways; Illinois forbids the use of radar within 500 feet of a
change 'in the posted speed limit; and Georgia prohibits or restricts its
use in a variety of locations. Finally, a number of states have passed
legislation requiring the placement of warning signs in areas where radar
is being used. The apparent intent of such restrictive legislation is to
discourage police from unfairly preying on unsuspecting drivers.
Moreover, some police departments have adopted policies prohibiting or
discouraging unmarked or plain clothes traffic patrols, and the lack of
funds has prevented some departments from acquiring certain enforcement
devices (Darwick 1977, pp. 120-21).

Restrietions on the Use of Devieces in Connection with Traffie
Prosecutions

Even in states where unmarked patrols are allowed by law and
department policy, and where the police use of certain detection devices
is permitted, legislation and a number of legal constraints influence the
use of these devices in obtaining convictions for traffic offenses.

Due process of law requires that guilt of a traffic offense be shown
by reliable evidence; furthermore, to conviet in most states it is

necessary to establish the driver's guilt beyond a reasonable doubt. To be
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reliable, evidence obtained from an electronic or mechanical device must
meet three requirements: (a) the device itself must be accepted in
principle as scientifically reliable; (b) the specific device used in a
particular traffic prosecution must be established as accurate; and (c¢) that
device must have been operated properly (that is, the operator must have
been properly qualified and trained, and he must have followed standard
operating procedures) (Goger 1973, p. 827).

The first of these requirements—establishing the validity of a device's
operating principles--initially requires that an expert testify at each
prosecution in which the device is used and prove its scientific validity
(Goger 1973, pp. 833-34). However, once a device comes into wide use,
courts may become familiar with its operating principles in question and
become satisfied that they are valid. At that point courts will accord
that device "judicial notice,” that is, they may dispense with the
time-consuming requirement that an expert be brought in at each trial to
prove principles that have already been widely accepted (Cleary 1972, op.
763-66). Beginning in New Jersey in 1955, courts have accorded judicial
notice to radar speedmeters (Cleary 1972, pp. 514-17); in addition, many
states have passed legislation having the same effect as judicially noticing
the principles of radar. Thus, in prosecutions using radar the ritual of
expert testimony is no longer necessary. On the other hand, most courts
have refused to judicially notice VASCAR; likewise, ORBIS has not been
accorded judicial notice in any state.

Whether a device's operating principles are established by expert
testimony or by judicial notice, that alone does not establish the accuracy
of every such device. That, too, must be established through appropriate
testimony. For example, the accuracy of radar devices can be verified
through one of three methods: ‘internal tests on the device itself; tuning
fork tests (for example, a fork calibrated at 55 mph must produce a 55
mph reading on the radar device); and road tests using a vehicle with a
calibrated speedmeter (Goger 1973, pp. 830-31). It is also necessary to
show the device was accurate at the time of the alleged violation; thus
ve;'ifications must have occurred at times reasonably close to the

incident, and the equipment used to verify must have been accurate
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(Goger 1973, pp. 843-58). Finally, a device--even when valid and
accurate—must have been operated by a qualified person in accordance
with standard procedures (Goger 1973, op. 858-61).

The requirements of accuracy and proper operation may in effect
become legal constraints if the equipment used frequently breaks down or
requires constant maintenance and calibration. Thus, for exampole,
VASCAR's reported downtime (Darwick 1977, pp. 138-39) could result in its
being found inaccurate more often than would the radar speedmeter.

Thus, while the requirements of scientifie recognition, aceuracv, and
proper operation do not prohibit police from using radar and other
enforcement devices, they may require that additional time and effort be
spent to ensure that these devices produce reliable evidence that is
sufficient to obtain convictions; their occasional failure also might result

in the loss of some convictions.

The Impact of Sanctioning on Enforcement Procedures

Even when a device is readily available for use and the evidence it
produces makes convictions easily obtainable, its use still might be
prevented or limited because of laws (and law-based practices) governing
sanctioning. This is especially true with respect to enforcement directed
at NMSL violations, because of hostility towards the NMSL in some
sections of the county (Darwiek 1977, pp. 104-5, 112-3). For example,
some states have refused to assess violation points against NMSL violators
unless their speeds exceeded previously posted limits, or exceeded the
NMSL by a specified number of miles per hour. Other states have made
"minor" violations of the NMSL (typically violations involving soeeds below
prior posted limits) punishable by nominal fines.

A small number of states continue to treat maximum speed limits as
"prima facie,”" rather than absolute. This means that a driver is entitled
at a trial to introduce evidence showing that his exceeding the posted
limit was not unreasonable considering such conditions as weather, time of
day, and the presence of other traffic. Retention of prima facie limits
conceivably could give judges authority to find drivers not guilty of
speeding offenses, even when their speeds are found to be above 55 mph.



However, prima facie limits have been disapproved of by the Uniform
Vehicle Code, and all but a handful of states have replaced them with
absolute maximum limits (National Committee on Uniform Traffic Laws
and Ordinances 1972). It is also conceivable that in those states in which
judges have discretion as to sanctions for speeding, comparatively light
penalties could be imposed on NMSL violators.

Legislation and judicial practices that result in the imposition of
relatively mild penalties on traffic violators are likely to be perceived by
police officers as showing a lack of support for their enforcement
practices. Thus, adjudication and sanctioning patterns could in some
states impose de facto legal constraints on enforcing the NMSL and other

traffic laws.

SUMMARY

Enforcement is one of four top-level funetions that police agencies
perform in the course of providing police traffic services. The other
functions are accident management and investigation, traffic direction and
control, and general motorist services. The police also perform numerous
auxiliary and support funections including safetv education, public
information, vehicle inspecting, and others.

The role of enforcement 'in dealing with UDAs is to operate as a part
of our Traffic Law System in deterring drivers from violating related
laws. Procedures aimed primarily at deterring drivers without the
necessity for apprehending them first are called general deterrence
procedures and include methods for increasing the intensity of
enforcement, making the enforcement effort more or less visible,
positioning patrol vehicles within a sector of highway, and transporting
police officers.

The intensity of enforcement may be increased either by increasing
the actual or perceived number of police units performing surveillance and
basie patrol of a given sector of roadway. Procedures for increasing the
number of units perceived include methods for varying patrol schedules,
public information and education campaigns, and signs and messages

displayed along the roadway. One such display system, the Following Too
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Closely Monitor, was the only procedure for following too closely that
was found in the literature.

To make enforcement activity more visible, police park their vehicles
so as to be in full view of drivers, use highly conspicuous observation
platforms (in England), and mark their vehicles to make them more
recoghizable as police symbols. Enforcement activity is sometimes
purposely made less visible to increase a driver's perception that the
police could be anywhere ("Smokey is there, but you don't know where,”
to quote Brackett and Edwards [1977, p. 4]). This is accomplished bv
police hiding their vehicles (e.g., behind trees, or overpasses) or by
disguising them as nonpolice vehicles (e.g., no red light visible, different
color car, no departmental or state seal).

Police procedures also include different ways of positioning patrol
units. Moving police vehicles of all types are used to travel with the
traffic and more recently, to act as "chaperones" for a group of vehicles.
Stationary vehicles are placed at the roadside in a variety of positions to
make them more or less visible and may or may not be equipped with
visible radar.

The three types of policé vehicles that have been used in both general
and special deterrent procedures are automobiles, motorcyecles, and
aireraft. Frequently, more than one type of vehicle may be used in a
given procedure (e.g., automobiles and motorcyeles). Both airplanes and
helicopters are used, usually in combination with automobiles or
motoreyeles or both.

Special-deterrence procedures are used by police for deterring drivers
who must first be apprehended for a UDA-related violation. These
procedures involve surveillance, detection, apprehension, and various
presanctioning and sanectioning activities. Surveillance/detection
procedures tend to be equipment oriented. The speedometer and
odometer of a police vehicle are still used in some jurisdictions in
estimating the speed of a suspected violator by a technique known as
pacing. Odometer pacing is used in most jurisdictions, but not as
frequently as more modern instruments and methods (for example, radar).

The stopwatch was once widely used for measuring speed but is generallv
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restricted today to measuring speed from an aircraft.

Radar appears to be the most common speed measurement device in
current use. Radars are attached to patrol cars, motoreyeles, and fixed
mounts. Both moving and stationary vehicles emplov radar in covert and
overt modes. When radar is impractical (e.g., when the angle between
the radar line of sight is large), many jurisdictions use a device called
VASCAR. This instrument computes speed when provided the distance
traveled and the travel time of a vehicle.

Automated detection devices have been designed to eliminate the need
for a human operator in detecting speeders. One such device was used
experimentally in a city in Texas over the period of a year. It provided
photographs of speeding drivers for use as a basis for warning letters sent
to the owners of the vehicles in the pictures.

Both solo and team procedures are commonly used for apprehending
speeders. The detecting patrol unit does the apprehending in solo
procedures. Team procedures use a separate vehicle (or vehicles) to
cateh drivers who are identified as speeders by a detecting patrol unit.
Team procedures involve moving patrol units, stationary units, or a
combination of both. The units may be marked or unmarked. When
target vehicles try to escape, most jurisdictions engage in "hot pursuit,"
although the policies for this practice vary widely among jurisdictions.

A citation or "traffic ticket" is the most common immediate outcome
of an apprehension for most violations related to the UDAs of interest
here. Nearly all of these citdtions lead to determinations of guilt and to
impositions of fines and sanctions. License suspensions are imposed
sometimes, but jail sentences are rare.

Legal factors have a great influence on the enforcement procedures
that are used in a jurisdiction. Constitutional considerations limit the
degree to which the police may intrude on a citizen or restrict his
freedom to move. Some states have enacted laws explieitly prohibiting
some practices and devices believed to entrap drivers. When such devices
are permitted, due process of law places strict requirements on the
admissibility of the information that they provide as evidence in a court

of law. Finally, legislation affecting the sanctioning of suspected
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violators may, by treating the violations as nonrisky, discourage the police
from vigorously enforeing those laws and act as a de facto constraint on

police enforcement.
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CHAPTER THREE
EFFECTS OF POLICE ENFORCEMENT PROCEDURES
ON TRAFFIC VARIABLES

The preceding chapter has described enforcement procedures for UDAs
and some conditions affecting their use. This chapter reviews empirical
literature on the effects of the procedures on crash risk and on variables
thought to be related to risk. Specifically, three types of dependent
variables are considered:

o traffic flow variables (for example, speed and volume of
traffic);

o traffic crash variables (for example, number of crashes per
unit time); and

o traffic law violations (for example, number of vehicles
exceeding the speed limit).

Both classes of enforcement procedures discussed in the preceding
section are considered here, that is, general-deterrence procedures and
special deterrence procedures. Each tvpe of risk variable (for example,
traffic flow) is discussed with respect to each class of procedure (for
example, general deterrence).

- A tabular presentation of the studies that form the basis of this
section is contained in Appendix B. The appendix also contains detailed
reviews of key studies done prior to 1973. These reviews were done in
the course of earlier NHTSA-sponsored studies by the prinecipal
investigators for the present study and by other investigators (e.g., Joksch
1972; Fennessy and Joksch 1968). They are presented here to provide

more detail and historical perspective for interested readers.
ENFORCEMENT PROCEDURES AND TRAFFIC FLOW

Measures of traffic flow include: volume, speed, and density; mean

speed determinants; longitudinal distribution (headwav); lateral clearance;
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time of day and day of week; and weather (Joscelyn, Brvan, and
Goldenbaum 1971). Most relevant to this discussion are volume, speed,
density, and logitudinal distribution. The first three variables, as Joscelyn
and associates (1971) note, are the most basie. "The fundamental
relationship is V=SD, where V is the average volume in vehicles per hour,
S is the average speed in miles per hour, and D is the average density in
vehicles per mile" (p. 10). The longitudinal distribution of vehicles is
measured as headway; this is "the time  interval between the passage of
successive vehicles going past a fixed point, or the distance between two
vehicles as they move along the roadway" (p. 13). Most of the studies
reviewed have focused upon speed; a few have dealt with headway and

the other traffic flow variables. Their results are disecussed below.

General-Deterrence Procedures

Evaluation of the effects of this class of procedures on traffic flow
have focused on flow per se and on changes in flow. The procedural
elements studied most often have been intensitv of patrol and the
characteristics of patrol. Most of the studies have dealt with the effects
of procedures on speeding, but a few have examined other traffic flow

variables such as headway and volume.

Intensity of Patrol. Both the effects of variations in the quantity
and the frequency of patrol on traffiec flow variables have been
investigated. The results, particularly with regard to intensity of patrol,
have not always been consistent.

Positive effects of law enforcement on speed reduction were reported
in an early study by Baker (1954). Speed observations were made by day
and night at eight locations before enforcement was increased and the
first and third year following. Findings indicated that the increased
enforcement resulted in slightly less than halving the excess speed per
vehicle.

Shumate (1958) observed that the proportion of passenger vehicles
exceeding the legal speed limit is reduced with the addition of patrol

units to a given streteh of highway, but the average vehicle speeds are
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not affected by the addition of such units. As a measure for the
intensity of enforcement, the average number of patrol units that a driver
passed per mile was chosen. To study the effect of enforcement on
vehicle speeds, a sample of 3000 vehicle speeds was obtained on four test
routes 'in 1955, 1956, and 1957, and compared with samples from six
similar highways. Speed limits were 65 mph, and data were taken in
periods of free-flowing traffic. Both on test routes and control routes,
the percentage of vehicles exceeding the speed limits decreased during
1956 and 1957 compared to 1955.

A chi-square test showed that the reduction of passenger vehicle
speeds in 1957 was significantly greater (p <.02) than on control routes.
However, there was no indication that level of enforcement influenced the
average speed of traffic. In addition, there were indications that vehicle
speeds tend to group more closely around the average when additional
patrol units are placed on a given stretch of highway.

Michaels (1960) reanalyzed Shumate's data using different statistical
assumptions. His analysis of speed variability agrees with Shumate's; that
is, on the test routes, drivers cluster more nearly about the mean speed
and do so in some relation to the frequency with which drivers encounter
police patrol. Michaels' analyses also support Shumate's contention that
enforcement level had little influence on the average speed of vehicles.
Michaels reports:

In general, the mean speed for both trucks and passenger cars
decreased for both test and control routes from 1955 to 1957.
In view of this, it is difficult to place much reliance on a
hypothesis that increased enforcement reduced the average
speed of vehicles. While there were definite decreases in
average speeds in 1957, as compared with 1955, such decreases

followed a similar pattern throughout the State and could not
be related to an increase in enforcement activity. (p. 112.)

Differences in data interpretation between Michaels and Shumate arise
in regard to the proportion of drivers exceeding the speed limit.
Michaels notes that this proportion followed the same pattern as did the
mean speeds; that is, there were decreases in the percentage of drivers

exceeding the speed limit from 1955 to 1956 on both the experimental and
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the control routes. Thus, he maintains, there is little evidence to support
the hypothesis that the decreases in the proportion of vehicles over the
speed limit on the test routes were due to increased patrol.

As Michaels points out, the results of these data analyses suggest that
effects of enforcement on traffie behavior may be quite indirect. The
finding that variability in speed is influenced by enforcement and
proportion of speeders is not (or is, depending upon the statistical
assumptions employed in this case), indicative of the complexity of
factors involved in enforcement and traffiec control. Moreover, these
results are further complicated by the results of a later study by Shumate
(no date); here, he reports that neither the average speed, the proportion
of speeders, nor the variance of vehicle speeds about the average are
affected by an increase in enforcement activity. Reports such as these
point out the necessity of understanding the methods of statisties and
field study for investigations in highway safety.

The effects of varying levels of enforcement on traffic volume have
also been investigated by the California Highway Patrol (1966), Michaels
(1960), and Shumate (1958). None of these investigators found significant
changes in traffie volume. In light of this evidence it seems reasonable
to conclude that modest increases in enforcéement activity do not greatlv
impede traffic flow.

The effects of manipulating the frequency of patrol presence on
traffie- flow have been investigated by Bracket and Edwards (1977). These
investigators drew heavily upon operant learning theorv in their research.
As noted in Chapter Two, they studied the effeet of the presence of a
patrol unit on vehicular speeds under two reinforcement schedules. The
aim of these different schedules was to convince motorists that a certain
segment of roadway would be patrolled every day. A two-week period in
which a patrol car appeared every day at the same hour was thought to
be sufficient for this purpose; this condition effectively set up the process
of continuous reinforcement to establish the association between the
roadway and the presence of a patrol car. The investigators then
hypothesized that a partial schedule of reinforcement would maintain the

association, meaning that the patrol would not always have to be present



to keep speeds suppressed. Two partial reinforcement patrol schedules
were devised. One was a fixed ratio of patrol presence to patrol
absence: of the five working days of the week, the patrol would be
present three days and absent two days; the days of the vehicle's
presence were to be selected on a random basis (Strategy I). The second
partial reinforcement schedule was that of a decreasing ratio of patrol
presence to patrol absence; the days of patrol's presence were to be
selected on a random basis (Strategy II). The actual number of days the
patrol car could be present were the same for both strategies.

Sites selected for study incéluded both two-lane and four-lane roadwavs
in Texas. These sites were chosen on the basis of five criteria: traffic
density, accident rates; percentage of vehicles exceeding 60 mph;
percentage of commuter volume; and roadway geometry. In addition,
sites selected were not secheduled for construction activities during the
experimental period. The experimental plan was a counterbalanced
implementation of the two strategies on each highway. Strategy I was
employed on U.S. 71 followed by six weeks of no treatment and then by
Strategy II. The order of presentation was reversed for U.S. 105.
Pretreatment speed measurements were taken the week prior to the
implementation of each strategy.

The location of the patrol vehicle on the seventeen-mile segment was
randomly seleected for the first strategy implemented on the first
roadway. This location schedule was then followed for each subsequent
condition. The patrol vehicle was operated from the assigned fixed
location. It was parked on the shoulder parallel to the primarv lane of
traffic (the lane having the largest volume). Officers operated their
radar set under standard fixed radar operating procedures. When thev
left their position to cite a violator they always returned to their
assigned location. The patrol vehicle remained on station for one and
one-half hours in the morning from 1:00 to 8:30 a.m.

The implementation of these speed control strategies did affect
speed-related traffic parameters over time. It was found that a speed
control strategy employing a decreasing ratio schedule patrol vehicle

presence (Strategy II) has a greater immediate impact on mean traffie
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speeds than a fixed-ratio strategy (Strategy I). The impact on the traffic
parameters (i.e., mean speed and speed variance) created by the presence
of a patrol vehicle did carry over to days when the patrol vehicle was
absent; however, it took at least six weeks of strategy employment to
generate this effect.

The effects of the speed control strategies were found to vary with
road and traffic characteristics. For a four-lane highway, where traffic
speeds were high, the speed parameter reduced was the mean speed; for a
two-lane highway, where traffic speeds were moderate, the parameter
reduced was speed variance. In addition, the impact on the mean traffic
speeds was greater for the primary lane than for the secondary lane of
traffie. Interestingly, no correlation was obtained between ticketing
activity on a given day and the mean speed of traffic for that day.
Brackett and Edwards also reported that the "halo" (spread of effect on
traffic flow) surrounding the stationary patrol vehicle equipped with radar
in this study can be as great as fourteen miles; the spread of effect
extends to traffic from three to four miles upstream of the stationary

patrol vehicle to ten miles downstream.

Characteristiecs of Patrol and Traffie Flow. The visibility and
recognition of patrol and patterns of patrol are the two general
deterrence c¢haracteristics that have been evaluated for effects on traffic
flow variables. Most of the studies reviewed below have focused on the
speed of traffic; a few have dealt with headway. In general, results
seem to indicate that highly recognizable patrol activities have a positive
effect on traffic flow variables.

The effects of highly visible and recognizable enforcement symbols are
fairly clearcut with regard to traffic speed. Reductions have been
reported in the mean traffic speed, in the proportion of vehicles
exceeding the speed limit, and in speed variance. Moreover, these
changes have been found to be significantly different from the speeds
observed in the presence of unmarked patrol units (Duff undated;
Dougherty 1977; Joscelyn, Bryan, and Goldenbaum 1971; Organisation for

Economie Co-Operation and Development 1974; Reinfurt, Levine, and
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Johnson 1973; Rowan and Keese 1962; Smith 1962).

The presence of a marked patrol vehicle also has been found to affect
driver gap acceptance. Cooper and McDowell (1977) report an experiment
to determine the effect of police on the merging gap acceptance response
of drivers. The situation involved a left turn from a minor road into a
major road at a T-junction. Police presence consisted of a manned police
vehicle (either a patrol car or a motoreycle) parked in full view of minor
road vehicles. Vehicle gaps were recorded with a portable television
camera. The median accepted gap increased significantly from 4.8
seconds to 5.7 seconds when police were present (p < .05). No difference
was detected between the effects of the patrol car and the motorevcle.

The above findings are supported by the work of Calica, Crowther, and
Shumate (1964), who found that the presence of an enforcement symbol
resulted in significant changes in headways. These changes, however,
were small, that is, an increase of less than three percent in the
percentage of vehicles traveling with headwavs greater than two seconds.

The data are not quite so clearcut in regard to the effects of patrol
patterns of traffic flow variables. This is especially true for the moving
versus the stationary patrol unit. Both positive and negative effects on
traffic flow have been found. Baker (1954), for example, reports "some
slowing of traffie" for both stationary patrol units and moving patrol units.

Several investigators have found the moving patrol unit to be the more
effective enforcement symbol for reducing traffic speeds. Smith (1962)
measured the immediate effects of moving and stationary enforcement
symbols on driving behavior on two-lane, rural roadways. The speed limit
on all test sites was 65 mph during the period of the experiments. The
patrol vehicles used in the study were those regularly used in traffie
enforcement by the state patrol. Smith's results indicate that the
average traffic speeds were lowest during exposure to the marked car
moving with the traffic flow.

Similarly, a study of Byvanen (cited in Organisation for Economie
Co-Operation and Development 1974) found the effeet of a single patrol
car on speed to be most apparent while moving in the traffic and at a

slower speed than the traffic stream; the effect of patrolling was
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identifiable within five kilometers (or four minutes) after overtaking the
patrol. In contrast, hardly any effects were noticed approximately two
kilometers after the parked patrol car was passed.

The effects on vehicular speeds of stationary and moving enforcement
symbols on rural roadways were also investigated by Council (1970). The
stationary vehicle was parked adjacent to the roadway in a position
visible to oncoming traffie; the moving vehicle traveled in the traffice
stream at five mph below the posted speed limit. The effect of the two
symbols was indicated by changes in traffic of mean speeds, speed
variances, the percentage of vehicles traveling at speeds above the posted
speed limit, and the percentage of vehicles traveling at speeds above the
posted speed limit, plus a 5 mph tolerance. Data were collected one and
one-quarter miles upstream from the patrol unit and one and one-quarter
miles downstream from the unit.

Council's analyses indicated a reduction in mean speed, variance and
percentage of vehicles traveling above the posted speed limits and the
speed limit, plus tolerance at the stationary unit. No significant changes
in any of the measurements occurred with the moving patrol unit. Data
collected by both Calica, Crowther, and Shumate (cited in Brackett and
Edwards 1977) and Joscelyn, Bryan, and Goldenbaum (1971) also support the
stationary patrol unit as a more effective enforcement symbol for
affecting traffie speed variables than the moving patrol unit.

Stationary patrol vehicles may be placed in a varietv of configurations.
A number of researchers have also investigated configuration of patrol to
determine which can most effectively influence traffic flow variables.
Joscelyn, Bryan, and Goldenbaum (1971) examined the effects of six
stationary enforcement configurations, representing various levels of police
threats. The vehicle configurations ¢hosen for study were: civilian;
unmarked police; marked police; marked police with radar; marked police
in arrest configuration with stopped civilian vehicle; and two marked
police, one with radar. Results indicated that the more threatening
enforcement configurations (i.e., arrest configuration) produced greater
immediate decreases in mean speeds in percentage of speed violators.

These decreases in speeds and speed violators generally were greater for
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same-lane than for opposite-lane traffic, when traffic is considered in
relationship to the enforcement vehicle. The effects, however, died out
more quickly than those produced by less threatening enforcement
symbols. In general, reductions in speed were found to taper off at
distances of about three miles. Neither traffic headways, percentage of
headway violators, traffic densities, nor standard deviations in traffic
speed were found to be significantly affected by the presence of the
stationary enforcement symbols.

Smith (1962) also found that of several stationary patrol configurations,
the simulation of an enforcement task had the greatest effect on mean
travel times. The following enforcement configurations were employed:
the control symbol (the complete absence of any enforcement unit);
marked and unmarked patrol units parked perpendicular to the roadwayv on
the side of predominant traffic flow; marked and unmarked patrol units
parked perpendicular to the roadway on the side of nonpredominant traffic
flow; marked patrol units parked parallel to the roadwav directly behind a
civilian vehicle on the side of nonpredominant traffic flow; marked patrol
units that move into traffic on the side of predominant flow; and marked
patrol units that move into traffic on the side of nonpredominant traffic
flow. Each patrol unit was a vehicle regularly used in traffic
enforcement by the state patrol and was manned by a uniformed officer.

Effects of the treatment conditions were examined by rank ordering
them according to the mean travel times of the vehicles observed (i.e.,
the time,. in seconds, required for a vehicle to travel from one
observation point to another two miles downstream within the test site)
for each condition after the introduction of the enforcement symbol.
Based upon this rank ordering of travel times, Smith concludes that: (1) a
greater effect is observed with the enforcement symbol parked or
operating on the side carrying the predominant flow of traffie; and (2)
while the marked patrol unit moving with the predominant traffie flow

has the greatest effect, it is followed by the stationary unit simulating an
enforcement task.

No significant differences on speed variables were found for three
stationary enforeement teehniques by Dart and Hunter (1976). Also
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ineluded here was a speed enforcement scene. The other two techniques
were a speed-check zone sign with a partially concealed, radar-equipped
patrol car and a stationary marked patrol car. An analysis of variance
yielded no significant differences among the three enforcement techniques.
All treatments were accompanied by a substantial reduction in mean,
median, and 85th percentile speeds in the vieinity of the enforcement
unit; these reductions ranged from five to eight mph at the treatment
location. The number of vehicles traveling faster than 55 mph was
reduced by thirty to fifty percent. Traffic, however, began to recover
speed within one thousand feet of the enforcement symbol and completely
regained its speed within two miles of the treatment location.

Findings such as these indieate that police presence can indeed affect
traffic flow. The exact nature of the effects, however, has yet to be
determined. As Dart and Hunter (1976) state:

The use of various enforcement techniques has received rather
widespread attention over the years, yet there does not exist

a firm relationship as to the effect the various techniques
have on traffic behavior. . .

There are perhaps other innovative enforcement techniques
that may be considered in the future. . . . However, before
any ideas are advanced to any degree, the concepts should be
evaluated like other improvement programs. Only through
such evaluation programs can the maximum payoff for each
enforcement dollar spent be realized. (pp. 33, 35.)

‘Warning Signs and Automated Detection Devices. A variety of
warning signs have been used to support police enforcement. The aim of
such signs is to heighten drivers' awareness of their own driving behavior
and to remind them of possible police actions against unsafe driving
behaviors. A number of investigators have analyzed the effect of these
roadside signs on traffic flow variables.

The Visual Speed Indicator (VSI) is a device for warning drivers about
their speed (see Chapter Two for a description). This warning system
appears to have an initial effect on drivers' speeds equal to that of police
presence. However, the effects have been found to dissipate rapidly and

disappear completely as early as two and one-half months after
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installation (Bundesanstalt fur Strassenwesen cited in Organisation for
Economic Co-Operation and Development 1974; Eagle and Homans 1976).
Neither Dart and Hunter (1976) nor Hunter and Bundy (1975) found any
significant changes in their measures of speed for the VSI or a
speed-check zone sign, respectively.

Warning signs have also been used to affect headways or gap
acceptance in drivers. Comparable to the VSI is the eleetronic Following
Too Closely (FTC) Monitor system (described in Chapter Two). This
system appears effective in reducing the incidences of
following-too-closely behavior. The monitors have been reported to be
effective for as long as nine months after installation. Minimal police
enforcement campaigns, interjected at such points, have been useful for
again decreasing the number of short vehicle-gaps (Parker 1976; Traffic
Safety Systems, Inc. 1971).

The Vought Missiles and Space Company (undated) report on the ORBIS
I application in Arlington, Texas, stated that there were an average of
at least 800 cars per day driving ten or more miles per hour over the
speed limit on the test section of road prior to the installation of ORBIS.
One week after the installation of the ORBIS stanchions but before
activation of the ORBIS equipment, "hidden" radars revealed that the
number of speeders had been cut in half, suggesting a general deterrence
effect. The likelihood that any effect was due to general deterrence is
strengthened by the fact that a PI&E campaign preceded the installation
of ORBIS. The number of speeders continued to decrease after ORBIS
was activated to a steady-state value of "l5 to 25" per day, according to
the Vought report. During a period of about one year, ORBIS was
activated about 12% of the time, and a total of 231 warning letters but
only fourteen citations were issued.

Dreyer and Hawkins (1979) field tested a mobile ORBIS HI in Arlington,
Texas, during January-April 1976, In this experiment, ORBIS was mounted
in a van and used at four roadway sites having different speed limits
(from 40 to 55 mph) and different roadway environments. The
researchers found that the mobile configuration of ORBIS also reduced the

precentage of speeders, having its greatest effect on the urban roadwavs
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at high "levels of enforcement" (i.e., percentage of the time the van was
present). Mean speed was decreased slightly during the experiment, with
the effect lasting several weeks after the van was removed.

The authors also estimated the cost-effectiveness of the mobile ORBIS
operation and concluded that it was "less cost-effective than traditional
enforcement methods" (p.vii). Effectiveness was defined in terms of
citations issued, activity measure rather than an impact measure. NHTSA
rejected the conclusion about cost-effectiveness, arguing, in effect, that it
was improper to so assess an application that was experiental rather than

operational.

Special Deterrence Procedures and Traffie Flow. Several studies
have attempted to determine the traffic flow effects of procedures aimed
at catching and punishing traffic law violators. As was noted in Chapter
Two, such special-deterrence proeedures are inherently more complex than
current general-deterrence procedures in that they involve more functions.
Unfortunately, the literature provides little evidence of studies of the
effect of functional procedures on traffic flow.

Most studies have investigated the effects of the total procedure, and
usually have not described the procedures in much detail. Thus, it is
often difficult or impossible to determine conditions under which a change
in a procedural component caused an observed effect. For example, a
total procedure might involve parked, unmarked, solo patrol cars using
radar for detecting speeding violators and might result in citations being
given to all apprehénded drivers, ninety percent of whom were then
"eonvicted" and given $25 fines. A study might evaluate the effect of
increasing the fine to $50 but fail to describe the other procedural
components. Thus, generalization about the effect of doubling a fine is
impossible, because of the possible influence of other components on the
results.

Most special-deterrence studies reported in the literature examine the
effeet of increased numbers of citations on various dependent variables.
For example, the California Highway Patrol (1972b) increased the number
of speeding citations on one stretch of road by doubling the number of
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traffic officers patrolling that road. One would expect a
general-deterrence as well as a special-deterrence effect as a result of
this action. Although forty percent of the total arrests by the traffic
officers were for speeding, no significant reductions in speed violations
were observed on the roadway.

Booth (1978) has suggested that a traffic enforcement agency use
unmarked vehicles if its goal is to increase arrests. However, Finkelstein
and McGuire (1971) found "no overwhelming evidence regarding its use" (p.
V-12) and reeommend having the patrol unit in view of the motorist. The
research on patrol configurations done by Joscelyn, Bryan, and
Goldenbaum (1971) and Smith (1962) supports this latter viewpoint.

In another study, the Oregon State Police (1977) increased its speeding
citations by fifty percent during the month of May 1977. Radar detection
equipment was used, and special emphasis was placed on freeways and
peak periods of traffic volume. This increase in citations issued was

reported to be accompanied by statewide reductions in speed. The report

stated:
One result was a 31 percent increase in rate of compliance
with the 55 mph speed limit on all Oregon highways and a 50
percent compliance on the freeways. At the same time, the

number of vehicles traveling at speeds in excess of 60 mph
was substantially reduced. The 85th percentile speed
decreased two mph on all highways (62 to 60 mph) and four
miles per hour on urban freeways (54 to 62 mph). The most
noticeable effect on higher speeds was in the range of 60 to
64 mph where nearly 25 percent of Oregon motorists were

driving in April. By the end of May, almost half of those
drivers had slowed down to speeds below 60 mph. (p. 4.)

Reinfurt, Levine, and Johnson (1973) have also reported success with the
use of radar in multifaceted speed enforcement campaigns. These
researchers used a complex experimental design in which presence of
radar, visibility of patrol, ticketing, and media publicity were all
manipulated. Speed data were collected in forty-three North Carolina
municipalities. Results of the study indicated statistically significant
reductions in the proportion of speeders and in the average speed of

traffic. However, it was the combination of the above four factors
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carried out in the project that was important; when considered alone,

each factor reflected only marginal evidence of effectiveness.

ENFORCEMENT PROCEDURES AND CRASHES

The effects of police enforcement procedures on crashes have been
studied less frequently (and often less rigorously) than the effects of such
procedures on traffiec flow. Empirical studies of the quantitative effects
of both general- and special-deterrence procedures on crashes are
discussed below.

General-Deterrence Procedures
Most of the studies in this category cited here were concerned with
the effects of enforcement intensity on crashes. Only a few dealt with

the effeets of patrol characteristics.

Intensity of Patrol. In general, studies suggest but do not prove
that increases in patrol strength lead to decreases in crash rates. The
California Highway Patrol (1972a) reported a significant reduction 'in
reportable crashes when manpower was increased by 500 traffie-officer
positions. For all four roadways in the California study, fatal crashes
decreased 16.9% and fatalities decreased 19%. Injury crashes decreased by
2.5%. Persons injured with severe injuries decreased 11.2%, with minor
injuries decreased 1.6%. Crashes involving complaint of pain, however,
increased 9.4%. Unfortunately, no control groups were used in the study,
and correlational studies of the data did not rule out the possibility of
spurious correlations that would negate the hypothesis that police activity
is negatively correlated with members of crashes.

An earlier study of intensity of enforcement by the California Highway
Patrol (1966) also suggested a decline in crash rates. In this study, 150
additional traffic officers were assigned to one specific highway.
Generally, accidents were fewer in number during the study year than in
the prior three years (i.e.,, 792). The decline for injury acecidents,
however, was the only statistically significant decrease (264 versus 348).

Property-damage accidents actually increased slightly (424 versus 414), but
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the authors speculated that this reflected more extensive reporting
associated with the increase in available patrol units. The number of
drivers involved in accidents decreased by 150 in the 1964 study year over
the 1961-63 period average. Interestingly, drivers from age 15 to 36
showed the largest decrease in accident involvement. Again, no control
group was used’ in their study, and the correlational analyses are
inconclusive.

Other investigators reporting a reduction in traffic acéidents with an
increase in the quantity of patrol are Dougherty (1977); Ekstrom, Kritz,
and Stromgren (1966); Jeffcoate (1950); and Shumate (1958). All are
plagued by methodological deficiencies that make their finding
inconclusive. Nevertheless, the study designs and findings are not
incompatible with the hypothesis that increased patrol intensity reduces
the number of crashes.

Only one study reviewed did not find an effect for increased levels of
enforcement on accident rates. This was Michaels' 1950 reanalysis of
Shumate's data. Michaels notes that regardless of level of patrol, the
differences between the test and control routes were consistently small.
He further points out that 1955 (the comparison vear) was an abnormally
high year for accidents on one of the test routes. "Consequently,
ascribing a reduction in accidents to the increased patrol was probably
unwarranted" (p. 111). Comparisons of the accident data on the test
routes with those of the rest of the state and with all the control routes
show a significant reduction in number of accidents for both test and
control routes. Michaels concludes that there appeared to be Ilittle

reliable effect due to enforcement.

Characteristies of Patrol. Southgate (1975) investigated the effeect
of police observation platforms on accidents. He found that during a
twenty-eight-day study period, only four accidents occurred on the
roadway in England where the platform was placed. That was half the
monthly accident average.

No significant relationships of any kind were found for types of

stationary patrol activity and accident rates by Joscelyn, Brvan, and
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Goldenbaum (1971)., Neither all accident types combined nor personal

injury accidents in particular were significantly affected. These
investigators report:
In effect, stationary enforcement tests failed to stem normal
three-year accident rate trends in any way, nor did the
numbers of accidents during test months differ significantly

from those occurring during non-test months during the test
year itself. (p. 144.)

Special Deterrence Procedures v

There are relatively few studies on the effects on crash rates of
police procedures emploving special deterrence procedures. Much more
has been written about the methods of surveillance, detection, and
apprehension than about their effects.

As part of its Operation 101, the California Highway Patrol (1972b) did
evaluate the effects of increased manpower and enforcement actions on
crash rates. The major finding of this study was: manpower was
increased; enforcement actions increased; driver violations were reduced;
and crashes decreased. While this decrease was not significant for
weekday crashes, it was statistically significant for weekend crashes. As
noted previously, weaknesses in study design make it impossible to
attribute these effects to the procedure used.

With regard to detection methods, Milardo (1974) has reported
successful results for the use of VASCAR. In January 1972, the city of
Middletown, Connecticut, purchased its first VASCAR unit. Traffic
division personnel were trained in its use. At the end of the first six
months of 1972, enforcement activities increased, and a crash reduction of
twenty-two percent was noted over the first six months of the previous
year. Whether this reduction was due to the VASCAR unit or to some
other coincident factor is not known.

Other studies in this area suffer from similar methodological

deficiencies. For example, a study by Kunz (1950) reported:

In April 1945, the Springfield, Massachusettes, Police
Department inaugurated a rigid traffie control program. Prior
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thereto the accident rate had greatly increaed. The policy
decided upon was to enforce all traffic laws on an impartial
basis. Officers were not required to meet any arrest quotas,
but they were expected to take appropriate police action
whenever a violation was observed. The results of the
program exceeded the expectations of the police officials.
Accidents were greatly reduced. The number of persons
injured in 1945 was reduced more than 40 per cent, and in
1946, despite a tremendous increase in traffic volume, injuries
were reduced to only one third of what they were in 1944.
During this corresponding period arrests for violations were
increasing at a rapid rate . . . as the arrests for moving
violations increased, the number of accidents decreased
rapidly. When there was a relaxation in arrests for moving
violations, accidents increased.

This study suggests an enforcement effort but does not rule out other
hypotheses or explanations for the observed decreases in number of
crashes.

A recent study by PRC Public Management Services, Inc. (1974)
evaluated NHTSA's Selective Traffic Enforcement Programs (STEP) in
Sacramento, California; El Paso, Texas; and Chattanooga, Tennessee. of
the nine police countermeasures tested among these three cities, the
study found:

The police countermeasure that has power to be most
effective in reducing traffic accidents is . . . Patrol and Cite.

In the areas where this countermeasure has been properlv
tested, traffic accidents have been reduced. (p. iii.)

The patrol-and-cite countermeasure was defined as follows:

Patrol within assigned STEP area and/or location and cite or
warn for all hazardous moving violations. (p. 6.)

The STEP evaluation design employed quasi-experimental methods wherein
number of crashes during the STEP activity was compared to the number
of crashes in an equal time period immediately preceding STEP. The
effect of time of day during which STEP was operative was also
investigated, and where possible, non-STEP areas of a city were used as a
comparison areas for the STEP areas. The conclusions about

countermeasure effectiveness apparently represent the judgments made bv
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researchers after subjectively considering all these effectiveness indicators.

No attempt was made by the STEP evaluators to determine the extent
to which observed effects were due to general deterrence or special
deterrence, although the description of the patrol-and-cite countermeasure
implies that a special-deterrence effect was the primary objective of that
countermeasure. It seems likely, though, that at least some of the
effects were due to general deterrence, since each of the three cities had
public information components designed to "advise the general public
concerning the need, purpose, and operational plan of the STEP" (PRC
Public Management Services, Inc. 1974, p. 23).

ENFORCEMENT PROCEDURES AND VIOLATIONS

If traffic crash risk is related to the behaviors proseribed by traffic
laws, then reducing the incidence of those behaviors should reduce risk.
Unfortunately few studies have evaluated the effects of specific
enforecement procedures on traffic violations other than speeding (discussed
as a traffic flow variable earlier in this chapter). Selected studies that
have analyzed the effect of enforecement procedures on violations other

than speeding are discussed below.

General-Deterrence Procedures

Most investigations of the effects of general deterrence procedures on
traffic violations have focused on the intensity of patrol. In general, the
results of these studies indicate that presence of patrol alone can reduce
the incidence of certain driving violations. Cooper (1974) has reported
significant effects on driver behavior with increased police enforcement.
In his study, levels of enforcement were varied from zero to two officers
at nine, selected urban intersections. Records of traffic behavior and
other possibly relevant variables (e.g., weather) were maintained daily by
trained observers for the duration of the study. Of special concern were
two general types of traffi¢ violations: turning violations and traffic

signal violations.
A number of interesting results emerged from this study. First and

foremost, the study found that increased enforcement brought about
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reductions in the number of violations committed by motorists and that
this effect appeared to be felt almost immediatelv. Driver behavior,
however, tended to revert to its original characteristic following cessation
of the increased enforcement. Moreover, while the program was in
effect, adherence to traffic laws was higher during periods of actual
police presence than during hours of absence.

Reduetions in the number of violations being committed bv motorists
have also been reported with increases in patrol level by the California
Highway Patrol (1969, 1972b) and by Dougherty (1977).

Only two studies were reviewed that dealt with patrol characteristics
and traffic violations. The effects of vehicle type were investigated by
Booth (1978). Police motoréycles, marked patrol units, and unmarked
patrol units were placed in highly visible positions at urban ‘intersections.
The results yielded significant differences among the three enforcement
symbols, with the motorcycle producing the greatest effect on the
motorists' behavior, followed by the marked patrol cars.

An experiment by Klebelsberg (1963) suggests that the presence of a
marked patrol car may very well reduce the number of driver violations.
Twenty-two test rides of one to one-and-a-half hours were made with
marked and unmarked police cars in and near Vienna. Regular patrol
cars, unmarked patrol cars, and a regular civilian car were used. An
observer within the car noted all possible violations. In the downtown
area, thirty-two violations were seen from a marked car and thirty-four
viclations were seen from an unmarked car. This difference was not
statistically significant. It was suggested that the color of the unmarked
car (same as the patrol car) made it appear suspicious. There was a
large difference between patrol-car observations and civilian-car
observations: thirty-two versus sixty-two violations. On a major arterv,
the relation between marked car versus civilian car was 18:107, and on a
road outside Vienna, the relation was 80:288. No detailed data were
given and no statistical tests were made in the report, but the Poisson

index of dispersion calculated from the data indicates that these latter
differences are significant at the .01 level.
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Special-Deterrence Procedures

Very few studies are available on the effects of procedures directed at
increasing the apprehension and punishment of traffic law violators. The
California Highway Patrol (1969, 1972b) has reported that increases in
manpower do lead to increases in citations for violations and subsequently
to reductions in violations. Little else has been reported.

The effectiveness of police written warnings in deterring traffic law
violations was evaluated by Fitts (1966). The evaluation was based on a
comparison of the subsequent behavior of persons who initially received a
written warning for a traffic law violation with the subsequent behavior
of persons who initially received a citation for a traffic law violation.
Data collected were limited to drivers of Tucson, Arizona, as of Vay 13,
1964, who received written warnings, citations, or both for moving
vehicular traffic violations issued by the Tueson Police Department
between May 13, and May 31, 1964. The subsequent behavior of these
motorists was then observed until October 31, 1964. During the
observation period, June 1 through October 31, 1964, both written warnings
and citations were considered evidence of further traffic offenses.

In the written warning group, 229 subsequently committed additional
offenses, for a repeat rate of 18 percent. In the citation group,
subsequent offenses were committed by 206 motorists for a repeat rate of
14 percent. A chi-square test of expected frequences suggested that
persons in the initial citation group committed fewer subsequent offenses
than were statistically expected and that the initial warning group
committed more offenses than were statistically expected. Unfortunately,
no tests for other significant differences between the two groups were

reported.

SUMMARY

A number of studies have examined the effect of police enforcement
procedures on driving behavior. Most of these studies have been
conducted at a high level of aggregation, so that it is impossible to say
what element of a given procedure was responsible for an observed effect

or, in many cases, whether the effect was due to general deterrence or
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special deterrence. Also, many of the studies used faultv or weak
experimental designs, making it difficult to determine the validity of their
findings.

Generally, three classes of variables have been used to measure
enforcement effects: traffic flow variables, traffic crash variables, and
traffic law violations. The literature indicates that increasing both actual
and perceived levels of enforcement tends to have a favorable effect of
traffic flow variables. Increasing the visibility and apparent "threat"
level of enforcement symbols also affects flow variables positively. Older
studies have found that moving enforcement symbols have a greater
effect on flow, but recent, more rigorous studies indicate that stationary
symbols are more effective in this respect. Studies of the effects of
increased numbers of citations suggest a positive effect but are not
conclusive.

For the most part the effects of warning notices on traffic flow have
not been evaluated in the available literature. Field studies of automated
detection devices indicate beneficial effects on speed-related flow
variables, but one study also found that such effects may be short-lived.
The only documented procedure for enforcing laws following too closely is
of this genre, and one study suggests that it can be useful in increasing
following distances between vehicles.

Studies of the effeets of police enforcement on traffic crash
variables indicate positive effects. However, the studies are not
conclusive as a whole because of a lack of data, a poor design, or the
use of inappropriate statistical methods in some of the studies. The
literature suggests that increasing intensity of enforcement reduces
crashes; only one study concluded that such a proecedure had no effect.
On the other hand, most studies have not shown that any particular patrol
characteristic (e.g., marked cars) results in fewer crashes than any other
characteristic. The STEP experience in several cities is an exception,
suggesting that "patrol and cite" procedures do reduce crashes in some

‘instances.
Finally, the literature provides fairly strong evidence that certain police

activities reduce the incidence of a broad range of traffic law
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violations. Increasing enforcement intensity has been found to decrease
turning and traffic signal violations as well as speeding. Highly visible
and threatening enforcement symbols also appear to reduce violations.
However, studies have not found great differences among commonly used
sanctioning actions (e.g., warnings, citations) with respect to their effects

on subsequent violations.
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CHAPTER FOUR
RESOURCE ALLOCATION

It is clear from the preceding chapter that some police procedures can
help to reduce the incidence of some UDAs that are proscribed by law.
A logical next question is how should an enforecement ageney spread its
resources among these alternative procedures so as to achieve the highest
return as measured by reductions in overall crash risk.

This chapter reviews literature that addresses this question. First, the
general nature of the resource allocation problem faced by the Traffic
Law System as a whole and the police enforcement subsystem is defined.
Following this, the general knowledge needs for solving this problem are
set forth., Lastly, resource allocation strategies that have been used or
suggested are desecribed.

THE RESOURCE ALLOCATION PROBLEM

The proper management of highway crash risk requires "the
combination of knowledge of the nature of the risk with knowledge of the
expected effects of alternative risk reduction actions to determine overall
resource allocation policies, strategies, and tactics" (Jones and Joscelyn

1972, p. 105). The same report describes the general traffic safety
resource allocation problem in a given jurisdiction as:
. . to determine the operationally feasible mix of risk
control forces and their point of application, both spatial and

temporal, which minimize the total traffic risk in that
jurisdiction. (Jones and Joscelyn 1972, p. 105.)

More specific to the concerns of the present report, however, is the
allocation of enforecement resources to the minimization of traffie erash
risk. In this context, the resource allocation problem becomes one of
determining how best to assign available police resources among police

procedures and of determining where and when such procedures are to be




used.

As is noted by Franey, Darwick, and Robertson (1972), proper
allocation of resources is among the most ecritical problems facing law
enforcement organizations. Concerns over efficieney and economy are
uppermost in such organizations, and one of the largest concerns is that
of salary. The authors further report:

The salary portion of the police budget is by far the greatest
expense in a typical departmental budget, and since the police
department is usually one of the largest of state and local

governmental agencies, police salaries represent a major
expenditure to the taxpayer. (p. 54.)

These researchers also state that optimization of police resources is
achieved:
. through the scientific, geographical/chronological
assignment of personnel and equipment and the establishment
of preventive patrol to deal with specific categories of

unlawful driving behavior, according to needs which were
based on accident statistics, enforcement activity records,

traffic volumes, and other local traffic conditions. (p. 1.)

To accomplish such an optimization, however, it is necessary to
determine the payoffs or utilities associated with a particular allocation
of effort. Both the inputs and the outputs of these efforts must be
specified. Ideally, such information would provide complete knowledge of
the effects on traffic variables of any particular level or method of
traffic law enforcement under all conditions. Shoup (1973) refers to this
type of knowledge as a production function: the desired effects on
traffic safety and flow are the outputs; the police resources employed are
the inputs. Important to the decision-making process, this produection
funetion shows how output changes in response to changes in input.
Shoup states that "This is important because most questions of resource
allocation deal with marginal changes: how much additional output will
result from additional expenditure, or how much reduction in output will
result from a reduction in expenditure?” (p. 3).

A more specific statement of the police enforcement resource
allocation has been set forth as follows:
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[t is desired to determine the operationally feasible mix of
enforcement control forces and their points of application
both spatial and temporal, which minimize the total traffic
risk in the enforcement agency's jurisdietion during a given
time period. (Jones and Joscelyn 1972, p. 106.)

Regardless of how this problem is stated, its solution requires an
understanding of the knowledge needed for resource allocation. It is also
necessary to be familiar with techniques for maximizing the effective
deployment of manpower and other resources. These are the topics of
the following two sections.

KNOWLEDGE NEEDS FOR RESOURCE ALLOCATION

A fundamental premise underlying the police traffic services funection
is that appropriate police action creates general and special deterrence of
UDAs and thus reduces traffie crash risk. For the police risk manager,
"appropriate police action" must be specified in terms of on-the-road
procedures; the times and places such procedures are to be used; and the
personnel, equipment, and facilities to carry out the procedures. This
specification is dependent upon the total traffiec crash risk in the
enforcement during a given time period, available police resources to deal
with that risk, and the effects of available enforcement procedures on risk.

If sufficient knowledge about these three factors were available, the
police resource allocation problem could be solved by any one of a
number of well-known mathematical techniques. Ideally, such knowledge
should include:

o traffic accident risk as a funetion of location within the
jurisdiction, time, and enforcement control forces;

o enforcement control forces as a function of enforcement
resources;

e total enforcement resources available in the jurisdiction as
a function of time; and

® operational constraints in the jurisdiction. (Jones and
Joscelyn 1972, p. 106.)
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Unfortunately, much of this needed knowledge does not exist, and a wide
variety of substitute resource allocation schemes have had to suffice.
The next section discusses some resource allocation strategies that have
been used in practice and identifies more sophisticated techniques that

have been suggested for developing future strategies.

STRATEGIES FOR RESOURCE ALLOCATION
Strategies for the allocation of police traffic resources have ranged

from simple reliance on past policy to the utilization of sophisticated
computer technology. The former tack is frequently taken because police
agencies have tended to develop as reactive organizations; police
organizations are so busy reacting to demands for service that little time
can be spent in assessing the appropriateness of the action that occurs or
how resources are allocated. Jones and Joscelyn (1972) note:

It is often stated that the police merely respond to the

greatest immediate pressure and do not engage sufficiently in

conscious management of their resources. Police are said to

base their resource allocation decisions primarily on tradition

and even folklore rather than on rational analysis of needs

and capabilities. In fact, police administrators themselves

have been among the strongest critics of police resource
allocation procedures. (pp. 1-2.)

This section outlines the range of resource allocation strategies that

have been suggested and/or used by police agencies.

The Quota System

One way of specifying the incidence of enforcement actions to be
taken by police has appropriately come to be termed by disgruntled
motorists as the "quota system." This term seems to imply indiscriminate
enforecement, which the police administrator perceives as conducive to the
generation of public resentment. How the "publie" reacts on this issue
has not, to our knowledge, been documented. In one of the truly rare
articles on the use of the quota system (disguised under the term
"minimum workload"), former Chief Roy Betlach of the Washington State
Patrol (WSP) discussed this system and the results he feels it produces
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and the problems it causes. Chief Betlach attacked the problem directly

when he stated:

. we always come up with the age-old question, 'What
should a traffic law enforcement officer do in a day, a week,
or a month's time?' 'What do we expect of them?' If we are
going to tell a man he isn't producing enough violator
contacts, certainly we should be in a position to tell him
what was acceptable as a day, a week, a month's work.
(Betlach 1960.)

Under this system, the WSP assessed the traffic contacts that their
men had made in 1957 and found that each man had averaged
twenty-eight verbal admonitions, thirty-one written warnings, and
twenty-two citations for moving violations each month. These amounts
were then set as the performance standards for the department. While
the statistics used to measure the effectiveness of the program, in terms
of accident reduction, were not rigorous, this was an initial step in the
establishment of a practical enforcement production standard. Another
report discussed this problem as follows:

To some, enforcement implies that each officer must make a
certain number of arrests in a given period. We do not
operate on such a 'quota system' but we do demand that
every officer on patrol devote the time available to strict,
impartial law enforcement against all violators of the law.
Emphasis is placed at all levels on the officer on patrol
stopping violators. We in Delaware are convinced that the
officer who is high in the number of cars stopped compared

to the number of hours he spent on patrol is an effective
deterrent to the traffic violators. [ am equally convinced
that persistent stopping of traffic violators, followed by a
trial and conviction, or written warning, is the most effective
means at our disposal to reduce traffic accidents. (Delaware
State Police 1965.)

Obviously, assigning a quota is not a complete solution to the resource
allocation problem, since the procedures to be used in filling the quotas
are not specified. Also, the quota system "strategy" does not specify

where and at what times given resources are to be allocated.
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Selective Enforcement

Theoretically, if the police were in the position to observe every
violation and to take enforcement action in every case, they could effect
a great reduction in accidents. Since this is clearly impractical, given
the scarce resources available to a police agency, a concept known as
"selective enforcement" has been introduced. Selective enforcement may
be broadly defined as the application of enforcement effort at those
times and places where accidents are occurring with enforcement stress
placed on those specific violations of the traffic law which are causing
them (Bankhead and Herms 1970). Implieit in this concept is the
assumption (which is generally supported by available data) that traffic
accidents occur in repetitive patterns over signifiecant periods of time.
Another assumption is that it is possible to predict the time, "cause," and
location of accidents by examination of historical data.

Selective enforcement has also been defined more narrowly as
probortional resource allocation. Franey, Darwick, and Robertson (1972, p.
1) define selective enforcement as "enforcement which is proportional to
traffic accidents with respect to time, place, and type of violation."
Jones and Joscelyn (1972) developed a theoretical justification for
proportional allocation and the conditions under which it constitutes an
optimal poliey.

Proponents of selective enforcement maintain that such programs can
encourage voluntary compliance with traffic laws (Franey, Darwick, and
Robertson 1972; Rutherford 1971a), but it is not without its crities.
Stinson (1961) comments:

The 'speed cop' is almost as American as the 'hot dog.! To
suggest that he has outlived his usefulness is to risk burning
at the stake for heresy -- or at least banishment from the
police community . . . . One of the most respected leaders of
police thought, Bruce Smith, suggested in 1950 that we had
reached the point of diminishing returns from special
enforcement units per se. He was critical of conventional
traffic law enforcement with its emphasis on specialization

and selectivity, and he advocated its application on a more
equal basis to everybody, everywhere. (p. 564.)

Several studies have investigated the effectiveness of selective
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enforcement programs in various jurisdictions. Some rules of thumb have
been proposed, but they are difficult to apply to specifie jurisdictions.
For example, the California Highway Patrol (1972a) reports that, to effect
a change in accident rates, the proper range for manpower deployment
was 2.58 men per mile per 100,000 ADT (average daily traffic) to 3.73
men per mile per 100,000 ADT. Manpower, in this study, was deployed on
the roadway based solely on the Field Commander's experience.

Cooper (1974) also investigated the effects of varying levels of
enforcement in order to provide some usable guidelines to police forces as
to cost-effective use of manpower. Patrolmen were assigned to seven
intersection locations having a traffic volume of 20,000 to 30,000 ADT.
Cooper suggests that the gains to be expected in employing a saturation
type of program may be marginal over somewhat more modest procedures.
Assigning one policeman to an intersection for an hour a day produced a
significant improvement over a virtually no-enforcement situation. Unlike
the California study, increasing this coverage to two policemen for three
hours per day reduced violation occurrence only slightly over and above
the first level of enforcement increase.

The most extensive evaluation of selective enforcement was the
aforementioned study by PRC Public Management Services, Inc. (1974).
The study found that several enforcement procedures could reduce crashes
but made no attempt to determine how the effeectiveness of the

procedures varied with the intensity of the enforcement effort.

Indices

A common approach for assigning police patrol units is to use a
hazard or a workload formula. Here, factors thought to be relevant for
manpower allocation are identified; for example, accident rates,
apprehensions, and requirements for enforcement activities are factors
that could be used. The next step is to assign a weight to each factor.
If a hazard formula is being constructed, the weights will specify the
relative importance attached to each factor. Fatalities might be given a
weight of five, injuries a weight of three, and other accidents a weight

of two. This means that fatal accidents are judged to be two and
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one-half times as important as the "other" accidents. If a workload
formula is being constructed, the weights reflect the number of man-hours
required to handle each factor.

The next step in this method is to combine the weights and the
factors to obtain a "hazard index" or "workload index" within a
jurisdiction. The workload index is found by multiplying the weight for
each factor by the amount of the factor in the jurisdietion and adding
the products for all factors. To calculate the hazard index, the total
amount of each factor for the entire jurisdiction is first determined; the
fraction of the factor that occurs in the area in question is the
calculated. This fraction is multiplied by the weight, and the products
are added together as in the case of a workload index.

The final step is to determine the total hazard or workload index in
the entire jurisdiction and to allocate patrol units among areas in direct
proportion to their indices. Then, a location whose index is, for example,
seven percent of the total index for the jurisdiction would receive seven
percent of the patrol units.

When an index is used in this fashion, it becomes a part of a larger
program of selective enforcement. It is also possible to use the index for
allocating officers across time as well as across geographical locations by
calculating the index separately for each hour or shift. This is sometimes
necessary because many of the factors in a hazard or workload formula
vary by time of day.

Also note that rule-of-thumb indices have been widely used in the past
by police agencies for evaluating their performance. One of the most
common of these, the Enforcement Index, is based on the assumption that
convictions with penalties for hazardous moving violations should be
greater (by some multiple) than the number of fatal and personal injury
accidents. Suggested figures range from a ratio index of fifteen for rural
areas to upwards to thirty for some urban and problem jurisdictions. The
President's Highway Safety Committee states that the principal value of
the enforcement index is that:

. it provides a numerical measure of the relationship
between accidents and enforcement. . . . Such an approach,
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while superior to mere opinion, must be used with caution.
The level of enforcement required for optimum accident
reduction often varies considerably from one place to another
and from one time to another. (President's Committee for
Traffic Safety 1963, p. 10.)

Ratio eriteria such as the Enforcement Index have proved to be
particularly misleading measures of effectiveness in many similar
operational problems (see particularly Hitch '19531). For one thing, the
index assumes the existence of a single objective for an enforcement
safety program. It does not measure either the deterrent value of an
enforcement symbol or the influence of enforcement on traffic flow,
which may be of comparable importance. Further, the index does not
provide any measure of the actual number of violations that ocecur, but
only those violations against which police action is taken. Unfortunately,
the Enforcement Index has been used by many agencies as almost the sole
criterion against which police traffic performance is measured. This
treats all other police costs and activities (traffic direction and control,
motorist services, etc.) as if they were free goods, which, of course, they
are not.

The enforcement index has, however, acquired a certain aura of
validity. It does make a concession to the quality of enforcement by
including only hazardous violations, but it ignores the total amount of
police/driver contacts, including police activities connected with the
issuance of written warnings. It also uses a measure (convictions) over
which the police have no real control.

Algorithms

Computational procedures (i.e., algorithms) have been proposed and, in
some cases, used for allocating police resources for enforeing traffic laws
(Bankhead and Herms 1970; Byrd and Preston 1976; Darwick 1977;
Rutherford 1971a). The algorithms are usually based on historical data on
"demand" for police services rather than an analysis of risk per se.

For example, Franey, Darwick, and Robertson (1972) have provided a

"cookbook" approach to manpower allocation and distribution.
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Step-by-step instructions are given for determining the proper number of
persons in a department, the number of patrol beats for each shift, the
structure of configuration of a beat, and the assignment of officers for
each beat. The following steps are suggested for any workload-staffing
distribution study:

l.  The total number of calls for police service (complaints,
offenses, and other incidents) handled by the police
department for a one-year period should be carefully
examined. The number of calls for service used may
represent an accurate and statistically correct percentage
of the year's total workload such as a twenty-five percent
sample.

2. A map of the community should be divided into small
reporting areas designed and arranged to facilitate later
consolidation into patrol beats. Reporting areas should
represent a population of approximately one thousand
persons. If an area is less densely populated, the reporting
areas will be larger in size.

3. Each incident should be located geographiclly on the map,
and the reporting area for each call determined.

4. Each incident should then identified--and at the time of
day of the week of occurrence (or reporting) should be
ascertained.

5. This information should be entered on specially designed
workload-personnel distribution coding cards--one card for
each incident. This coding card should include the month,
day, time, event classification, and the location by
reporting area.

The use of a computer analysis is recommended to assess the within-shift
variations in workload and the day-of-week variance.

The authors note that the heaviest workloads will normally occur on
Friday and Saturday and suggest that the maximum number of patrol
officers be available for the heavy workload days. The algorithm
continues with steps required to determine the staffing requirements to
meet expected service demands. Unfortunately, it does not specify steps
for determining what procedures should be used in providing the services.
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Mathematical Models

Mathematical models have been developed for a wide variety of uses
in allocating police resources in general (Avi-Itzhak and Shinnar 1973; Bard
1976; Belkin, Blumstein, and Glass 1973; Chaiken et al. 1975; Larson 1978;
Larson 1972). Joscelyn and Jones (1972) presented a detailed model for
allocating traffic law system resources. Jones and Joseelyn (1972) also
have indicated how classical operations research models could be applied
to the traffic law enforcement problems. More recently, Summers and
Harris (1978) developed a computer simulation model for studving general
deterrence processes vis-a-vis the drinking-driving problem.

There is little evidence that any of these models have been widely
used by operational agencies for allocating resources for police traffic
services. Undoubtedly one reason for their lack of use is that they have
not been widely disseminated or explained to police agencies. Also, many
agencies do not have the capability to put the models into operation. A
more basie reason why such models have not been used is the lack of
data to put into them. A quick perusal of the evaluation literature
discussed in the preceding section shows that the most basic element of
these data, traffic crash risk as a funection of police enforcement activity,
simply does not exist.

Shoup's (1973) survey of police traffie services reached a similar but
somewhat darker conclusion:

. there is no quantitative and objective evidence currently

available that enables us to recommend any optimal or
'desirable' levels of traffic law enforcement or standards for

police performance based on the material collected and
analyzed in the course of this study. (pp. 1-2.)

Thus, a significant effort appears necessary to develop needed information
before mathematical models can be used to any great extent in allocating

police resources for enforcing traffic laws.
Information Systems

Another approach to allocating police resources is to use information
systems
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. to provide decision makers with relevant and timely risk
information for use in their own informal decision-making
process. Such an approach places less emphasis on the
allocation process itself, relying more on the user's experience
in dealing with complexities and subtleties of real-world
operations. Instead, it stresses the quality and availability of
the information needed to make rational, if not
mathematically optimal, decisions. (Jones and Joscelyn 1972,
p. 3.)

The Indiana University Institute for Research in Public Safety (IRPS)
developed and implemented a Computerized Highway Traffic Information
System (CHTIS). The system provided risk information to an operational
police agency for allocating traffic enforecement resources within its
jurisdietion. The CHTIS used a computer-sensor system to gather,
process, store, and retrieve information on traffic flow and traffie crashes
at selected locations in Bloomington, Indiana.

Risk information generated by the CHTIS was provided to personnel at
the local State Police post via cathode ray tube image and hard-copy
computer printout. Thus, police were able to use the system to obtain
on-line information concerning traffic behavior at any selected sensor
location in either lane of traffiec, and were provided daily summary
reports on speeding violations and headways at all sensor locations. The
police could then put this information to immediate use in allocating their
manpower where they believed it would have the greatest impact on
violators and, consequently, on accidents.

The user agency found the CHTIS to be a highly useful operational
“tool. The system was quickly incorporated into the regular police routine
for scheduling and assigning personnel and for designing new tactics for
enforcing traffic laws (Jones and Joscelyn 1972). However, the effect of
the system on traffic crashes or crash-related behavior was not

determined.
SUMMARY

An important aspect of police management is the allocation of police

traffic resources among alternative enforcement procedures. Ideally, the
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resource allocator would like to minimize traffie crash risk in his
jurisdiction by determining when to apply which procedures at which
location. This, in turn, requires knowledge of the crash risk as a function
of time and place, the availability of police resources, the effects of
given procedures on crash risk, and the factors that constrain the use of
the procedures in a given jurisdiction.

Several strategies have been suggested and/or used for allocating
police resources for enforcing traffic laws. Quota systems have been
used to set standards for enforcement activity by specifying (sometimes
formally, but mostly informally) how many warnings or citations a patrol
officer should issue in a given time period. Such systems are generally
unsatisfactory solutions to the resource allocation problem because they
do not specify the procedures to be used or their locations and times of
application.

Selective enforcement (sometimes called proportional allocation) has
been widely promoted by police analysts as a more rational approach to
allocating scarce resources. Its basic tenet is that patrol units should be
allocated as a function of the number of crashes of different types that
oceur in various places at different times in a jurisdiction. Sometimes,
indiees based on workload or fraction of a jurisdiction's total "hazard" at
a time and place are used to determine patrol assignments in accordance
with selective enforcement principles. Some of the more simplistic of
these indices (e.g., the enforcement index) have been recognized as
misleading and generally unsatisfactory by police authorities and are no
longer recommended. Cookbook procedures (i.e., algorithms) have also
been developed for allocating police resources to meet service "demand"
given a fixed level of resources.

The more sophisticated mathematical models that have been used by
some large jurisdictions to allocate police resources to a broader range of
risks (including "erime™") do not appear to have been widely used in the
more specific case of traffiec enforcement. The lack of use of these
inherently more powerful tools is probably due to inadequate transfer of
the technology to operational agencies, insufficient police capability to

use them, and the lack of critical data needed to "feed" the models.

87



Information systems specifically tailored to the needs of police
traffic enforcement have been developed and used experimentally for
resource allocation. One such system provided real-time information on
traffiec flow and historical data on crashes to a state police post for use
in assigning patrol units. This system was quickly incorporated into the
regular operational procedures of the post, but its ultimate effect on
traffic crashes in that jurisdiction was not determined.

In fact, few resource allocation schemes have been evaluated in terms
of their impact on traffic safety. One exception is selective enforcement
which was evaluated in three cities and found to have had a positive
effeet on crashes. However, it could not be determined from the
evaluation whether the procedures or the allocation techniques were

responsible for the observed effect.
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CHAPTER FIVE
CONCLUSIONS

This literature review identifies and discusses documents on police
procedures for enforcing laws related to three unsafe driving actions
(UDAs): speeding, following too closely, and driving left of center.
Associated procedures designed to reduce the incidence of these UDAs are

also discussed (e.g., the deterrent effect of police presence).

SUMMARY OF FINDINGS

The literature on police traffic services is quite extensive. Many
documents deal with speed law enforcement. However, only one
document was found that dealt specifically with police procedures for
enforcement of following-too-closely laws. No literature specifically
dealing with police procedures for enforcement of driving-left-of-center
laws was found.

The literature describing police procedures contains few surprises.
Most procedures for enforeing speed laws are well known and could be
described by any observant driver. When the objective is to apprehend
and punish a driver (i.e., special deterrence), one or more officers must
observe the driver committing the violation; measure the speed of the
driver's vehicle; apprehend the driver; and arrest the driver or, more
commonly, issue a traffic ticket.

Procedures that involve one officer using radar from a marked police
vehicle are the most common. Procedures that require "advanced
technology" (e.g., automated detection system) are uncommon. Table 5-1
presents a brief summary of the components of common police procedures
for speed law enforcement as reported in the literature.

The other UDAs (following too closely and driving left of center) are
not discussed at length in the literature. Enforcement actions for these

violations tend to flow from the general police traffic function. Officers
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on routine patrol may observe these violations and, at the officer's
discretion, take enforcement action. This is in direct contrast to the
procedures associated with speed law enforcement. Specific resource
allocation strategies for speed law enforcement are frequently developed.
Officers are equipped with specially designed measurement devices (e.g.,
radar) and assigned to specific locations at the times speed violations are
believed to be most dangerous. Similar strategies for the other UDAs do

not commonly appear in the literature.

SPECIFIC OBSERVATIONS

Another contrast is that traffic tickets are frequently issued to
non-accident-involved drivers for speed law violations. Issuance of traffic
tickets for following too closely or driving left of center frequently
follows an accident.

Speed law enforcement is generally a proactive police traffic action
intended to reduce the incidence of the speeding UDA. Enforcement of
laws related to following too closely and driving left of center is usually
a reactive police action occurring as part of the investigation of a traffie
crash.

The speed UDA is deliberately addressed by the police by'use of
general- and special-deterrence strategies. Following too closely and
driving left of center are addressed almost entirely by special-deterrence
strategies, except to the extent that general police activity may be a

deterrent.

GENERAL OBSERVATIONS

We have examined the literature on traffic law enforcement
periodically over the last twelve years and have reported on the state of
knowledge it reflects (Fennessy and Joksch 1968; Jones and Joscelyn 1972;
Joscelyn, Bryan, and Goldenbaum 1971; and Joscelyn and Jones 1978). The
present review does not reveal significant advances in the state of
knowledge. Police departments have better trained and educated
personnel and make more effective use of technology than they did

twelve vears ago. Today, more attention is given to deliberate resource
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allocation, officer productivity, and the development and implementation

of traffic law enforcement strategies and tacties. Despite these

improvements in the organization and delivery of police traffie services,

there is not any clear evidence that new, effective risk-reduction

strategies for the UDAs of interest have been discovered.

The literature, past and present, does support some general

observations.
o Traffic flow behavior is influenced by police presence. In the
immediate presence of a marked patrol vehicle, there is usually
better compliance with traffic laws. This is referred to in the
literature as the "halo effect.” The effect dissipates when the
police officer leaves.
e With the exception of the clearly demonstrated effect of overt
police presence on traffic flow behavior (the halo effect), the
effects of police procedures on reduction of the incidence of unsafe
driving actions and, ultimately, on the reduction of the incidence of
traffic crashes have not been objectively established.
e Existing police traffic enforcement procedures are based in the
ceriminal law or quasi-criminal law. Personal identification of a
violator and proof that the violator committed the offense are
basic requirements for legal system action. These fundamental
legal constraints greatly limit the strategies the police can
implement. The legal constraints dictate a labor-intensive approach.
e The number of police officers needed for a large effeet on
traffic flow behavior through presence or to apprehend most
violators, given present violation rates, is far beyond existing
personnel levels.
e Driver behavior is governed, to a large extent, by the driver's
perception of the likelihood of police action rather than the actual
probability of apprehension. Public perception of police activity
can be enhanced through credible public information activity. Over
time public perception becomes more accurate so that the
perception of enforcement will approach reality.

e The preferred police traffic strategy appears to be a
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general-deterrence approach. Use of visual enforcement symbols
(e.g., marked cars, conspicous patrol activity) to create the image
of maximum police presence, coupled with a public information
campaign, characterize this strategy. Actual apprehension and
sanctioning (special deterrence) are limited to that thought to be
absolutely necessary to create a credible perception of
enforcement. Enforcement action is targeted at high-risk actions

(e.g., reckless acts, deliberate violations, etc.).
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APPENDIX A

DESCRIPTIVE LITERATURE ON
ENFORCEMENT PROCEDURES AND THEIR EFFECTS

Introduction

This appendix presents brief synopses of documents that describe police
enforcement procedures for relevant traffic law violations. The
documents are in general nonempirical and are more concerned with the
nature of enforcement activities than with their effects. Conclusions
about any such effects are to be interpreted as the opinions of the
authors of the studies, since corroborating data are not always presented
in the documents.

The synopses are presented in tabular form and in chronological order.
Each synopsis lists the author(s) and title of the document, its topies, and
a brief summary of its conelusions.

Obviously, not all descriptive literature could be included in the table.
If a document was judged to provide a good description of police activity,
or of a factor influencing activity, it was included. If the description

was too vague or merely speculative, it was not included.
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APPENDIX B

EMPIRICAL LITERATURE ON
THE EFFECTS OF ENFORCEMENT

Introduction

This appendix lists and discusses a collection of empirical studies on
the effects of enforcement on traffic. The appendix is presented in two
parts. Part I contains brief svnopses in tabular form of key studies
published in the 1954-1978 period. The table lists the author(s) and title
of each study, the dependent and independent variables examined, the
measurement instruments used, and the author(s)'s summary of results.
The studies are presented in chronological order.

Part 1I of this appendix contains more detailed reviews of studies
published prior to 1973. The reviews include comments on methodological
problems. The following sources cited in Part II were reviewed by
Joscelyn, Bryan, and Goldenbaum (1971) in an Indiana University study:
Baker (1954); Calica, Crowther, and Shumate (1964); Crittenden (1966);
Council (1970); Huffman et al. (1961); Michaels (1960); Rowan and Keese
(1962); Shumate (1958); Shumate (undated); and Smith (1962). The
remaining critical reviews were taken from Fennessy and Joksch (1968)
and Joksch (1972). The reviews in Part II were compiled by John H.
Komoroske.

More detailed reviews of key studies in the 1973-1978 period are
contained in Section 3.0 of the body of this report. The citations in both
Part T and Part II of this appendix refer to the Bibliography section of
the report.

Since traffic crashes are relatively rare events, many of the studies
use a number of different "indicators" to measure the effects of
enforcement. The effects of enforcement on travel speeds and speed law

violations are frequently examined. While speed (principally deviation
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from average speed) is believed to be a major cause of traffic crashes, it
appears that manv of the studies have examined this variable because it
is easier to measure than other traffic flow variables.

Many of the studies examined have methodological shortcomings that
render the coneclusions questionable. It is critical for the reader to grasp
the methodological problems associated with research in this area. Such
an understanding should allow critical review of future studies and
enhance the quality of personal research efforts.

The relatively limited number of studies raises another methodological
problem, that of validitv. Only in a few cases have the research designs
been replicated by other researchers with similar results. Thus, one is
unsure of the degree to which the results of a particular studv have been
influenced by unique local conditions. Caution must be exercised in
generalizing from the studies, particularly, those conducted in foreign

countries.
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APPENDIX B, PART I
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APPENDIX B, PART II

DETAILED REVIEWS OF STUDIES ON ENFORCEMENT
EFFORTS CONDUCTED PRIOR TO 1973

Wichita Police Department. undated. The driver,

The Wichita Police Department reports the effects of different
enforcement follow-ups. For instance, due to a change in enforcement
policies, punitive enforcement, as measured in total fines assessed, was
40% less in 1937 than in the previous vear. During 1938 it was 56% less
than in 1936. Individual fines remained roughly consistent, so these
figures reflect approximately the number of fines. The number of
accidents remained unchanged in 1937 compared with 1936 and was down
13% in 1938. "This was equal to the national decrease. Cutting the
punitive enforcement pressure in half was not accompanied by any
increase in the accident rate.” However, since no collateral data are
given, any conclusion is speculative.

More meaningful are the data on the effects of different kinds of
"treatment" applied to traffic violations: arrest, warning, or traffic
school. To eliminate possible differences in the characteristics of drivers
being subjected to the one or the other treatment, the following
procedure was chosen.

A group of 200 drivers was selected. FEach driver had committed two
violations for which the punishment (treatment) was one warning and one
arrest, or vice versa. Drivers who did not commit any further violations
in the 365 days following their latter offense are compared in Table
B-1(a). From the table it can be seen that arrest is more effective than
warning, and school more effective than either.

A second study, similar to the first, is summarized in Table B-i(b).
Again it is concluded that arrest is better than warning and school is
better than either.

A third study showed that 29% of drivers who were arrested
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TABLE

B-1

DRIVERS NOT COMMITTING FURTHER VIOLATIONS

WITHIN 365 DAYS (Wichita Police Department, undated)

(a) First Study
No. Drivers Treatment
Warning Arrest School
200 28% 32% --
199 20% -- 42%
150 -- 27% 29%
TABLE B-1 (Continued)
(b) Second Study
No. Drivers Treatment Percentage who did not

commit violation in 365 days

100

100

100

100

100

100

Two warnings
Warning-arrest
Warning-school
Three warnings

Two warnings-arrest

Two warnings-school

120

25

42

51

11

39

54



committed another violation in one vear, but only 24% of traffic school
graduates. There were 1500 drivers in each group. No statistical analysis

of the data was made.

Jeffcoate, G.O. 1950. Effect of motor patrols on accidents.

This experiment was performed in England from April 1, 1938, to
September 3, 1939, and covered seven police distriets in which additional
motor patrols of specially trained men were used. Thev were to give
advice, warnings, and safety education. The seven districts had a 4.5%
reduction of casualties in 1938 compared with 1937, whereas the other 78
districts in England had an increase of 2%. The corresponding figures for
fatalities are 7% and 3%. The reductions are statistically significant (the
level is not given) if one uses the variation between districts for the
comparison.

Some of the data are given in Table B-2.

No attempt was made to relate the numbers of additional men to the
reduction in accidents due to the variations in strength of the patrols and
their spheres of operation. The number of prosecutions in the seven test
districts decreased bv 12%, whereas in the rest of England it increased by

5%. This corresponds to the preventive purpose of the patrol.

Kunz, F.M. 1950. How enforcement affects the driver's behavior.

In April 1945, the Springfield, Mass., Police Department
inaugurated a rigid traffic control program. Prior thereto the
accident rate had greatly increased. The policy decided upon
was to enforce all traffic laws on an impartial basis.
Officers were not required to meet any arrest quotas, but
thev were expected to take appropriate police action
whenever a violation was observed. The results of the
program exceeded the expectations of the police officials.
Accidents were greatly reduced. The number of persons
injured in 1945 was reduced more than 40 per cent, and in
1946, despite a tremendous increase in traffic volume, injuries
were reduced to only one third of what thev were in 1944,
During this corresponding period arrests for violations were
increasing at a rapid rate . . . as the arrests for moving
violations increased, the number of accidents deecreased
rapidly. When there was a relaxation in arrests for moving
violations, accidents inecreased.

121



TABLE B-2
NUMBER OF FATALITIES (Jeffcoate 1950)

Extra forces operating No extra forces operating
1937 1938  Change 1937 1938 Change
County 535 503 -6% 2652 2767 +4%
Metropolitan,
City, or
Borough 1239 1152 -7% 1278 1296 +1%
Total 1774 1655 -7% 3931 4063 +3%
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A chart showing monthly aceident numbers in 1944-47 (all accidents)
and moving violations prosecuted in court supports all but the last of
these statements. The average number of accidents decreased from 80-90
to about 30-40 (however, with an increasing trend); the average number of
prosecuted violations increased from 200-300 to 700-800. The statement
"when there was a relaxation in arrests for moving violations, accidents
increase" did not appear substantiated. Other possible causes of accident
reduction were not mentioned.

Therefore, though strongly suggestive, the information given in this
report does not give conclusive evidence for the effectiveness of the

police activities,

Lefevre, B.A. undated. Relation of accidents to speed habits and other

driver characteristics.

Lefevre describes a study performed by the New York State
Department of Public Works. Drivers' speed habits and accident records
were studied on a rural two-lane highway five miles east of Albany, New
York. Speed information was gathered for eight summer weekdavs in 1950
and six in 1951. Only data for New York-registered passenger cars were
used in the analysis.

The analysis was concucted by observing and recording speeds of the
cars and, after the observations were recorded, sending the drivers a
questionnaire and obtaining their records from the Motor Vehicle Bureau.
The observations were made at two checkpoints, one at a straight portion
of the road and the other at a curve. Data were collected on cars
inbound in the morning and outbound in the evening. 1,393 observations
could be evaluated.

The data were presented in both tabular and graphie form, but no
statistical analvsis was presented. The number of accidents, drivers'
speed (below or above median), headway, age, car, and miles driven were
all given.

Some of the results are compiled in Table B-3. Since the locations

are only 600 feet apart, the data in the first and third and second and
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TABLE B-3

ACCIDENTS PER DRIVER (Lefevre undated)
(1950-1953)

Location 1 Location 2
DRIVERS (straight) (curved)

Morning  Afternoon Morning Afternoon
Citybound Outbound Citybound Outbound

Slower half of 0.41 0.32

. . 0.32 0.34
all
at the

Faster location 0.37 0.43 0.42 0.42
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fourth columns are based, to a large extent, on the same drivers.
Therefore, the fact that the slower half had significantly lower accident
rates in the third and fourth columns is not independent. In the first
eolumn this relation is reversed, but the difference between rates is not
significant. The level of significance used in the studv is not mentioned.

Another analysis divides all drivers into "accident" and "nonaccident”
groups. The observations show that, in the afternoon, "nonaccident"
drivers have lower speeds than accident drivers, this being reversed in the
moving. However, the difference is not statistically significant.

The analysis of headways gives the surprising result that, for drivers
observed in the morning, the accident rate is increasing with shorter
headways, whereas for drivers observed in the afternoon it is decreasing
with shorter headwavs.

The accident rate per driver increases with miles per vear (information
obtained from drivers' estimates of their mileage), but less than
oroportionally. Since the mileage was broken down into onlv five groups,
the information is only summary.

These results show no clear-cut relation between accidents and speed
habits or headway habits. Moreover, it is possible that systematic
differences in the drivers' characteristics or traffic composition make the

comparison meaningless.

Baker, J.S. 1954. Effect of enforcement on vehicle speeds.

Baker conducted a pilot study to look into the following questions:

What is the effect of a patrol unit on the speed of nearbv
vehicles?

What is the effect of increased enforcement on vehicle speeds
in Chicago?

Since this was a pilot studv, fewer than fifty vehicles were observed
for each condition—too few to give statistically significant results.

As a measure of the effects of enforcement, the average excess speed
was chosen; that is, the sum of speeds of the observed vehicles above the
limit, divided by the total number of vehicles.
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To answer the first question, speeds were observed on a stretch of
road with a standing patrol car, first with an officer at the wheel and
then with the officer apparently writing a ticket. This was also done
with a patrol car moving at the speed limit and then five mph under the
limit. One conclusion was that the "halo" effect, as he calls the zone of
influence exerted bv an enforcement symbol, was limited to about 1000
feet ahead and less than 200 feet behind the patrol car.

To answer the second question, observations were made day and night
at eight points before enforecement increased and then repeated one and
three vears afterwards. Average excess speed and registration death rate
dropped with increased speed arrests. Night speeds responded to
enforcement more than day speeds. Again, the data were too few to

have statistical significance.

Vickrey, J.W., and Israel, R.J. 1955. Safer higchways: Studv shows roles

of enforcement and freeway construction.

We are concerned onlv with those parts of the paper related to police
activities. In some parts, data for accidents and various measures of
enforcement are discussed for: California rural state hichways 1948-53:
Pennsvlvania Turnpike 1950-53; Chicago 1948-51; and New Jersev Turnpike
1951-54. All show a decreasing trend of accidents and some variation,
usually an increasing trend, in enforcement. We can draw no conclusions
from these data.

More relevant is the part which reports activities of special
enforcement units of the California Highwav Patrol in different locations
for short time-periods during 1953-54.

For eight areas, patrol hours and accidents are compared for one
month during the period of special enforcement and for the same month
of the preceding vear. The data were presented as in Table B-4 without
analvsis. However, the author discusses the data without realizing that
one cannot attach much meaning to differences of a few percent, but
rather that one has to consider orders of magnitude only. We plotted the
data and found some suggestion of a correlation between the percentage

increase in the number of patrol hours and the percentage decrease in
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accidents. A gross description would be that a fifteen percent increase
in enforcement would reduce accidents by ten percent, a thirtv percent
increase by twenty percent, and a seventy percent increase by thirty
percent. Since the correlation is at best weak and comparison data are
not given, one should draw conclusions from these data with caution.
Also, one has to note that the percentage of change of patrol hours is
not necessarily an adequate measure of the change. For example, the
same percentage increase in a sufficientlv policed community can be
expected to have less influence on accidents than in a community with
insufficient police activities. The total additional effort of 11,000 patrol

hours corresponds to about five man-vears.

Bennett, W.W. 1958. Radar in traffic enforcement.

Bennett describes a traffic enforcement campaign in Edina, Minnesota,
where 130,000 vehicle speeds were checked by radar. Twentv-two percent
of all vehicles exceeded the speed limit, 4.3% of which were ticketed.
Onlv vehicles exceeding a tolerance limit, which was not given, were
ticketed; however, nineteen percent of the speeding vehicles exceeded the
speed limit by more than 6 mph. Of those speeders exceeding the speed
limit by more than 6 mph, only twenty-three percent were ticketed.

These data do not give the overall probability that a speeder will be
apprehended; however, theyv indicate that even the conditional probability
that a speeder who has been clocked by the police will be apprehended

might be fairly low.

Campbell, B.J. 1959, The effects of driver improvement actions on

driving behavior.

Campbell describes a study of the effects of advisory letters sent to
drivers who had accumulated more than a certain number of violation
points. 2880 drivers were sent letters, 3814 were not. To test the
comparability of these groups, the frequency of different tvpes of

violations prior to the action was compared. Though the differences were
significant at the 1% level, the general agreement of the data was so

good that the groups were assumed to be comparable. Some of the
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results are presented in Table B-5.

The difference in the proportion of drivers with subsequent violations
and the differences in the time to the next violation are statistically
significant at the 1% level. Campbell also mentions that advisory letters
do not beneficially influence drivers whose records finallv reached
suspension levels.

Another part of this study deals with drivers who accumulated enough
points to receive notices that their licenses would be suspended. Some
drivers did not respond to the notice and their licenses were suspended,
others requested a hearing and their licenses were suspended or they were
put on probation. These groups all showed improvement in their accident
records compared with those of a control group that received no notices.
Differences between the different types of actions and their variants are
difficult to interpret, since they depend partly on the drivers' actions, and
partly on the hearing officers' evaluations of the drivers' actions, and the
chances of improvement.

Ross, H.L., and Campbell, D.T. undated. The Connecticut speed
crackdown: A studv of the effects of legal change.

The effects of the famous Connecticut "crackdown" on speeders,
started in January, 1956 were examined for the period 1951 through 1959.
The authors hypothesize that there was no "appreciable reduection in

traffic fatalities” (p. 7) caused by the Connecticut crackdown on speeding

and accept this hypothesis on two separate bases:
(1) On the basis that the decrease in fatalities might be
explained bv nonpolice effects that were not measured;
namelv, history, maturation, testing, instrumentation,

"regression,” and instability. Their argument is made in terms
of plausibilitv and is therefore not assessed here.

(2) On the basis of statistical analysis.

The second test the authors apply is to use a time series analvsis of

the data, comparing it with combined data for New York, Rhode Island,
Massachusetts, and New Jersey. Thev conclude that Connecticut's rate

was rising, compared with other states, before the crackdown, but falling
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TABLE B-S
PARTIAL RESULTS FROM STUDY BY CAMPBELL (1959)

Lapse between letter and

Proportion with next violations for
No. of Subsequent drivers with subsequent
drivers violations violations
Drivers
sent
letters 2880 0.12 10.0 months
Drivers
not sent
letters 3814 0.19 8.7 months
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afterwards. However, thev state that "statistical tests'" show the
difference to be not significant. The authors do not report the tvpe of
time series that was fitted to the data or, since monthly values were
used, whether or not seasonal variations were eliminated, and thev do not
state the tests used for comparison.

Therefore, the conclusion of the authors that there is insufficient
evidence to prove that the crackdown caused a decrease in highwav
fatalities is not convineingly demonstrated.

Some corollary observations of the authors are also of interest: the
crackdown resulted in a large increase in the suspension of licenses for
speeding in the vears 1956-1959 compared with the years 1951-1955.
Speeding violations as a. percentage of all violations showed a decline;
however, this might have been caused by a reluctance of policemen and
prosecutors to pursue minor speeding violations, rather than by an actual
decrease in speeding violations. The arrests for driving without a license,
nearly zero before the crackdown, went up rapidlv. The percentage of
speeding violations judged not guiltv went up. These last two facts
suggest that the punitive effects of the crackdown are not completely
effective and tend to be mitigated in a society that is dependent on
automobile transportation.

The first statistical analvsis the authors apply is to measure the
possibility that the change in fatalities is due to chance. Although they
do not state their method of procedure, it is possible from their
references to reconstruct some of their analysis. They fit regression lines
to the precrackdown and posterackdown data and then test whether there
is a significant difference between the regression line fitted to the entire
population of fatalities.

The reason that the authors' test does not vield significance is that
the test they used requires an assumption that is false for the data thev
apply it to. The test requires that the subpopulations have the same
variance. However, the residuals of the regression should be unbiased

estimates of the variance. When this criterion is used on their data,
there is a significant difference between the precrackdown and

postcrackdown variances. Thus, there is a discernible difference between
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the two populations. The reason the authors' test showed no significance
is that the high variance in the precrackdown data dominated both the
sum of squares of the differences and of the regression based on all the
data. Thus, the authors' conclusion that there is no significant difference

is not justified.

Irbv, T.S., and Jacobs, H.H. 1960. An epidemiological approach to the

control of automobile accidents: Experimental patrol intensification at a

militarv base.

Irby and Jacobs studied the causes of off-duty, private motor vehicle
accidents at a U.S. Marine Corps base, and evaluated the effectiveness of
a countermeasure. Their study of the records at Camp Ledeune indicated
that younger, unmarried Marines in the lower three grades were involved
in a higher percent of accidents than their numbers would justify. As a
countermeasure, two Marine patrol cars stopped private automobiles
having Camp LeJeune base tags identifving the owners as enlisted men
with the rank of sergeant or lower. The patrolmen stopped cars at
random and asked each driver for various personal information. The
purpose of this action was to remove hazardous drivers and to create a
feeling of ever-present surveillance. Accident data were obtained before,
during, and after the nine weeks that the patrols were conducted, from
December 16, 1957 to February 24, 1958.

The measure for accident frequencv was taken to be the number of
drivers involved in private car accidents per 10,000 men present for duty
on the base. The effect of the action became evident only during the
latter half of the patrol period, and for two and a half months after its
termination. The difference in accident rates between the average for
nine weeks following the test (36 per 57,600 man-months) and the
remaining 23 months (excluding the nine weeks, weeks 51-60) (501 per
486,800 man-months) was tested.

Although apparentlv making some doubtful simplifications, the authors

derive from plausible arguments that the statistic
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is approximately normally described, where X and Y are the numbers of
drivers involved in accidents in the test period and the control period

respectively, and Py gpg Py are the man-months of exposure during the
test period, and during the control period. They obtain Z = -3.0 and find

it smaller than the critical value of -1.6 for the one-sided normal

distribution at the 5% level. A correct test uses the statistic

W= X/Px - Y/Py

VX +Y) /PXPy

which is approximately normallv distributed. We obtain the value
W = -2.9, which is, as Irby and Jacob's Z = -3.0, statisticallv significant.

However, even if the reduction is statistically significant, it is possible
that it might be due to the well-known seasonal variation of accidents.
To illustrate this we take data published by the National Safety Council
for 1959, the year closest to the time of the experiment described. For
the entire USA, there was a monthlv average of 2,755 fatalities for the
months of March and April, which corresponds roughly to the test period
used by the authors, and a monthlv average of 3,190 for the months which
correspond to their apparent contol period. This alone would give a
"reduction" of 14%, due solely to the seasonal fluctuation. Though these
data cannot be directly compared with those of the authors, they have to
be borne in mind if one wants to evaluate their claim of a 42% accident
reduction.

The authors also discuss other factors that might influence the
accident rate and find that there is no reason to assume that these

factors have an influence.

Sieben, H.A. 1960. Saturation patrols work in Minnesota.
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Sieben reports on a program of concentrated enforcement on Minnesota
higchwavs where high accident rates had been observed. The goal was to
reduce accidents while maintaining a favorable public image.

For the selected areas, state, county, citv, town, and village police
agencies cooperated in an enforcement plan. Advance publicity for the
concentrated enforcement plan was given, and newspaper representatives
were invited to the briefing and actuallv to accompany the patrols on the
operation. Emphasis was placed on courtesv to the motorists and avoiding
unnecessary delav. Approximatelv 50 officers patrolled a short section of
hichway for ten hours, and driver's license cheecks and motor vehicle
checks were also made during the operation.

The patrols were considered successful primarilyv because there were
almost no accidents in the pagtrolled sector. However, onlv very few
figures on accident reduction were given:

An average of 40 accidents are reported for anv
Friday-Saturdav night period on the 20-mile stretch selected.
During this operation onlv one 'fender-bender' was reported.
On another comparable road section, a 10-hour operation
reduced the tallv to zero . . . Two stretches of highwav
under surveillance have an average of 30 accidents per

weekend, but on this patricular weekend onlv one property
damage accident occurred . . .

Due to the extremely scanty quantitative information, we would
usually not consider this report worthwhile for presentation. However,
the few data on results are so spectacular that thev show convincingly
the possibility of a beneficial effect of police traffic supervision. This
does not mean that this conclusion can be carried over to routine police
activities. The circumstances of these activities were highly unusual.
The publicitv could have been a deciding factor, one which is likely to be
quite shortlived. Also, much could be due to diversion or reduetion of
traffic, factors that will work onlv during short and locally concentrated
activities. The number of policemen involved appears to have been far
bevond what would be possible on a routine basis: therefore, one would
have to check whether such short-term campaigns have a worthwhile

long-term influence.
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Vlichaels, R.M. 1960, The effects of enforcement on traffic behavior.

Shumate, R.P. 1958. Effect of increased patrol on accidents, diversion,

and speed.

The Traffic Institute of Northwestern University, in cooperation with
the Wisconsin State Highway Patrol and the U.S. Bureau of Publiec Roads,
nperformed a large-scale experiment. Four test routes were selected bv
one criterion: the frequency of accidents. Attention was paid to the
problem of adequatelv measuring the intensity of enforcement. As a
measure for the intensitv of enforcement, the average number of patrol
units that a driver passed per mile was chosen. Different intensities of
enforcement were used on the four test routes. On test route 1, patrols
were assigned in January, 1956. On test route 2, patrols began in Aprii,
1956, on route 3 in August, and on route 4 in November. No information
is given about the previous intensity of policing. Accident experience was
gathered from 1947-55 data for the test routes. Reports were required
for accidents causing $100 or more damage, and the study data were
taken from these reports, filed by drivers. It was recognized in the study
that the stronger presence of police might lead to a more complete
reporting.

Shumate fitted a trend to the accident data available for this area;
however, he did not analyze this trend. Then he compared the accident
data after the initiation of patrols with what was to be expected from
the trend. Some of the results are given in Table B-6. The level at
which he calculated the changes to be significant is also given. This was
apparentlv done by comparing the deviation of the observed numbers from
those predicted by the trend with the standard deviation of the data from
which the trend was calculated, and testing this with a normal
distribution. This, however, is not a correct procedure, but since not
enough data are given to repeat the analvsis, we have to use Shumate's
results, which at least appear to give an estimate of the order of
magnitude of the variation.

The results are that the fatal and injurv accidents for 1957 decreased

significantly on test routes 1, 2, and 3, whereas thev did not significantly
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TABLE B-6

RESULTS OF SHUMATE'S COMPARISON (1958)

1956 1957
Deviation Level of Deviation Level of
Route of actual statistical of actual statistical
from trend significance from trend significance
Test 1 -25% < 0.001 -32% < 0,001
Control 1 -8 > 0,77 -6 > 0.83
Test 2 -9 > 0.34 -22 < 0.02
Test 3 -- -- -28 < 0.007
Control 3 -- -- +14 > 0.63
Test 4 -- - -14 > 0.26
Control 4 -- -- -8 > 0,56
Total,
Test Routes -11 > 0.06 -24 < 0.001
Remainder of
State +4% > 0.80 +1% < 0.96
TABLE B-7
PERCENTAGE OF VEHICLES EXCEEDING SPEED LIMIT
(Shumate 1958)
Test Route Control Route
Year Passenger Passenger
Vehicles Trucks Vehicles Trucks
1955 15 65 8 S5
1956 9 45 4 38
1957 2 32 3 33
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decrease on the control routes. Data for 1956 are not discussed here; we
think it inappropriate to judge them by the same statistical test, since
the patrols were working only part of the vear on some test routes.
Because the total time leapsed since the beginning of the increased
enforcement might have some influence on the effects of the
enforecement, this might also affect the 1957 data. Therefore, the
author's conclusions, not reported here, about the different effects of
different levels of patrol should be taken cautiously.

To studv the effects of enforcement on traffiec volumes, and the
possibility of diversion, two routes were selected that are parallel to, and
alternatives to, two test routes. Volume counts from 1950 through 1956
were used for both the test routes and the alternate routes. A trend was
fitted to the data and the expected values were compared with actual
counts for 1956 and 1957. There were no significant diversions.

To study the effeect of enforcement on vehicle speeds, a sample of
3000 vehicle speeds were obtained on test routes in 1955, 1956, and 1957,
and compared with a similar sample from six similar highwavs far away.
Speed limits were 65 mph, and data were taken in periods of free flowing
traffic. Both on test routes and control routes, the percentage of
vehicles exceeding the speed limits decreased during 1956 and 1957
compared to 1955 as can be seen in Table B-7. A chi-square test showed
that the reduction for passenger vehicles in 1957 was significantly greater
(at the 2% level) than on control routes.

However, it is difficult to draw conclusions from these data. There
was no obvious influence on enforcement on average speeds, and there
were some indications that speeds tend to group more closely around the
average.

The overall effort involved in this experiment can be estimated from
Shumate's data to be 150 man-vears.

Michaels reanalyzed Shumate's data (see Table B-8). He uses different
assumptions and statistical techniques, and comes to the conclusion that
there were no effects on accidents. However, this would not invalidate
Shumate's conelusions; it would just show that Shumate's tests are, in this

case, more diseriminating than Michaels'. Michaels criticizes Shumate's
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TABLE B-8

MICHAELS' ANALYSIS OF SHUMATE'S DATA (1960)
(Totals presented only for fatal and personal injury accidents)

Route 1955 1957

Test 1 94 72 not significant
Control 1 24 18

Test 2 144 102 p = 0.05

Test 3 69 52 not significant
Control 3 29 36

Test 4 184 170 not significant
Control 4 92 97

Total, Test Routes 501 396 p < 0.05

Total, Control Routes 145 151

Total, Test Routes 501 396 p < 0.01

Total, Rest of State 3,738 4,222
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use of linear trends as "an extremely strong assumption which could not
be whollv validated from the data" (p. 1lI). He claims that
. . use of the chi-square test does not require such strong
assumptions. On the contrary, the chi-square test is a

conservative test which uses the control route data as basic
determinant of anv significant changes in accident frequency

on the experimental route. (p. 1iL.)

However, we think that the hvpothesis used bv Michaels implied in the
application of the chi-square test on a 2 x 2 table makes no less strong
an assumption. He assumes, implicitly, that accidents on test and control
routes would have the same percentage of change between two vears if
there were no influence of police activities.

Whether Michaels' assumption of an equal percentage change on test
and control routes, or Shumate's assumption of a linear trend for test
routes and control routes, is more realistic is a question that can be
answered onlv on the basis of empirical evidence.

Of the four test routes, Michaels finds a significant reduction of the
number of fatal and injurv accidents on only one. However, he cautions

it should be noted . . . that 1955 was an abnormally high vear
for accidents on this route. Consequently, ascribing a

reduction in accidents to the increased patrol was probably
unwarranted. (p. 111.)

The "abnormallv high vear" implies the use of a trend of the data, which
he rejected previouslv. Also, we do not consider it acceptable to qualifv
a statisticallv significant result, after a test, on the basis of information
available prior to the test.

The combined figures of all test routes, or all control routes and all
test routes, or all routes in the state for fatal and injury accidents, show
significant reductions at 5% and 1%. Michaels comments

These results indicate that for the more discriminating
comparison between the matched test and control routes there
appeared little reliable effect due to enforcement. Regardless
of level of patrol the differences between test and control

routes were consistently small. Also, the significant
differences found on comparing test routes with the state as

a whole had to be interpreted with caution. (p. 112.)
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We agree that the comparison between individual test routes and control
routes can be more discriminating, but only if there is a strong influence
from the individual characteristiecs of the roads. However, if all test
routes show consistent though not individually significant reductions, it is
possible that the reduction in the total becomes significant. This is due
to the fact that random fluctuations can be expected to better cancel out
in the totals, whereas improvements add up.

Instead of this argument, the author presents two possible explanations:
One is that the base year had an abnormally high number of accidents,
which we refuted above, and the other is a fairlv sophisticated statistical
argument that we think is inappropriately used.

Summarizing, both Shumate's analysis and Michaels' analvsis (different
from his interpretation) of Shumate's data suggest a beneficial influence
of law enforcement activities on traffic accidents.

To study the influence of enforcement on speed, Michaels analvzes the
variance of speed distributions using the F-test. for passenger cars he
finds a significant reduction on three of the test routes and on none of
the control routes. For trucks, he finds a significant reduction for two
test routes and for one control route. The effect is most pronounced for
the highest level of enforcement, 0.31 patrols passed per mile of driving.
There is no obvious relation between speed reduction and enforcement at

lower levels,

Huffman, W.J. et al. 1961. The effectiveness of an emphasis patrol by

the Illinois State Highway Police in district 10 on a selected highway.

This studv deals with the effects of increased enforcement in Illinois.
Accident and arrest statisties for Route 45 in Champaign County, Illinois,
were gathered for 1956, 1957, and the first five months of 1958, to plan
the following experiments.

Increased patrols were used for the last six months of 1958. The
number of police used during the period of increase was based on an
estimated enforcement index computed as the ratio of arrests for moving

violations to the number of accidents. Before the emphasis patrol, 15
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patrol cars were assigned to Champaign County; during the emphasis
patrol, 6 patrol cars were added, for an estimated 3 man-vears of
additional effort. The accident data for 1957, 1958, and 1959 were
analvzed to evaluate the effect of the emphasis patrol. Some of the
results are presented in Table B-9.

Using the Poisson index of dispersion (which tests whether the change
in accidents from one vear to another can be explained bv the chance
variability of a Poisson distributed variable), the reductions in accidents
from 1957 to 1958 are significant at the 5% level, whereas from 1958 to
1959 no significant reduction occurred. Though the figures look
impressive, thev have to be interpreted with considerable caution since no
basis for comparison is given and the authors state:

There has been a downward trend in severe accidents on the
highways in Illinois during the past two vears. This may
account for much of the differences between 1957 and 1959,
but it is believed that the emphasis patrol did have a

continuing effect into 1959 and was responsible for some of
the favorable results.

Since this belief is not substantiated, the conclusions must be accepted
only with reservations.

The authors tried, further, to establish a relationship between the
enforcement index and accident frequency. However, their result that "as
the enforcement index goes up the accident rate goes down" is
tautological, since accidents enter in the denominator of the enforcement
index.

The authors also analvzed differences in the numbers of violations for
1958 and 1959. Theyv conclude that there is no significant change in the
total number of arrests, though there is a significant increase in the
number of arrests for speeding, which thev aseribe to inereased use of
radar.

Novak, J.W., and Shumate, R.P. 1961. The use of "control grouns" in

highway accident research.

To examine the problems raised by the different interpretation of the
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ACCIDENT DATA FOR CHAMPAIGN COUNTY, ILLINOIS

TABLE B-9

(Huffman et al, 1961)

Data for the Accidents Poisson index of dispersion
last 6 months Personal Year ! Personal
of Fatal Injury Fatal Injury
1957 10 50
1958 2 32 1957-58 5.3 4.0
1959 1 34 1958-59 0.3 0.6

14
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same data and the use of control groups, Novak and Shumate performed
the following study in October, 1958. One hundred and ten miles of
highway in Wisconsin, previously having only minimal enforcement, were
put under concentrated and systematic enforcement patrol. For
comparison, a total of 95 miles was chosen as a "random control group,"
and 125 miles as a "matched control group.” These roads were as similar
to the experimental roads as possible, but were not subject to systematic
enforecement. Accident data from October 1956 through September 1957,
October 1957 through September 1958, and October 1958 through September
1959 were used (see Table B-10). The 1957-58 and 1958-59 data for fatal
and injury accidents were compared with the 1956-57 data by 2 x 2
tables. The conclusion was that the fluctuations from vyear to vear for
both random and matched control groups were too large to allow any
evaluation of the influence of the control activity.

From the data given in the description, the effort for this experiment
can be estimated to be from 7 to 20 man-vears.

Rowan, N.J., and Kesse, C.J. 1962. A study of factors influencing

traffic speeds.

In a studv of the factors that influence traffic speeds, Rowan and
Keese investigate also the effects of radar enforcement on the traffie.
A radar unit on a tripod is placed on the shoulder of the roadwav, with
the monitoring vehicle 150-200 feet bevond. A "cateh" unit is located
one-fourth to one-half a mile further down the road, but still within sight
of the monitoring vehicle.

The studv finds that this activity has a greater effect on traffic in
the opposing direction than in the enforced direction. Trucks slow down
more than other vehicles, again especially in the opposing direction.
Further, a coneclusion is stated that the enforcement operation loses
influence within a distance of approximatelv four miles on either side of
the enforcement unit.

Shumate, R.P. undated. The long range effect of enforcement on driving

speeds.
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TABLE B-10

FATAL AND PERSONAL INJURY ACCIDENTS
(Novak and Shumate 1961)

1956-57 1957-58 1958-59
Experimental road 127 96 118
Random control group 40 39 46
Matched control group 79 43 67
TABLE B-11

AVERAGE SPEED OF PASSENGER CARS AND TRUCKS
BEFORE AND AFTER ENFORCEMENT
(Shumate undated)

Passenger Cars Trucks
Signi- Signi-
Location | Average speed | Change | ficant | Average speed | Change | ficant
level level
1958 1959 1958 1959
2 46 50 4 0.001 43 45 2 0.001
3 52 54 2 0.001 46 43 3 0.001
6A 57 56 -1 N.S. 49 50 1 N.S.
6B 57 57 0 N.S. 47 47 0 N.S.
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In September 1958 a series of speed samples was taken at five
selected locations on a highway network that was to be placed under
concentrated enforcement patrol in October 1958. From 79 to 1611
vehicles were observed for five to ten hours in one day at each location.
In November 1958, measurements were taken at a control location outside
the area of enforcement, but on the same route (US 14) that two of the
original locations were on. In September 1959, eleven months after the
start of increased enforcement, a second set of samples were taken at
the same locations, under the same weather conditions, during the same
hours of the dav and the same days of the week as the first set. Each
set was matched with its before counterpart, and formed the basis of
subsequent analysis and interpretation of the effects of enforcement on
speed. Speeds were measured by radar hidden in mailboxes at the
highway, usually set among a group of real boxes.

Shumate concludes that: (1) there is no evidence that enforcement at
the levels (One enforcement unit per 15 miles of highway. Marked and
unmarked enforcement units in ratio 5:1. On dutv during the 18 peak
hours of accident experience for several days a week.) used in these
series of tests causes the average speed of vehicles to decrease
significantly, (2) the number of drivers exceeding the legal speed limit
does not decrease after the application of enforcement, and (3) the
variance of vehicle speeds about the mean is not significantly affeeted by
an increase in enforcement activitv.

This study was criticized by Tamm (1961). He reports a check of the
data gathered on US 14 and states

[t was found--and this was not mentioned in the report—that
the test site used in 1958 had to be moved in 1959 because of

the possible influences of construction work in the area to a
site at which no construction work was under wav. (p. 14.)

About the control site he states

The 1958 data was collected on November 1l and the 1959 data
on November 3. Since November ll--Veterans Day--is a legal
holiday in Wisconsin, Minnesota and Illinois, the probability
exists that an abnormal factor, holidav traffie, could have
influenced the data. (p. 14.)
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Though Tamm does not state which of the three locations on Route
US 14 was moved, his comments cast doubt upon the care with which the
study had been conducted in general. Tables B-1l and B-12 show those of
Shumate's data which are not affected bv the change in location. From
these data it is apparent that the reductions in average speeds, even if
they are statistically significant, are so small that they are likely to have
little practical relevance. Moreover, reduction of speed per se—without
regard to speed limits or circumstances—is not a legal objective of police
activity., Therefore, it is more appropriate to test the influence on
drivers exceeding the speed limits or driving at unreasonable speeds. This
is reflected in Table B-12. The speed limit in location 2 is 50 mph; in
locations 3 and 6 the limits are 65 mph in davtime, and 55 mph at night.
Location 6 is 1-1/2 miles north of a 50 mph zone. Even if we disregard
the changes in prevailing speeds, it is remakrable how large a percentage
of cars at location 2 and trucks at location 6 are exceeding the speed
limit even in the presence of concentrated enforcement.

Because Shumate finds no significant changes in vehicle speeds and no
trend is apparent in these changes, the data are not reproduced here.
This experiment apparentlv used the same data on enforcement activities

as described in the previous paper.

Smith, R.D. 1962. The effect of enforcement on driving behavior.

Smith reports a series of experiments conducted by the IACP on the
influence of enforcement on speed.

In these experiments, speeds were measured as travel time per mile.
Time was measured within one second, and in one instance, within two
seconds. Since the average travel time was about 60 seconds, this is an
error of about 1.7% and 3.3% respectivelv. The observations were
restricted to free-flowing passenger vehicles, those with 15 second or
longer headways.

In the control situations there were no police vehicles in sight. In the
eight test situations there were marked or unmarked police vehiecles in

different activities and positions.
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TABLE B-12

PERCENTAGE OF VEHICLES EXCEEDING THE LEGAL SPEED LIMITS
(Shumate undated)

(a) Passenger Cars

Chi-square

Location %1958 %1959 Change Significant
levels
2 50 83 33 27.9 0.001
3 4 8 4 6.6 0.001
6A 15 15 0 0.02 N.S.
6B 17 16 -1 0.04 N.S.
(b) Trucks
Location %1958 %1959 Change Chi-square Significant
levels
2 29 46 17 10.4 0.001
3 57 35 -22 22.4 0.001
6A 78 69 -9 1.85 N.S.
6B 72 70 -2 0.03 N.S.
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Three sites were chosen and traffic in each direction was treated
differentlv. All arrangements were randomized. A total of 5000
measurements was taken. The travel times in front of and behind an
enforcement symbol were analvzed bv an analysis of covariance. It was
found that the only significant single factor is the presence of an
enforcement svmbol. The combined factors of direction-site and
flow-direction-site also have an influence at the same level of
significance. However, the reduction in mean travel for the most
influencing symbol is equivalent to a reduction of speed from 58 mph to
56 mph, or less than 4%. This has to be evaluated in comparison with
the potential errors of measurement mentioned above. Also, it is
questionable whether the mean speed is an appropriate measure for the
effects of enforcement, because the speed limit was 65 mph, and the
majoritv of vehicles, being below this limit, should not be affected.

More interesting is the effect of vehicles moving faster than the speed
limit. At some sites, significantly more (at the 0.05 level) vehicles
changed speed from above to below the speed limit than vice versa, but
there was no consistent pattern. However, again it is not apparent that
this is the right criterion. Though it was tested whether the assumption
of 0.5 probabilityv for increase and decrease across the speed limit in the
control situation was acceptable (with a 0.05 significance level), the
difference between test and control situations was not tested. Also, the
absolute speeds of vehicles above the speed limit should be considered.

The last part of the studv was just briefly described: A police vehicle
was stationed at the beginning of the test range. The average spot
speeds for this three-mile range were compared, for both traffic
directions, with and without a police car present. The author concludes
that the effect of the enforcement svmbol is maintained for a distance of
at least three miles. However, we find it difficult to draw such a
conelusion from the two graphs he presents, except that the average point

speed is lower (up to 8 mph) in the presence of a police car.

Klebelsberg, D. 1963, Versuche mit getarner verkehrsueberwachung,

kuratorium fuer verkehrssicherheit.
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Klebelsberg reports experiments on the effects of marked and
unmarked police cars. Twenty-two test rides of one to one-and-a-half
hours were made with marked and unmarked police cars (the same color,
make, and model, but without a light dome and with olain license plates,
and luggage rack on roof) and a regular civilian car were used. An
observer within the car (sometimes not knowing in which car he was) had
to note all violations he could observe. In the downtown area there was
no difference between marked and unmarked cars: 32 violations seen
from a marked car and 34 violations seen from an unmarked car were
explainable by the fact that the color of the unmarked car made it
appear suspicious. There was a marked difference between patrol car
observations and civilian car observations: 32 versus 62 violations. On a
major artery, the relation between marked car versus civilian car was
18:107, on a road outside Vienna, 80:288. No detailed data are given and
no statistical tests are made. However, it is easv to compute the
Poisson index of dispersion, which shows that the latter differences are
significant at a level less than 1%. Since the comparabilitv of the test
rides (time of day, dav of week, weather, ete.) is not reported, it must
be noted that the differences might be due to other factors than the
presence of a marked police car. However, this does not appear likelv,
since the ratio of observed violations alwavs favors the unmarked cars.

Sheehe, G.H. 1963. Factors influencing driver attitudes, skill, and

performance.
In a panel discussion, accompanying the presentation of his paper,

Sheehe presented, in part, the following:

Two undergraduates got so interested that thev wanted to
make a special study. First they had too grandiose ideas.
Finally they limited their study to one violation on
three-quarters of a mile section of a highway adjacent to the
campus on which we had good traffic volume data and which
was in an area where police attention to violators was good.
These students clocked traffic (determined speed of vehicles)
for 84 hours in all, doing so on different days of the week
and at various hours, and got a real good measure of what
traffic was doing. Theyv obtained data from the highwav
department on the volume of traffic in a vear on this section
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of highway and the violation tickets issued in this area. They
found that the odds of getting a ticket for violating the speed
limit in excess of ten miles over the limit was one in
approximately 7,600, Thereafter I had this bit of information
concerning the odds of getting tickets for one kind of
violation under certain ecircumstances.

The point I am making is this. Up to that time I knew of no
study of the odds or likelihood of getting tickets or what the
driver behavior of a large sample of drivers was like. [ think
this points out the need of finding out more about dav to dav
driving behavior if we are going to determine what is good
and bad driving and what should be changed.

Calica, A.B.; Crowther, R.F.; and Shumate, R.P. 1964. Enforcement

effect on traffic accident generation.

In the context of a more comprehensive theoretical studv, which we
will not review here because it lacks empirical verification, Calica,
Crowther, and Shumate report an experiment where a patrol car was
stationed between recording points with the officer inside the car, beside
the car, beside an occupied passenger car, and driving. Measurements
were taken both with the patrol car and without it. There were eight
field sites, each four miles long, with instrument locations at the
beginning, after 1-1/2 miles, after 2-1/2 miles, and at the end.
Eighty-eight tests and 109 control samples were taken, and the results
oresented in 24 tables. The result of the authors' statistical evaluation is
that there are some statistically significant influences of enforcement
symbols on speed, headwavs, and the frequency of passing, but that the

magnitude of the changes are of no particular importance.

Solomon, D. 1964. Accidents on main rural highways related to speed,

driver, and vehicle.

This is a large studv in which the speeds of 290,000 drivers were
measured, traffic volume counts were made, 10,000 accident reports were
analvzed, and drivers were interviewed. Of interest to us in the wealth

of information contained in the study, is the relationship between speeds

before an accident and the accident rate. The author's conclusion that




. . . the differences in involvement rate at the various speeds
are substantial enough to suggest that relatively high speed
driving is, on the average, safer than either low speed or high
speed driving on main rural highways, (p. 11.)

is supported by an impressive graph. However, the speeds before
accidents are obtained either from estimates by investigating police
officers or information provided by the driver involved in an accident.
The author discusses the possibility that drivers tend to give lower than
actual speeds, but contends that this will not materially change his
results. He also mentions that accidents at low speeds might have
occurred at intersections. Another possibility is that accidents mav
happen more frequently at times when all vehicles are driving slower due
to weather, traffic conditions, or other factors. These points should bhe
sufficient to cast severe enough doubts that the conclusions relating

accidents and speed cannot be trusted.

Coppin, R.S. et al. 1965. The effectiveness of short individual driver

improvement sessions.

The California Department of Motor Vehicles presentlv uses the
Negligent Operator Informal Hearing whereby a negligent operator is
informed of his record and is allowed to state his case in a 30-40 minute
contact with a driver improvement analyst. Section 12810 of the
California Vehicle Code defines a negligent operator as any person whose
driving record shows a violation point count of four or more points in 12
months, six or more points in 24 months, or eight or more points in 36
months. It was the object of this study to analyze the effect of these
informal hearings on the subsequent driving records of first-time negligent
operators.

From a pool of 9000 first-contact hearings held in the first eight
months of 1961, a group of 3,500 subjects were selected for the hearing
group eliminating drivers with point counts of 5 or more in the preceding
12 months. 2000 subjects were selected for a control group.

Statisticallv significant differences were found between the two groups,

on each relevant variable, indicating that the two groups were not
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representative of the same underlying population and were, therefore, not
comparable in a direct group comparison approach. (The relevant
variables, age, sex, marital status, prior accidents and prior traffic
citations, were selected on the basis of known driver record relationships.)
Therefore, the two groups were matched by pairing individuals from each
group by the following variables: age, sex, marital status, and the
number of accidents and countable traffic citations in the 12-month period
prior to their hearing of control assignments. The experimental group
was split by season of hearing assignment, nonsummer (Januarv-May) and
summer (June-August), to minimize seasonal effects, since control subjects
could only be drawn from the summer months.

The number of exact matches was small; therefore, the matching
requirements were relaxed to pair subjects who were not more than two
yvears apart in age, but who were identical on all other matching
variables. 501 summer-hearing matches and 466 non-summer-hearing
matches were derived from the data.

Partial results from an analysis of the data are shown in Table B-13.
The authors conclude that:

(1) The overall individual hearing program is an effective

means of reducing subsequent citation frequencv, but the
effects diminish with time.

(2) The overall hearing program does not reduce subsequent
accident involvement or reduces it to such a small extent
that it could not be detected.

(3) Receipt of the hearing notice and/or initial action probably
constitutes an important factor in the hearing program
effects, apart from face-to-face interaction with a hearing
analyst.

(4) The subsequent accident and citation frequencies of the
hearing groups were approximatelyv twice as high as a
similarly stratified sample from the overall California driving
population, indicating that the hearings did not reduce the
point count of the negligent drivers to the state average.

Gates, G.G., and Hand, N.E. 1965. Policing of motorwavs.
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We report on two aspects of this report from Britain. First, Gates
and hand studied in Britain the probability that an incident of a certain
duration will be detected by a police patrol. The event consisted of
either a car parked on a hard shoulder, or a pedestrian walking on a hard
shoulder. Different durations from 1 to 40 minutes were chosen for
incidents. A 15 mile stretch of divided limited access highwav (M6) was
patrolled by a patrol car and a motorcycle. The speed of patrolling,
which influences the theoreticallv expected probabilities, was not
mentioned. The probabilities of detections estimated from 117 incidents
are shown in Figure B-l, together with those theoretically expected for a
patrol moving at 45 mph. They agree fairly well.

Experiments were also conducted with stationary patrols, either on the
shoulder or on bridges and access roads. However, it was not mentioned
whether the patrols were stationary for longer periods, or whether they
changed their locations at shorter intervals. Since this influences the
theoretically expected probability of detection, no comparison is possible.

From this, one can conclude that even on a well patrolled road, the
probabilitv of detecting a short incident is quite small (e.g., in this case,
3% for an incident of 1 minute duration).

In the second part of the report, the relation between police activities
and accidents was explored. Between the periods of Vlarch 9-June 6,
(phase 1) and June 7-Julv 19 (phase 2), the level of police activities was
changed. The average number of patrol cars per shift on three stretches
of the road in different counties is given in Table B-l14.

The number of accidents for these areas and periods was normalized
for traffic volume change (the method is not described), and phase 1 was
split in two to obtain comparable intervals. The figures obtained bv the
authors (without giving a definition of their dimension) are given in Table
B-15.

The authors perform several statistical analyses with these figures and
the totals for all counties. (Reconstructing their tests we found that the

authors had tested the Poisson-Index of dispersion (chi-square distributed)
for the totals of accidents obtained from Table B-15. This, however, is

inadmissible since the "normalized" figures are no longer
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TABLE B-14

AVERAGE NUMBER OF PATROL CARS ON THE ROAD
(Gates and Hand 1965)

Time Period
Shift Phase 8-16 16-Midnight Midnight-8
Cheshire 1 3.48 3,24 0.93
2 3.56 2.92 0.95
Lancashire 1 3.42 3.46 0.83
2 4.05 3.76 1.00
Staffordshire 1 3.74 3.47 0.98
2 2.82 2.87 0.99
TABLE B-15
NORMALIZED PERSONAL INJURY ACCIDENTS
(Gates and Hand 1965)
Phase Cheshire Lancashire Staffordshire
1A 4 4 5
1B 8.1 7.9 6.4
2 8.9 4.7 9.5
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Poisson-distributed.) Their coneclusion is "It was not possible to show anv
relationship between levels of policing or the organization for policing and
accident rates during the experiments.” Their coneclusion is based on
totals for all counties. We think that this coneclusion cannot be properly
drawn from totals for the counties, since the patrol activity increased in
Lancashire from phase 1 to phase 2, whereas it decreased in Staffordshire.
Thus, any effect is likelv to cancel out in the total. On the other hand,
accidents were decreased in Lancashire and increased in Staffordshire as

one would intuitively expect.

Recht, J.L. 1965. Multiple regression study of the effects of safety

activities on the traffic accident problem.

This studv examined, on a statistical basis, how the various
safety-related activities (engineering, safety education, police traffic
supervision, ete.) contribute directly or indirectly to accident prevention.
Since some of the variables examined by Recht concerned police traffic
activities, the study was selected for detailed review. The stated purpose
of the investigation, of relevance to this review, was to determine

. those items, or activities, of greatest relevance to motor
vehicle death rates. Specifically, the purpose of the study
was (1) to find out which of some 218 program and

non-program items had statistically significant associations
with motor vehicle death rates . . . (p. 3.)

A second objective of Recht's study, "to studv wavs of refining and
improving the methods of evaluating activities which are intended to
contribute to accident prevention" (p. 3), was considered to be outside the
scope of this literature review and is not considered here.

Recht performed a total of 110 multiple regression analvses using data
for 45 states, mostlv from the National Safety Council's 1960 State Motor
Vehicle Inventorv. As dependent variables he used total death rates,
non-pedestrian death rates, "residual rates," bodily-injury-claim frequency
rates, property-damage-claim frequency rates, and "death ratio" (see
below). (Residual rate was defined as "the difference between the actual

death rate computed on the basis of the regression equation derived using
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only non-program items.") The independent variables are chosen from a
list of 285 items, among them eight items about traffic law enforcement,
four on intoxication enforcement, and seven on accident investigation.
Twentv variables are demographie, geographie, ete., and include such data
as rural road mileage, davlight hours, crime rate, maximum speed limit,
and precipitation.

Among the police traffie supervision items, Recht finds significant
negative association of mileage death rates and death ratio only with
traffic conviction rate, selective enforcement, and the enforcement index.
Only the enforcement index has a significant negative association with
total death rate, bodily-injury rate, and property-damage rate.

However, while we think that Recht's approach is appropriate for an
exploratorv survey of the field, we must object to his use of rates, which
are computed by dividing the number of accidents in a state by the total
miles driven. A potential correlation between the total mileage and the
independent variables may be reflected in the accident rate, and thus
influence the correlation between the accident rate and the dependent
variables. Without investigating this possibility, one cannot distinguish the
contribution of this spurious correlation from a genuine influence of
independent variables on traffic fatalities. This consideration is even
more pertinent to his "death ratio,"” which is supposed to "equalize" the
states in terms of size, population, ete.; it is defined (with the figures

rounded by us) as

Number of deaths
56

38

2
(population)o'“5 x (miles traveled)l' x (miles of road)o'

X (cars)-l'lo

in which the exponents were determined by a regression analysis. It
seems quite possible that the variables in the denominator are correlated

with some of the independent variables.
Our suspicions are reinforced by Recht's findings that the enforcement

index is the only police-related variable that consistently shows an

158



association. He defines the enforcement index as the ratio of "hazardous
traffic violations with penaltv per fatal accident" (p. 67). Since the
number of fatal acecidents is very closely related to the number of traffic
deaths, practically the same quantity is used in the variable to be
explained and the explaining variable. This can create a correlation
between these variables due merely to a variation in the number of fatal
accidents, for whatever other possibly unrelated cause. That the number
of fatal accidents appears in the numerator of one variable explains the
negative correlation.

A careful analysis of this possibility is necessary before any conclusion
can be drawn from this study, since it appears not only possible, but

likely, that Recht's results are affected by spurious correlations.

Roche, J.A. 1965. Traffic accident reduction.

Roche reports a program of the New York State Police to investigate
and reduce accidents. Two troopers attended Accident Investigation
Courses at the Traffic Institute, Northwestern University. Upon their
return, these men devoted their attention to two selected high accident
locations within their patrol areas--It was reported that "these efforts,
during the summer of 1963, on two sections of highwav led to accident
reductions of 50 per cent and 53 per cent respectively." However, since
no absolute figures and no corollary data are given, the significance of
these data cannot be evaluated.

To investigate and prevent accidents, one hundred troopers attended a
one week advanced accident investigation course conducted bv "our
academy." Seven high accident locations were selected throughout the
state.

The studv reports that

two of the specially trained men were assigned to each of
these locations . . . We have pointed out to our members that
an arrest is far more appropriate after the violation has led
to an accident, than an arrest for the same violation when no
accident resulted . . . The two men assigned to each of these
locations were directed to concentrate their efforts on

increased enforcement and investigation of accidents within
their specific pilot areas. In addition they were instructed to
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develop data on the cause of accidents and effeets of
increased enforcement . . . These men were part of our
patrol force and, of necessity, had to participate in the
routine police functions of their entire station patrol area. . .
(pp. 3, 4, 5.)

Extra patrol hours were spent in the area beyond that of normal
coverage. The selection of locations was based on accident experience.
All roads were state highways, except one location with town and countv
roads as well. Traffie violations were increased (no data given). There
were routine changes such as the installation of signals, but no major
reconstructions. Physical changes that occurred in this area could be
considered identical to the usual changes that occurred on anv other road
in the state.

At the end of 12 months of the study, there had been 979 accidents,
compared with 1177 in the preceding 12 months, a 17% decrease. The
12,706 extra hours of enforcement (no figure for the hours of enforcement
before this action is given) resulted in 8935 traffic arrests. During the
same period, total accidents in the rural areas of New York increased in
12% and accidents investigated by the state police increased by 9%.

In the first six months of the following year, there was a 2% increase
in accidents above the first six months of the program, whereas there
was a 10% increase in accidents investigated by the state police; no
number for all reported accidents was yet available.

However, one has to be careful when using the figures on investigated
accidents for comparisons, since the two additional men were directed to
conduct investigations on "as many fatal and serious personal injury
accidents as possible" (p. 3).

One of the conclusions of the author is:

Our detailed accident investigation led us to believe that
there are serious deficiencies in individual drivers. These
deficiencies are not necessarily in the area of "driver
attitude” but are much more predominant in the area of the
driver's ability to respond to emergencies . . . The
preponderance of cases though have been those in which the

driver failed to recognize the developing problem or upon
recognizing it took no action or the wrong action. (pp. 1, 12.)
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Though the data suggest a reduction of accidents, no definite

conelusion should be drawn since other potential factors (volume, changes

in roads, and traffic conditions) are only summarily discussed.

Ekstrom, B.; Kritz, L.B.; and Stromgren, K.L. 1966. Experiment with

reinforced traffic supervision on Europe highways 3 and 18, summer 1965.

This Swedish experiment deals with the effects of quantitatively
increased but otherwise unchanged traffiec patrol. The control period
(regular patrol) was May-June 1965, the experimental period (increased
patrol) was August-September, 1965. Except for a few press articles long
before the beginning of the experiment, there was no publicity.

Two sections of highway were selected. One was used as a control
while the other received increased enforcement. The highways were
selected for similarity of weather, traffic volume, and road conditions.
The experiment consisted of recording accidents and some traffic
parameters, both pretrial and trial periods, on both the test and control
portions of the highways. The average daily pretrial staff was 28
policemen in 15 patrol cars and 10 policemen on motorcycles. For the
trial period the staff was tripled. On the control highway, the staff
consisted of 16 policemen in 9 cars and 6 policemen on motoreyeles.

To ascertain if the reporting svstem or, equivalently, the number of
accidents detected on the trial stretch was the same in both the trial and
pretrial periods, a record was kept of the number of vehicles towed.

To studv the effects of increased patrol, data were collected on the
observance of traffic regulations, overtaking, entering the highway, and
speed, partlv before and partly during the trial period. The corresponding
studv of the control stretch was made during the same hours of the same
days, to minimize the influence of the uncontrolled factors. Some of the
results are given in Table B-16. The numbers in parentheses are from the
statistical reports, the others from police authorities. The difference
illustrates the difficulty of obtaining reliable and comparable accident

data. An idea of the seasonal increase in accidents for 1964 is given by
Table B-17. Also, observations were made of the behavior of cars when

entering this highway and on the observance of speed limits. The data
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TABLE B-16
RESULTS FROM STUDY BY EKSTROM, KRITZ, AND STROMGREN (1966)

Experimental roads Control roads
Serious injury Serious injury
Injury and fatal Injury and fatal
Period Accidents  accidents Accidents  accidents
Control 45 (39) 19 (16) 43 (21) 9 (9)
Experimental | 35 (27) 10 (8) 48 (38) 14 (11)
TABLE B-17

SEASONAL INCREASE IN ACCIDENTS
(Ekstrom, Kritz, and Stromgren, 1966)

Experimental roads Control roads
(May-June) (August-September)
Control period 58 81
Experimental period 63 90
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suggest, sometimes strongly, a favorable effect of the increased
enforcement on driver behavior.

No statistical analysis was made of the data. The onlv analysis of the
recorded results was to apply the rate of increase from pretrial period to
trial period on the control stretch, to the pretrial figures on the trial
stretech. It appeared that the numbers of accidents predieted on this
basis were consistentlv higher than actually observed. The conclusion was
that since this happened uniformly, increased supervision had a favorable
effect on traffic safety. This may indeed be the case, but more analysis
mayv be needed since the uniformity mav result from dependence of the

events.

Fitts, G.L. 1966. An evaluation of the effectiveness of police written

warnings as a deterrent to traffic law violations in Tucson, Arizona.

Fitts evaluates the effectiveness of written warnings issued by the
City of Tucson, Arizona, Police Department between Mav 13 and May 31,
1964. The evaluation is based on a comparison of the subsequent behavior
of persons who initiallv received a written warning for a traffic law
violation with the subsequent behavior of persons who initiallv received a
citation for a traffic law violation.

Data collected were limited to drivers of Tueson, Arizona, as of Mav
13, 1964, who received written warnings and/or citations for moving
vehicular traffie violations issued by the Tueson Police Department
between May 13, and May 31, 1964. The subsequent behavior of these
motorists was then observed until October 31, 1964. The restrictions
placed on the experiment, in an effort to control the observation period,
similarity of treatment, nonmoving vehicular traffic violations, outside
traffic enforcement action, continuity of law enforcement personnel, and
the five months of observation are considered adequate for this studv.

Data on written warnings were acquired from the Records Section of
the Tucson Police Department. Data on citations were obtained from the
Traffic Violators Bureau of the Municipal Court.

During the observation period, June 1 through October 31, 1964, both

written warnings and citations were considered evidence of further traffic
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offenses.

The data were grouped by sex and age. The null hypothesis that there
was no difference between the effects of initial actions on subsequent
behavior was applied for each sex and age category to be studied.
Two-by-two contingency tables were established, containing observed
frequencies of initial and subsequent behavior. Statistically expected
frequencies were computed and tested by computing the chi-square using
a significance level of 0.05. The experimental group contained 1,255
persons; the control group, 1,502 persons. Data were analvzed for all
persons in the two groups, by male and female, males by age category,
and females by age category.

In the experimental group, 229 subsequently committed additional
offenses, for a repeat rate of 18%. The male segment committed the
greater proportion; offenders in the 18-24 year age class predominated. In
the control groupn, subsequent offenses were committed by 206 motorists
for a repeat rate of 14%., Males and the 18-24 vyear class again
predominated. In summarv, persons in the control group (initial citation)
committed fewer subsequent offenses than were statistically expected.
The experimental group (initial warning) committed more offenses than

were statistically expected.

Hooker, R.W. 1966. Traffic accident costs and the effectiveness of

highwav safety expenditures in Wyoming.

The purpose of this studv was to determine:

. . . which highwav accident prevention programs were most
effective in reducing the number and cost of traffic accidents
in Wvoming. (p. L)

Since the effectiveness of police activities was also evaluated m this
studv, Hooker's study was selected for detailed review.

Hooker studied accidents and traffic safety activities in Wyoming by
multiple regression analysis of vearlv data from 1953 (in some cases 1951)
to 1964. His dependent variable is the total number of traffic accidents;
his independent variables are:
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e motor vehicle registration

e motor vehicle mileage

e number of hours worked by the Wvoming Highway Patrol
o total safety expenditures by the Wyoming Highwayv Patrol
e expenditures by municipalities for traffic police

o fines and forfeitures incurred as a consequence of traffie
violations

e expenditures by the State Highway Department for

e total maintenance

guidelines

e snow, ice, and sand removal, and for ice control

traffic services, and
e construction of miscellaneous facilities

e number of days each vear in which 0.10 inch or more of
snow and/or sleet fell

Hooker calculated "several hundred regressions" and selected for
further analysis those variables whose regression coefficients consistently
showed the same sign. The measures of highway patrol activities showed
a consistent negative relation to accidents when lagged one or two vears.
Hooker selects the average number of hours of work of the Wyoming
Highway Patrol in the two preceding vears, traffic engineering
expenditures, the number of davs each year during which 0.10 inch or
more of snow and/or sleet fell, and motor vehicle registration as variables
for his final regression analysis. He determines several regression
equations, the most important of which, together with the standard error
of the regression coefficients shown in parentheses, is:

Y = 7'5.1}(1 - 30.4x2 + 26.2><3 - 6.0x4
(105) (4.1) (2.5) (6.7) (1.0)
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where Y is the number of accidents, X| is vehicle registrations in

thousands, x9 is hours of work of the Highway Patrol in thousands, x3 IS
the number of snow or sleet daVS, and Xy is traffic engineeping costs in
thousands of dollars. (To give an idea of the order of magnitude, Y
varies between 7,000 and 11,000, the annual hours worked by the Highway
Patrol between 165,000 and 219,000.) Hooker finds that the regression
coefficient for the hours of Highway Patrol work is significantly different
from zero. Although he notes that, "If several hundred different
regressions were run, then chance alone should vield some significant
independent variables" (p. 55), he concludes
The findings show that additional dollars allocated to the
Wyoming Highway Patrol were most effective in reducing the
number of accidents and accident cost. An additional dollar
spent on the patrol resulted in an average reduction in
accident costs of over ten dollars . . . If the budget of the
Patrol were increased by 50 percent, it is doubtful that these

extra expenditures would be any less effective than they have
been in the past. (p. 2.)

The conclusions are too sweeping--especially the extrapolation—and
cannot be sufficiently substantiated. However, the results--a multiple
correlation coefficient of R2 = 0,9999--suggests that there is some
relation and that a deeper analysis of the matter is warranted. It
appears doubtful whether standard tests can properlv be applied to a
regression using variables selected as these are. If, out of fourteen
potential independent variables, several hundred combinations were formed
and then those variables were selected that showed consistently the same
sign of the regression coefficient, it is not unlikely that their combination
will result in a high correlation coefficient. We found the following
points that should further warn against too precipitous conclusions: 2
large component of accidents can be explained by a trend alone, which
explains 79% of the variance, and we found no significant correlation
between the number of accidents and the "lagged" hours worked bv the
Highwav Patrol alone. Further, the (non-significant) regression coefficient
that was determined has a positive sign, implving a positive correlation

between Highwav Patrol activities and number of accidents. This suggests
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that the influence of the police activity is rather subtle, especially if one
looks at the variable, "number of days with snow and/or sleet.” Even
though the latter variable alone is not significantly correlated to
accidents (due to the trend in the accident figures), the graphical
presentation of accident numbers and number of days with snow show an
obvious parallelism in the small variations. Another argument suggesting
caution is that the author finds no consistent influence on aceidents bv
the municipal expenditures for traffic police.

It should be possible to test the hvpothesis that Hooker's results
suggest. For example, one might distinguish between accidents occurring
in the domain of the Highway Patrol and those occurring in
municipalities. The first should show a stronger correlation with total
expenditures than the latter. Also, the hypothesis of a lag might be
tested by combining the actual patrol hours for periods other than the
calendar vear. If there is a build-up of effects of increased enforcement,
this should be recognizable from the shifts. However, the average of
data for the two preceding years is not the same as the data lagged by
18 months, which, since it introduces an auto-correlation in the
independent variable, might cause statistical problems.

Summarizing, we can consider Hooker's results, at best, as suggestions

of relations, but cannot attach any confidence to them.

California Highway Patrol. 1972b. Operation 10l: An accident and

enforcement study. Condensation..

California Highway Patrol. 1972c. Operation 10l: Final report. Phase

Iv, part 2. Relationships.

Operation 101 was a studvy conducted by the California Highway Patrol
that was designed to answer the question: "Can vou design a study that
will prove that traffic law enforcement is or is not effective in reducing
accidents?" (California Highway Patrol 1972b, p. 1).

The basic finding of the CHP researchers is that:

The results of operation 101 can be stated very simply.

Manpower was increased, enforcement actions increased, driver
violations were reduced, and accidents were reduced.
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(California Highway Patrol 1972b, p. 4.)

This is an ex post facto study of the effect of significantly increasing
police manpower on a specific segment of roadwav. No control sites
were used in the study. Further, as the CHP author states, "No research
design was built into the actual deployment by hour of day, dav of week,
or month of year. Manpower was deploved on the study roadway based
solelv on the Field Commander's experience."

The study began on Januarv 1, 1964 and ended in 1965. The actual
location of Operation 101 was a 36-mile stretch of U.S. Highwav 101,
which was divided into two 18-mile segments, the "Northern Beat" and the
"Southern Beat." The Northern Beat consisted of 18 miles of 4-lane
conventional roadway running between the Pacific Ocean and the Marine
Corps Base at Camp Pendleton. This segment of roadway had an average
daily traffic of 27,000 vehicles. The Southern Beat consisted of 18 miles
of a varietv of roads going from full freeway near the City of Oceanside
to the city streets of Delmar, California. The average daily traffic on
the Southern Beat was computed at 36,000 vehicles.

Manpower was doubled from 18 to 36 officers during the studyv period.
A total of 55 officers participated in the studv. Table B-18 shows the
percentage increase in traffic arrests during the studv period. The major
change was on the midnight shift and on the weekend. The day shift did
not show as much of a change.

The violation survevs conducted in this study involved speeding and
other moving violations. The surveys were conducted by CHP observers
from highway overpasses. The CHP authors concluded that the manpower
increase resulted in statistically significant decrease, in almost all cases,
for the category of other moving violations. Speeding violations showed
no overall statistically significant decrease. Violation volume was
plentiful, averaging 73 per hour during the 224 hours of the violation
surveys.

A summary of changes in accidents during the Operation 101 is shown
in Table B-19.

A more detailed analysis of accidents was performed as follows:
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TABLE B-18

PERCENT INCREASE OF ARRESTS BETWEEN 1963 AND 1964

(California Highway Patrol 1972b)

Northern Beat

Southern Beat

Midnight Shift +250% +385%

Day Shift + 53% + 62%

Swing Shift +102% + 78%

Weekday + 92% + 82%

Weekend +132% +109%
TABLE B-19

CHANGES IN ACCIDENT EXPERIENCE DURING OPERATION 101

(California Highway Patrol 1972c¢)

Fatal and personal Total
injury crashes accidents

Midnight Shift

Northern Beat -12% -225%

Southern Beat -43%* -26%*
Day Shift

Northern Beat -10% + 2%

Southern Beat -19% 0
Swing Shifts

Northern Beat -35%* -39%*

Southern Beat -16 - 7%

Significant changes.
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Information was collected on all traffic officer activities in the
Oceanside area, both on and off the study road, for one vear (1964).
Hourly data were used for 1964 as data points for regression analysis.
They were also accumulated on a daily basis, by workshift, and weekdayv
or weekend. Reportable and total accidents were used as dependent
variables. Correlations of various degrees were found between accidents
and independent variables, selected from arrests, verbal warnings, parking
arrests, mechanical warnings, services, traffic, rainfall, manhours
scheduled, hazardous arrests, total stops, in-view hours. Arrests nearly
always had significant (at 5%) negative regression coefficients, verbal
warnings also. Hazardous arrests, however, had nearly alwayvs positive,
sometimes significant, regression coefficients. In-view hours had nearly
always negative, usually significant regression coefficients.

We consider the value of these regression equations questionable:
some independent variables, like arrests, verbal warnings, manhours
scheduled and in-view hours are likely correlated, also arrests and
warnings are likely to be correlated to traffic. Arrests include hazardous
arrests, and are therefore correlated to each other. On the other hand,
no distinction is made between arrests resulting from accidents and
others, which generates a correlation, which is probably responsible for
the positive regression coefficient of hazardous arrests. These likelv
correlations between the independent variables can create correlations
which makes an interpretation of the regression equations hazardous.

Changes in arrests and accidents between 1963 and 1964 by shift and
beat, were described, and the relations between percent change in
accidents and percent change in the "enforcement index" shown in a
figure: approximately linear, negative, relations appeared. We have
earlier criticized the enforcement index as an unsuitable measure of
police traffic law enforcement. A comparison of the arrests and
accidents per shift does, however, show fewer accidents related with the
more arrests. Since no control group was used, and the regression
analyses are based only on the year with experiments, thus not allowing a
before and after comparison, no conclusions bevond that drawn previously,

that there appears to be beneficial influence on accidents, can be drawn

170



from this analvsis, but Tables B-18 and B-19 add support by suggesting
some relation between increased arrests and decreased accident numbers.

Also compared was how manpower in terms of men/100,000 vehicle
miles of travel, by shift and beat, related to change in total accidents.
The conclusion was that where more than 3 men/100,000 VMT were
assigned, accidents decreased, though not alwavs significantlv. We do not
see, however, how an absolute level of manpower for a time period might
be functionallv related to a change in accidents.

The greatest weakness of this report is the lack of control groups.
The regression analysis used is, as discussed, not a convinecing substitute.
Therefore, though the data are compatible with the hypothesis that the
increased police traffic activities did beneficially affect accidents, they
do not suggest this except in an intuitive way. The external validitv is

limited at least by the highly unusual situation of the highway studied.

Fraser, H.D.G., and Hills, P.M. 1967. Hampshire and the Isle of Wight:

Assessment of motoreyele traffic patrols.

In this British study, a system of motor eycle patrols, beginning with
12 in 1964 and adding up to 37 (actuallvy, only 36 since two were
combined) in 1966, was established for the "purpose of reducing accidents
and encouraging the force movement of traffie."

Accident data for 1964, 1965, and 1966, broken down by patrols and
with information on the beginning of the patrol and the length of road
covered (between 3 and 30 miles), are presented. The onlv comparison
done by the authors is inconclusive, showing about as manv increases in
accidents as decreases; however, we think that their comparison of
accidents between vears with full patrol coverage is improper for an
evaluation of the effects of patrols on accidents (it might be appropriate
for checking build-up degrading effects).

A rigorous statistical analvsis would be quite difficult, since the
different starting dates of the patrols and lengths of patrols should be
considered. Some gross tests did not show anv clear-cut patterns.

Therefore, the results of this program appear inconelusive.
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Gates, G.G., and Hand, N.E. 1967. Policing of primary routes. Part II,

results of no. 7 police district traffic experiment.

From August 1 to December 31, 1965, an experiment was conducted in
Police District No. 7, in the southwest of England. 541 miles of primary
roads were selected and divided into 25 sections as close as possible to
20 miles each. Personnel from police forces in District No. 7 were
reassigned to these selected primary roads so that there was one patrol
car and one motor cvele or two motor cycles per 20 miles during the dav
and one patrol car per 40 miles during the night.

Among other things, changes in accident numbers were examined.
Accident numbers for the period from August 2 to December 31 of the

experiment and the preceding year are shown in Table B-20.

TABLE B-20

TOTALS OF SERIOUS AND FATAL ACCIDENTS
(2 August-31 December) (Gates and Hand 1967)

1964 1965
Selected Primary Roads 530 444
Non-selected Primary Roads 675 707
Rest of No. 7 Distriet 2,320 2,435
Total for No. 7 Distriet 3,525 3,586
Total for Great Britian 38,914 38,747

Testing the data as 2 x 2 tables, the difference between the Selected
Primarvy Roads and the Total for Great Britian and also that between the
Selected Primaryv Roads and the Non-selected Primary Roads are
significant at the 0.1% level.

It is noticeable that the total for District No. 7 was nearlv unchanged;
this might lead to the speculation that the shift of policemen to the
Selected Primary Roads reduced accidents there, but increased accidents
in those parts which had reduced numbers of policemen.

The author discusses the changes in accidents for different parts of
the time period and for different police forces within the experiment.
Whereas there was a reduction, under two different assumptions, in all
periods, there were reductions, again under two different assumptions, in

7 out of 10 areas.



Traffic volume data were known for two places only, insufficient to
draw any conclusions.

Since the 541 miles were chosen from the "more important” primaryv
roads, one has to be careful with comparisons. The only point which
gives some weight to the data is the difference in accident numbers
between the roads with increased patrol and those with reduced patrol.

No reliable data on the levels of patrolling during 1964 were known,
but it was estimated that the level of patrolling on the related primary
roads in 1965 mav have been on the order of six times the level obtained
in 1964; the effective decrease in patrolling on other roads was very much
smaller.

The level of patrolling did not vary strongly over time or between the
districts; from a graph we estimate an average of 4,700 patrol hours per

week. This gives a total of about 100,000 man-hours or 50 man-vears.

Kaestner, N.; Warmoth, E.J.; and Syvring, E.M. 1965. Oregon study of

advisory letters: The effectiveness of warning letters in driver

improvement.

The Oregon Department of Motor Vehicles, Drivers License Division
conducted a studv of its overall driver improvement program to evaluate
the effects of warning letters, differing in form and content, as
deterrents to future traffic involvements. From a pool of records of
drivers who were eligible for warning letters, four groups were formed:
(1) a control group of drivers who received no warning letter, (2) a
standard form-letter group, (3) a personalized letter group, and (4) a
group who received personalized letters that were less threatening and
more encouraging ("soft-sell"). Each grouping was made on a random basis.

The basic assumption for this study is that, if the subsequent driving
records differ among these four groups, this is presumably the result of
the different treatments (forms of letter used) of the four groups, and
not to other extraneous factors. The study included onlv male drivers
with valid licenses who had no prior contact with the driver improvement
program in Oregon. Approximately 52% of the drivers involved were less

than 25 years old. The number of records in the final evaluation of the
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four groups was 240, 241, 233, and 233, respectively.

Subsequent driving records for the four groups were evaluated for
periods of six months and one year. If a driving record included no
entries, minor violations or nonchargeable accidents, it was classified as a
"success." If a record included a moving violation of a relativelv serious
nature, it was classified as a "violation failure." If a record included a
chargeable accident, it was classified as an "accident failure."”
Proportions of suc