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ABSTRACT

This report contains the literature review conducted
a5 a part of the project "A Study for the Selection of
Maximum Speed Limits." Five aspects of speed and
speed control are discussed. These toplcs include:
the history of speed limits; the relationship of
speed and speed limits; driver speed behavior and
variables, other than speed limits, which influence
it; the relationship of speed, speed limits, and
accidents; and, methods for establishing speed limits.
An extensive list of references and bibliography
follow the report.
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1.0 INTRODUCTION

This report presents a review of selected literature
dealing with the subject of speed and speed control in the
context of highway safety. The literature review is part of
a study (FH-11-7275) funded by the National Highway Safety
Bureau of the U. S§. Department of Transportation to develop
methods and methodologies for the establishment of speed limits.

The research was conducted by the staff of the Institute
for Research in Public Safety of Indiana University, Bloomington,

Indiana.

l.l Purpose

The purpose of this report is to bring together in one
document as much of the existing information concerning speed

and speed control as is peossible.

l.2 GScope and Approach

For the purpose of study, the literature search for this
project was divided into five topic areas. The section titles
of this report reflect these areas. They are: 1) The History
of Speed Limits; 2) The Relationship of Speed and Speed
Limits; 3) Driver Speed Behawvior and Variables, Other Than
Speed Limits, Which Influence It; 4) The Relationship of
Speed, Speed Limits, and Accidents; and 5) Methods for Estab-
lishing Speed Limits.

Four facilities were used in conducting the search. The

first and main facility was the Indiana University Library

=1 =



System. In addition, bibliographies were prapared through

the Safaty Research Information Service of the National Safety
Council, the Highway Research Information Service of the High-
way Research Board, and the Transportation Center Library of
Northwestern University.

The nature of the search was not analytical, and thus,
this report presents only a content review of the literature
for informational purposes. The basic design was to bring
together in a logical manner written materials concerning
speed limits from the historical to the technical. This type
of report is a useful preliminary approach to give the reader
an overview of the topic and to provide direction for further
gstudy.

Because of the wide wvariety of materials presented, many
of the works are cited individually to preserve their unigue-
ness. From this, the reader himself can judge their worth
within the total context of existing literature.

All materials that are cited in the text of the report
can be found in the list of references. Publications that
have been considered and reviewed, but are not referred to in
the text can be found in the bibliography. A glossary of

commonly used definitions is also included.

1.3 Summary

The following chronclogy of highlights in the history of
speed control in America illustrates the progress that has

been made in this area.



The histeory of speed limits in the United States dates
back to 1678 when speed restrictions were imposed on horses
in Newport, Rhode Island (4). Eurcpean speed control had
its effect on American policy, and in 1901 the first speed
limit for automobiles in the U. S. was enacted in Connecti-
cut (6).

Early speed control campaigns were colorful and dramatic.
But in addition to the radical denunciations of speed and
"speed mania" came more rational arguments supporting the ad-
justment of driving speed and speed regulations to existing
conditions and condemning reckless ﬁriving rather than speed,
Fer ae.

Along with speed restriction legislation came technologi-
cal developments for speed measureament, and by the 19203 a
need had developed for minimum speed limits in addition to
maximum limits.

®"...By the 1930's efforts were begun to study speed con-
trol and take a more realistic approach to it..." (3l). The
organized traffic safety movement began in the mid-"'30s, caus-
ing both cities and states to institute rigid accident reduc-
tion campaigns, the most notable being in Providence, Rhode
Island (63, 65). Already in the late 1930s such western
states as Colorado had speed limits as high as 60 mph (65).

During World War II an effort to conserve gasoline and

rubber brought the entire nation under a 35 mph limit (74),



and in 1948 radar became a part of the traffic control sys-
tem (80).

Tracing the development of the present day speed limit,
it can be seen that many of the ideas which generate contro-
varsy today were proposed guite early in the history of auto-
mobile regulation.

A study conducted at the University of Illinois in 1947-
48 concluded that traffiec ignored speed limits and ran at
speeds which drivers considered safe and that most posted
gpead limits were ineffective because they were unreason-
able (79).

J. Edward Johnston suggested in 1956 that the B5th per-
centlle was reasonable and encouraged uniform speeds (B5).

Since the 19508 several major concepts have prevalled
in the controversy over the effects of gpeed limits on driving
speads. The first is that speed limits have little or no ef-
fect upon driver behavior; that drivers ignore them and
drive at speeds which they consider reasonable and safe (95,

96, 98, 104, 105, 109). An opposing view states that speed

limits do have an effect (101, 107); however, different
studies have shown varying effects, including decreased pace
{27) , reduction of excessively fast or slow speeds causing
vehicles to travel closer to the same speed (77, 114, 175),
and a randem effect (99).
A 1955 book on Traffic Engineering explained:
"For any given road there is an optimum speed

limit which will have the greatest effect on spot
spead. This value is usually between the B0 and



90 percentile of the free-flowing speed as plotted
on a cumulative-freguency curve" (77).

Other articles seem to concur that the 85th or %90th per-
cent;le is a reasonable guide for setting speed limits (3B,
99, 113).

It has been stated that absolute speed limits receive
the highest observance, while adviscry limits are exceeded
more often than either absolute or regulatory limits (90).
Urban limits appear to be viclated more often than rural
limits (105, 109).

The study of driver speed behavior has illustrated a
number of interesting findings.

A 1954 study found that about a third of all drivers
exceeded the B5th percentile of the spot speed distribution.
If a set of drivers was cbhserved as many as seven times, more
than half could be expected to exceed the B85th percentile
spead at least once (1ll6).

A study to investigate drivers' speed perception involved
the ability of eight subjects to halve or double their speed
on command. In this study, drivers seemed to underestimate
their apeadn when decelerating and to overestimate them when
accelerating (113).

A Los Angeles study conducted to assess the effectiveness
of written warnings as compared to citations involved the

stopping of motorists who exceeded 40 mph in a 25 mph zone.



By following these drivers after citations or warnings were

igsued, the study found that:

(1) Where a citation was issued, accompanied by no
conversation between driver and officer, 32 of
100 cases recorded exceeded the limit again
within 5 miles.

(2) Where a safety message accompanied the cita-
tion, 33 of 100 cases exceeded the posted speed
within the next 5 miles.

{3) Where a written warning and safety message were
issued in place of a citation, 43 of 100 motor-
ists had exceeded the limit within 2 miles and
22 more within 5 miles, for a total of 65 (122).

Mumerous publications discuss the factors which affect

speads. The following factors and relationships have been

identified:
Studies of driver wariables found that speed increased

with trip distance (l26, 136, 1l3B); non-=local vehicles trav=

elad faster than local wvahicles (138, 135, 143, 144, 145);:

male drivers drove slightly faster than female drivers (l3i6.

137, 143, 145); and, drivers with passengers in the car drove

galightly slower than those without passengers (137, 143, 145).

Other driver wvariables which influenced speaeds were expected
arrival time (146), frequency of road use (l46), opinion of

the speed limit (146), and amount of driving connected with

the driver's work (146).

Vehicle variablas showed that wvehicle type (137, 138, 139,

143, 145) and age affected speeds with newer cars traveling

faster than older ones (126, 136).



Among the roadway wvariables citid were: functional clas-
gification of road type (137), surface type and condition (137,

138, 140, 142, 147), number of lanes and lane width (129, 137,

138, 140, 142), lane position (137), median type (139, 147),

— L ———

access control (137, 139, 142), frequency of intersections (137,

139, 140, 147), shoulder width and condition (140, 142, 147),

and design speed (l47). Other factors identified include geo-

graphic location (137), sight distance (137, 138, 139, 140,

142, 143), curvature (137, 138, 140}, gradient (137}, length

of grade (137, 140}, lateral clearance (137, 142}, horizontal
and wvertical resistance (138, 143}, marginal friction (138},
vartical and horizontal alinement (l42), traffic signals and

control devices (140, 142, 147), parking (140, 147), and pres-

ence of pedestrians (140, 147).

Traffic variables shown to affect speeds were volume (129,

130, 138, 140, 142, 147); passing maneuvers {1317}, cpposing

traffic (137), and percentage of commercial vehicles (137, 142,
147} . A study alsc indicated that vehicles in each lane tended
to adjust their speeds to the speed of the slower parallel lane
(107] .

A study of environmental factors which affected speeds
found that objects on the road shoulders demonstrated little
effect on speeds unless the lane widths were less than 20
feet (132). Other environmental factors include weather (137,

142, 146), time (133, 137, 142), and roadside establishment

(138, 139, 140, 142, 147).




It can be seen that a number of studies have been con-
ducted to identify the above mentioned variables and that there
is considerable agreement in this area.

Although discussions of the speed-accident relationship
date back to the early use of the automobile, serious research
in this area seems to have begun in the 1930s. From 1930 to
1939, the speed capability of the average wehicle sold rose
from 55 mph to 84 (126).

A number of the early studies in this area attributed
the occurrence of accidents to speed (70, 151, 153), while
others did not find a relationship to exist between high
driving speeds and accidents (126, 152) . One author even went
so far as to say that all traffic problems were grounded in
highway design. He wrote:

"It is as essential to gpend effort to improve the

speed of transportation as it is to spend it to

reduce accidents. The automobile was not manufac-

tured to save lives, or the roadway built to pre-

vent injuries" (154).

Since the 19508 several ideas have predominated the
discussions of the speed-acecident relationship.

One concept generally accepted by experts in this area is
that accident severity increasas with speed.

But opinions are polarized on the guestions of speed as

a cause of accident occcurrence and speed limits as an effec-

tive means of accident reduction.



There are those who believe that speed is the prime cause
of accidents (4) and others who indiecate that accidents in-
crease with increased speeds (157, 1l6l}.

M. Earl Campbell presents an interesting approach to
speed-accident comparisons. A May 30, 1964 news release from
the California Division of Highways stated that although only
19 persons have been killed at the Indianapolis 500 since 1911,
this is a fatality rate of 3,930 per 100 million vehicle miles
as compared to a fatality rate of 3 per 100 million wvehicle
miles on California freeways. This 133,424 percent increase
at 140 mph on the race track shows how accident freguency
increases above 65 mph.

"Traffic records and physics indicate that not
only the hazard of severity but also the hazard of
frequency of hitting ancther wvehicle or fixed ob-
ject increases with speed, and these hazards become
specially notable in the higher ranges. Speed and
accidents cannct be related to each other simply
as a two-dimensional relationship: the relationship
is always multi-dimensional and may include one
hundred other factors...the third dimension of
traffic density must always be included if any
?;lid relationship is to come ocut of the analysis®

183).

"The hazard of freguency...is related to these
conditicns: (1) the speed of the subject car re-
lated to the density, fregquency distributicn of
speeds of all the cars in the total traffic stream
and, (2) fixed objects and other roadside hazards.
There are other factoers, but these appear to be
most important. It appears also that the hazard
rate above and below the average speed of traffic
flow increases faster than the change in rate of
spead” (183).

"one of the best confirmations of the increases
in hazard of frequency of involvement with increase



in speed is found in the 1959-64 records of the
aingle-vehicle accident...This type of accident
constitutes more than one-third of the accidents
regulting in fatalities, and it is increasing at

a rate significantly faster than the average rate
of increase of fatal accidents, eszpecially in urban
areas" (183).

A 1956 study stated:

"[flaster drivers have more accidents than slower
drivers, especially when fjudged by their speeds

in the afterncon. The individual speada of the
drivers with accident records are slightly higher
than those for the drivers without accident rec-
ords; while in the morning, it is the drivers
without accident records whose speeds are slightly
higher® (158).

Another idea having several proponents is that low-speed
drivers are more likely to be inveolved in accidents than high-

speed drivers (159, 165, 190). The chance of being inwvolvad in

an accident is lowest at about 65 mph, and highest for low-
speed drivers, and it increases at over 65 mph (163).

"...[0lnly eight per cent of all fatal motor vehicle
accidents are reported to have happened at speeds

above 60 mph in 1962. On the other hand, more than
half of all fatal accidents in urban areas reportedly
occurred at speeds under 30 mph, that same year" (178).

A very rational stand taken by several authors is that
speed is a causal factor in accidents, but it is one of a num-
ber of causes and not necessarily the most important (156).

"Speeding is outrageously overrated as a CAUSE

of accidents. The fact is that it is inattentive-

ness or errors in judgment or lack of driving skill

which contribute most heavily to the causes of ac-

cidents. GSeldom does a single deficiency cause an
accident™ (178}.

- 10 -



The Procecdinge of National Highvav Safeiy Bureau Priori-
ties Seminar gives the following explanation:

"Does speed cause accidents and produce casualties?
Obviously, considering speed of itself, the answer
is often no. As a matter of fact there are occa-
gions when the capacity for speed may even aid in
the avoidance of a crash or the mitigation of its
rasults (The capacity to pass guickly in a suddenly
developing tight situation and the minimizing of
spead differentials in rear-end collisions, for
example). On the other hand speed can very often
compound the task of accident avoidance if not
precipitate a crash. Further, and without guestion,
speed aggravates the consequences of the crash.

"In discussing speed in relation to accidents it
iz well to delineate the several senses in which
the term might be used. It is useful to think of
speed in the following contexts:

"a) wery [ete] high speed - speeds approaching
and exceeding 100 mph. Under these conditions, the
.peed factor dominates as a causative agent, since
few if any of the elements of the overall vehicle-
driver-highway system have bean designed to accomo-
date travel at this speed.

"b) Excessive speed for conditions - speeds
ranging anywhere from zerc to design speeds. This
categeory of speeding encompasses many of the speed-
ing citations issued in connection with accidents.

"z) Differential speed or speed gradients in-
the traffic stream - in part, an overlapping set
with excessive speed but alsoc includes inadeguate
speed. Differential speed and the related variable
Pacceleration noise® figure prominently in the
gafe and efficient flow of traffic. Large speed
differentials are seldom if ever cited as a con-
tributing cause,; the factor being implicit in other
improper driving categories such as following too
close and reckless driving.

"With these connotations of speed in mind it can

ba appreciated that speed is very often not a singu-
lar or an expliecit wvariable in the accident agua-
tion. Thus, efforts to treat speed as an accident

= 11 =



cause are often reduced to treating symptoms aris-

ing from the synergy of speed and many other system

factors" (179}.

There are differing wviews as to the effect of speed zon-
ing on accidents. Some studies have gshown that speed limits

reduce accidents either in number or in severity (114, 155,

164, 168, 170, 172, 174, 176).

In 1960 John Baerwald wrote: "No evidence exists to in-
dicate that accidents are increased when speed zones are
raised and by the same token, there is no evidence that acci-
dents are materially reduced by establishing zenes, although
a downward trend is indicated" (98).

Other studies have shown that speed limit practices were
ineffective at reducing accidents of any type (177).

One of the newer theories in the area of speed and acci-
dents is that acgidents are related to speed differences (189,

91l) . Probably the most noted study to support this theory
was ceonducted by David Solomon. He concluded:

l. "The accident-inveolvement, injury, and property-

damage rates were highest at very low speeds,
lgwast at about the average speed of all traf-
fic, and increased at the wvery high speeds,
particularly at night. Thus, the greater the
variation in speed of any wvehicle from the
average speed of all traffic,; the greater its
chance of being involved in an accident."

2. "The severity of accidents increased as spead

increased, especially at speeds exceeding 60
miles per hour."

3. "The fatality rate was highest at very high
speeds and lowest at about the average speed.”

= 12 =



"Pairs of passenger car drivers involved in
two-car, rear-end collisions were much more
likely to be traveling at speed differences
greatly in excess of those observed for pairs
of cars in normal traffiec...”

"Drivers of passenger cars having low horse-
power had higher invelwvement rates than drivers
of cars having higher horsepower,...This may
be related to the relatively poor acceleration
capability at highway speeds of cars having

low horsepower.”

"Nearly half of all accident involvements were
either rear-end collision or same-direction
sideswipes. However, the proportion of these
accident involvements decreased as travel speed
increased. GSingle wehicle, nonceollision aceci-
dent involvements contributed an increasingly
greater proportion of all accident involvements
ag speed increased, particularly at speeds of
more than 70 miles per hour. At speeds of B0
miles per hour, non-collision accidents consti-
tuted half of all involvements. Although angle
collisions usuallv were less than 15 percent of
the total, at speeds of less than 25 miles per
hour they constituted more than one-third of all
accident involvemants. The proportion of head-
on collisions or opposite-direction sideswipes
increased as speed increased; but this type of
accident involvement always was less than 20
percent of the total regardless of speed and
day or night conditions™ (l67).

A recent study by RTI - IRPS indicated "a 'U'-shaped

relationship between involvement rate and speed deviation....

These results confirm the hypothesis that slow driving as

well as fast driving increases the likelihood of being

involved in an accident. However, the curvature of this

U-shaped relationship is not as pronounced as that given by

Solomon...."

The RTI - IRPS study alsoc gave support to the use of

the B5th percentile criterion stating:

= 13 =



"The standard deviation of the speed distribution
is from 5 to 7 mph. Approximately B5% of the
drivers drive below the mean plus cne standard
deviation. The drivers having speeds between tlhe
mean and one standard deviation above tha maan
ara definitely in a low involvement group. The
reagion betwean one and two standard deviations
above the mean spead encompasses approximately 10
percant of the drivers and does not have a
significantly greater involvement rate than at
mean speed. This region from the end of the first
te the end of the second standard deviation is
approximately the tolerance level allowed by peolice
agencies" (191).

A 1966 article showed that on the five sections of freeway
studied "...more than half of the violations contributing to
accidents...were directly related to speed differential or to
stream friction between wvehicles moving in the same direc-
tion® (188).

As with the other areas of speed regulation and contreol;

a number of factors have been suggested as criteria upon which

speed limits should be based (193, 194, 195, 196, 198, 199).

These factors are guite adeguately summarized into four main
categories in the article "An Informational Report on Speed
Zoning." This article suggests that speed limits should be
based on prevailing wehicle speeds, physical features, acci-
dent experience, and traffic characteristics and control (197).
Again we find a great amount of support in the litera-

ture for the 85th percentile criterion (85, 140, 191, 201,

205, 206, 208, 209).

Warren Kessler gives the following justification for the

B5th percentile as a basis for setting speed limits:

- 14 -



"The B5th percentile speed is based upon the theory
that the majority of motorists traveling upon a city
street or highway are competent drivers and possess
the ability to determine and judge the speed at
which they may operate safely: further, that mocor-
ists are responsible and prudent persons who do not
want to beceme invelved in an accident and desire to
reach their destinaticns in the shortest possible
time" (204).

A 1969 "Resolution of the annual meeting of the American
Association of State Highway Officials” states:

"The review of existing practice revealed that
most of the member departments use, primarily, the
B5th percentile speed. Some agencies use the 90th
percentile speed, and of secondary consideration are
such factors as design speed, geometric character-
istics, accident experience, test run speed, pace,
traffic volumes, development along the reoadway, fre-
guency of intersections, etc.

"on the basis of the foregoing review, the Sub-
committee on Speed Zoning recommends to the AASHO
Operating Committee on Traffic for consideration as
an AASHO Policy on Speed Zoning that:

"The 85th percentile speed is to be given primary
consideration in speed zones below 50 miles per
hour, and the 90th percentile speed is to be given
primary consideration in establishing speed zones

of 50 miles per hour or above. To achieve the opti-
mum in safety, it is desirable to secure a speed
distribution with a skewness index approaching
unity" (207} .

A California publication, "Speed IZIoning - Why and How,"
discusses the results that realistic speed zoning may produce.

"A. Reduce the speed differential in a traffic
stream when there is a large variation of
speeds. This makes driving easier, increases
capacity and reduces the liklihood [sic] of
accidents by encouraging most drivers to
travel at about the same speed.

=



B. Give enforcement officials a good guide as to
what a reasonable and prudent speed is under
normal conditions and permits concentration of
enforcement against real traffic wviolators.

C. Give motorists a speed limit which they can re-
spect and obey. When drivers respact speed
limits in areas with which they are familiar,
they are more likely to pay attention to limits
in unfamiliar areas.

D. Assist traffic courts by providing a realistic
guide as to normal, reasonable and prudent
speeds.

E. Give local residents a realistic picture of
the actual speed of most traffie. There is no
safety in blind reliance on a speed limit in-
consistent with speeds actually traveled by
traffic.

F. Insure that all speed zones satisfy the re-
gquirements of state law" (208).

More recently developed areas of discussion concern the
uniformity of speeds or the speed distribution (85, 214).
William Taylor has said that assuming that wvariation of speed
distribution and high accident rates on certain sections of
highway are a result of the drivers' inabilities to properly
avaluate the ﬂrIving situation, it seems that the speed dis-
tribution would be he}Eful in determining where speed zoning
might be effective. Mﬂan-spe&d and B5th percentile may not
be influenced by each driver's inability to make a proper evalua-
tion of conditions in the way that skewness and kurtosis of
the speed distribution are (210).

Taylor's theory states that a relationship exists between
the rate of occurrence of accidents and the distribution of
speeds on a section of rural highway, and that the effective-
ness of speed zoning in reducing accidents depends on the speed
distribution before and after zoning (211). His study con-

i

cluded:
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"l. There is a strong relationship betwee the
rate of occurrence of accidents and the speed
distribution on rural state highways.

2. The best parameter to use in determining non-
normality is the skewness of the distribution.

3. Changing the speed distribution f£rom non-normal
to normal results in an accident rate reducticn
which is about twice that found under any other
set of before and after conditions.

4. Warrants for speed zoning should be established
which include the speed distribution as a
factor.

5. The 'Before' speed distribution alone is not
adequate as a warrant for speed zoning®" (177).

A Tennessea Department of Highways 5tudy based on Taylor's
thaory concluded that speed limits below 50 mph are best repre-
sented by the 85th percentile, while limits of 30 mph and
above are best represented by the 00th percentile (212).

J. C. Oppenlander proposed a cost-based method of astab-
lishing speed controls. His theory entails:

1. The selection of an optimal speed that yﬁnimiz&s

the cost of highway transportation, taking into

consideration monetary, time, safety, and com-
fort factors.

2. An adjusted speed is derived from the optimal
speed by subtracting the reduction in speed
occasioned by driver, vehicle, roadway, traffic,
and environmental wvariables that modify wvehicu-
lar speeds.

3. Statistical relationships between upper and
lower speed limits and adjusted speed produce
the posted speed regulation (200).

Jack C. Marcellis attempted to apply part of Oppenlander's
theory, calculating the total cost of traffic movement as the
sum of operation cost, time cost, and accident cost. The op-
timal speed for urban streets was scaled according to freguency

of stops. For passenger cars, optimal urban speed ranged from
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42 mph for 0 stops per mile to 27 mph for 16 stops per mile
during the day. WNight optimum is slightly lower. Commercial
vehicles would move at an optimum speed of 37.5 mph at 0 stopsa
per mile, and at 8 stops per mile the optimum would be 25

mph (215).

Thus, it can be seen that there are three major approaches
to establishing speed limits, one based on measures of prevail-=
ing wvehicle speeds, another based on characteristics of the
gpeed distribution, and a third based on cost.

In summarizing the body of literature concerning speed
and speed control, the reader can probably be certain of only
one thing -- the controversial nature of many of the findings
in this area. However, in considering the most rational and
best supported approaches to various aspects of the speed prob-
lem, the following conclusions would seem reasonable.

1. Many of the basic premises concerning speed behavior
and its control are not new; they appear early in the
history of speed regulation and the automobile.

2. HNumerous factors relating to the driver, the vehicle,
the roadway, and the environment have a determining
effect on driving speeds.

3. The main element in determining whether drivers ob-
serve a speed limit is their perception of the rea-
sonableness of the limit.

4. Speed limits, taken as a whole, are beneficial, or
at least appear to have no detrimental effect on ac-
cident occurrence.

5. 5peed may play a large role in the severity of aceci-

dents, but is merely one of many factors in accident
causation.
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At present the most widely supported criterion on

which to base a speed limit is the B5th percentile
speed.

The theory that accidents increase as the wvalue of
the standard deviation increases, i.a., that speed
differences play a causative role in accident occur-
rence, is a promising one, as evidenced by a high
accldent rate at both low and very high speeds and

4 lower accident rate around the average or normal
driving speed.
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2.0 A SURVEY OF THE EXISTING LITERATURE

This section consists of a summary of publications re-

viewed under each of the five mentioned topiec areas.

2.1 The History of Speed Limits

The history of speed limits is international in scope,
rather than being localized. However, since we are primarily
concerned with speed control and its role in the traffic sys-
tem of the United States, we will only briefly discuss early
speed control in Europe to show its impact on the development
of speed limits in the 0.5,

As early as 1824, steam carriages were used on highroads
in Gr.at Britain. They were eventually thought dangerous,
and in 1865 legislation was passed restricting speed to 4 mph
and requiring that every road locomotive be preceded by a
man with a red flag. This act was replaced in 1896 by another
law which abolished the red flag and increased the speed limit
to 14 mph (l).

In France, no red flag law existed and road racing was
possible by permit (l). By 1906 France had a general speed
limit of 18 1/2 mph, 12 1/2 mph in inhabited areas, and 4 mph
in narrow or crowded places (2).

A Royal Decree allowed 18 172 mph outside towns and wvil-
lages in Belgium in 1899 (l). And by 1906 Austria had changed

from no speed regulation tc 28 mph in open country, 9 mph for
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inhabited areas, and 5 mph on narrow roads, while Germany
recommended a no-limit policy in open country and 9 mph in in-
habited areas (2).

One illustration of the early impact of European speed
policies on American traffic regulation is found in the follow-
ing passage: "Owing to the number of arrests which have been
raecently made in Paris for the fast driving of automobiles,
attention has been called to a method which will determine the
speaed exactly, and not leave this to the judgment of the police
officer" (3).

But the history of speed limits in the United States had
a much earlier beginning. Even before the appearance of the
automobile on American streets, an incident in Newport, Rhode
Island in 1678 resulted in the first known speed law. After
a child had been run down by a horseman, the following regu-
lation and accompanying fine were imposed:

"...if any person or persons shall presume to ride

cn either horse, mare or gelding, a gallop or to

run speed, in the streets of Newport, said person
shall for his offense pay into the treasurer of said
towne 5 shillings of money on demand, 2 shillings of
which shall be paid to any person or persons that
shall give information therecf and the other 3
shillings to remain for the use of said towne" (4).

In 1757, Boston churchgoers were protected by a limit of
a "foot pace" for carriages on Sunday (4).
Speed was also linked to public safety in the high death

toll from the electric trolley. “The damage suits resulting
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from these accidents made it a matter of egual concern to the
company to protect life; hence, the rate of slowness...was
presently what it had been when patient horses went jingling
up and down the town..." (5).

The first speed limit imposed on automobiles in the
United S5tates was enacted in Connecticut in 1901 and provided
for speeds of 12 mph and 8 mph in cities (6).

Scon after the appearance of the motor wvehicle on American
streets, the people of the nation became involved in a great
debate over speed control. The strong advocates of regulating
the automobile waged a colorful and highly emotional campaign
to encourage its restriction. They termed it "The latest en-
croachment upon the liberty of the highway"™ (7) and began their
battle against the epidemic of "speed mania" (B, 9). WViwvid
descriptions such as the following were used to present the
issue:

"The children must be shut up. The halt and maimed

must stay in bed. The motorist must have his rush,

and if he does not kill anyone he claims positive

moral credit for lifesaving" (10).

In 1906 the Commissioners of the District of Columbia reported:
"The most serious objection to the automobile is

the speed at which it is frequently driven on the

public thoroughfares. The abatement of this evil

is intrusted to a detail of bicycle policemen. The

activity of this force is shown by the fact that

during the calendar year 1905 there were betwean

400 and 500 arrests for infractions of the automo-

bile regulations, of which 246 were prosecutions

based upon violations of the speed limit. An anal-
ysis of these lattar cases shows that 15 persons
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were twice, 4 perscns were three times, and 2 per-
gsons were four times arrested and convicted of vio-
lating the speed regulations.

"The amount of fines collected duering lLhe i sor
from these 246 violators of the speed law was
$2,268. It is, perhaps, proper to remark at this
point that although the regulations provide a maxi-
mum fine of 540 this sum was assessed only once dur-
ing the vear, the average finea being less than 510.
The repetition of the offense did not, apparently,
determine the amount of the fine. The general prac-
tice seems to have been to impose a penalty of 55
for the first offense, $10 for the second, and 520
for the third. In more than one instance, however,
the first offense was penalized more heavily than
the second, while the operator who was arrested
four times was made to pay §$40 for the first offense
and only %5 for the second. It is evident, there-
fore, that the police court takes cognizance of the
circums tances surrounding the offense rather than
the repetition of the wiolation.

"Although the Commissioners believe that a rig-
orous enforcement of the penalty provided by the
regulations would go far toward restraining the
fast running of automobiles, they appreciate that
occcasion might arise wherain the imposition of a
fine for overspeeding would be totally inadequate
as a punishment. Several of the States have already
recognized this fact and provide imprisonment as

an alternative. The laws of these States, briefly
stated are as follows:

"Alabama, 525 to %100 for first offense; %50
to 5200 for subsequent offense, or thirty days to
six months' imprisonment.

. i;Cunnecticut, $200 or under, or thirty days in
jail.

"Illinois, $25 to 5200, or three months' impri-
sonment, or both.

"Maine, $50, or ten days' imprisonment.

"Missouri, $100 to %1,000, or imprisonment from
thirty days to six months, or both.

"New York, first offense, not over $5100; second
ocffense, $50 to $100, or imprisonment not exceed-
ing thirty days, or both; third offense, 5100 to
$250 and imprisonment not exceeding thirty days.

"Pannsylvania, 510 to 5100, or thirty days'
imprisonment.

"Rhode Island, not exceeding $20, or three
months' imprisonment.

"Vermont, not exceeding $100, or fifteen days'
imprisonment, or hoth.



"The Commissioners are informed that sentences
of imprisonment are rarely or ever imposed in these
States, which indicates that would=he reckless auto-
mobilists have a wholesome fear of involuntary con-
finement. The Commissioners believe that an impri-
gsonment law ought to be enacted for the District of
Columbia, but suggest that the mandatory language
of the proposed measure might well be amended so as
to conform with the statutes of the States mentioned,
With the posibility of imprisonméent constantly men-
acing violators of the speed regulations, it is be-
lieved that the tendency to overspeeding will be
effectually checked.

"It will be cbserved that the proposed bill of
the commissiocners includes horse-drawn wvehicles.
This inclusion is not only for the purpose of avoid-
ing any charge of discrimination against owners and
operators of automcbiles, which charge might be made
the basis of a legal effort to overthrow wise and
necessary legislation, but is alsoc based upon the
facts shown by an examination of the police records.
During the calendar year 1905 there were 275 arrests
and convictions for fast driving. This is an evil
which is unguestionably on the increase in the
sistrict of Columbia, and the Commissioners are of
the opinion that careless and reckless drivers cught
also to suffer adeguate penalty.

"The Commissioners also request that they be
given authority to revoke the license or permit
granted to any owner or cperator of an automobile
after said owner or operator shall have been twice
convicted in the police court of violating the speed
regulations, provided such revocation shall be
deemed necessary for public safety" (11).

A popular magazine article in 1907 defined two classes

of "criminaloid"™ drivers:

"The type of man who motors at dangerous speed is
the same type that speculates in more stocks than
he is able to carry, eats and drinks more than he
can assimilate, covers himself with gaudy jewels,
makes an objectionable exhibition of himself on
avery possible occasion. The strong arm of the

law is the only effective curb for this species;

for it i= a notorious fact that the logical conclu-
sion of such disordered lives as these is in state's
prison or the electric chair.
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"Yet most of the motoring accidents, especially
about large cities, are due not so much to crimi-
naloid owners of cars as to reckless hired chauf-
feurs...Saloons have sprung up in thco noishborh-and
of all big garages and they are often too well

patronized for the safety of the public. Chauffeurs
after a hard day's run drop in and take a drink or

two...And that is why I say that a great source of
danger to life and limb is the tired motorist who
drinks” (9).

During this time there was not only concern for the harm caused
by the speeding driver, but alsc for a method of handling the
speed violator. Henry Underwood, the author of the article
guoted above, supported the revoking of the driver's license
over other forms of punishment, saying:

"And your speed maniac who laughs at a fine and

boasts of it among his fellow maniacs would tremble

with fear at the prospect of having his license

revoked for a month, or six months, or a year" (3).

A 1909 article gave the feollowing account of dealing with
the vioclator:

"In Wew York City in two days last week owver 90

cases of chauffeurs and owners of automobiles ac-

cused of violating the speed regulations were tried

in the court of Special Sessions, and fines ranging

from five dollars to one thousand dollars were im-

posed; and the courts are acting with unprecedented

promptness and severity" (8).

A second approach to speed control was more rational.
Proponents of less rigid restrictions supported the adjustment
of driving speed and speed regulations to existing conditions,
condemning reckless driving rather than speed, per ge. Auto-

mobiles were compared to other modes of transportation, and

driver skill was taken into account. Such writers recognized
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the fact that unreasonably low speed limits were being ignored.
By 1906, 75,000 automobiles were in use in the U.5, and rea-
sonable regulations were being demanded (12, 13, 14, 15, 16).

Another phase of early speed regulation was the develop-
ment of mechanical instruments for speed measurement and speed
control. As early as 1904, a speed indicator had been manu-
factured to accurately register speed from 2 mph to 45 mph (17).
Later the speedometer was considered essential and the driver
with a speedometer was thought to have no excuse for speed-
ing (18).

Throughout the history of the automobile, speed gover-
nors were repeatedly suggested and fought as a means of limit=-
ing speed (14, 19, 20, 21, 22, 23). And in 1910 a double
camera egquipped with a timer was used to detect speeding vio-
lations. "A motorist who has been stopped does not have to
rely on...the speed claimed by ocfficers cperating a trap by
means of stop watch and signals" (24). (NMote that by this
time wea can also see indications of the familiar speed trap.)

Another author, Montgomery Rollins, explained: "“The reg-
ulation of traffic is still in its early stage, and the police
find it a problem hard to deal with, they are criticized rather
for omigsion than commission. The newspapers teem with com-
plaints in this regard" (25).

The above author related an anecdote illustrating the ex-

tent to which communities would go in regulating drivers' speed:
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"A rather amusing attempt to bring the automo-
bile speed within reason occurrad in California.
Outside of one of the large cities, many efforts
had been made by the use of warning signs, to slow
the cars down, but still an endless procession of
automobiles moved along in total disregard of the

wishes of the community. Finally, in desperation,

someone, thinking to appeal to the motorists' good

nature, hung a tremendous canvas sign across the
highway, reading....AUTOMOBILES WILL PLEASE SLOW

DOWN TO SEVENTY MILES AN HOUR" (25).

In 1909, this author suggested that speed limits for the
sake of public safety would soon be surpassed by the gquestion
of taxation for road repair (25).

In 1910 the legislatures of all but eleven states had
motor-car legislation and a movement was on to make the state
regulations uniform (26).

The supporters of the automobile cause recognized that
laws were more strongly enforced against automobiles than
other forms of transportation. "The automobile is new and
blamed for everything." They pushed for equal rights on the
road (27).

Arguments for fewer restrictions on the automobile became
more numerous (28, 29, 30). The Automobile Club of America
made the following recommendation:

"We advise that all speed limitations should be
omitted from the law. In our experience a legal

speed limit meraly increases the number of offenders,

because no matter what the limit is, the majority

of drivers will try to exceed it" (28).

Governor Draper of Massachusetts stated that:

"Speed limits were unnecessary, because a machine
may be driven recklessly at five miles an hour as
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wall as at fifty, but in the present development

cf the industry I believe it i3 necessary to have

a proper speed limit established as prima facie

evidence of lawbreaking. As he pointed out, the

real danger is not velocity, per s8¢, but reckless-

ness...Y¥et, it is not easy to determine reckless-

ness, and thus it is convenient to have a speed

limit, not as a rigid thing, but as prima facie

evidence of reckless driving® (30).

It is interesting and important to note that "[s]peeding
was about the only friving violation recognized in the early
days. It is significant that when Chicago in 1912 established
the country's first court to handle traffic cases exclusively,
it was called Speeder's Court, not Traffiec Court..." (31].

Each state adopted its own motor wehicle regulations
and speed limits wvaried greatly from state to state and com-
munity to community (32, 33, 34, 35, 36, 37, 38). States
often left the guestion of speed up to the driver with the
gqualification that it be "reasonable and proper" and special
speed limits were often set for hazardous areas such as
bridges, curves, atc.

The many facets of the speed problem were all considered
and discussed in the popular magazines of the time. H. 5.
Whiting argued against the manufacturer's limitation of the
speed capabilities of the wvehicle, saying that the regulations
should be put on the driver. "It is the driver who causes tha
car to speed or to be excessively noisy due to lack of care.

Thus, evil is not inherent in the machine but in the man."

This writer alsoc pointed out the concern of boards of health
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ovaer the "unhealthful proportion of carbon monoxide produced
by automocbiles" (39).

In 1913 the following relationship was believed to exist
between speed and severity of collisions: "...the destructive
effects of an overturn or a collision are increased, not in
proportion to the speed, but to the sguare of the speed” (40).

Automobile clubs in Maryland, Indiana, and Detroit began
to engage in self-regulating activities. A club member would
report any vioclator to the club headguarters which would, in
turn, send a letter urging compliance (41).

"The number of deaths in 1919 was about 100 per million
of population, and the estimate for 1920...is 110 per million,
or a little less than 12,000" (42). Eight hundred was the
projected death toll of automobile accidents for New York City
in 1921 (43).

John H. Mackall, chairman and chief engineer of the
Maryland Roads Commission stated in 1927 that archaic speed
limits remained in force because "...two groups of people want
to retain the old order -- the police and groups of individuals
alarmed at the increase of fatalities"™ (44).

A "progressive" system of traffic controls was developed
and used in such cities as Chicago and Detroit. "You're sup-
posed to motor ak the rate of twenty miles an hour. TIf you
drive at this speed, you'll find the 'Go'...faster or slower,

you'll see the 'step'®™ (45).



The First National Conference on Street and Highway Safety
held in 1924 made the following recommendation:

"«..In order to promote uniformity the speed
limits should be subject to general control by the
State law, which should prohibit any municipality
from establishing a speed limit lower than 15 miles
per hour; provided that municipalities and other
political subdivisions of the State should be em-
powered to fix speed-limit zones according to lecal
conditions, but should be required to mark the
boundaries of such zones plainly. In rural areas,
instead of an absclute speed limit, it should be
provided that when any wvehicle exceeds 30 miles per
hour that speed shall be prima facie unreasonable,
and it shall be incumbent upon the operator to
prove affirmatively the reasonableness of such
great speed” (46, 47).

Indicated speeds for special circumstances inm the 1930
Uniform Vehicle Code were 15 mph for school or grade crossings,
20 mph for business districts and dangerous intersections, 25

mph in residential districts, and 45 mph for others (48, 49,

50) .
By the 1920's a new problem had grown up within the
ald {EJ 5_:!-_]-

"With the growth of motor traffic and congesticn
the question of a minimum speed rate as well as a
maximum deserves consideration...Already the police
cfficers in a number of cities are urging cars to
move at a more rapid pace,; but in no place have
they been given authority by ordinance to regquire
a definite speed. It is suggested that for major
streets,; when the conditions of traffic permit, all
vehicles should be regquired to move at not less
than one-half of the legal maximum of the district"

(20).

A Traffie Officer’s Training Manual summarized the speaed

control theories developed up to 1930.
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"There are two opposite views with regard to
legislation on the subject of speed. One is that
it is impossible to name any speed limit or limits
that will be satisfactory under all conditions;
and that there should be only a general rule making
it unlawful to drive at any speed which may be
dangerous. According to the other view such a rule
is too vague, leaving too much to the judgment of
the driver, and therefore a fixed limit is recom-
mended...0ut of these two views have grown the
prima faeie speed laws" (50).

"another interesting theory has been developed,
that speed limits should be based upon the clear
space ahead. The idea is that the farther ahead
to each side an operator can see, the faster he
should be permitted to go, 2o long as he is able
to stop his car in time to prevent a collision" (50).

"Thus far minimum speed limits are not in general
use, but their utility is widely admitted" (50).

-+«BY the 1930's efforts were begun to study

speed control and take a more realistic approach

to it..." (31).

All aspects of speed were considered and reconsidered.

In 1930 cars capable of going 80 or 100 mph were being
sold in states with a legal limit of from 20 to 40 mph.
Connecticut and Kansas had no maximum, but most other states
had a limit of 35 to 45 mph (52).

A two-year experiment in Rhode Island employed "reason-
able speed" signs and found that " [blesides aiding in keeping
the high speed driver within limits, they have speeded up the

slow driver, led to more uniform rates...to fewer accidents"

(53) .
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A 1934 study observed and recorded speeds by using
"mirror-boxes" and stopwatches. 674,945 vehicles were ob-
served out of a total passing volume of 1,065,694. The over-
all average spead for all vehicles was 31.8 mph. The average
speed was 34.5 mph for rural roads and 31.1 mph for suburban
roads. Higher average speeds were observed on well paved and
four-lane roads; and on those most used by "foreign cars”
[i.2., out-of-state wvehicles]. There was a noticeable decrease
in speed on curves and a less marked aeffect on grades. Upgrade
speeds were greater than downgrade speeds. A comparison of wet
and dry pavements indicated that "the determining factor is
apparently not the change from wet to dry, or vice versa, but
whether the road actually became more or less slippery as a
result of these changes.” No general decrease in speed for
vehicles approaching intersections was cbserved until the wve-
hicles were within a guarter of a mile of the rotary traffic
island marking the intersection. The study could e&stablish no
definite relationship between speed and accident fregquency,
but a high percentage of wviolation of posted speed limits was
cbserved (54).

"70 percent of the drivers who exceeded the

speeds indicated by the limit signs restrained

themselves sufficiently so as not to exceed that

limit by more than 5 or 10 m.p.h. On the other

hand, there were about 30 percent of the drivers

who apparently disregarded the signs entirely and

continued to drive at their own pace, which wvaries

from 15 m.p.h. up to an indeterminate limit set
only by their degree of recklessness. The fact
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that there was such general viclation of the speed
limits, particularly in the lower ranges, tends to
challenge the judgment used in locating the signs.

"It should be noted in this connection that
under the present system the signs are only ad-
vigsory, that they are placed on the highways only
from March to December, and some attempt has been
made in the past to vary them from time to time to
meet changing road or weather conditions" (54)

Thus it was recognized that "[i]ln almost all cases where

the low speed limit is in affect, the percentage of violations

is high..." (55).

Might driving, as well as seasonal road and weather con-

ditions, presented its problems.

Wore

mant

"With automobiles capable of high rates of speed
and with a good many drivers operating them prac-
tically as fast during hours of darkness as during
hours of daylight, it may be taken for granted that
very little can be accomplished along the line of
getting oparators to reduce their speeds at night,
unless, by chance, eaducational activities are mul-
tiplied many times...the thing to do is to start to
improve highway illumination™ (536).

Other sources indicate that as late as 1938 speed limits
not enforced at night (57).
During the mid-1930s the organized traffic safety move-

in the U. 5. was given its initial impetus by an aroused

public epinion (58). "In 1936, the National Safety Ceuncil

appointed a committea on speed, which surveyed the problem and

came up with a set of recommendations that form the basis for
realistic speed control today" (31). The importance of the

use of traffiec engineers was recognized {Eij.



Studies on uwpeed as a cause of accidents gave the follow-
ing statistics: of 1,056 accidents occurring on 22 of Detroit's
main thoroughfares in January of 1931, only eleven drivers
were listed as speeders, and of 10,822 accidents analyzed by
the office of the Director of Traffic in Washington, D. C.,
only l1.5% were classed as "Exceeding the Speed Limit." How-
ever, an analysis of accidents in MNew York State feor 5.75 years
ranked "Exceeding the Speed Limit" as 3rd in the action of
drivers involved in accidents, and it was tied for second in
a similar study by the National Safety Council (60).

Miller McClintock described two methods of approaching
the analysis of speed and its relation to accidents. The
"sentimentalist" approach "envisions accidents as caused by
reckless, foolhardy, anti-social or intoxicated drivers, who
race over our street and highways at very high rates of speed,
with utter disregard for public safety, uﬁtil they kill or
are killed." The “"realistic" approach "does not visualize the
traffic accident problem as resulting from the supper-speed
of a few abnormals, but rather, from the daily operation of
28,000,000 nﬁtnr vehicles by 40,000,000 reasonably average,
normal individual citizens who become inveolved in accidents
because a vahicle or vehicles, under a particular set of cir-
cumstances, are traveling at 'excessive speeds'™ (61).

The safety approach was scon supplemented with an eco-

nomic approach. It was realized that speed was expensive not
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only in terms of safety but also in terms of money. Faster
driving causes a car to use more gas, more oil, and causes
more tire wear (62).

There was also concern expressed for adeguately egquipped
enforcement agencies to implement a continuous, uniform en-
forcement policy (57).

During the late 1930s, safety campaigns were instituted
by many cities and states. Among those cited in the popular
literature of the time were Massachusetts, Iowa, North Dakota,
Connecticut, Pennsylvania, and Kansas City and Wichita, Kansas
(63, 64, B3), but the most noted example of an accident reduc-
tion campaign was in Providence, Rhode Island (63, B5). The
safety campaign by the people of Providence gave the city a
record of 111 days without a traffic fatality. This was ac-
complished by a highly publicized campaign coupled with strict
enforcement and public support and compliance with a 25 mph
gspeed limit in the city. "A monthly 'sampling' of speeds of
3,000 cars at 52 locations showed that the number of cars
operating over 25 and up to and inecluding 30 mph were reduced
by about one-seventh; cars coperating over 30 mph were reduced
by a little more than three-quarters” (66).

At the same time that safety campaigns were using rigid
speed reduction techniques to decrease the number of accidents,
the following statement could be found in a book entitled Seven

Roada to Safety:
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"Speed in relation to safety is = complex sub-
ject, and we need to know more than we do before
we make Einal pronouncements concerning its regula-
tion. Generally speaking, speed docs not seem to
ba a primary factor in a large number of accidents,
but may greatly increase their intensity. England
is filled with slow cars and has almost twice our
accident rate. Speed ig relative....

"An interesting fact about speed and safety has
just been turned up in special studies made by the
National Safety Council. This research shows that
the speeding driver who figures in an accident was
generally helped to have the accident by contribu=-
tory negligence on the part of the other fellow"
(67} .

It is interesting to note that some of the advisory speed
signs and speed zoning policies used in the late 1%30s are
still in usze or are similar today. The Ohioc Department of
Highways, for example, used the same advisory speed sign for
curves in 1938 that is used at present (GB). |

The following is from an article entitled "Municipal
Traffic Problems on State Routes in Indiana®:

"In order to establish uniformity of application
of the various speed limits, the following defini-
tions are applied to all proposed speed zones on
the state highway system:

1. 20-mph zones shall be established when at
laast 50 per cent of the frontage (including
both sides of the street) for a distance of
500 feet or more, measured along the center-=
line of the street is used for business.

2. 30-mph zones shall be established in loca-
tions outside of 20-mph zones where the
total frontage on both sides of the street
is cccupied by residences or residences and
business buildings under 100 feet apart....

3. 40-mph zones shall be established in loca-
tions not covared by 20- and 30-mph zZones
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when the total frontage on both sides of
the street is occupied by residences or
residences and business buildings more than
100 feet and less than 300 feet apart" (693).

"The following rules are also followed in the use
of speed limit signs:

l. A 30-mph zone must always be preceded by a
40-mph zone at least 700 feet in length.

2. A 20-mph zone must always be preceded by a
30-mph zone at least 700 feet in length.

3. The signs for the beginning of a section of
road or street zoned for a certain speed
must have the word BEGIN at the top.

4. The numerals on all BEGIN signs shall be
reflectorized.

5. At the end of each zoned area the signs
shall have tha word END at the top.

6. Intermediate signs shall be placed at suf-
ficiently freguent intervals to keep the
motorist informed and to secure cbedience™ (69).

Speed limits at this time (late 1930s) were as high as
60 mph in Coleorado and other states. "Sixty still sounds like
a lot of speed to many city folks in Eastern states, but it's
commonplace in many other parts of the country" (65).

A 1937-38 study of "Vehicle Speeds on Connecticut Highways

resulted in the following findings:

"A summary of the observations made during these
pericds...reveals the surprising fact that the aver-
age speeds of passenger cars and buses were high-
@st in winter and lowest in summer, despite the fact
that 25 percent of the winter cbservations were made
in bad weather...It seems probable that the slower
speed of passenger cars in summer results from the
presence of numerous pleasure drivers."



"That passenger cars from outside the State are
driven at markedly higher rates nf spsed than
Connecticut cars was revealed by the study. The
recorded speeds alsoc show that the driver farthest
from home drives the fastest.”

"The obsarvers recorded the license numbers as
well as the speeds of these cars. A list of the
license numbers was sent to the office of the
Connecticut Department of Motor Vehicles, where the
name of the owner of sach car and his accident rec-
ord since 1928 were ascertained. Because of dupli-
cations, the final figures included 9Bl carg obh=
served at high speeds and 1,034 obsarved at moder=-
ate speeds.

"Results of these cbservations...show that 27.8
percent of the drivers cobserved traveling at high
speeds had been involved in accidents, as compared
with 21.3 percent of the drivers observed travel-
ing at moderate speeds. In other words, 30 percent
more of the fast drivers had been in accidents.
Moreover, those fast drivers who had been involved
in accidents, had had more of them and accounted
-or 45 percent more accidents" (70).

During this time there were also gsome technical advances

in traffic control, for example, Maryland's use of "...a new

traffic-signal system combining automatic speed control and

traffic control at a highway intersection..." (71).

Once again innovation was called upon to tackle the com-

munity speed problem. In New Brighton, Pennsylvania, "[l]arge

gsigns were posted at two main entrances to the town...advis-

ing the motoring public that they are entering New Brighton

and that no speed-traps will be encountered. Instead, they

are asked to pleass abide by the 35-mile limit, and are

thanked in advance for their cooperation® (72).
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World War II presented a new approach to the control of
vehicle speeds.

"In the war years the traffic safety program
continued, although curtailed. A nation-wide
appeal was made to save manpower by preventing
accidents, and this, with gasoline rationing and
a national speed limit of 35 miles an hour,
greatly reduced the number of accidents" (4).

"The wartime shortage of rubber following 1940
caused Federal authorities to lengthen the useful
life of motor tires by making 35 MPH the maximum
speed at which vehicles should be operated" (73)

"Before World War II the basic rule of 'rea-
sonable and prudent' speeds was in effect. On
March 18, 1942 the Governor of Indiana established
a 45 mph. limit to congserve rubber. On July 26,
1942, the limit was lowerad to 40 mph. and on
September 30, 1942, the entire nation was placed
under a 35 mph. limit." Elimination of the war
limit after the fall of 1945 brought back the
‘reasonable and prudent' rule (74).

Speed rules were set up for special circumstances of war-
time driving, such as moving under blackouts when no air raid
signal had been given (75).

"Jogeph B. Eastman, Director of the Office of
Defense Transportation, in a statement addressed
to state and municipal authorities, said: 'The
necegsity for conserving vehicles, rubber and
fuel, and the enormous expansion of war production
in some areas, have created important changes in
street traffic. Adjustments in traffic control
mathods have not kept pace...This is wasting rub-
ber, gasocline and time.'" He asked for elimination
of unnecessary traffic signals, flashing lights,
use of traffic officers to decrease delay when
necessary, and establishment of war routes for
workers (76).

The following gquote traces the average speed trends from

the early years of the automobile through World wWar IIL:



“"Statistics of free-driving speeds on flat,
level, two-lane rural tangents during fair daylight
hours show that average driving speeds have in-
creagsed over the years. Average speeds of 21 mph
were reported as early as 1910 in Towa. 1In 1925,
average speeds of 25.6 mph ranging from 14 to 61
mph, were found in a statewide speed survey of
Rhode Island. Speeds of 37 mph were reported in
Ilowa for the same year. By 1934, the average speed
of motor wehicles in Connecticut had reached 39
mph. Just prior to World War II, in 1941, the aver=-
ave free speed on rural roads was 47.1 mph. War
conditions caused a drop in average speed to 36 mph
by the end of 1942, but since that time it has
climbed back to values above pre-war levels" (77).
Developments after the war included such practices as the

reduction of the speed limit at night (78).

A study at the University of Illinois in 1947-1948 indi-
cated the following: (1) Traffic ignores speed limits and
runs it speeds which drivers consider safe for conditions:

(2} Speeds vary little with traffic volumes up to the point
whaere congestion begins; (3) Most posted speed limits are
ineffective because they are unreasonable; and, (4) Suffi-
ciently high, enforceable speed limits would expedite traffic
and aid in enforcement (79).

In lﬁdﬂ_rldn: was introduced into the syvstem of traffic
control and became an important tool for police and traffic
engineers (80). In the years that followed further techno-
logical developments including such devices as "speed-watches”
and computerized photographic mechanisms were added (Bl, B82).

A 1949 periocdical acknowledged the fact that "[t]he es-

tablishment of a uniform legal speed limit for rural and urban



areas is not a solution. Such a policy is unsound. A limit
get at the maximum safe speed for the poorest zectisn of high=-
way is obviously an invitation to disregard the law...35 of
the 5tates now exercise the authority to post speed limits
differing from the speed that has been set as a general maxi-
mum. The rural Statewide daytime limits range from 25 miles
per hour in 1 State to no limit in 14 States™ (B83).

The nature of State speed requlations in the 1950s is
also indicated in the literature (B84).

"Soma states still have spaad limits not exceed-

ing 40 miles per hour on major highways, but higher

speeds are in effect in most states. Except for

Connecticut, Maine, and New Jersey, no state has a

40 mile limit on rural roads. The Merritt Parkway

in Connecticut permits a speed of 55 miles per hour

over a major portion of its length, while the

Pennsylvania Turnpike between Harrisburg and

Pittsburgh allows 70 miles" (6).

In March of 1953 the Indiana Legislature passed a 65 mph
limit (74).

Higher speed limits were supported in order to help jua=-
tify expenditures for better roads. Traffic laws at this time
were not keeping up with the rapid rise in average speeds.
Author J. Edward Johnston suggested in 1956 that the B85th per-
centile was reasonable and encouraged uniform speed. He also
stated that many factors were more important than speed in
accident causation (85).

A 1956 definition of "speed trap" stated:
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"Today we have another kind of speed trap. A

speed trap may be defined as a street or road which

iz wide enough, straight and smooth enough, and

sufficiently free of ohstructions limiting wisibil-

ity to permit driving at a certain speed but where

the law nevertheless calls for a much lower speed" (BE).

The National Safety Council Committee on Speed suggested
certain pelicies which were embodied in the 1956 revision of
the Uniform Vehicle Code. The recommended basic rule was a
spead reascnable and prudent under existing conditions. It
proposed absolute speed limits of 30 mph for urban districts
and 60 mph day limits and 55 mph night limits for other roads.
It alsc recommended that in speed zoning fixed numerical limits
should be altered by appropriate authorities and based on en-
gineering and traffic investigations (B7, B8).

Recent work in the area of speed limits has been not only
in technical and mechanical developments (83) but also in re-
search. A survey of states' officials conducted in connection
with the Vehicular Speed Regulation Research Project found
that: (1) the "reasonable and prudent" statewide speed laws
should be eliminated; (2) maximum speed limits should be 70
mph for rural controlled access highways and 55 to 65 mph for
other main rural highways; and (3) a minimum limit around
40 to 45 mph should be used on rural controlled access high-
ways (90).

Comparison of speeds in the last 20-25 years shows the

following increase:
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"Te the extent that high speed is shown to be
detrimental, there is truly cause for concern.
Since 1945, average rural speeds in the U.S5. have
been increasing approximately 0.5 miles per hour
(MPH) each year. The percentage of vehicles ex-
ceeding 50 MPH on seleacted rural highways has in-
creased from 40 to 20 percent in the pericd 19347-
1367. On representative sections of rural Inter-
atate highways, 19 percent of all traffic exceeds
70 MPH"™ (91).

Annotations to the Uniform Vehicle Code of 1967 stated
that 20 states were in substantial conformity with the basic
speed rule. Compliance with recommended maximum limits is
high, and 34 states are in substantial agreement with recom-
mended minimum speed regulations. Twenty-three jurisdictions
regquire speed zone alterations to be based on engineering and
traffic investigations, and twenty-four states make some pro-
vision for administrative alterations (92).

In July of 198 the "basic speed rule” of the niform
Vehiele Code was changed to read:

"sec. lL1=-B01 == Basic rule

Mo person shall drive a wehicle on a highway at

a speed greater than is reasonable and prudent

under the conditions and having regard to the actual

and potential hazards then existing. Consistant

with the foregoing, every vehicle shall be driven

at a safe and appropriate speed when approaching

and crossing an intersecticn or railway grade cros-

ging, when approaching and going arcund a curve,

when approaching a hill crest, when traveling upon

any narrow or winding roadway, and when special

hazards exist with respect to pedestrian or other

traffic or by reason of weather or highway condi-

tiona"™ (93).

An interesting addendum to the history of speed limits

abroad is a recent practice in France.
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"Those under 20 years of age, and all drivers who

have held a license for less than a year, are ex-

pected to conform to a speed limit of 90 kph (56

mph). Special stickers must be affixed..." (24).

The preceding pages of this section have traced speed
limits from their applications before the development of the
automobile to their present-day status. This historical trac-
ing leads to several important conclusions.

First, there is evidence of distinct stages in the his-
tory of speed limits. Their first applications were to horse=
drawn wehicles. Their early application to the motorized
vehicle in Eurcpe was carried over with the intreoduction of
the automecbile in the United States. Immediately there was a
dramacic period of exaggerated concern over restricting the
automobile. This concern was based not only on safety and the
reduction of accidents but also on economic interests. Little
attempt was made to determine the effect of speed regulations.
The country then settled down to take a more rational look at
the speed problem, and a period of legislation ensued. The
middle and late 1930's brought the organized safety movement,
which again was followed by a period of legislation, techni-
cal developments, and research which has extended up to the
present.

The second point of importance is the fact that many of
the present ideas about speed and speed regulation were es-
poused very early in the history of the automobile's regula-

tion. It was recognized that speed limits must be reasonable
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to obtaln driver compliance and that speed axceszive for con-
ditions, rather than speed, par se, was the ba=zig prohlar.
Other early points of discussion were over economic aspects
of fast driving, air pollution, and taxation for road repair.
That such amazing insight was ewvidenced so early in the his-
tory of the automobile in America says little for the "pro-

gresas" that has been made to date.

2.2 The Belationship of Speed and Speed Limits

Several research studies conducted in the 19508 con-
cerned the relationship of speed and speed limits.

Professor C. CT. Wiley of the University of Illinois ob-
served traffic speeds under 20 mph limits, 25 mph limits, 35
mph limits, and no limits. He found that traffic moved at
the same speed regardless of what the signs said; or even
without signs. On well-paved streets traffic moved at about
40 mph, while on a poorer surface travel speed was about 30
mph. In beth cases the posted speed was 25 (95).

Wiley, et al., concluded that traffic consistently ignored
posted speed limits, and even the absence of speed limit signs,
and ran at speeds drivers considered reasonable, convenient
and safe for existing conditions. Drivers operated by condi-
tions rather than by their speedometers. And the general pub-
lic paid little attention to what limits were posted (96).

A before-and-after study to assess the effectiveness of

speed zoning in Wisconsin covered six high-accident locations.



After the zones went into effect, freguency and severity of
accidents decreased and the pace decreased by 5 mph ;El],

A 1955 book by T. M. Matson, W. 5. Smith, and F. W. Hurd
includes the following explanation:

"For any given road there is an optimum speed
limit which will have the greatest effect on spot
speed. This value is usually betwean the B0 and
90 percentile of the free-flowing speed as plotted
on a cumulative-fraguency curve.

"The effect of speed regulations on the maximum
spead of single vehicles is influenced by the de-
gree of enforcement, but the number of wvehicles
traveling at excessive speeds is sharply reduced
when optimum speed limits are adopted. Furthermore,
proper speed regulation causes vehicles in the low-
est 10 to 25 per cent of the range to increase in
speed, as rcad users tend to accelerate, on the
realization that they are traveling far below the
stated safe allowable speed.

"The over-all effect of proper speed regulation

is that a greater number of vehicles travel closer

to the average speed...” (77).

A 1956 study in Nashville, Tennessee, concerned driver
compliance with unusual speed limit signs, for example 34 mph
and 39 mph. It was concluded that: (1) Night traffic aver-
aged 1 mph slower than day traffic; (2) Peak hour traffic
averaged 2 mph slower than off peak traffic, and peak hour
traffic was more uniform; (3) Posted speed limits had little,
if any, effect on traffic speed, regardless of whether the
posted limit was set at multiples of 5 mph or not; (4) 8&5th

or 90th percentile speed provides a guide to reasonable and

prudent speeds (38).
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A study conducted in St. Paul in 1956, 1957, and 1958,
studled the effects of raising the 30 mph speed limits to 35
mph or 40 mph. The 30 mph limits on these streets were ap-
parently considered to be unreascnably low, as there was a
high percentage of wviolations. Conclusions drawn from the
study ware: (1) The B5th percentile is an adeguate method
of determining speed limits on urban arterial streets as far
as its effect on travel speeds; (2] When speed limits are
justifiably raised 5 to 10 mph according to the B5th percen-
tile method, there is a tendency for mean, median, modal, and
85th percentile speeds after the change to remain near those
before the change. Changes tend to be small and unrelated to
the change in the limit; (3) S5uch changes in speed limit
will produce more uniformity in some cases, less in others,
and no change at all in still other instances (99).

A later 5t. Paul atudy conducted in 1960, also investi-
gated the effects of changing the speed limit on urban streets.
in this study, "[rlaising the speed limit had no consistent
effect on the standard deviation" and "[a]t every lowered
spaed limit test location the standard deviation of the normal
speed curve increased after the limit was lowared"™ (l00).

The effects of implementing a 35 mph speed restriction
were studied in Pennsylvania. The erecting of 35 mph speed
signs in a previously designated 50 mph zone has a marked ef-
fect on the speed of traffic, although a sizable proportion

of the drivers wviolated the new limit {(101).
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A comparative speed study carried out over a five-year
period on four-lane Pennsylvania highways showed that in 1955
speeds were 3 to 5 mph slower than in 19530, despite the fact
that the posted maximum was raised from 50 mph te 60. Average
speed was found to be inversely proportional to traffic wol-
ume, and average speed decreased 3.5 mph for each 100 vehicles
per hour increase in volume (101}.

A 1957 study which measured the effect of slow and stop
signs on drivers found that slow signs in themselves were gen=-
erally not effective. They should not be used without addi-
tional signs stating the nature of the danger,; and even then
should not be used unless there is a great need to decrease
speed (102).

An early study of speed limits observed 60,000 drivers
to determine the percentage of operators who violated the
legal speed limit while approaching intersections. Sixty
and nine-tenths percent approached the intersection at speeds
exceeding the limit. Mid-block studies showed 62% over the
25 mph limit and over 1% of the drivers exceeded the limit by
at least 20 mph (1l03).

A study by Elmburg and Michael recorded spot speeds for
31,573 vehicles (20,552 during the day and 11,021 at night)
before and after the posting of spead limits.

"The study revealed that the drivers paid little,
if any, attention to posted speed limits. They

seemed to choose a speed which they themselves con-
sidered appropriate for prevailing conditiens..." (104).



"A new Highway Research Board bulletin (341) en
the speeding habits of urban drivers reports find-
ings which confirm the surmises of many experienced

traffic officers. Among the findings are these:

1..

Speed regulations have no significant influence
on how fast city motorists drive at any one
epot.

Chronic speeding apparently is not widespread.

City speed regulations are violated more fre-
guently than rural limits..." ([(1l05).

Gerald J. Driscoll, Chief of the Traffic Safety Service

of the New Jersey Division of Motor Vehicles, was guoted as

sayingi

"Ridiculously low speed limit signs only give a

false sense of security, afford no protection, are
a waste of money, and create a disrespect for all
other control devicea"™ (106).

The Illinois Division of Highways found that:

"l.

2.

The physical changing of the numbers of speed
limits signs upward will not, of itself, gen-
erate higher speed proportional to high post-
ings.

The physical changing of the numbers on speed
limit signs does not materially alter a speed
limit pattern based on normal operation within
a zone. When speed limits are raised, in many
instances, the speed patterns are lowered..." (396).

A study of two freeways in Texas indicated that wvehicle

speeds were influenced by posted legal limits {(107).

Another aspect of freeway control was studied by the

California Division of Highwavs.

"The objective of this study was to determine

the feasibility of establishing minimum speed limits
on maltiple lane highways, on a lane to lane basis...
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"From the analysis of individual vehicle speeds
several things were learned: (1} There was little
eévidence of increased average speeds due to sign-
ing. In fact, most study sites showed a decrease.
{£) With the average speed in the range of &7 mph
for the left lane of high speed freeways and the
variation in speeds in the range of four to six
mph, it was found that a vehicle traveling at the
posted minimum speed (60 mph) would often be imped-
ing traffie...

"The most unexpected result of the minimum speed

signing was a shift of traffic to the left; i.e.,

for a given traffic wvolume, more cars drove in the

left lane. It was originally anticipated that the

signs would cause slow drivers to move to the right.

This shift to the left lanes resulted in the above

menticned reduction in mean speads. It also re-

sulted in increased vieclation of the minimum speeds;

increased passing on the right; and increased in-

stead of reduced travel time..." (10B).

A 1963 report in connection with the Vehicular Speed Heg-
ulation Research Project presents the findings of a study to
agcertain driver observance of reasonable gpeed regulations
on a relatively homogeneous highway. It was concluded that:
(l) the presence of speed regulations in urban areas had no
significant influence on the central tendency and variability
of spot speed characteristics; (2) individual drivers have
variable speed habits; (3} at any one check point 15% of the
drivers exceeded the speed limit, but 50% of the drivers vio-
lated the limit at at least one check point,; making apprehen-
sion of the fastest 15% unrealistic; (4] chronic speeding
was not evident, for only 20% of the drivers exceeded more
than 2 out of 9 speed limits; and, (5) more drivers violated

urban limits than rural limits (109).
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Another part of the Vehicular Speed Regulation Research
Projact employed experimental and standard advisory apeed
aigns to study the effects of advisory speed limits on drivers
(1lp, 111).

"The variance analysis showed that the drivers
did not differentiate between the two types of ad-
visory speed signs tested, and that the speed at
which the drivers negotiated the centers of the
curves does not correlate with the posted advisory
speed. A special study...indicated that posted ad-
vigsory speed does influence the rate of deceleration
of drivers entering the curve,.

"There is a tendency for the highest mean speaeds
to occur when high advisory speed limits were posted
and for the lowest mean speeds to occcur for the
lower advisory speed indications...

"The B5th percentile speeds tended to be higher
for advisory speed signs of higher magnitudes.
There was a correlation between safe operating
speeds and the BS5th percentile speeds®™ (110).

A third portion of the Illincis study concerned the
practicability of using posted speed limits to obtain confor-
mity between average speed of the traffic stream and the ad-
justed optimal speed. This is based on the theory that there
ig a speed at which the cost of highway transportation is mini=

mized and this speed can be adjusted to conditions less than

ideal.

"It was found that in the majority of cases the
mean speed observed at each site was within 5 m.p.h.
of the recommended modified speed. There were many
locations, however, at which the mean speed of the
traffic stream would have to be reduced by more
than 5 m.p.h. if the desired objective of minimiz-
ing costs was to be achieved. The results of pre-
vious studies indicate that changes of this magni-
tude have been accomplished by means of a reduction
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in the speed limit but these results have generally
been obtained in areas where special spsed restric-
tions have not previously been in effect" (112).

The Illineis study also found that absolute speed limits
received the highest cbservance, while advisory limits were
exceeded more frequently than either abselute or regulatory
speed limits (390).

In 1967, R. R. Roberts arrived at the following conclu-
sions concerning speeds con urban arterial streets:

“{l) The mean speed of the wehicles was not changed
significantly by increasing the posted speed
limit from 35 MPH to 40 MPH.

"{2}) A reascnable posted speed limit based on the
B5th percentile speed appears to stabilize
traffic to allow the speed distribution to
more closely approximate a normal distribution.

"{3) It would seem to appear that motorist [gic]
observe and respect a reasonable speed limit
more so than [sic] unreasonable one as indi-
cated by the BS5th percentile speeds.

“(4) The stability of traffic flow on an urban ar-
terial seems to be improved as indicated by
the reduction in the standard deviation and
the gstandard error of the mean.

"(5) The posted speed limits on an urban arterial
street has [gie] little or no effect on the
inclusive speads within the 10 MPH pace or
the percentage of the total wvehicles within
this range.

®"{6) The task of the police in enforcement of
speed limits can be greatly simplified by
establishing reasonable speed limits based on
the B5th percentile speed together with the
other necessary considerations"™ (113).
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The Road Research Laboratory in England summarizes speed
restriction experience with the following:

"Measurements of speeds before and after the
imposition of speed limits in France, Great Britain,
Horthern Ireland; the Netherlands and the U. S. A.
hava shown that a large proportion of wvehicles are
driven at speeds in excess of the limit but that
the number of vehicles driven at high speed is
usually considerably reduced after a speed limit
is imposed® (114),

The wvariety of studies reviewed in this section present
the following conclusions concerning the relationship of speed
and speed limits.

A number of studies conclude that traffic moves at simi-
lar speeds regardless of speed limit signs; thus, drivers ig-
nore speed limits. A similar finding states that posted speed
limits have l{cttle, if any, effect on traffic speeds. Speed
regulations are said to have no significant influence ocn how
fast city motorists drive at any cone spot. Several studies
which altered speed limits found no consistent changes in
driving speeds, and the raising of the limit did not generate
higher speeds proportional to the posting.

Studies whose conclusions aAre contrary to thea above found
that although speeds observed at the centers of curves were
not correlated with posted advisory speeds; the posted limit
did influence the rate of deceleration on entering the curve.

Speed zoning in a Wisconsin study produced a 5 mph decrease

in the pace, and the lowering of a 50 mph zone to 315 mph had



a marked effect con traffic speeds. Such findings would suppor
the conclusion that the number of vehicles driven at a high
speed is usually considerably reduccd after a sperd limit is
imposed. Another conclusion states thal proper speed regula-
tion causes a greater number of wvehicles to travel closer to
the average speed.

Absolute speed limits are said to receive the highest

obzervance, while advisory limits are exceeded more ocften than

gither absolute or regulatory.

Thus, the studies cited in this section illustrate two
opposite views regarding the effects of speed limits:; and
these views are connected by a number of intermediate conclu-
sions relating to specific conditions.

2.3 Driver Speed Behavior and Variables, Other Than Speed
Limits, Which Influence It

A variety of aspects of driver speed behaviocr have been
considered in numerous research studies. Some of these will
be discussed below.

An early study conducted in 1948 by the Eno Foundation
compared accident-repeater groups and accident-free groups
in Michigan and Connecticut. Among the topics covered by the
interview were attitude and speed habits. Connecticut re-—
peaters showed a significant preference for higher speeds.
This was not confirmed in Michigan except for night driv-

ing (115).



A 1954 report concerned the astudy of a commuter route
to determine whether or not scme individuals consistently eex-
ceaded the average speed. BAbout a third of all drivers ex-
cee#dad the B5th percentile of the spot speed distribution.

It was found that if a set of drivers were cbserved as many

as seven times, more than half of them could be expected to
exceed the B5th percentile speed at least once. Speed was

also found to be significantly higher for younger drivers (116).

A study by Michaels and Solomon proposed to determine
whether advance information of speed change through a visual
signal would markedly affect following behaviocr. Results indi-
cated a significant reduction in mean headway when advance
speed change information was presented, and that headway was
at a minimum when the advance information was presented 1 to
] seconds before the onset of change. This significantly re-
duced the variability in headway (117).

The authors of a study concerning forward wvelocity and
lateral acceleration propose that the perception of lateral
force resulting from a change in the direction of motions is
an important driving skill. Drivers choose the speed at which
they will negotiate a curve before they enter the curve. Thus,
the authors have hypothesized that: "l. When the driver
chooses a speed he is predicting the lateral force which he

will feel in the curve and 2. the lataral force produced

will be an inverse function of the speed" (118).



A study to investigate drivers' speed perception involved
the ability of eight subjects to halve or double their speed
on command., Over the range of speed tested, it seemed that
drivers underestimate their speed when decelerating and over-
estimate it when accelerating (119).

The summary of research which related intelligence and
sociceconomic status to driving records states:

"Official driving records of educable mentally re-
tarded individuals were compared with records of
individuals with normal or above intelligence to
study the relationship of intelligence and economic
status to driving ability and driving habits.
Generally, intelligence and sociceconomic status
did appear to be influencing factors in the total
number of violation points accumulated over a

five year periocd. However, inspection and analy-
gis of driving records indicated that subjects from
high socioceconomic groups received more spesding
violations than the low groups, and that low intel-
ligence subjects had more points for violations,
other than speeding,; than the average and above
intelligence groups. The low intelligence group
differed significantly from an average group on the
factors of combined accidents and wviclations. How-
ever, the low intelligence group did not differ
significantly from the high intelligence groups on
these same factors™ (120).

Another article presented the following statistics:

"Average speed of cars, trucks, and buses rose
to a record high of 53.8 m.p.h. during 1962 in an
annual study of speed on level sections of main
rural highways during periods of relatively low
traffic densities when most drivers could travel
their desired speed. Twenty-seven states reported
the results of 1,006 speed studies.

"The 58.8 m.p.h. average speed was 1.2 m.p.h.
above the 1961 speed. Average speed for passenger
cars was 55.1 m.p.h.; trucks 49.5 m.p.h. and buses,
56.8 m.p.h." (121).
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A Los Angeles study to azsess the effectiveness of written
warnings as compared to citations involved the stopping of
motorists who exceeded 40 mph in a 25 mph zone. By following
these drivers after citations or warnings were issued, the
study found that:

(1) Where a citation was issued, accompanied by no

conversation between driver and officer, 32 of
100 cases recorded exceaded the limit again
within 5 miles.
(2] Where a safety message accompanied the cita=-
tion, 33 of 100 cases exceaded the posted
speed within the next 5 miles.
(1) Where a written warning and safety message
were issued in place of a citation, 43 of 100
motorists had exceeded the limit within 2 miles
and 22 more within 5 miles; for a total of 65 [122).

A report analyzing Indiana spot speed observations from
June and July of 1968, showed the overall average speed for
passanger cars to be 64.5 mph and the average for trucks to
be 56.5 mph. A regression analysiszs of data for aleven years
showed an annual increase of .85 mph for cars and .87 mph for
heawy trucks. No large increase in truck speeds followed a
15 mph speed limit increase for trucks on Indiana highways.
Trucks seem to travel at speeds which their drivers consider
safe regardless of maximum speed limits, and the growing par-
centage of automobiles wioclating the speed limit indicates
the same (123).

A November 1969 follow-up to this report analyzed speeds

observed during the months of July and August 1968,
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"Analysis of the speeds showed the over-all aver-
age speed for passenger cars was 67.% miles per

hour. The over-all average speeds for trucks on

the three types of highways was 5%.5 miles per hour.

"A regression analysis on the available results

of the past eleven years showed an annual increase

of 1.03 miles per hour for the over-all average

speed of passenger cars and 0.97 miles per hour for

the over-all average speed of heavy trucks" (124).

The variables which have an effect on driving speed are
numerous, and a rather extensive amount of research has been
done in this area. Several early studies were conducted in
tha 1930s.

A 1934 study determined average and maximum travel speeds
on various surface types and found the fastest speed on con-
crete, with decreasing speeds on oil mat and grawvel (125).

A study of factors which influence driving speed found
the following in 1939:

{l) speed increased with trip distance

{2) new cars traveled faster than old

{3} driver sex and number of passengers had little

effect except in a study of racial difference
in South Carolina where colored drivers showed
a sharp increase with passengers (126).

The New York State Department of Public Works in 1953
made a study of speed characteristics at vertical curves with
restrictive stopping-sight distance in order to determine the
relation between sight distance and driver speed. Drivers

were found to reduce their speeds far less than required for

safe operating conditions. WNo consistent relation was found



between operating speeds at the crest and minimum sight dis-
tance. MNeither did a relationship exist between driver sperat-
ing speeds and safe speed standards (127).

A 1954 study recorded driver performance and passenger
car speeds on horizontal curves with minimum sight distances
from 200 to 655 feet. Four conclusions were drawn: (1)
Drivers don't significantly alter their speeds after entering
a curve; the adjustment is made on the approach; (2) Outside
and inside lane speeds are about equal despite a 20% greater
sight distance in the outside lane; (3) Drivers drive under
the high speed permitted by easy curves, but exceed the design
limit on sharp curves; (4) When minimum sight distance is
400 feet or longer, few drivers exceed what can be considered
a safe speed (128).

A study of two freeways in Texas indicated that wvehicle
speeds were influenced by posted legal limits and by wvolume
levels.

"+:.The minimum speed limit was 40 mph and the
maximum spaed limit was 50 mph. The average spead

of the vehicles using the inside lane was 45 mph

during pericds when the volume level was less than

1,500 vehicles per hour. The average speeds based

on 5-min. pericds for the inside lana were within

a band width of 5 mph. This held true up to a 5-

min. volume of 125, which is eguivalent to a level

of 1,500 vehicles par hour. When this wvolume level

was exceeded, the average speeds became erratic and

varied from 30 mph to 45 mph" (107).

“Five minute average speeds of 40 to 50 mph are
maintained in the middle and inside lanes when the

5-min. lane volumes are below 150 or an eguivalent
hourly volume level of 1,800 vph" (107).
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“On the two freeways studied, the wehicles in

gach lane tended to adjust to the speed of the
slower parallel lane. This sympathy of speed be-
tween lanes appears to exist regardless of volume®™ {(107).

A study in a Michigan county found that at the five study

gites:

*l.

.

e ¥

4.

e

The

The average speeds among the several station-
cperations differed significantly. HNumber of
lanes and posted speeds did affect average
driver speed.

The average speeds among the several hourly
traffic volume groups differed significantly.
Size of hourly traffic volume did affect
average speads.

The effect of number of lanes and posted speeds
is probably significantly greater than that
of hourly traffic volume.

There was significant interaction in the speeds
between station-operation and hourly traffic
volume group. Driver response to changes in
hourly traffic volume was not the same at all
station-operations. Or,; what is the same thing,
driver response to changes in number of lanes
and posted spesd (changes in station-operation)
was not the same in different hourly traffic
volume groups.

There is a definite trend toward reducing speed
as hourly traffic volumes increase up to lpnut
500 wehicles per hour. Beyond this there 1s no
decrease shown" (129).

study found that "the faster driver changed his speed

less frequently and by a lesser amount due to speed zones,

number of lanes of roadway and hourly traffic volumes than did

the slower driver™ (129).



Results of another volume study by T. W. Forbes state:

"Analysis of speeds by volume groups was carried
out uging each five-minute sample to estimate vol-
umes and including all cars measured. A trend was
found toward a reduction of speed as lane volume
increased from approximately 600 to 1800 or 1900 va-
hicles per lane per hour. This trend, however, was
relatively slight.

"Contrary to findings on two and four lane high-
ways reported by others, no maximum volume point
was reached; and the faster lanes (toward the center
of the highway) showed less tendency to approach a
maximum volume than did the slowest outer lane. The
three lanes,; furthermore, showed different average
apeeds for the same volume, and the center-most lane
actually carried the highest volume at the highest
average speed. This is contrary to the often re-
ported relaticonship of higher speed with lower
volume® (130).

In 1939, 0. K. MNormann concluded that:

"With light traffic on a rural highway, the speed
of each individual wvehicle is not governed by the
spaed of the wvehicle immediately ahead, and there
is a relatively high mean difference in speed be-
tween successive vehicles. As the volume increases,
there is an increasing tendency for the speed of
the individual wvehicles to be governed by the speed
of the preceeding wehicles. This causes a marked
decrease in the mean difference in speed between
successive vehicles, although the decrease in aver-
age speed may be slight" (1l3l).

In a study of the effects of objects on the road shoulder,
Asriel Taragin EFound that the presence of a passanger car,
maintenance truck, or bérricade, 3 to & feet from the edge of
the pavement, had little effect on wvehicle speed for two- and
four-lane highways. Speeds did, however, average 1 mph
lowar on two-lane highwayvs with a lane width of less than

20 feet (132).
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A one-month study of "Hourly and Daily variation in Vehic
Speeds on a rural Highway" in 1951 arrived at these conclusion

: "There is definitely a time-speed wvariation dur-
ing the 24 hours of the day.

"The greatest single factor in causing a varia-
tion under normal and favorable operating circum-
stances is apparently the light condition.

"Daylight mean speeds are appropriately 5 miles
per hour higher than mean speeds during the hours
of darkness.

*After the daylight level is reached there is
very little fluctuation during the remainder of the day-
light hours...

"In regard to daily variation, there appears to
be no significant difference between wvarious days
of the week, with the exception of the morning
hours on Tuesdays...

"Speeds on Sunday do not follow the pattern set
by weekdays. After the peak mean is reached be-
tween 8 and 9 A.M. the means begin to decline
throughout the remainder of the day® (133).

In a 1954 a study of horsepower and speeds was undertaken
Robert E. Schmidt reported:

" [H]orsepower is not the only factor invelved in
the determination of wvehicular speeds. It is true
that where speed characteristics or capabilities
on level highway sections are to be considered,
horsepower is all-important.” .

"l. The highest powered vehicles, while driven
more frequently in the high speed ranges, are
not driven at any greater maximum speeds than
the lower-powered cars, except perhaps for
those under 100 horsepower.

"2. As the percentage of higher-powered wehicles
on the highway increases; the average speed
ocf traffic may be slightly increased.

"3. The high-powered vehicles are better able to
maintain desired speeds on steep grades and,
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because of their lower weight to horsepower
ratio, have greater acceleration ability.

"4. The wvehicles with from 100 to 130 horsepower
appear to be driven as fast as any vehicles
of any horsepower.

"5. Inasmuch as wehicles of 100 to 130 horsepower
are generally capable of maximum speeds in the
range of B5 to 100 miles per hour it would
appear that the critical factor in determining
highway spaeds is still the driver and not the
vehicle™ (l34).

Burton M. Rudy studied signal spacing and suggested 4000-
4600 feet as maximum signal spacing for achievement of adeguate
headings and speed characteristics (135).

A 1940 research study identified a number of relationships
between speeds and several different variables. Many of these
findings have been supported by more recent research.

"[T]he speads of 608 drivers on the open highway
were obtained without their knowledge together with
the vehicle license number, the number of occupants,
the sex of the drivers; the time of day and the day
of the week. Through the cooperation of state
authorities the license number was used to determine
the place of residence of the owner, his sex, age,
and the weight and age of his car...

“In general, the findings would seem to support
the following conclusions:

"l. Prevailing speeds waried on the two highways
studied.

"2. BSpeeds on Wednesday were slower than those
on any other week day at the one location
where data were available.

"3. There were no differences in speeds by hours
of the day between 10:00 A.M. and 5:00 P.M.

"4. Drivers between the ages of 40 and 49 drove

faster than any other group and faster than
all cther groups combined.
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"%:. Drivers in the younger age brackets drowve
no faster than did drivers in the older
group.

"6. Those drivers having rural route addresses
and those residing within 25 miles of the
place of observation drove more slowly re-
spectively than did those with street ad-
dresses and thosze who reside more than 25
miles away.

"7. When these rural-urban and near-far groups
were examined for possible overlappings,
the same relationships were found to obtain
except when drivers residing more than 25
miles away were segregated into rural and
urban groups. The difference here was
guite small and was not statistically sig-
nificant, thus indicating that those rural
people who were farther away from home did
not differ from urban people inscfar as
speed is concerned.

"8. The women ocbserved drove more slowly than
did the men. This was true in the case of
all secondary comparisons except when men
and women residing more than 25 miles from
the place of observation were compared.
Here no difference existed; those women who
were farther away from home did not differ
from men in their speed practices.

g, Lone drivers drove faster than those who
were accompanied by one or more persons.

"l0. Drivers of new cars drove faster than did
drivers of old cars and heavy-car drivers
drove faster than drivers of light cars.

"ll. The hypothesis is advanced that speed dif-
ferences appearing between the sex groups,
the rural-urban groups, and the near-far
regidence groups might be explained on the
basis of amount of driving experience, as
might the differences existing between lone
drivers and the drivers who are accompanied
by other occupants" (136).

The 19608 brought an increased amount of materials con-

cerning the wariables which influence speeds. A number of
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studies within the Vehicular Speed Fegulation Research Project
of the University of Illinois dealt with tnis area.

In his review of the literature, J. C. Oppenlander divided
the variables which influence spot-speed characteristics into
five categories: driver, vehicle, roadway, traffic and en-
vironmental variables.

"In summarizing driver wvariables, trip distance
has the most significant influence on spot-speed
characteristics, whereas passengers in the car and
the sex of the driver are of less importance. From
the discontinuities evident in the literature on
driver characteristics, it is reasonable to assume
that driver wvariables influence wehicular speeds to
different degrees in various parts of the country.
Vehicle type (passenger car, single-unit truck,
combination truck, or bus) and vehicle age appear
to have predominant effects on spot speeds of high-
way motor vehicles...In a recapitulation of roadway
characteristics, wvehicular spot speeds are most
significantly influenced by functional classifica-
tion, curvature, gradient, length of grade, number
of lanes, and surface type. Other elements are
gaographic location, sight distance, lane position,
lateral clearance, and fregquency of intersections.
Vehicle volume and traffic density exert pronounced
influences on spot-speed characteristics. Percent-
age of commercial vehicles, passing maneuvers, op-
posing traffic, and access control and ([sic.] also
important in evaluation of traffic-stream charac-
teristics. Environmental wariables such as time
and weather are to be considered in evaluation of
spot-speed characteristics”™ (137). .

A study by Oppenlander concerning the statistical estima-
tion of the functional relationships between wvarious wvariables
and mean speeds found that five factors largely determined the
rate of traffic flow: horizontal resistance, long-distance
travel, marginal friction, vertical resistance, and obsolete

pavemant. Eight variables were found to explain variations



in mean spot speeds: ouk-pf-state car, truck combination,
degree of curve gradient, minimum sight distance, lane width,
roadside astablishment, and total volume. The two most in-
fluential wvariables in these groups were horizontal resistance
and degree of curve (13E).

Robert Wortman measured 38 variables at B3 study sites
and concluded that mean spot-speeds on four-lane and rural
highways could be estimated with r&niunahle accuracy by wusing
a mathematical model. He found that variation in mean spot-
speed could be explained by the following factors: out-of-
state passenger cars, minimum sight distance, posted speed
limit, and the number of roadside establishments. When the
posted speed limit was excluded from the analysis, the follow-
ing variables were used: combination trucks, out-of-state
passenger cars, minimum sight distance, median type, presence
of access control, the number of roadside establishments, and
the number of access points (139).

James E, Wilson includes the following elements in the
development of speed limits: alignment, grade, vertical
curves, sight distance, width of traveled way, width of shoulde
parking, speed patterns, traffic volumes, pedestrian travel,
type of pavement surface, accident picture, roadside culture,
and frequency of grade intersections and traffic signals (140}.

Mohamed Onsi considered three methods for determining

significant variables for spot-speed prediction: (1) the
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DuBois method for eliminating insignificant variables; (2)

the addition of variables to a simple regression equation; and,
{3) a factor analysis indicating pattern of vehicular speed.
onsi favors the second method for use in further research (l41l).

The following groups of variables which may have an effect
on motor vehicle speeds are listed by William Bunte: (A) Phys-
ical features of the site: lane width, shoulder width, road
roughness, access control, roadside development, lateral clear-
ance, horizontal alinement, wvertical alinement, and sight dis-
tance; (B) Presence and action of traffic: wehicle volume,
commercial wvehicles, and driver variables; (C) Controls:
typa of enforcement, degree of enforcement, and traffic control
devices; (D) Variable factors: weather, pavement conditions,
seasonal, daily, and hourly wvariations, and day-night wvaria-
tions (l42).

The effects of horizontal resistance (degree of curve,
total central angle, superelevation, and minimum sight distance)
for two-lane rural highways were studied by Horkay. He found
that:

{l) Horizontal-resistance variables influenced

driver and vehicle types in the same manner
but to wvarying degrees.

(2) HMean speeds of male passenger car drivers were
1.8 mph greater than of female drivers.

{3) Out-of-state drivers traveled 1.3 mph faster
than in-state drivers, when judging on the
basis of mesan speeds for all wvalues of degree
of curve, values of total central angle greater
than 18 degrees, and values of sight distance
lass than 2500 feet.
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(4) Mean speeds of drivers with passengers were
1.5 mph slower than cars without passengers.

{5} A significant difference of 1.9 mph existed
betwaen mean speeds of combination and light
and zingle-unit trucks with the combination
truck traveling faster in all three considera-
tions.

(6) A significant difference of 1.8 mph existed
between mean speeds of all three types of
trucks and passenger cars although car speed
was highly wvariable.

(7) Superelevation had almost no bearing on
speed (143).

J. C. Oppenlander also found that out-of-state cars trav=-
eled at higher average speeds on two-lane highways, but resi-
dence had little effect on speed characteristics of four-lane
highways (144).

Two additicnal studies connected with the Vehicular Speed
Fegulation Research Froject present the following findings:
Drivers' speed was not significantly influenced by posted ad-
visory speed limit signs. Male drivers drove 3 to 4 mph faste
than females, and drivers of new cars drove faster than those
with old cars. HNon-local drivers operated at higher speeds
than local drivers on the flattest curves, and drivers with
passengers drove slightly slower on sharp curves than those
without passengers. Geocmetric design of curves was found to
have a significant effect on driver speed (145).

Speeds of drivers at 12 rural sites in Illinois were
measured by camouflaged radar units, and later questionnaires

which revealed attitudes and opinions on speed were administer



to the drivers. The results of 1,440 interviews indicatad that
drivers' choice of speeds are influenced by expected arriwval
time, frequency of road use, opinion of speed limit, vehicle
type, amount of driving connected with their work, and traffic,
weather, and road conditions. Most drivers liked to drive and
were aware of both the speed limit and the speed they were
driving (146).

In addition to the Illinois study, various other sources

have contributed to this area.
A pericdical "Hew Brief" states that:

"...researchers conducted considerable research
to determine what factors cause a motorist to reduce
his spead. Major factors wera curves or grades
which reduced sight distances; and urban develop-
ment such as curbs and gutters, buildings and trees.
However, in the first case drivers reduced their
spaad ocnly in developed areas, not in rural areas.
And, in the second case, they did not reduce their
speed nearly so much when approaching residential
as commercial development®™ (105)

The Traffic Engineering Handbook presents the following
elements as factors to consider in speed zoning:

l. Physical featuras
a. Design speed
b. Measurable physical features
(1) Maximum comfortable speed on curves
{2) Spacing of intersections
(3) MNumber of roadside businesses per mile
¢. FRoadway surface characteristics and conditions
{1} Slipperiness of pavemant
{2} Roughness of pavement
{3) Presence of transverse dips and bumps
{4) Presence and condition of shoulders
{3} Presence and width of median
2. Accident experience
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3. Traffic characteristics and ceontrol
a. Traffic volume
b. Parking and loading of wvehicles
c. Commercial wvehicles
d. Turn movement and control
e. Traffic signals and other traffic control
devices that effect or are affected by
vehicle speeds
f. WVehicle-pedestrian conflicts (147)
A slightly different influence on speed behavior concerns
the effect of stop signs. Studies at five locations on a
collector-type street of 6,000 vehicles per day showed that
the B85th percentile speed is 20 mph only 50 feet after leaving
the stop sign. The effect of a stop sign is nearly completely
dispersed after 100 feet. When these stop signs were removed
after the study, spot speeds decreased from 3 to 5 mph (148).
A 1963 article states that radar enforcement causes motor-
ists to reduce their speeds considerably, but this influence
extends only four miles on each side of the radar post (1l05).
Several: foreign studies have brought out additicnal points
of interest.
T. M. Coburn has written:
"The existence of clearly defined relations be-
tween the mean speeds of different classes of goods
vehicles and the mean speed of cars has been demon-
strated by Charlesworth and Coburn and confirmed by
Almond. These relations indicate that on roads on
which speeds are low, there is little difference be-
tween the mean speeds of different classes of ve-
hicles, but as conditions improve to permit higher
speeds, the differences in mean speed between ve-
hicle classes become greater™ (149).
Also, a report from Finland states: "The high mean speeds

of the week-end traffic flow cannot be explained except by the
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passenger car percentage...the reason for this evidently lies
in the different driving populaticn and the differcnt d-lving
habits" (150).

The topic driver speed behavior is multifaceted, and it
can be seen from this section that several research studies
have been conducted in this broad area. These studies, how-
ever, have besen wvery limited in scope, and thus, their find=-
ings are applicable only to very specific circumstances.

A limited amount of research has been conducted in the
area of drivers' attitud&g toward speed and speed control.
Several studies have considered various types of curves and
speed adjustments to these curves. Researchers have also con-
cernad themselves with such areas as the amount of wvioclatien
of speed limits, the effect of enforcemant on compliance with
speed limits, and drivers' perception of speed and speed changes.

Thus, the literature illustrates that relatively little
is known in the area of driver speed behawvior, and what we do
know has limited applicability.

Research concerning the wvariables which affect speed has
been rather extengive and numerous pertinent variables have
been identified. Since there is a considerable amount of con=
sistency in the wvariables identified by the wvarious authors,
it would appear that research in this area has more reliability

than in some other areas.

- 72 -



Mathematical technigues have utilized wvarious combinations
of these wariables to predict speeds for particular circum=-
stances. Such research has shown that mathematical models are
adeguate tools for speed prediction.

Several studies have gone beyond mere identification in
peinting out the most significant variables in relation to
speed. Since this type of conclusion iz applicable only when
considering a given set of variables, further study is neces-
sary.

It would seem, though, that this area contalins some of
the most extensive and least controversial research that has
been conducted in connection with speed control. This is
probably due to the relevance of these wvariables to highway
dezign and other aspects of highway safety. Extenszive researc
would be necessary to detarmine the nature and relative im-
portance of each variable's effect and to identify wvariables

that are yet unknown.

2.4 The Relationship of Speed, Speed Limits, and Accidents

The concern over speed as a causal agent in accidents was
probably the primary reason for the early developméent of speed
limits for the automobile. Of course, discussions of this
problem date back to the beginning of the automobile, but
serious reasearch in the area of speed and accidents seemed to

have its beginning in the 1930s. One reason behind this is
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the fact that speed capability of the average wvehicle rose from
55 mph in 1930 to 84 mph in 1939 (126).

Some time before 1333 the Institute of Traffic Engineers
sent a guestionnaire to all motor-vehicle departments. Of the
29 replies received, less than half the respondents thought
speed limits had an appreciable effect on speed, and more than
half the respondents thought speed was the most frequent cause
of accidents (151).

Another early study cbserved 67 leocaticons in Dallas to
help determine remedial measures in high accident locations.
The study "...does not indicate that there is any direct con-
nection hetween either high average speeds, or high maximum
spaeds...and high accident locations™ (132).

During a 1937 study of average driving on Connecticut
roads, the relationship between speed and accidents was studied.
Licensa numbers of a group of cars traveling at moderate spead
and a group of cars traveling at higher speeds were recorded.
The drivers' response to guestionnaires showed that 28% of the
drivers in the higher speed group had been involved in acci-
dents, but only 21% in the moderate speed group (70).

A 1937 driver education text gave the following speed-
death statistics: 1 in 61 deaths at speeds of 0 to 20 mph;

1l in 42 deaths at 20 to 29 mph; 1 in 35 deaths at 30 to 39
mph: 1 in 25 deaths at 40 to 49 mph; and 1 in 1l deaths at

gpeeds of 50 and eover (1533).
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A study of two groups of drivers, the first traveling
over Connecticut's legal maximum of 50 mph, and the second se-
lected from moderate operators in a speed survey, showed that
the speeding group had 5 times as many speeding tickets, twice
as many traffic viclations, but half as many accidents as the
moderate group (126).

A rather unigue wview of traffic safety is presented in a
1941 book by Maxwell Halsey. It states that the chief diffi-
culty is probably not the driver's ability, education,; or
malice -- nor is it speead. The problems are all grounded in
highway design. "It has been indicated that the basic under-
lying causes of accidents are identical with the causes of con
gestion.” "It is as essential to spend effort to improve the
speed of transportation as it is to spend it to reduce acci-
dents. The automobile was not manufactured to save lives, or
the roadway built to prevent injuries"™ (154).

One selection from a book published in 1949 includes the
following:

"A number of examples have shown that speed-

goning reduces accidents. Speed-zones through a

village on Long Island reduced accidents 67 per

cent. All curves on a 100-mile segment of highway

in Indiana were speed-zoned with a resultant de-

crease of thirty-six accidents on curves in the

year following the zoning. Fifty-three persons

were injured and seven killed on curves in tha_rlur

before installation as compared with eighteen in-

jured and none killed on curves during the follow-

ing year in spite of a 15 per cent increase in
traffie" (155).
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A study by Morton 5. Raff in the sarly 19508 attempted
to determine how rural traffic accident rates were influenced
by warious physical features of highwayz and usage character=-
igtics. Traffic volume, degree of curvature, pavemant and
shoulder width on curves, percentage of cross traffic at inter-
sections, and bridge width were found to contribute heawvily.
Raff concluded that speed is obviously a causal factor but
does not deserve the blame it usually receives (156).,

In 1953, D. M. Belmont conducted a study relating single-
car, rear-end, and head-on collisions to speed and volume,
Though the author recognized that available data were inade-
quate for making a satisfactory conclusion about the relation-
ship between speed and accidents, he presented the following
theories.

"l. The number of single-car accidents per wehicle

mile varies with the average traffic speed,
and is independent of traffic volume.

"2. The number of head=-on collisions per wehicle
mile increases directly with the traffic vol-
ume and with the average speed. The chance
of collision between any pair of opposing ve-
hicles iz proportional to approximately the
sguare of their approach speads.”

3. There are two types of rear-end collisions.
Those occcurring among wvwehicles travelling szo
close together that collision is inevitable
if the lead vehicle stops suddenly, result in
an accident rate that incraases with traffic
volume and average speed. Those rear-end
collisions which occur due to a failure to
stop where a safe stop could normally be made

have rates which vary primarily with spead
rather than wvolumea.



4. The over=all accident rate per vehicle mile
for freely moving traffic is

Avm = EL?I'E * Czn - Cjnv

wheres C1v C5 and Cy are positive constants, v

is the average speed, and n is the volume per
unie timea™ (157).

A 1956 study found the following:

l. "It appears that faster drivers have more acci-
dents than slower drivers, especially when
judged by their speeds in the afternoon. The
individual speeds of the drivers with accident
records are slightly higher than those for the
drivers without accident records; while in the
morning, it is the drivers without accident
records whose speeds are slightly higher."”

2. "It appears that drivers who have wvery short
headways in the morning have more accidents
than those who do not. WNo relation was found
between afterncon headways and accident rates.
Higher accident rates are associated with
younger drivers, larger amount of travel, and
newer cars."

3. "The majority of the accidents of record for

which information was available occurred on

dry road surfaces during daylight, and involved
other vehicles. Accidents with fixed objects
usually occurred during hours of darkness" (158).

A 1956 article in Traffic Engineering stated that over-
zealous attempts to insure safety freguently defeat themselve
and hamper the driver. Although it is widely believed that
speed is the cause of accidents, most accidents occur between
30 and 60 mph. Further, there is no correlation between acci
dent rate and top speed regulations, and only 4% of fatalitie
on rural highways, where speed is the apparent cause, are

caused by wehicles exceeding 65 mph (1%9).
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An attempt to reduce accidents on an exit ramp on the
Ohio Turnpike employed a guard rail which gave a sight cue
sufficient to slow driving speed without any need to alter the
speed limit (160).

Another Ohio study examined single-car accidents (1l6l).

"About three out of 10 drivers in fatal traffic
accidents during 1956 were wviclating a speed law.

32 per cent were exceeding stated speed limits and

10 per cent were exceeding safe speeds although

traveling at less than the stated speed limits or

on roads with no stated limits"™ (162).

Studies of 1959 included the following findings:

Ugsing 600 miles of highway in 1l states and drawing on
observations. and interviews with 290,000 drivers using these
highways, speeds representative of everyday traffic at typical
locations on primary rural highways were cbtained. Speeds
for accident-involved drivers were determined aon the basis of
police investigation reports. Difference between cbserved
and interviewed drivers and accident-involved drivers indicates
that on main rural highways, low-speed drivers are more likely
to be involved in accidents than high-speed drivers. Chance
of being involved in an accident is lowest about 65 mph,
highest for low-speed drivers, and increases over 65 mph (l63).

Prior to June 10, 1959, a rural highway in Minnesota had
a daytime primu-faceic limit of 60 mph and a nighttime prima-

Ffreie limit of 50. All curves were marked with warning signs.



On June 10, 1959 a day-night prima-facic limit of 50 was in-
stalled. In addition, advisory speeds (determined by a ball-
bank indicator) were posted at the curves. A "before and
after® accident study showed a substantial reduction in acci-
dents after the changed limit. "In the 18 months prior to tt
change, l4 accidents cccurred while enly 2 accidents occurrec
in the identical 18 months following the changes. It is be-
lieved that the traffic control measures made a considerable
contribution to this accident reduction”™ (164).

A study of accident and injury data on 3,203 automobile:
involved in injur?-pruducinq accidents determined that 74% of
the cars in injury-producing accidents were traveling under
60 mph and B88% involved impact speeds under 60 mph. There is
a statistically significant association between speed and fre
guency of dangerous or critical injury. Beyond the 59 mph
spaad of travel there is a sharp upturn in freguency of criti
cal injury, and the risk of critical injury triples for occu-
pants where speed exceeds 59 mph (165).

"Too mich speed is the No. 1 cause of traffic accidents
in a city -- speed in excess of the legal limits and speed
within the legal limits but too fast for conditions." Selec-
tive enforcement and speed control are essential to accident
reduction. Speed is not the only causative factor in acci-
dents, but it increases the danger and severity of other vio-

lations. "Bringing the speed at which traffic moves down to
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legal limits by continuous rigid enforcement will have an
almost magic effect on the accident record" (4).

In a 1960 paper John E. Baerwald states that three mea-
sures of accident severity show that it increases up to speeds
of about 60 mph and more rapidly at higher speeds. But merely
placing a speed limit along a highway does not appreciably in-
fluence driver behavior. A realistic speed limit must be
coupled with adequate enforcement to achieve maximum safety.
"No evidence exists to indicate that accidents are increased
when speed zones are raised and by the same token, there is no
evidence that accidents are materially reduced by establishing
zones, although a downward trend is indicated" (96).

A pilot study to determine whether future traffic records
could be predicted for individuals indicated that associations
between driver's speed as reported by the individual, prior
traffic record and subsegquent traffic records are much greater
tnan would be expected by chance (l66).

David Solomon combined data from 11 states to find the
relationships between speed, driver, and vehicle characteris-
tics and accidents on two- and four-lane highways. Concerning
accidents, he found:

1. "The accident-involvement, injury, and property-

damage rates were highest at very low speeds,
lowest at about the average speed of all traf-
Eic, and increased at the very high speeds, par-=
ticularly at night. Thus, the greater the wvar-
iation in speed of any vehicle from the average

specd of all traffic, the greater its chance of
being involved in an accident.”
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2. "The severity of accidents lncreased as speed
increased, especially at speeds exceeding &0
miles per hour."

3. "The fatality rate was highest at wery high
speeds and lowest at about the average speed.”

4. "Pairs of passenger-car drivers involved in two-
car, rear-end collisions were much more likely
to be traveling at speed differences greatly in
excess of those observed for pairs of cars in
normal traffiec...”

5. "Drivers of passenger cars having low horsepower
had higher involvement rates than drivers of
cars having higher horsepower,...This may be
related to the relatively poor acceleration
capability at highway speeds cof cars having low
horsepower.”

6. "Nearly half of all accident invelvements were
either rear-end collisions or same-direction
gideswipes. However, the proportion of these
accident involvements decreased as travel speed
increased. Single wehicle, noncollision acci-
dent involvements contributed am increasingly
greater proportion of all accident involvements
as speed increased, particularly at speeds of
more than 70 miles par hour. At speeds of 80
miles per hour, non=-collision accidents consti=
tuted half of all involvements. Although angle
collisions usually were less than 15 percent of
the total, at speeds of less than 25 miles per
hour they constituted more than one-third of
all acecident invelvements. The proportion of
head-on collisions or opposite-direction side-
swipes increased as speed increased; but this
type of accident invelvement always was less
than 20 percent of the total regardless of speed
and day or night conditions® (l&7).

Foreign research studies on speed and accidents include
the introduction of a 30 mph limit in NRorthern Ireland areas
and a 40 mph limit in London. The imposition of the 30 mph

limit reduced accidents and reduced the proportion of drivers
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traveling at high speeds. Removal of 30 mph limits in 17 cases
producad about a 45% increase in accidents. The 40 mph limit
in London also decreased accidents (114, 1le8).

An B0 km. per hour speed limit was in effect from December
22, 1960 to January 9, 19%6l, in rural areas of Sweden. The
following results were obtained:

"By collating the daily record of accidents with
the foregoing rural data, we find that accidents,
casualties and fatalities all declined in rural
areas from Dec. 22, 193% - Jan. 9, 1%60 to the
spead-limit pericd. It should be borne in mind,
however, that the 1959760 period was particularly
unfavorable as far as serious accidents were con-
cerned.

"In urban areas, on the other hand, total acci=-
dents and casualties both increased from Dec. 22,
1959 = Jan. 9, 1960 to the speed-limit period,
whereas the proportion of injuries remained roughly
constant. However, a decline was recorded for
fatalities..."”

" eeothe available facts do not eanable us to de-
termine how much of the ocbserved declina in aceci-
dent rates from 1959/60 to 1960/61 is attributable
to the speed limit itself, how much to other safety
measures -- ilncreased enforcement, intensified edu-
cation and propaganda -- or how much to changes in
the volume and composition of traffic®™ (1l69).

Accident statistics collected in Sweden (196l) to compare
a 38-day period during which a 90 k.p.h. speed limit was in
effect and an 86-day period of no speed limit revealed a sig-
nificant decline in the accident rate during the speed limit
periocds.

"A twofold tendency can be observed...Firstly,
during the speed-limit periods the 'fast' roads re-
duced their share of accidents in relation to other

roads, and, secondly, this reduction 1s more pro-
nounced where gerious accidents are concerned.”
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"A study of the number of persons killed in ac-
cidents of different types...shows that the declinc
ococurred mainly in head-on collisions, overtaking
accidents, turning accidents and accidents involw-
ing the running over of pedestrians, while in other
types of accidents the decline was negligible or
nil."”

"::.[Tlhe decrease in the accident rate cbhserved
while the speed limit was in force was even mora
pronounced on those roads where high speeds are the
most common.”

"eew[Tlhe Committee is of the opinion that there
are weighty reasons for assuming that the improve-
ment in accident trends during the speed-limit
periocods can be ascribed to the imposition of speed
limits" (170).

"On January 1, 1963, the speed limit in urban
areas in the State of Victoria was raigsed from 30
to 35 m.p.h. S5tudies of vehicle speeds in the
Melbourne area were made before and after the change
and each year since that time...Accident statistics
for the year before and after the change have been
analysed and no significant increase in accidents
found. However, there was a significant increase
in accidents in 1964, two years after the change,
but this was not sustained in 1965. Accident rates
for the Melbourne metropolitan area covering the
years of the speed surveys have been calculated and
these compared in the light of the form of the speed
density function each year. This comparison suggests
that the shape of the density function of wvehicle
speeds in an area may be a contributing factor in
accident occurrence”™ (171).

A 1968 report concerning the influence of a general speed

limit on accidents and driving speeds in Finland stated:

"It is cbvious that a general speed limit has no
influence on low speeds and no essential effect on
medium speeds. The speed used by drivers accustomed
to low speeds seems to be determined mainly by ex-
ternal driving conditions. On the other hand, the
influance of a general speed limit on high speeds is
highly remarkable"™ (172).



"A general speed limit has a decreasing influence,
particularly on the number of serious accidents, as
well as on conditions in which high speeds are pos-
sible when a speed limit is not in force, that is,
on the group of passenger cars outside local speed
limit areas" tLli!.

It was also found that the difference in speeds was smaller
during the period with a speed limit thamn in the period of no
speed limit (172).

In The Effect of Conventionally Enforced Marimum Speed
Limits on Motor Vehicle Acoidenta, J. Wadsworth summarizes:

"There is sufficient extant literature, albeit
gomewhat controversial, to support the contention
that a conventionally enforced maximum speed limit
may have some beneficial effect upon motor wehicle
accidents by reducing their severity but not their
number" (173).

Two important international meetings have summarized the
results of studies similar to those discussed above regarding
the relationship between speed, speed limits, and accidents.
These are the conclusions of the two summary reports:

"Data on the effects of speed limits from a number
of countries have been analysed. It iz found that: --

(i} A high proportion of drivers do not limit
their speed as they should do in order to
accord with legal reguirements.

{ii} En nearly all cases for which we have
gatisfactory data, a speed limit had a
marked effect in reducing the higher speeds.

(11i) In other cases, the distribution of the
speeds was identical before and after the
imposition of the limit. This may have
been because of the unsatisfactory nature
of the speed limits, of the signs indi-
cating the speed limit or, in soma cases,
cf the measurements of speed. In a few
cases, it may have been due to the unsat-
izfactory nature of the speed limit.
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{iv}) Speed limits seems [siv] ko have a

marked effect in reducing fatal accidents
in urban areas. They have much less on
slight or damage-only accidents.

(v} There is some evidence that motor cyclist
and pedal cveclist fatalities are espe-
cially affected by speed limits.

(vi} The imposition of speed limits on a num-

ber of main roads including motorways,
seems to have had a favourable effect on
road accidents™ (174} .

The collective experience on motorway accidents
and speed reported upon shows an irregular pat-
tern of benefits to motorway operation result-
ing from speed posting. Clearly more investi-
gaticn will be needed to produce reliable
guidelines, as additional speed posting is con-
templated.

Differences or conflicts in results reported
can be accounted for at least in part by the
fact that speed limits have not had widespread
application on extensive mileages of motorway
in many countries, nor have they been applied
unifoermly to all types of wehicles.

Where carefully controlled studies hawve been
made, the most noticeable effect of speed
posting has been to decrease the number of
drivers operating at the extremes of the

speed range.

The motorway is a relatively recent design
development and as these facilities are first
openaed to traffic there is a tendency for the
initial accident experience to be unfavorable.
This higher initial accident rate is commonly
attributed to a learning experience on the
part of motorway drivers and often is self-
correcting. Increasing traffic volumes must
nevertheless be reckeoned with as a future ac=
cident generator. Available data also raveal
that an increase occcurs in the number of wve-
hicles involved per accident as traffic volumas
increase.

Speeds and speed differences are found to be
especially critical at night. Accident rates
during darkness are two to three times higher
than those in daylight for accidents resulting
from collision with an ocbject beside the road-
way or another road user because of excessive
speed; or as a result of vehicles moving at
different speeds in the same lane and direction.
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There is an indication that high speeds per se
are associated with high accident rates. This
correlation appears in the comparison of the
ovarall upgrade and downgrade operit.ag coxpori
ence. For descending grades, both driving
speeds and accident rates are higher than on
upgrades. ..

Significant reductions have been measurad in
the freguency of dangerously short headways

in the left lane of a 4-lane motorway as a
result of imposing a speed limit for cars.
These conditions occur only when the one way
volume is more than 100 to 120 wehicles in a
S=-minute period. It is likely that the pres-
ence of a suitable speed limit would discour=
age the practice of following too closely even
more affectively at higher traffic volumes.
Headways in the shoulder lane show no appre-
ciable change as a result of the speed limit
posted. In the case of this finding, as with
many others, it must be recognized that the

precise criteria for selection of a particular

speed limit for given environmental conditions
are not well defined by any research so far
conducted.

To accomodate mounting traffic volumes and the
increasing public call for safety, the motor-
way stands out as the optimum highway engi-
neering solution for safe, rapid movement.
Accident rateg appear to be more strongly as-
sociated with the tyvpe of design and traffic
volume than with speed limits or speed differ-
ances alone. Speed controls in most situations
must be largely self-enforcing because of the
sheer gize or the task of providing close sur-
veillance over motorway drivers. Lacking this,
new technology must be developed for an event,
50 long as the choice of speed is under the
driver's foot, the limiting of speed on motor-
ways must be a circumspective approach,; never
discredicing the value of an appeal to man's
reason"” (175).
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The Automotive Safety Foundation also summarizes several
American studies concerning speed zoning and its effect on
accidents. Michigan and Arizona studies as early as the 1930s
showed significant reductions in accidents, and later studies
with similar findings were conducted in Nebraska, Illinois,
and Wisconsin (176).

on the other hand, the Ohioc Department of Highways studiec
the effect of speed zoning on accidents and found that the
speed zoning practices used at that time were ineffective as
means of reducing accidents of any type (177).

Drivers have many misconceptions about their driving abil-
ities; the causes of accidents, and drivers who have accidents
Most peocple believe that speeding is responsible for a great
majority of accidents.

"From the traffic safety point of view there is neo

such thing as a speeder -- only peocple who drive

too fast for the condition of the highway"™ (178).

... [0]lnly eight per cent of all fatal motor ve-

hiele accidents are reported to have happened at

speeds above 60 m.p.h. in 1962. On the other hand,

more than half of all fatal accidents in urban

areas reportedly occurred at speeds under 30 m.p.h.,

that same year"™ (178).

"Speeding is cutragecusly overrated as a CAUSE

of accidents. The fact is that it is inattentive-

ness or errors in judgment or lack of driving skill

which contribute most heavily to the causes of ac-

cidents. Seldom does a single deficiency cause an

accident™ (178).

Proceedinge of National Highway Safety Bureau Friorities

Seminar gives the following explanation.
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"Does speed cause accidents and produce casualties?
Obwiously, considering speed of itscelf, the answer
is often no. As a4 matter of fact there are occa=-
sions when the capacity for speed may even aid in
the avoidance of a crash or the mitigation of its
results (The capacity to pass guickly in a suddenly
developing tight situaticn and the minimizing of
speed differentials in rear-end collisions, for
example). ©On the other hand speed can very often
compound the task of accident avoidance if not pre-
cipitate a crash. Further, and without guestion,
speed aggravates the conseguences of the crash.

"In discussing speed in relation to accidents it is
well to delineate the several senses in which the
term might be used. It is useful to think of speed
in the following contexts:

"a} wery [gife¢] high speed - speeds approaching
and exceading 100 mph. Under these conditions, the
speed factor dominates as a causative agent, since
few if any of the elements of the overall vehicle-
driver-highway syvstem have been designed to accomo-
date travel at this speed.

"b) Excessive speed for conditions - speeds
ranging anywhere from zerc to design speeds. This
category of speeding encompasses many of the speed-
ing citations issued in connection with accidents.

"£) Differential speed or speed gradients in
the traffic stream - in part, an overlapping set
with excessive speed but also includes inadequate
speed. Differential speed and the related variable
'acceleration noise' figure prominently in the safe
and efficient f£flow of traffic. Large speed differ-
entials are seldom if ever cited as a contributing
cause, the factor being implicit in other improper
driving categories such as following too close and
recklegs driving.

"With these connctations of speed in mind it can be
appreciated that speed is wvery often not a singular
or an explicit variable in the accident equation.
Thus, efforts to treat speed as an accident cause
are often reduced to treating symptoms arising from
the synergy of speed and many other system factors” (173).



In 1960 D. P. Moynihan reported results of a survey by
the U. 5. Federal Bureau of Public Roads, which showed that
cars traveling at 35 mph were involved in 600 accidents per
100 miles traveled compared to 100 accidents at &5 mph. The
rate began to rise about &5 but at B0 it was still only 174
the rate at 35 mph. This may be biazed by the fact that
drivers often state that they were trawveling 30 mph in court.
Teenagers had 4 times as many accidents at 35 mph as at &5 (180)

In 1964 J. Stannard Baker stated that the roles of speed,
speed limits, and enforcement in accident causation and reduc-
tion are still a matter of guesswork. The research that has
been done on the relationship between speed and accidents is
mainly statistical inference from primitive investigations.
It is not a convincing basis for forming policy regarding speed
limits and their enforcement (1B1).

Dr. Irwin Bross at Roswell Park Memorial Institute,
Buffalo, New York, reached the following conclusion by using
a mathematical model and computer program developed by J. C.
Tanner: "A driver attempting to travel at 80 m.p.h. cannot
raise his average speed above that of the traffic stream if
the traffic is moderately heavy (nine cars per minute} and
moving at or below the legal limit (65 m.p.h.) except by taking
dangerous chances in passing."” By using computer simulation

Dr. Bross found that a driver trying to go 80 mph could achieve
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a 13% gaving in time on a low-density highway, but such ac-
tivity increases his chances of getting killed by at least
400% (182).

M. Earl Campbell presents a unigue approach to speed=
accident comparisons. A May 30, 1964, news release from the
California Division of Highways stated that although only 19
persons have been killed at the Indianapolis 500 since 1911,
this is a fatality rate of 3,930 per 100 millicn vehicle miles
as compared to a fatality rate of 3 per 100 million wvehicle
miles on California freeways. This 133,424% increase at 140
mph on the race track shows how accident freguency increases
above &5 mplr.

"Traffic records and physics indicate that not
enly the hazard of severity but alsc the hazard of
frequency of hitting another wvehicle or fixed ob-
ject increases with speed, and these hazards be-
come specially notable in the higher ranges. Speed
and accidents cannot be related to each other simply
as a two-dimensional relationship: the relationship
iz always multi-dimensional and may include one
hundred other factors...the third dimension of traf-
fic density must always be included if any wvalid re-=
lationship is to coma out of the analysis...

"The hazard of freguency...is related to these
conditions: (1) the speed of the subject car ra-
lated to the density, frequency distribution of
speeds of all the cars in the total traffic stream,
and (2} fixed objects and other roadside hazards.
There are other factors, but these appear to be
most important. It appears also that the hazard
rate above and below the average speed of traffic
flow increases faster than the change in rate of
speed.. .

"One of the best confirmations of the increase
in hazard of frequency of involvement with increase

- 80 =



in speed is found in the 1959-64 records of the

single-vehicle accident...This type of accident

constitutes more than one-third of the accidents

rasult%ng_iq fatalities, and it is increasing at a

rate significantly faster than the average rate

of increase of fatal accidents,; especially in urban

areas” (183).

Authors R. L. Goen and R. G. Poulsen have recently sug-
gested some rather harsh measures for reducing accidents.
Among other alternatives, Goen suggests a 20% reduction in
speed limits and poses this guestion: "Do we prefer to have
253,600 people killed each year and the cother associated acci-
dent costs, rather than increase driving time by an average
of 11 minutes per day per person" (184, 185)7

Poulsen proposes a steeply graduated tax on automobiles
according to their high acceleration ability. (1E6)

The National Highﬁay Safety Board Staff states that the
factors clearly belonging to the speed-accident relation in-
clude vehicle stopping capability, tire limitations, head-liglh
limitations, acceleration and maneuvering capability, driver
skill and behavior, alcochel, and roadway and roadside factors,
The BEPR-Solomon report based on data collected in 1954-59
shows that about 29% of fatalities are associated with wvehicle
speeds of 63 mph and higher. At 62 mph there is a sharp in-
flection upward in fatalities per vehicle involvement. |

California data also indicate that 27% of the fatalities ocow

at speeds above 60 mph (187).
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& 196k article by H. Richard Mitchell, was concerned with
accident rates, severity, types, and contributing violations
on five sections of freeway. It showed that "...more than
half of the violations contributing to accidents on the free-
way sections studies were directly related to speed differen-
tial or to stream friction between wvehicles moving in the same
direction” (188).

The Interstate System Accident Research Study was conducted
to determine whether speed variance contributed to accident
involvement on the Interstate System. Results of the analysis
indicated that a reduction in the variapiﬂn of speed among wve=
hicles should significantly reduce accidents. The lowest ac-
cident involvement rate occurred at approximately 12 mph above
the mean szpeed of a study unit. As the magnitude of the varia-
tion increaszed, either above or below the mean speed; the in-
volvement rate increased. The author concluded:

"It appears, however, that with respect to aceident

inunlva@int on fresways, as_well a5 on conventional

rural highways, both wvery high and wvery low spesds

are Jdangerous, and i1t is differences in speed among

vehicles that cause 'hazardous situations'" (189).

Statistics from "Traffic Accident Pacts, 1969 Edition®
state:

"0f the 64,800 fatal accidents which occurred

in 1968, speed was a factor in about 14,700 ==

4,500 in urban places and 10,200 in rural areas.

“Speed does not always mean 70 mph. For example,

more than half of the fatal accidents in urban
areas occurred at speeds under 30 mph" (190).



A recently completed research project summarized its in-
vestigations as follows:

"Over & thirteen month pericd, 200 accidents,
involving 353 wvehicles were investigated on the

state roads of Monroe County, Indiana. In addition,

94 accidents which occurred on county roads ware

investigated...The results of this study indicate

a "U"-sghaped relationship between involvement rate

and speed deviation...These results confirm the

hypothesis that slow driving as well as fast driv-

ing increases the likelihood of being involved in

an accident. Howewver, the curvature of this U-

shaped relationship is not as pronounced as that

given by Solomon...in a previous study"™ (181).

It is well recognized that speed plays an important de-
termining role in accident severity, but its role as a causal
agent is still guite controversial. While some conclusions
gtate that speed is the most important and most fregquent cause
of traffic accidents, the more recent viewpoint is that al-
though speed is a factor in accidents, it is one of many facte:
and not necessarily the most significant.

Paralleling the controversy over speed as a cause of ac-
cidents is the guestion of whether or not speed limits reduce
accidents. Both foreign and American studies show that speed
limits have a variety of effects, generally favorable, on the
accident picture.

A number of authors have pointed out that many accidents
occur in both the low and excessively high speed ranges, while
accident experience is at a minimum at the average driving

spead .
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A newer concept in the study of speed and accidents is
the theory that accidents ogcur with deviations from the aver-
age speed of traffic. Thus, it is proposed that the speed
distribution is the most important factor for consideration.

The wide wvariety of publications supporting the different
approaches to the speed-accident relationship illustrate the

turmoil found in this facet of the speed problem,

2.5 Methods for Establishing Speed Limits

"Metheods"™ for establishing speed regulations were cited
as early as 1932. Critical speeds for curves and street cor-

ners with ohstructions were to be posted where simple "curve”

and "slow" signs were inadegquate. A simple method for deter-

mining critical speeds at obstructed intersections was pro-

vided so that a higher speed on a given street was the deter=-

minant of the appropriate speed on the intersecting street (192).
At the proceedings of the First California Institute on

Street and Highway Problems, F. M. Carter gave the following

guides to setting speed limits.

"In no case should the speed posted be lower
than the limit of the pace speed; the pace speed
being the ten-mile increment of the speed curve
in which the majority of the vehicles are travel-
ing."

"Traffic engineers have found that this curve
is fairly uniform until it reaches the 85 per
cent point, and this is generally called the crit-
ical speed. Somewhere along the curve the majority
of wehicles checked are traveling amd a 1l0-mile
section of the curve is found that contains more
vehicles than any other 10-mile range and this 10-
mile range is called the pace speed.
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"Inasmuch as many of the wehicles are traveling
within this pace speed, a zone established within
this 10=-mile increment should be recognized as rea-
sonable by the motorist because he has determined
that as the speed at which he feels safe in travel-
ing. This selected speed should not be much lower
than the critical speed.”

"When the accident rating is much higher than

the average for other highways, the estimated safe

speed should be nearer the lower limit of the speed

range® (193}.

In 1957 a study of Winnipeg, Canada, cited type of high-
way, physical dimensions, and abutting land use as principles
for decision making regarding the setting of speed limits (194}

A 1957 article by John E. Baerwald cited the following
warrants for speed zoning:

"The warrants, as presantly proposed, require
knowledge of certain conditions such as design

speed, minimom length of zone (if proposed zone is

lower than adjacent zone), minimum distances beT

tween access points, and the frequency of roadside

businesses per mile. Consideration is also given

to such items as the upper and lower limits of the

pace, the 85th percentile speed, the accident rate

per million vehicle miles, and the results of test

runs™ (195).

The Ohic Department of Highways designated division engi-
nears as responsible for reguesting alterations for primae faeie
speed limits in construction zones. The Engineer of Traffic
analyzes requests for changes of the prima facie speed limits
and makes his recommendations on the basis of warrants includ-
ing the following: pace, B5th percentile, consideration of
total accidents, consideration of driveway or intersection

accidents, and highway design (196).
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An article entitled "An Informational Report on Speed
Zoning® gives much the same explanation citing four factors
to be considered: 1. Prevailing vehicle speads; JZ. Physical
features; 3. Accident experience; and, 4. Traffic charac-
teristics and control. “The prevailing speeds of traffic on
the section of highway involved are the most important, though
not necessarily the determinative factor in speed zoning"™ (197).

A similar recommendation is given by other sources (198,
199} .

Dr. J. C. Oppenlander cites two present methods of set-
ting speed limits: (1) an arbitrary selection of speeds, for
exampla, statewide speed limits; and (2) speed limits set
according to some measure of existing traffic speeds, includ-
ing 85th percentile and 10 mile per hour pace (200).

Several authors consider the first method in their works,
Donigan and Fisher say that most states delegate some author-
ity to establish speed limits to administrative agencias.

"There iz a definite tendency in the more modern

cases to grant broader authority to administrative

officers and agancies in regulation of kraffic.

Adegquate provisiom for the protection of the travel-

ing public makes it necessary that administrative

discretionary authority be provided to deal with

specific situations which cannot be included within

laws of general statewide application...

"Administrative authority to alter speed limits and

established zones, however, is not without limit.

In the language of the usual statute it is limited

to 'any intersection or other place' where the maxi-

mum limit is greater or less than is reasonable or
safe under conditions found to exist thereat" (198).
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John Baerwald suggests that to remedy deficiencies: (1)
Legislative bodies are not competent to set specific speed
limits; (2) Area speed limits for general types of conditions
should be established by state legislatures with authority for
warranted revision delegated to competent and appropriate jur-
isdictions; and (3) The State Highway Commission should be
given authority to establish a minimum speed limit (201).

Speed rezoning in Indiana is initiated by statutory
change, residential and commercial developments, and roadway
construction. The State Highway Commission sets the maximum
speed limit. For an urban district this is 30 mph, interstates
70 mph, and 65 mph for others unless altered by special in-
vestigations to absolute speed limits. These limits must fall
within a certain range and the investigation takes 300 vehicles
or two hours sampling time, whichever comes first. The sample
should be analyzed for 85th percentile speed and pace. In no
case should the speed limit arrived at be more than 7 mph be-
low or 5 mph above B5th percentile speed. There are also stan-
dard procedures for establishing night and minimum speed
limits (202).

In 1936, J. Edward Johnston stated that:

"A reasonable speed limit is one that will in-
clude the speed of all but a few of the fastest
drivers.

"Many traffic authorities agree that a limit
which includes B5 per cent of the drivers is rea-

gonable. A speed limit should gseem too high to the
majority of drivers.
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"If this is not the drivers' reaction,; the limit
iz not maximum. The limit should apply only to
those who are grossly negligent, taking into aec-
count allowances necessary for variables in speed-
ometers and arresting technigues -- and th.s toleranco
does not need to be ten to 15 miles an hour as is
often the case" (83).

Warren H. Brandt states that "It is the intention of all
speed surveys to determine the actual operating speeds of a
representative sample of motorists. Usually the results are
interpreted in terms of the 85th percentile speed" (203).

James E. Wilson also cites this method of setting speed
limits, indicating that the preferred speed is near the B5th
percentile and that permissible ranges extend from the lower
limit of the pace speed to the BS5th percentile (140).

In attempting to justify the B53th percentile method for

speed zoning, Warren L. Kessler of the Illincis Division of

Highways states:

"The B5-percentile speed is based upon the
thecry that the majority of motorists traveling
upon a city street or highway are competent
drivers and possess the abllity to determine and
judge the speed at which thevy may operate safely;
further, that motorists are responsible and prudent
persons who do not want to become involved in an
accident and desire to reach their destinations in
the shortest possible time" (204).

An article in a 1959 issue of Traffic Engineering summarizes:

"In view of the foregoing considerations, namely,
that

{l) numerical limits are not satisfactory be-
cause of variations in driving conditions; and

(2] even if they were satisfactory, drivers, as
a rule, pay no attention to them;
it would appear that logic would dictate the removal



of all speed signs. However, if all spoced signs
were removed, a police officer would be left to hi=
own devices to determine whether a driver was driv-
ing at a reasonahble and prudent speed and a convic-
tien for speeding would be difficult to make even
though the accused might have been driving at a very
excessive rate,

"Posted speed limits then can serve a useful pur-
pose if set sufficiently high to separate the large
majority of alert and careful drivers from the few
flagrant wioclators of traffiec regulations.

"The B5 or 90 percentile speed seems to be the
logical speed at which to set the speed limit for
any given section of road"™ (205).

A survey of traffic engineering cfficials throughout

country conducted by the Tennessee Department of Highways

found:

"The B85th percentile speed is generally accepted
as that speed which is most often used as a basis
for establishing speed zones. Of the reporting 34
states 28 use the 85th percentile speed to some
extent reporting that this percentile appears to
be that speed limit at which drivers most favorably
respond and that it appears to be reasonable from
a law enforcement standpoint. This consensus has
bean based upon expaerience and little research has

the

* been presented to substantiate this conclusion® (206).

The following statement is from a 1969 "Resolution of the

annual meeting of the American Association of State Highway

Officials.”

"The review of existing practice revealed that
most of the member departments use, primarily, the
85th percentile speed. Some agencies use the 90th
percentile speed, and of secondary consideration
are such factors as design speed, geometric charac-
teristics, accident experience, test run speed,
pace, traffic volumes, development along the rocad-
way, freguency of intersections, etc...
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On the basis of the foregoing review, the Sub-
cormmittee on Speed Zoning recommends to the AASHO
Cparating Committee on Traffic for consideration
as an AASHO Policy on Speed Zoning that:

The 85th percentile speed is to be given
primary consideration in speed zones below
50 miles per hour, and the %0th parcentile
speed is to be given primary consideration
in establizhing speed zones of 50 miles
per hour or abowve. To achieve the optimum
in safety, it is desirable to secure a
speed distribution with a skewness index
approaching unity" (207).

A 1970 research report from Research Triangle Institute
concludes:

"There was not sufficient data available to al-
low a full analysis but it appears that this study
reinforces the setting of speeds [sic] limits at
the B5th percentile speed. The standard deviation
of the speed distribution is from 5 to 7 mph. Ap-
proximataly 85% of the drivers drive below the mean
plus one standard deviation. The drivers having
speeds between the mean and one standard deviation
above the mean are definitely inm a low involvement
group. The region between one and two standard
deviations above the mean speed encompasses approx-=
imately 10 percent of the drivers and does not have
4 significantly greater involvement rate than at
maan speed. This region from the end of the first
to the end of the second standard deviation is ap-
proximately the tolerance level allowed by police
agencies. .

"If minimum speed limits are set a similar argu-
ment would lead to the conjective that the limit
ghould be placed at about the 1l5th percentile zpeed
with enforcement at about the 5th percentile® (191).
“Speed Zoning - Why and How™ describes the B5th percentile
as the critical speed.
"This is the speed at or below which 85 percent

of the traffic is moving. Experience has shown
that this is the one characteristic of traffic
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speeds which most nearly conforms to a reascnable
limit. GSpeed limits set higher than the critical
speed will mske very few additional drivers 'legal®
for each fivrs mile per hour increment of speed in-
creased. Spred limits set lower than the eritical
speed will make a large number of reasonable drivers
'illegal® for each five mile per hour increment by
which the speed is reduced” (20d8).

This paper also discusses what results realistic speed
zoning may have.

"A. Reduce the speed differential in a traffic
stream when there iz a large variation of
speeds. This makes driving easier, increases
capacity and reduces the liklihood [gie] of
accidents by encouraging most drivers to
travel at about the same speed.

B. Give enforcement ocfficials a good guide as to
what a reasonable and prudent speed is under
noermal conditions and permits concentration
cf enforcement against real traffic violators.

€. Give motorists a speed limit which they can
respact and obey. When drivers respect speed
iimits in areas with which they are familiar,
thiyharl more likely to pay attention to
limits in unfamiliar areas.  _

D. Assist traffic courts by prnvlding a realistic
cui1ie as to normal; reasonable and prudent
spa is.

E. Give local residents a :ullistic picture uf
the actual speed of most traffic. There is no
safety in blind reliance on a speea limit in-
consistent with speeds actually trawveled by
traffic.

F. Insure that all speed zones satisfy the re-
guirements of state law™ (208).

In 1965, J. Edward Johnston presented a rathz=: comprehen-
sive summary of speed control information to the Institute of
Traffic Engineers.

"There is nothing wrong with many of our speed limits

but there are not enough of that kind. The bad ones

are unrealistic; they make law violators out ~f nor-
mally law abiding citizens; they create a fearful

- 101 -



driver; they subject drivers to unreascnable and
punitive traffic laws:; they are misl=ading and do
not accomplish the safety that the public thinks
they do; and they do not recognize the inherent de-
gsire of the public for mobility."

"The following premises have been used successfully
in the educaticn of the public about speed and are
offered as a guide for your own conclusions in the
matter of speed control and regulation.

"l. The majority cof drivers drive properly most
of the time.

2. Most drivers drive as fast as they fael safe
and are capable of recognizing driving con=
ditions that reguire greater driving caution.

"3. Driveras have little respect for and rarely
conform to unreasonable speed limits.

"4, Reascnable speed limits will have the great-
est effect in slowing the faster driver,
speeding up the slow drivers, and increas-
ing the number traveling at or near the same

- apeed,

"5. A speed limit should seem too fast to at
least BS par cent of the drivers or it is
not a maximum limit. There iz still plenty
of room for enforcement speed tolerances.

"6. Unreasonable speed limits cannot be enforced
with reascnablé enforcement. Many arrests
is no measure of enforcement. Speed limits
should be in a large measure self-enforcing.

"7. Forcing traffic to drive more slowly does
not mean that it is driving more safely.

"8. Safety campaigns are eaffective only to the
degree that they impress the drivers with
need for caution. This may or may not re-
sult in his driving more slowly.

"%, There is no such thing as a safe speed limitk.
Traffic accidents occur at all speeds and
more have occurred at speeds not normally
considered excessive.

"10. No speed limit adapts itself effectively to
any extended length of strest or highway,
or for even limited extent under all driving
conditions.

"ll. Radar and other speed measuring devices
would be effective tools for making speed-
ing arrests if reasonable speed limits were
used -- established, rececgnizing the many
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variable conditions, with the precise ac-
curacy with which the devices are capable
cf operating.

"12. OQur concern is not sc much with speed as
with 'zpeed too fast for conditions or cir-
cumstances.' It may be that 'haste' is the
real aggressor.

"l3. There are many other factors than speed that
are more important in the causation of acci-
dents: inattention, aggressiveness, pride
of power, revenge, haste; condemnation,
recklessness, daring and many others. These
are reflected in 'driving on the wrong side

of the road;' "cutting in;" 'failure to
vield right of way,' '"following too close,’'
'weaving from one lana to another,' 'stop-

ping too guickly,' yes, and 'driving too
fast for conditions.'

"l4. GSpeed limits aimed at regulating the few
grossly reckless drivers only make law vio-

lators out of most of the normally good
drivers and has [sis] guestionable value

in accomplishing the purpose for which they
are intended.

"l5. The 'slow' drivers are a greater menace on
our streets and highways tndny than are the
"fast' drivers”™ (209).

Another topic discussed in the literature is the unifor-
mity of speeds or the speed distribution. According to William
Taylor, assuming that wariation of speed distribution and high
accident rates on certain sections of highway are the result
of the drivers' inability to properly evaluate the situation,
it seems that speed distribution would be helpful in determin-
ing where speed zoning might be effective. Mean speed and
85th percentile may not be influenced by each individual driver

inability to make a proper evaluation of conditions in the way

that skewness and kurtosis of speed distribution are (210).
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Taylor's theory states that a relationship exists between
the rate of occurrence of accidents and the distribution of
speeds on a section of rural highway, and that the effective-
ness of speed zoning in reducing accidents is dependent on the
speed distribution before and after zoning (211). His study
concluded that:

"l. There iz a strong relationship betwean the

rate of occurrence of accidents and the speed

distribution on rural state highways.

2. The best parameter to use in determining non-
normality is the skewness of the distribution.

3. Changing the speed distribution from non-normal
to normal results in an accident rate reducticon
which is about twice that found under any octher
get of before and after conditiecns.

4., Warrants for speed zoning should be established
which include the speed distribution as a
Factar.

5. The 'Before' speed distribution alone is not
adequate as a warrant for speed zoning" {(178).

The Tennessea Department of Highways based a study on the
assumption that Taylor's theory was true. In this study a
gpeed limit was said to be "effective®™ if the index of skew-
ness of the resulting speed distribution was close to l, Speed
distributions were measured at 834 locations and 189 locations
ware found for which the speed limit was said to be "effective."
The 189 locations were grouped according to the value of the
speed zone and for each speed limit the average values of B5th

percentile, 90th percentile, mean, median, mode, mean deviation,
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and standard deviation were calculated. From these character-
istics the one with the smallest "average deviation from posted
speed limit" was selected as that characteristic which best
represented the speed limit. It was concluded that speed
limits below 50 mph are best represented by the B5th percentile
while limits of 50 mph and above are best represented by the
90th percentile (21Z).

Baerwald indicates that the safest and most efficient ve-
hicle cperating conditions cccur when all traffic is traveling
at or near the same speed, thereby minimizing the need for
overtaking and passing. To achieve speed uniformity he recom-
mands that traffic engineers establish maximum and minimum
speeds according to roadway and traffiec conditions in order te
minimize excessively fast and excessively slow-moving ve-
hicles (243).

Publications agreeing with Baerwald's view state:

"The principal objective in speed control is to
achieve as uniform a movement on a given roadway as
possible. This means “speeding-up" the slow driver
as well as "slowing-down" the fast ones" (214).

"Speed Limits should encourdge uniform speeds.

"If all traffic moved at the same speed, there
would be no overtaking and passing -- which results
in a large number of fatalities and injuries. The
greatest tendency toward uniformity is achieved
when no more than 15 percent of the drivers exceed
the clearly posted speed limit® (85).

J. €. Oppenlander states that existing technigues are not

scientifically based and presents the following theory as an

alternative method for the establishment of speed controls:
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{l}) Optimal speed that minimizes the cost of high-
way transportation is salacted censidering
monetary, time, safety, and comfort factors,

{(2) An adjusted speed is derived from the optimal
speed by subtracting the reduction in speed
cccasioned by driver, wvehicle, roadway, traf-
fiec, and environmental variables that modify
vahicular speeds.

{3) Statistical relatjonships between upper and

lower speed limits and adjusted speed produce
the posted speed regulationm {(200).

Jack C. Marcellis attempted to apply part of this theory,
calculating the total cost of traffic movement as the sum of
operation cost, time cost, and accident cost. The optimal
gspeed for urban streets was scaled according to fregquency of
stops. For passenger cars, optimal urban speed ranged from
42 mph for 0 stops per mile to 27 mph for 16 stops per mile
during the day. Night optimum is slightly lower. Commercial
vehicles would move at an optimal speed of 37.5 mph at 0 stops
per mile, and at 8 stops per mile the optimal would be 25 mph.
A possible application of these limits would be to statewide
or araawide maximum and minimum speed limits (215).

A completely different view of speed limits if presented
by Charles W. Prisk, deputy director of the Office of Highway
Safety. Prisk feels that the posting of advisory speeds, de-
termined by prevailing engineering and traffic conditions,

might be more appropriate than arbitrary speed limits. He

stactegs;
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"The driver wants and deserves intelligent aids

to his choice of proper speeds...Rather than try

ineffectually to limit his speed, we might better

look for new ways to let the driver know what

speeds are satisfactory, comfortable and safe...l

think the public is becoming suspicicus aof the

safety value of speed limits based sclely on arbi-

tration by legislators. Perhaps it is time to face

up to the fact that drivers respond better to ad-

vice than to regulation™ (216).

The Traffie Engineering Handbook states that the criteria
for safe speed regulation are based upon the need to giwve the
driver adeguate time to reduce speed, make decisions, and react
when he encounters hazards. Some indicators of the effective-
ness of a speed regulation are increased safety, smoother traf-
fiec flow, and healthy driver attitudes toward speed limits (147

There exists a considerable amount of agreement as to the
factors which should be considered when setting speed limits.
Generally included are: 1) a measure of prevailing vehicle
speeds, 2) roadway characteristics, 3) accident experience,
4) traffic characteristics, and 5) the nature of existing
control measures.

The most fregquently advocated method for establishing
speed limits today is the 85th percentile or some other measure
of existing traffic speeds such as l0-mph pace or average test
run speed. However, little empirical justification for this

method can be found in the literature. Two bases that have

baen presented are first, that the 85th percentile stems from
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the idea that drivers are capable of judging a safe and reason-
able speed, and second, that something peculiar starts to hap-
pen to the speed distribution curve at the B85th percentile
point.

A newer line of thinking has proposed that the spead dis-
tribution is the prime consideration, and thus, that the ob-
ject of a speed limit should be to have some desired effect
on this distribution. It is at this point that further re-
search must continue.

Three guestions present themselves: 1) What are the ob-
jectives of speed control? 2] Can speed limits meet these
cbjectives?. 3) If so, what methods should be emploved to

egtablish effective speed limits?
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3.0 CONCLUSION

From a historical perspective it can be seen that rela-
tively few new ideas have been added in the area of speed
limits since the early days of the automobile in America. Al-
though this says much for the insight of the man who workad
in this area in the early 1900s, it also illustrates the weak
level of affort ascribed to speed control research since that

1 e .

Little real progress has been made either in theory or
in practice regarding modern speed regqulation. Relatively few
new concepts have been introduced, and most aspects of the

spead problem remain highly unsettled.
The type of effect which speed limits have is guestion-

able, and there is still no consensus as to whether they do
or do not have an effect at all. It appears, however, that
speed limits may have a favorable effect, or at least no un-
favorable affectg have been shown. The main characteristic of

a gpeed limit is its reasonableness.
Studies in the area of driver speed behavior seem to re-

late only to particular situations and thus, cannoct be gener-
alized. The small amount of research that has been conducted

in this area does not begin to cover the complex topic.

Despite the amount of work that has been done concerning
the speed-accident relationship, the conclusions have not been
consistent. The later studies on this topic tend to place
speed in a group of causal factors rather than labeling speed

as the single or most important cause of accidents. The role
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of speed in accident causation has received the greatest amount
of sarious attention and this interest has probably led to the
present concern over speed control.

The most promising theory that has been proposed in this
area states that accidents are a function of the speed distri-
bution, i.e., that accidents are caused by deviations from the

average driving speed.

Current methods for setting speed limits are often arbi-
trary and are not uniformly applied throughout the country.
The 85th percentile is the most highly recommended criterion
for setting speed limits, yet little empirical justification

for this method can be found. _
Tne inconsistencies, contradictions; and gaps in our cur=

rant body of knowledge concerning speed and its control, indi-
cate that a logical approach to the problem needs to answer
these guestions: First, is speed a problem? Second, does
speed need to be controlled? Third, if speed should be regu-
lated, are speed limits the best method for its control? And
fourth, if speed limits are the best solution to the speed

problem, how can they be most effectively implemented?
Amarican society has already adjudged speed to ba a prob-

lem and decided that it must be controlled. HNow, it is the
role of research to put the speed problem into perspective,

to determine the role speed plays in accident causation, to
prove that speed limits are an effective solution to the prob-
lem or to find a more adegquate alternative, and to develaop

justified methods of implementing the soclution.
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4.0 GLOSEARY

Sources for this glossary were:

I. TRAFFIC EMCINEERIMG HANDBOOE , Third Edition,
Institute of Traffic Engineers: wWashington,

D.C., 1965,

II. DICTIOMARY OF HIGHWAY TRAFFIC, J. Stannard
Baker and William R. Stebbins, Jr., Traffic

Ingtitute, Northwestern University: Evanston,
Illinois, 19&0.

III. TRAFFIC ENGINEERING, T.M. Matson, W.5. Smith,
and F.W. Hurd, McGraw-Hill Book Co.: MNew York,
1955.

IV. EhTHEHhTICE DICTIONARY , Second Edition, Glenn
James and Robert C. James, editors, D. VAan

Nogtrand Company, Inc.: Princeton, New Jersey,
1959,

absolute speed limit: "a speed above which it is always ille-
gal to drive." Also known as a maximum lawful
limit. (I, p. 338)

advisory speed limit: the maximum safe speed that is posted
below a warning sign. "In most states, the ad-
visory speeds are not legally enforceable, but
in some courts vioclation of the advisory speeds
iz admissible as evidence that the driver was
operating in a reckless manner." (I, p. 541}

average overall spesd: "The average of the overall speads
of all vehicles on a given roadway during a
spacified period of time."™ (II, p. 12)

average overall travel speed: "The sum of distances divided
by the sum of overall travel times (a space-

mean speed).” (I, p. 159)

average spot speed: "The arithmetic mean of the speeds of
all traffic, or component thereof, at a gpeci-
fied point." (I, p. 159)

critical approach speed: "“At an intersection, that speaed abowve

- which a vehicle does not have sufficient distance
to stop in time to avoid collision with another
vehicle approaching the intersection on the cross
street ." (II, p. 39)
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critical speed (on curve): "The speed above which a wehicle
will slide off the curve rather than folleow
around it." (II, p. 40)

design speed: (of highway): "A speed selected for purposes
of design and correlation of those featuras of
a highway, such as curvature, superelevation,
and sight distance, upon which the safe opera-
tion of vehicles is dependent. It is the high-
est continuopus speed at which individual va-
hicles can travel with safety upon a highway
when weather conditions are favorable, traffic
density is low, and the design features of the
highway are the governing conditions for
safety."” (II, p. 48)

85th-percentile speed: "That speed at or below which B5 per-
cigt of vehicles travel." (II, p. 68) [The
* parcentile would also have a corresponding
definition.]

free-moving vehicle: "One in which the driver is not re-
stricted in selecting his speed by other ve-
hicles...S5ome observers classify a free-moving
vaehicle as one which has not less than 6 - 9
sec. headway from the vehicle ahead of it and
is making no apparent effort to overtake and
pass the vehicle ahead of it." (I, p. 539)

headway: “The time interval between passages of consecutive
vehicles measured from head to head, moving in
the same direction as they pass a given point.”
{II, p. 91) or "The distance, measured front
to front, between consecutive wehicles."”
(11, p. 92}

maximum lawful limit: "a speed abova which it is always ille-
gal to drive." Also known as an absolute speed
limit. (I, p. 538}

median speed (of traffic): "That speed below which 50 percent
and above which 50 percent of the speeds oc-
curred.” (II, p. 128) [the 50th percentile]

modal average: "that speed at which the greatest number of
vehicles travel." (III, p. 51)
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nominal speed (of traffic): “A running speed at which driver'
operate on a given section of highway in the ab-
sence of traffic interference.™ (II, p. 140}

operating speed: "The highest overall speed exclusive of
stops at which a driver can travel on a giwven
highway under prevailing conditions without at
any time exceeding the design speed.”™

(II, p. 151)

optimum speed: "The average speed at which traffic must move
when the volume is at a maximum on a given road=
way. An average speed either appreciably higher
or lower than the optimum will result in a re-=
duction in wvolume."™ (II, p. 152)

overall travel speed: "The speed over a specified section of
highway, being the distance divided by overall
travel time..." (I, p. 159}

overall travel time: "The total time of travel, including
stops and delays, except those off the traveled
way..." (I, p. 159)

pace of traffic: “the range of speed which includes the
greatest number of wvehicles for some nominal

increment in speed, usually 10 mph.” (III, p. 5

prima facie speed limit: "a speed above which the driver is
presumed to be driving unlawfully but if charged
with exceeding it, a driver may show cause to
prove that his speed was safe for conditions
and, therefore, that he was not guilty of a
spaed violation." (I, p. 538)

running speed: "The speed over a specified section of high-
way, being the distance divided by running time
.xa" (I, po. 159, l&l1)

running time: "“The time the vehicle iz in motion...™ (I, p.

skew distribution: "A non-symmetrical distribution. A dis-
tribution is skewed to the left (right) if the
longer tail is on the left (right) - also called
negative (positive) skewness..." (IV, p. 126}

space-mean speed: "The spesed corresponding to the average
of overall travel times or running times over a

gpecified section of highway.* (I, p. 1l6l)
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spot speed: "The speed of a vehicle as it passes a spot or
poeint on a street or highway." (I, p. 159)

ten-mile-per-hour pace: "The l0-mph speed range containing
tha largest percentage of vehicles in a sample
of spot szpeeds.™ (I, p. 159)

time-mean gpeed: "The average of spot speeds of individual
overall travel spead values." (I, p. 161}

= 114 =



5.0

REFERENCES

10.

1l1.

12.

13.

14.

15.

Scott=-Montague, John, "Automobile Legislation: A
Criticism and Review," North American Review, Vol.
179, Mo, 573, pp. 168=-177, August 1004,

"Regulation of Motor Cars," Quarterly Review, Vol. 205,
No. 409, pp. 511-53n, October IEEE.

"Fhotographic Methods of Determining Speed of Automobiles,
Scientific American, Vol. B3, p. 262, October 27, 190

Ladd, Walter D., Organizing for Traffic Safety in Your
Community, Charles C. omas, Publisher: Springfield
pp. 10, 53. 132-133, 1959,

"The Electric Car," Atlantic Monthly, Vol. B89, No. 536,
p. B02, June 1902,

Labatut, Jean and Wheaton J. Lane; Highwavs in_ﬂur Mationa
Life: A Symposium, Princeton University Press:
Princeton, p. 95, 1950,

"The Road and the Automobile,® The Outlook, Vol. 71, HNo.
7., pp. 445-446, June 14, 1902,

*"Time to Stop," The Outlook, Vol. 91, p. B52, April 17, 19

Underwood, Henry, "Speed Mania and How to Cure It," Harper
Weeklv, Vol. 51, Wo. 2623, Pt. 1, p. 470, March 30, 1

"The Lost Liherty of the Road," Living Age, Vol. 258, pp.
249=252, July 1908.

"Regulating Speed of Automobiles in the District of Columb
Ete." 59th Congress, 1lst Session, Senate, Report HNo.

2386, pp. 2-3, April 9, 1906,

PAutomobile Regulation,"™ The Outlook, Vol. B4, pp. 903=504
December 15, 1904,

Baldwin, H.M., "Speed Problem," Country Life, Vol. 1%, p.
200, June 190%.

Humphrey, Seth K., "Automobile Selfishness,® Atlantic
Monthly, Vel. 102, pp. 679-682, November 1568,

Morris, C.0., "The Cause of Automobile Accidents,” Country
Life, Vol. 15, Mo, 4, p. 375, February 1%09.

= 115 =



16.

17.

18.

19.

20.

21.

2.

23,

24.

25,

26,

27.

28.

29.

30.

Watson, Egbert P., "Automobiles," Scientific American, Vel.
B7, No. 1%; pp. I07-308, November B, .

"A Movel Speed Indicator for Automobiles,® Scientifi-
American, Vol. 41, No. 19, p. 313, November 5, 1904.

Chathurn, George R.,; Hi huava_and Highway Transportation
Thomas Y. Crowell Co.: New York, pp. TF?TEEET_Tﬁiﬁf

"Automatic Speed Governor," Scientific American, Vol. 97,
Ha. 19, p. 3132, Hovember 5, 1907.

McClintock, Millar, Street Traffic Control, McGraw=Hill
Book Co.: HNew York, pp. B6-94, 1925,

Richards, EKarl M., "Design of Automobiles and Trucks,"
Proceedings of the Chio Highway Engineering Conference
1952, Enq?neering Experiment Station Bulletin MNo. 130,
Ohlic State University, Vvol. 21, No. 4, pp. 27-28, April
1952.

"Speed Control to Stop Auto Deaths,” Literary Digest, Vol.
1nd, p. 17, March 1, 1930,

"Spead Curb: Reckless Drivers in New York Forced to Use
Governors on Their Cars,;"” Literary Digest, Vol. 122,
p. 12; Octobar 24, 1936.

Glazier, L. Gordon, "Instrument for Detecting Violations
of the Speed Laws,"™ Scientific American, Vel. 52, No.
11, p. 217, March 12, 1910.

Rollins, Montaomery, "Sane Motoring -- or Insane?" The
Outlook, Vol. 92, pp. 275-282, May 29, 1909.

KEnight, A.W., "The Lawmaker and the Automobile,® Ha;ggr's
Weekly, Vol. 54, No. 2768, p. 38, Januarv B8, .

Ommen, Alfred F., "The Right of the Road," Collier's, Vol.
44, No. 17, Section 2, pp. 11-13, January 15, 1910.

"Better Automobile Laws," Countrv Life, Vol. 19, No. 12,
p. 487, April 15, 1911.

Ellswath, George L., "The Automobile and the Law," The New
England Magazine, Vol. 42, No. 1, pp. 49-31, March 1910.

Johnston, Charles, "The Motorist and the Law," Harper's
Weekly, Vol. 54, pt. 3, pp. 12-13, September g; I510.

= 116 -



31,

3d.

a3,

34.

35.

a6,

7.

38,

39.

40.

4l.

42.

43.

44.

45.

Kirby, Efwin, "Let's Be Realistic About Speed Limits,"®
Traffic Safetv, Vol. 62, pp. 8-10, June 1963.

Bruce, A.G., "The Effect of Increased Fpeed of Vehicles
on the Design of Highwavs," Public Roads, Vol. 10,
p. 11, March 1929,

"A "Careful and Prudent Speed' The Mew Limit on Michigan
Highways," The American City, Vol. 37, pp. 518-519,
October 1927,

Dayton, Thaddeus 5., "The Motorist and the Law," Harper's
Weaklv, Vol. 56, p. 12, March 2, 1%912.

Highway Research Board, Bibliography: Street and Highway
Safety.

Jenkyns, Edgar, "A Little Law for the Motorist," The Outing
Vol. 59, No. 4, pp. 479-4B8%, January 1912.

"Motoring Rules and Regulations in the National Parks,”
The Outing, Vel. 72, No. 5, pp. 334-335, August 1318B.

"Two Mational Mecessitiesz: Uniform Motor Truck Laws and
tniform Motor Truck Roads," The Independent, Vol. %3,
p. 282, February 1lf, 1918.

Whiting, H.S., "Regulating the Driver," Harper's Weekly,
Vol. 57, No. 2925, p. 28, January 11, 1913.

"The Speed Factor in Collisions,” Scientific American,
Vvol. 109, p. 138, August 23, 517,

"Haste Makes Waste," The Independent, Vol. 94, p. 216,
May 4, 1918,

"huto-Killing Now at the Rate of Twn an Hqur," Litera
Digest, Vol. 67, No. 6, p. BO, November &, 1520.

"Trying to Squelch the Speed Maniac in New York," Literar
Digest, Vol. 68, No. 8, pp. 49-52, February 15, 1 :

"Shall We Do Away with the Speed Limit for Motorists?"
Literary Digest, Vol. 95, pp. 62-66, December 3, 1527.

"Traffic Signals Set for 20 Miles an Hour on Progressive
Plan in Detroit," The American City, Veol. 37, p. 639,
November 19%27.

= 12T -



46 .

47.

48,

43,

5.

51,

ad.

53.

4.

33 .

56.

57

5B.

23,

60.

Hoover ; Herbert, Secretary of Commerce, First Maticnal
Conference on Street and Highway Safety, Washington
D.C., p. ld, December 15-1lt, 1024,

Manning, J.W.,, "Tennessee's No-Speed-Limit Law," The
American City, Vol. 40; p. 450; June 1929,

MeClintock, Miller, "Speed Control Without a '"Prima Facie!
Rule ,® The American City, Vol. 44, Ne. 7, pp. 137-
138, Januarcy .

"New Standard Speed Law Proposed,” The American City,
Vol. 43, No. 1, p. 83, July 1970,

Taylocr, Clarence P., Traffic QOfficers Training Manual,
National Safety Council: Chicago; pp. [gi-IﬁE, 1930.

"More Speed," Wation, Veol. 131, No. 3402, pp. 287-288,
September 17, 1930.

0O'Shea, Peter F., "Speeding up Speed Laws," The North
Amearican Review, Vol. 230, pp. 561=5AK, November 1930.

Teale, Fdwin, "'Reasonable Speed' Signs Reduce Highway
Accidents ," The hmerican City, Vol. 48, p. 69,
October, 1933,

Howe, Vaslet L., Director, Fhode Island Highway Traffic
ET.II'\FEE. PP'!. 22‘32- 153'[

Tazewell, L.W., A Traffic Survey of the City of Norfolk,
Virginia, 1535-1%36, PP f¥-§ﬁ, 1536,

Hewton, G.0., "30, 40, 50 Miles Per Hour," Review of
Reviews, Vol. 90, p. 4, December 1934,

"Speed Restriction Measures Recommended,” The American
City, Vol. 53, p. 97, June 1938.

Mattson,; J.0., "The Private Sector in Traffic Safety,”
Traffic Quarterly, Vol. 21, p. 4, 1967,

Hoffman, Paul G., "The Traffic Engineer,"™ The American
City, Vol. 52, p. 109, March 1937,

"aire Traffic Accidents Caused by Speed?™ The American
Citv, Vol. 52, Ho. 6; p. 129, June 1837,

- 118 =



61.

6.

63.

64.

65.

1

67.

68,

63.

70.

711,

72.

T3,

74.

75.

McClintock, Miller, "Speed," Review nf Reviews {originally
in Public Safetv), Vol. %6, No. 1, pp. 49=50, July
1937,

"What Do You Pay for Speed?" Collier's, Vol. 100, p. 74,
October 9, 1937,

Rauch, Walter E., "The Driver is Human," Commonweal, Vol.
30, Mo. 7, pp. 177-178, June 9, 19139,

Seburn, F.J., "Lower Speed Limit at Night," The American
City, Vol. 54, No. &, p. 163, June 1939,

Stearns, Myron M., "Warning -- Slow Down!"™ Collier's,
Vol. 103, pp. 19, 45-46, May 6, 193%. —

Eaton, Ralph, "Providence Goes 111 Days without a Fatality,”
The American Citv, Vol. 53, p. Bl, July 193B.

Hoffman, Paul G., Seven Roads to S5afety, Harper and Brothers
¥New York, pp. 51-52, 1939.

FSafe Speed Signs Make Chio Curves," The American City,
Vol. 54, p. 13, April 13, 1939.

Moriarty, John B., "Municipal Traffic Problems on State
Routes in Indiana," The American City, Vol. 55; Ho.
9, pp. 103=-105, Sep a8r .

Tilden,; C.J.; "Vehicle Speeds on Connecticut Highwavys,"
Public Roads, Vol. 18, pp. 75-77, 1937-1938.

Eames; Edward H.,; "Signal Discourages Speed at Crossroads,”
The Amarican Clty, Vol. 534, pp. 95-97, August 1939.

"Ho Speed Traps,” Tha American City, Vol. 55, No. 10, p. B9,
October 1940.

Johnson, Emory R., Transportation Facilities, Services, and
Policies, D, Appleton-Century Co.; Inc.: New ?nrﬁf
P. 223, 1947,

Baerwald, John E., "Current Characteristics of Rural Motor
Vehicle Speeds," Highway Research Board, Proceedings
Thirty-fourth Annual Meeting, National Research Council
Puhlication 362, Vol. 34, pp. 473-482, 1955.

Kreml, F.M., "Traffic Enforcement in Wartime,® The American
city, Vol. 57, No. 7, p. 73, July 1942,

- 119 =



76. "Pitting Traffic Control to Wartime,"” The American City,

Vol. 58, pp. 79-83, May 1943.

77. Matson, T.M., W.5. Smith, and FP.W, Hurd, Traffic Engineering,
McGraw-Hill Book Co.: New York, 1955,

78. "25-Mile Speed Limit for Night Driwving," The American City,
Vol. 58, No. 7, p. 77, July 1943.

79. "What Do Speed Limits Mean?" The American City, Vol. 65,
No. 11, p. 121, January I550.

80. Ward, Kenneth J., "Radar Speed Detection,” Traffic Digest
and Review, Vol. 14, No. 9, p. 3, September 1066.

Bl. Griffin, Garnet M., "Detroit 'Speed-Watches' Traffic,”
Traffic Digest and Review, Vol. 3, No. 11, pp. 1l2-16,
November 1355.

82. "New Machine Catches Speeders,” Traffic Safety, Vol. 57,
Ne. 2, p. 23, August 1960,

83. MacDonald, Thomas H., "Highway Safety -- Driver Behavior =--
Key to Safe Highwav Design," Public Roads, Vol. 25,
¥o. 7, pp. 134-135, March 1945,

84. American Automobile Association, Digest of Motor Laws,
1953.

B5. Johnston, J. Edward, "Slow Traffic Laws Waste Fast Roads,"”
Nation's Business, Vol. 44, ppl 32-33, 66=-67, April

1956 (Alsc found in Traffic Engineering, Vel, 27, Ho.
10, pp. 447-451, July 1956.)

‘B6. Lorentzen, Kay, "Speed Traps and Safety," Traffic
Engineering, pp. 167-168, January 1556k .

B7. MHational Committee on Uniform Traffic Laws and Ordinances,
Uniform Vehicle Code, pp. 127-130, 1961,

88. "The Speed Problem," Traffic Safety, Vol. 51, No. 2, pp.
14-15%, August 1957.

89. '"News Briafs," Traffic Digest and Review, Vol. 13, No. 5,
p. 3, May I565.

90. Webster, Lee A., and Wavne T. Gruen, A Summary of the
Vehicular Speed Regulation Research Frojsct, vehicular
Zpeed Requlation Research Project, Dept. Civil Engineer-
ing, Universitv of Illinois: Urbana, June 1966.

- 120 -



91,

92,

21.

94.

95.

96.

97,

99.

100.

101.

lo2.

Cleveland, Donald E., "Speed and Speed Control,™ Traffic
Control and Roadwav Elements == Their Relaticnshi
to Highway Safety / Revised, p. 1, 1

Mational Committee on Uniform Traffic Laws and Ordinances,
Uniform Vehicle Code: PBRules of the Road with
Statutory Annotations, pp. 427-473, 1967.

Reeder, Robert H., "A Report: Major Changes made in
Uniform Vehicle Code," Traffic Digest and Review,
Voel. 1A, Ho. 9, p. 5, Eeptember 1!

Parry, Mever H., Aggression on the Road, Tavistock
Publications: London, pp. 9-10, L1968.

"City Motorists Ignore Posted Speed Limits, Drive Faster
Safelv," Science Digest, Vel. 27, No. 3, p. 19,
March 1850.

Baerwald, John E., "Speed as a Cause of Traffic Accidents,”
October 1960,

Mohr, Harvev W.,; "Results of Speed Zoning on Rural High-
ways," Highway Research Board, Proceedings Thirty-
third Annual Meeting, Hatinnnl Research Council
PubIication 324, Vol. 33, pp. 429-446, 1954,

City of Nashville Traffic Commission, "Effectiveness of
Spead Limit Signs,"™ Nashville, Tennessee, 1956.

Avery, Eugene V., "Effect of Raising Speed Limits on Urban
Arterial Streets," Highway Research Board Bulletin
244: Effects of Traf%in gnntrni Devices, National

Research Councl]l Fubllication 740, pp. B8-97, 1960.

Wenger, Deane M., "Effects of Revising Urban Speed Limits,”
Dept. of Public Works, Bureau of Traffic Control,
City of 5t. Paul, Minnesota, June 1960.

Coleman, Robert R., "The Effect of Speed Limit Signs,”
Traffic Engineering, Vol. 27, No. 4, pp. 176-177,
185-186, January IEET;

Jackman, Willjam T., "Driver Obedience to Stop and Slow
Signs," Highway Research Board Bulletin 161: Inves-
tigating “and Forecasting Traffic Accidents, Mational
Research Council Publication 521, pp. 9-17, 1957.

= 131 -



103.

104.

105.

106,

107.

108.

109.

110.

111.

1l2.

Report of Mayor's Traffic Advisory Committee as Delivered
to the Honorable Rolland B, Marvin, Mavor of Syracuse,
PP. 28=29, January 31, 1935,

Elmburg, Curt M. and Harold L. Michael, "Effect of Speed
Limit Signs on Spead on Suburban Arterial Streets,”
Reprint from Bulletin 303, Highway Research Board,
July 19562,

"News Briefs,"” Traffic Digest and Review, Vol. 11, No. T,
p. 3, July 1567,

"News Briefs," Traffic Digest and Review, Vol. 11, No. 11,
p. 13, November 1963,

Feese, Charles J. and Robert H. Schleider, "Correlation
of Design and Operational Characteristics of Express-

ways in Texas," Highwav Ressarch Board Bulletin 170:
Traffic Behavior as Related to Eeve:ai Elghway Degign
Features, National Research Councll Publicatlion 530,
op. 1-23, 1957.

Wingerd, Norman C., Minimum Speed Limits on Freeways,
State of California, Department of Fublic Works, Divi-
sion of Highways: Sacramento, California, November
1966.

Ogawa, T., E.S. Fisher, and J.C. Oppenlander, Driver
Behavior Study -- Influence of Speed Limits on Spot
Speed Characteristics in a Series of Contiguous Rural
and Urban Areas, Wehicular Speed Regulation sEarc
Project, Dept. Civil Engineering, University of
Illinois, June 1963.

Bezkorovainy, Georgy, Effects of Advisory Speed Limits at
Horizontal Curves of Two Lane Rural 51 Ewa s, vehicular
Speed Regulation Research Project, Dept. Civil Engineer-
ing, University of Illinois, August 1965,

Bezkorovainy, Georgy and Chih-Cheng Ku, The Influence of
Horizental Curve Advisory Speed Limits on Spot-Speeds,
Tehicalar Speed Fogulation Research Profect. Dept.

Civil Engineering, University of Illinois, August 1965.

Fisher, Fwen S5Stuart, An Appraisal of a Theo of Vehicular
Speed Regulation, Vehicular Speed Regulatlion Research
ﬁEEEEEFTEEEﬁET_Eiuil Engineering, University of Illinois,
January 1967,

- L2d=



113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

Rnberts, Robert R., "The Influence of Speed Limits on
Urban Speed Distribution Parameters," paper submitted
krn Traffic Fnoineerindg, Beptember 19R7,

Road Research Lahoratory, Resaarch on Road Safety, Her
Majesty's Stationerv QOffiecn: London, pp. 153=1613,
1961,

The Eno Foundation for Highway Traffic Control, Perscnal
Characteristics of Traffic=Accident Repeaters, pp.

Li

Lefeve, B.A., "Speed Hahits Observed on a Rural Highway,"
Highway Research Board, Proceedings Thirtv=third
Annual Meeting, Naticnal Research Council Publlication
324, Vol. 33, pp. 409-428, 1954,

Michaels, R.M., and David Sclomon, "Effect of Speed Chang
Information on Spacing Between Vehicles," Highwa
Research Roard Bulletin 330:; Driwver Chara:%erlsticE
National Research Counclil Publication 1010, pp. Z26-38
19A2,

Ritchie, Malecolm L., William K. McCoy, and William L. Wel
"A Study of the Relation between Forward Velocity and
Lateral Acceleration in Curves During MNormal Driving,
Human Factors, Veol. 10, Moe. 3, pp. 255-258, 1968.

Denton, G.05., "A Subjective S5cale of Speed when Driving a
Motor Vehicle," Ergonomics, Vol, 9, No. 3, pp. 203-
210, 1966.

Gutshall, Robert W,.; Charles Farper; and Donald Burke,
"An Exploratory Studv of the Interrelaticons among
Driving Ability, Driving Fxposure, and Socliceconomic
Status of Low, Average, and High Intelligence Males,"
Exceptional Children,; Vol, 46, Ho. 1, pp. 43=47,
September 196H.

"News Briefs,” Traffic Digest and Review, Vol. 11, No. %,
p. 24, Bept er .

Ennisz, Hugh P., "what About Written Warnings?" Traffic
Digest and Review, Vol. 15, Ho. 7, p. 16, July I967.

Hejal, Salim 5., Traffic Speed Report No. B6, Joint
Highway Besearch Frnﬁec%. FurEu& University: Lafavet

Indiana, September 196B.

= 123 =



124.

125,

126.

127.

128.

129.

130.

131,

132,

133,

134.

135.

Hejal, Salim 5,, Traffic Speed Report No. B7, Joint
Highway Research Project, Purdue University:
Lafayette, Indiana, Novembher 1969,

Missouri Traffiec Survey of 1934, pp. L05-1lsa; L%is.

DeSilva, Harry R., Why We Have Automobile Accidents, John
Wilev and Sons, Inc.: Hew YOIk, pp. 33-55, 1942.

Lefeve, R.A., "Speed Characteristics on Vertical Curves,”
Highway Research Board Proceedings #271, Mational
Research Council, pp. 395-417, 1353+

Taragqin, A., "Driver Performance on Horizontal Curves,”

Highwav Research Board,; Proceedings Thirty-third

Annual Meeting, National Research Council Publication
T, Vel 3T uo. 446-466, 1954,

Ziegler, Charles M., "Analysis of Speed Study Data,"”
Michigan State Highway Department: Lansing, pp. 5;
7, Dacemhar 1955.

Forbes ,-T.W., "Speed, Headway, and Volume Relationships
on a Freewawv,® 1951 I.T.E. Proceedings, Institute
of Transportaticn and Tralffic Engineering, University
of California: Los Angeles; p. 105, 1951,

Normann, 0.K., "Preliminary Results of Highway Capacity
Studies,;"™ Public Roads, Vol. 1%, p. 227, February
1939,

Taragin, A.; "Driver Behavior as Affected hv Objects on
Highwavy Shoulders," Highway Research Board Proceedings
Thirty-fourth Annual Meeting, National Research Councll
Publication 362, Vol. 34, pp. 453-472, 1955,

Meyer, Rohert L., "Hourly and Daily Variation in Vehicle
Speeds on a Rural Highway," Traffic Engineering,
p. 345, July 1951. '

Schmidt, Robert F., "Highway Speed vs. Horsepower,"
Traffic Quarterly, Vol. B, No. 3, pp. 341, 350,
Julv 10954,

Rudy, Burton M,, "Limitations of Signal Spacing in a
Coordinated System on a High Speed, Dual Highway,"
Traffic Engineering, Vol. 28, No. 1, pp. 20-25,
Octohar 1957,

- 129 =



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

Lawshe, C.H. Jr.; "Studies in Automcbile Speed on the
Highwav, " Journal of Applied Psvcholeogy, Vel., 24,
pp. 3I0F-1307, 1440,

Oppenlander, J.C., Variahlas Influencing Spot-Speed
Characteristics -- Review ol Literature, Speclal
Report R9, Fighway Resrcarch Board: washington, D.C.,
1%6A.

Oppenlander, J.C., Multivariate Analysis of Wehicular
Speeds, Vehicular Fpeed Regulation Research Project,
Dept. Civil Engineering, Universitwv of Illinois,
April 1962.

Wortman, Robert H., A Multivariate Analvsis of Vehicular
Speeds on Four Lane Rural Highways, Vehicular Speed
egqulation Research Project, Dept. Civil Engineering,
University of Illinois, Mav 19R4,

Wilson, James E., "Speed Zoning on California Highways,"
California Division of Hichways, originally prepared
January 26, 1956, rewvised August 20, 1964.

onsi, Mchamed, Evaluation of Statistical Methods for
Determining Slgnificant Varilables in Rural Vehicular
Spot-apeed FreﬂIctInn Fquations, vehicular speed
Regulation search Froject, Dept. Civil Engineering,
University of Illinois, Octnber 1965,

Bunte, William F., Methods for Evaluating Highway Features
which Influence Vehicular Speeds, Vehicular Spaed
Regulation Research Project, bept. Civil Fnoineering,
University of Illineis, September 1959,

Horkay, A.T., Effect of Horizontal Hesigtunne on Vehicular
Speeds, Vehicular Speed Regulation Resmarch Project,
ﬁEpE. Civil Engineering, University of Illinois,

June 1962.

Oppenlander, J.C., Influence of Qut-of-State Fassenger
Cars on Spot-Speed Characteristics, venicular Speed
Regulaticn Research Project, Dept. Civil Engineering,
University of Illincis, May 1962,

Eu, Chih-Cheng, Driver Characteristics Correlated with
Speeds Observed on Horizontal Curves of Two-Lane
Rural Highways, Vehicular Gpeed Regulation Research
PFroject, Dept. Civil Fngineering, University of
Illinois, Mav 19R5.

= 125 =



146. Webster, Lee A., Driver Opinion and Characteristics
Related ko Measured Rural Spot sSpeeds, Vehicular
Speed Regulatlion HReeearch Project, Dept. Ciwvil
Engineering, University of Illineis, Jvlv 1965.

147. Fields, Marvin, "Speed Regulation," Traffic En%inee:ing
Handbook, Third Edition, Institute o ra =
Engineers: Washington, D.C., pp. 530-549, 1965.

148. “Stop Sign Speed Control,"” Traffic Engineering, Vol. 34,
No. 12, p. 41, September 1964.

14%9. Ceburn; T:M., "Trends in Speeds on British Main Roads,"
Reprinted from the Proceedings of the Third Confer-
ence of the Australlan Road Research Board, Wol. 3,
Part I, pp. 593-603, 196h. T

150. Wahlgren, Otte, The Depandence of Vehicle Speeds on
Differsnt Factors -- Particularly Road ometry on

Two-Lane Highways inp Finland, Finland's Institute
of Technology: Helsinki, Scientific Researches No.

22, 1967.

151, "Spead as a Cause of Traffic Accidents;® The American
City, Vol. 50, p. 73, Februarv 1933.

152. A Survev of Traffic Conditions in the City of Dallas with
Checks of Obedience to Traific Laws, sponsored by

City of Dallas Police Department, [1939], p. 90.

153. Fitzgerald, James A., Carl A, Hoffman, and John R.
Bayston, Drive and Live, Johnson Publishing Co.:
Richmond, p. i .

154. Halsey, Maxwell, Traffic Accidents and Congestion, John
Wiley and Sons, Inc.: MNew York, 1941,

155. Hurd, Fred, "Highway Design, Traffic Control, and Driving,"

The Motor Vehicle Driver -- His Hature and Improvement,

The Eno Foundation for Highway Traffic GConErol:

Saugatuck, Connecticukt, pp. 80-99, 1943,

156. Raff, Morton 5., "The Interstate Highwav Accident Study,"
Publiec Roads, Vol. 27, Ho. B; p. 170, June 1953,

157. Belmont, D.M., "FEffect of Average Speed and Volume on
Motor Vehicle Accidents on Two=Lane Tangents,® Reprinted

from Proceedings Thirty-second Annual Meeting, Highway
Research Board, January 1954.

= 126 =




158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

Lefeve, B.A., C.E. Billion, and E.C. Cross, Jr., "Relation
of Accidents to Speed Habits and Other Driver

Characteristics," Highway Research Roard Bulletin 120:
Traffic Accidents ang Violations, Mational Eesearch

Council Publication 407, pp. A-30, 1856,

Sielski, Mathew C., "What Should the Maximum Speed Limit
Ba?" Traffic Engineering, Vel. 28, No. 12, pp. 546-
550, September 1956,

"The Case of Exit 10 Ramp.," Traffic Safety, Vol. 51, No.
5, pp. 25-27, Hovember 1 .

Brittenham, T.G., D.M. Glancy, and E.H. Karrer, "A Method
of Investigating Highwav Traffic Accidents," Highway
n

Research Board Bulletin 16l1l: Investigating a
Fﬂt&:ﬂﬂt:ﬂg Tratlic ACCidents, National Research

Councll Publicaticn 521, pp. 31-54, 1857.

"Improper Speed a Big Factor in Traffic Accidents,”™ Traffi:
Eafety, Vol. 52, Ho. 4, p. 36, April 1558.

Prisk, C.W., "The Speed Factor in Highway Accident,™ Traff

Enginearing. Vol. 29, No. 11, pp. 1R-=17, 25, August

Minnesota Department of Highways, "A Comparison of Rural
Secondarv Road Ahccidents Before and After the

Installation of Lower Speed Limit Signs and Advisory
Curve Speed Signs," January 9, 1961,

Moore, John 0., "A Study of Fpeed in Injury-Producing
Aceldents: A Prelimipary Report,” Traffic Safety,
Vol. 54, Wo. 6, pp. 16-21, June 1959,

Case, Harry W., and Roger G. Stewart, "Inventory Speed
Responses and Prior Traffic Records as Predictors of
Subsecuent Traffic Records," Highway Research Board
Bulletin 240: Highwav Accident Studies, National
Research Council Publicatlion 746, pp. 53=-56, 1960.

Solomon, David, "RAccidents on Main Rural Highways Related
to Speed, Driver, and Vehicle," Bureau of Public
Roads, July 1964.

Davies, Frnest, Roads and Their Traffic, Rlackie and Son
Limited: Glasgow and Philcsophical Library, Inc.:
New York, pp. 107, 118-121, 269-270, 19A0,

- 127 -



169.

172,

173.

174.

175.

176.

177.

1748,

179.

Swadish Council on Road Safety Research, "Report on the
Results of Temporary Speed Limit on Road Accidents in
sweden,” Stockholm, no date,

Road Safety Committee, Tempora spead Limits in Road
Traffic During 1961, Etucﬁﬁulm, 1861.

Farper, B.S5.C., "BAn Examination of the Effect of Raising
the Speed Limit in Built-Up Areas in Victoria,"

Proceedings of the Third Conference of the Australian
Road Research BoOALd, 196k, pP. R47, L1OhA.

Hikkinen, Sauli; and Urpo Leppdnen; Spead Limit Trial in
Highway Traffic in October-November 13966, TALJA, The
CEntIaE Organisation for Traffic Safety in Finland:
Helsinki, 1968,

Wadsworth, J., "The Effect of Conventionally Enforced
Maximum Speed Limits on Motor Vehicle Accidents,™
HNaticnal Research Council of Canada, Motor Vehicle
Accident Study Group: Ottawa, Technical Note Wo. 9,
November 1966.

Smead, R.J., "The Influence of Speed Regulations on Traffic
PFlow and Accidents;"™ International Boad Safety and
Traffic Review, Vol. IX, No. 1, pPp. S1-fh, Winter 1961.

Prisk, Charles W., "Accident Bates on Motorways especially
with reference to: (a) Speed Differences (b) Minimum
and Maximum Speed Limits. General Report;" International
Foad Safetv and Traffic Review, Vol. XV, HNo. 2; pp-
J1-37, Spring 19&7.

Automotive Safety Foundation, Traffic Control and Roadway
Flements: Their Relationship to Highway Satet

« ¢ PR .
Taylor; William C.; The Effect of Speed ZToning on Traffic
gggéﬁﬁégggﬁnﬂhin Department of E:qﬁwars and U.5. Bureau
o [+ ads, February 1965.
Franzmeier, Steve, "Driver's Misconceptions Delude them
Into False Security," Traffic Digest and Review, Vol.
12, No. 1, pp. 4=7; January 19R4,
"Spead-Ralated Accident Countermeasures and Their Priorities,”
Froceedings of National Highway Safety Bureau
Friorities Semlnar, Vol. 5, Fredericksburg, virginia,

Ju ..:i' et i

- 148 -



180.

181.

182.

182,

184.

185.

186.

187.

188,

189.

150.

191.

192,

193,

Willett, T.C., Criminal om the Road, Tavistook Mubklicatieons=:
London, pp. 20=21, 19R4,

Baker, J. Stannard, "Research and Accidents,” Traffic Digest
and Review, Vol. 12, MNo. 12, p. 12, Decermher 19

"B m.p.h. Zpeed Sharply Increases Accident Pisk with Little
Saving in Time," Traffic Digest and Rewview, Vol. 11,
Wo. A, p. 1R, June 19&63.

Campbell, M. Farl, "Highwav Traffic Safety -- Is It
Possihle?" Traffic Ouarterly, Vol. 19, Ho. 3, pp.
339-346, Julv 18RS,

Goen, Richard L., "Drastic Measures for Reducing Traffic
Casualties,” Stanford Research Instiktute: Menle Park,
California, p. 20, June 19AN.

Goen, Richard L., "The Tradeoff Between Lives and Drivinag
Time," paper presented at the 29th National Meeting
of the Operations Research Societv of Armerica, Mav
18, 19AA.

Poulsen, Rov G., "A Novel Approach to Speeding,” Traffic
Safety, Vel. &9, No. 11, pp. 24-25, November 1960,

National Highway Safetv Board Staff, Maximum Safe Spaed
for Motor Vehicles, Januarv 31, 1969,

Mitchell, H. Richard, "Freewav Accidents and Slow=-Moving
Vehicles," Traffic Engineering, Vol. 37, No. 2, pp.
22=25%, Hovember 1966k,

Cirillo; J.A., "Interstate Svstem Accident Research Study
II, Interim Report II," Public Roads, Vol. 35, No. 3,
pp. 71-Th, August 1968,

"Tfraffic Accident Facts, 1969 Edition,"™ Traffic Safety,
Vol. 9, Ho. 8, pp. 11-14, August 1987,

Research Triangle Institute, Speed and Accidents, Vol. II,
Final Report, "Summary an onclusions,” May s

Reedey, Earl J,, "How Slow is "Slow'?" The American
Citv, Vol. 46, pp. 111-112, May 1933,

Carter, F.M,, "Speed Zoning," Proceedings of the First
California Institute on Street and ﬂInEwa? Problems,
erkeley, Califnrnlia, pPp. - y Januarvy i1 to
February 2, 194%,

- 129 =



194.

135.

196.

197.

198.

15%.

200.

201.

2n2.

203,

204.

205.

Smith, Wilbur, and Associates, Report nn Traffic Transit,
Parkino, Metropelitan Winnipeg: HNew Haven, Conncciicut,
pp. 71-73, 1957,

Baerwald, John E., "Theory of Speed Zones in Developed
Areas,"” Traffic Engineering, Vol. 28, No. 3, pp. 20-
23, 319, December 1957.

Ohio Department of Highways, Letters and forms on speed
zoning and speed control, 1957, 1960, and 1963,

Anonymous, "An Informational Report on Speed Zoning,"

Traffic Engineering, Vol. 31, No. 10, pp. 39-44,
u }I' ®

Donigan, Robert L. and Edward C. Fisher, "Enow the Law:
Epeed Zoning," Traffic Digest and Review, Vol. 14,
No. 9, pp. 19-21, September 10RG.

Rowan, Meilon J,., and Charles J. Keese, "A S5tudy of Factors
Influencing Traffic Speeds ;" Highwavy Research Board
Bulletin 341: Accident Analysis an% Speed Character-
istics, Mational Research Council Publication 1023,

Pp. JN=-76, 19A2.

Oppenlander, J.C., A Theo on Vehicular Speed Regulation,
Vehicular Speed Requlation Research Project, Dept.

Civil Fngineering, Universitv of Illinois, June 19aR3.

Basrwald, John E., "300-Horsepower Roads -- Horse and
Buggv Speed Laws," Traffic Engineering, Vol. 34, pp.
2N=22, June 1964,

Eloekrr, D.L., "Speed Rezoning," Speech given at Purdue
Road School in 19A8.

Brandt, Warren H,, "Speed Limits -- Theonrv and Practice,"
FBI Law Enforcement Bulletin, Vol. 35, Ho. 3, pp. 2-6,
22-25, March 196h.

Kessler, Warren L., The Fffect of Speed Zone Modifications
chguinned by the Illinois 5 Bed Law, vehicular Epiia
RequTation Research Froject, Dept. Livil Engineering,
University of Illinois, February 27, 19359.

Deen, T.B., "Effectiveness of Speed Limit Signs," Traffic
Engineerinag, vol. 29, No. 7, pp. 22-24, 62, April 1959.

- 120 -



206.

207.

208.

209.

210.

211.

212,

213.

214.

215.

216.

Tennessee Department of Highways, Traffic Engineering
Division, A Summary of Practices in Establishing
Speed Zcones, Washville, June 194G8.

Sub-Committes on Speed Zoning, Besolution of the Annual
Meeting of the American Association of State Highway
Officials, 1969,

"fpeed Zoning, Why and How -- A Guide to Establishing
Realistic Speed Limits," Automohile Cluh of Scuthern
CTalifornia and California State Automobile Asso-
ciation, 19A5. M“\

Johnston, J. Edward, "Speed Control and Regulation,™

I.T.E. Prncuudingsl Institute of Traffic Engineers,
PP- - ¥ &

Taylor, William, "A New Concept in fpeed Zoning," Traffic

Engin&ering. Vol. 34, Ho. 12, pp. 18-39, September

A Theory and its

Taylor, William C., "Speed Zoning:
35; Ho. 4; pp. 17-=1%,

Proof," Traffic Fngineering, Vol.
48=50, Januarv Iﬁﬁg.

Tennessee Department of Highways, Traffic Engineerino
Division, Evaluation of the Effectiveness of Various
Spot Speed Parameters Used in Establishing Speed
Zones, Nashv a, May .

Basarwald, John E., "Meads and Method=s of Speed Control,”

Novambhear 1964.
and Charles S. LeCraw, Jr..,

Traffic Speed
The Eno Foundation for HIgEHay

Saugatuck, Connecticut, p. 16,

Smith, Wilbur,
Fnforcement Policies,
Traffic Control, Inc.t
1948.

Marcellis, Jack C., An Economic Evaluation of Traffic
Movement at Various Speeds, Vehicular Spead

Fegulation FResearch Project, Dept. Civil Engineering,
Universitv of Illinois, pp. 1, 39, 49, 56, October 19&:

"Speed Limits May Be Outmoded,” Traffic Digest and Review,
Vol. 13, No. 11, p. l4, NMovember 10R5

- 131 -



6.0 BIBLIOGRAPHY

Adler, Charles Jr., "Epeed Space Sy¥stem for Safer Highwaysf"
Traffic Engineering, p. 315, June 1953.

Annotated Bibliography on Motor Vehicle Speeds, Draft Copy,
Vehicular Speed Regulation Research Project Personnel,
Department Civil Engineering, University of Illinois:
Urbana, July 1, 1358.

Ashton, Winifred D., The Theory of Road Traffic Flow, Spot-
tiswoode, Ballantyne and Co., Ltd.: London, 1966.
Baerwald, John E., "Indiana Traffic Speeds 1942-1952," Joint

Highway Research Project, Purdue University: Lafayette,
Indiana, No. 73, March 1553.

Baker, J. Stannard, and William R. Stebbins, Jr., Dictionar
of Highway Traffic, Traffic Institute, Worthwestern Uni-
versity: Evanston, Illinois, 1960.

Barnett, Joseph, Transition Curves for Highways, U.5. Bureau
of Public Roads: Washington, D.C., 1938.

Bletzacker, Hichard W., and Thomas G. Brittenham, "An Analysi
of One-Car Accidents.," Highway Research Board Bulletin 208
Traffiec Accident Studies -- 1958, National Research Coun-
cil, Publication 661, Washington, D.C., pp. 35=-44, 1959.

Bly, Fred J., "Speed Control == The Rural Problem,"” Traffic
safety, Vol. 52, No. 4, pp. 18-19, 56-57, April 1958.

Brenner, Berthold, "Low Speeds and Accidents," Unpublished
paper, no date.

Bureau of Public Roads, Traffic Speed Trends, April 19&E.

Bureau of Public Roads, Traffic Speed Trends, October 1967.
California Division of Highways, The Feasibility of Minimum
Sﬁud Limits by Lane on Multiple Lane Highways, November

California Highway Patrol, Operation 10l. Final Report.
Phase I. Background and Accident Analysis, pp. 46-48,

August 1966.

- 133 =



California Highway Patreol, Operation 10l. Final Report.
Phase II. Enforcemant AntLUitLEE, Januacy 1969,

Cantilli, Edmund J., "Statistical Evaluation of Traffic
Accident Severity," Efghwai Resear:h Board Bulletin 208:
Traffic Accident 5tu -- 1558, Natlonal Research
Council, Publication G61: Washington, D.C., pp. 29-34,
1859,

Chapman, R. A., "Five Studies of Accident Rates," Traffic
Engineering and Contrel, Vol. 1ll, Ne. 5. pp. 224=-227,
September 15969.

Cleveland, Donald E., "Driver Characteristics and Speed
Performance Related to the Facility," Highway Research
Board Bulletin 212: Characteristics of Vehicle Operators,
National Research Council, Publication Nu.665: Was ington
D.C., 1964.

Cleveland, Domald E., ed., Manual of Traffic Engineerin
Studies, Third Edition, Institute of Traffic Engineers:
Washington, D.C., 1964,

"Connecticut Blasts Horsepower-Speed Ads," Public Safety,
Vol. 50, Mo. 4, pp. 38-39, April 1957.

Cribbins, P. D., J. M. Arey, and J. K. Donaldscon; "Effects
of Selected Rozdway and Operaticnal Characteristics on

Accidents on Multilane Highways," Highway Research Record
Number l88: Traffiec Accident Research, National Rasearc
Council, Publicaticn 51%: Washington, D.C., 1967.

Ccrosby, Thomas, "Orbis May Soon Spot Area Speeder,” Wash-
ington Star, August 10, 196%9.

Ccrowther, Bichard F., A Study of Sampling Error in Spot and
Travel Speeds, Department of Folice Administration, Indiana
University: Bleocomingten, Indiana, December 1964.

Dunman, Robie, "Economic Costs of Motor Vehiecle Accidents,”

Highway Hesearch Board Hulletln EDB Traffic Accident
Studies - iEEE Mational Reaaaruh Enumnll, Publication

Bbl: Hashingtun, D.C.. pp. le=28, 1959.

Emmerson, J., "Speeds of Cars on Sharo Horizomtal curves,"

Traffic Engineering and Coptrol, Vol. 1k, No. 3, pp. 135-
137 July 196%9.

= 134 =



“Enforcement," Proceedings of Waticnal Highway Safety
Bureau Pricrities Seminar, Vol. 7., pp. 19-34, Fred-
ericksburg, Virginia, July 1B-3C, 1969.

Fifth International Study Week in Traffic Enginecring,
HWice, France, 26 September to 1 October, 1960, Thems
VI: The Influence of Speed and Speed Reculations on
Traffic Flow and Accidents," World Touring and Auto-
mobile Organization: London.

Glenncn, John C., Current Practices Employed in Establishing,
Administering, and Enforcing Rural Statewide Speed Limits,
Vehicular Speed Regulation Research Project, Department
of Civil Engineering, University of Illincis: Urbana,

May 1964.

Goldstein, Leon G., and James N. Mosel, "A Factor S5tudy of
Drivers Attitudes, with Further Study on Driver Aggression,

Highway Research Board Bulletin 172, National Research
CQunclf: Washingteon, D.C., pPp. 9-29, 1958.
Greenberg, Harold, and Arthur Dacu; "The Control of Traffic

Flow to Increase the Flow," Operations Research, Vol. 8,
No. 4 pps 524-5332, July-August 1l5&60.

Greenshields, Bruce D., Henry P. Gecrge, Neil 5. Guerin,

M. Rose Palmer, and Robin T. Underwood, Quality and
Theory of Traffic Flow, Bureau of Highway Tr.!il:, Yale

University, 1o6l.

Greenshields, Bruce D., "Traffic Accidents and the Quality
of Traffiec Flow," Highway Research Board Bulletin 208:
Traffic Accident Studies =-- 1958, National Research

Council, Publicaticn e6l: Washington, D.C., pp. 1-15,
1959,

Guyton, Joseph W., and A. K. Stonecipher, "Sampling Froce-
dures for Determining Speed Characteristics at Rural
Locaticns: A Progress Report," Highway Research Board
Bulletin 208: Traffic Accident EtEEIHS -- 1858, Hational
Research Council, Publication éel: washington, D.C.,
pp. B4-83, 1959,

Head, J. A., "Predicting Traffic Accidents from Roadway
Elements on Urban Extensions of State Highways," High-
way Research Board Bulletin 208: Traffic Accident
Studies -- 1958, Naticnal Research Councll, FPublication
66l: Washington, D.C., pp. 45-63, 1959.

- 135 =



Herman, Robert, and Richard Rothery, "Driver Response to

Spaed Signs," Reprinted from Traffic En§ineerin5 and
Control, Vol. &, No. 3, pp. lel= ¢y JUuly 64d.

Herman, R., "Theoretical Research and Experimental Studies
in Vehicular Traffic;"™ Reprinted from Proceedings of
the Third Conference of the Australian Road Research
Board, Vol. 3, Part 1, 1966.

Herridge, J. T., et al, An_Investigation of Top Speed
Limiting Concepts, Volume I, Battelle Memorial In-
stitute: Columbus, Ohlioc, March 12, 1969.

Herridge, J. T., et al, An Investigation of Top Speed
Limiting Concepts, Volume II, Battelle Memorial In-
stitute: Columbus, Chio, March 12, 1969,

Highway Research Board, Highway Capacity Manual 1965,
Epecial Report BV, WNational Research Council, Publica=-
tion 1328: Washington, D.C., 19863.

Horkay, A. T., Shreyer, T. E., and Wortman, Robert H..,
Reliability of Radar Speed Measurements, Vehicular
Speed Regulation Research Project, Department of Civil
Engineering, University of Illinois: Urbana, August
1965.

Hortan, Thomas R., ed., Traffic Control: Theory and In-
strumentation, Plenum Press: Hew York, 1965.

Hull, Roy W., J. Robert Cromack, and E. J. Wolfe, Maximum
Design Top Speed, Phase I, Final Report, Southwest
Research Institute: San Antonio, Texas, September 1967.

Ingraham, Joseph C., Modern Traffic Control, Funk and
Wagnalls Co.: MNew York, 1954.

Intermational Road Safety Congress, Eighth International
Study Week in Traffic Engineering, Barceloma, Spain,
§-10 September, 1966, Theme LILL: "Accident Rates on
Motorways, @specially with reference to: {a) fpeed
Differences; (b) Minimum and Maximum Speed Limits."

Jester, Lester R., "The Effect of Various Factors on Speeds
(A Review of the Literature)," Joint Highway Research
Project, Purdue University: Lafayette, Indiana, Ne. 10,
March 1963.

- 136 -



Joint Committee on 5treet and Highway Traffiec Ergineering
Functions and Administration, Traffic Engineering Func-
tions and Administration, Public Administration Service

Publicatlon No. 100, 1948.

Kennedy, Norman, James H. Kell, and Wolfgang 5. Homburger,
Fundamentals of Traffic Engineering, 7th Edition, Insti=-
tute of Transportation and Traffic Engineering, Univer-
sity of California: Berkeley, Chapters V and XX, 19&9.

Kessler, Warren L., "A Report on Absolute Speed Limits in
Illinois," Traffic Digest and Review, Vol. 7, No. 8,
pp. 4-6, 28-31, August 1959.

Lagault, Adrian R., Highway and Airgnrt Engineering, Pren-
tice=Hall, Inc.: Englewood Cliffs;, Hew Jersey,; 1960
Manton, B. J., The Road and the Vehicle, Edward Arnold and

Co.: London, 1953,

"Maximum and Minimum Speed Restrictions,” Chronigques Inter-
nationales de PFolice, pp. 21-25, May-June 1966.

WcMonagle, J. Carl, "Speed,” Traffic Quarterly, Vol. 4,
No. 4, pp. 390-398, October 1950.

Meyer, Robert L., "One Man's Vision," Traffic Safety, Vel.
55p H'ﬂ. 5| P‘P- 1“‘21. Hﬂ.}f 1565.

Michael, Harocld L., and Donald F. Petty, "An Analysis of
Traffic Accidents on County Roads," Traffic Safety Re-
search Review, pp. 44-52, June 1966.

Michigan, Department of Highways, Speeds on Rural and Urban
Highways, State Trunkline System and County Road System,
Lansing, July l1968.

Minnesota Department of Highways, "The Relationship of
Drinking and Speeding to Accident Severity," Traffic
Safety Rasearch Review, Vol. 4; No. 2; pp. 26-32,;
June 1960.

Minnesota Highway Department, "Speed Trand Surveys 1961,"
1961.

Mori, Masamitsu, Hircshi Takata, Takasi Kisi, "Fundamental
Considerations on the Speed Distributions of Road Traffic
Flow," Transportation Research, Vol. 2, pp- 31-3%, 13968.

- 137 -



Munden, J. M., "An Experiment in Enforcing the 30 milesh
Speed Limit," Road Research Laboratory, Ministry of
Transport: Harmendsworth, England, R.R.L. Report No.
24, l9%ge.

“M.V. Speed Continues to Increase," Traffic Engineering,
Vol. 39, Wo. 10, p. 4, July 1969,

National Safety Council, Accident Facts: 1969, pp. 48,
53, 1969,

Mational Safety Council, Traffic and Transportation Con=-
ference, "Speed Regulation," Report of the Committee on
Speed, January 1958.

Helson, A. Carl, Jr., Herbert H. Hill, 5. G. White, Jr.,
Mary J. Artz, and EKent B. Joscelyn, Speed and Acclidents
{(Phase 1) Interim Report, Research Triangle Institute:
Research Triangle Park, Worth Carclina, May 1969.

"Hew State Speed Laws," Traffic Engineering, Vol. 3%, Ho.
11, p. 18, August 1969,

Hormann, 0. K., "The Influence of Alinement on Operating
Characteristics," Traffic Engineering, Vol. 14, pp. li&e-
129, March 1944.

Mormann, 0. K., "Results of Highway-Capacity Studies,”
Public Roads, Vol. 23, pp. 57=81, June 1942.

Oppenlander, J. C.; Sample Size Determination for Spot=
Speed S5tudies at Rural, Intermediate, and Urban Loca-
tions, Vehicular Speed Regulation Research FProject,
Department of Civil Engineering, University of Illinois:
Urbana, June 13%&2.

O'Shea, Jerry, "Speed IZoning," Proceedings: The Fifeh
California Street and Highway Conference, Berkeliey,
california, pp. bl-6k, February 4-6, 1953.

Penn, Hugh 5., "Causes and Characteristics of Single Car
Accidents, Part I," Department of California Highway
Fatrol, 5tate of California Highway Transportation
Agency, February 1963.

- 138 -



Price, Harry 0., The Effect on Vehicle Speeds of a § Soeed
Zone Ahead Sign and of Speed Numeérals Painted on the
Favement, Institute of Transportation and Traffic En-
gIneeang. University of California: Berkeley, June
1951.

Pringle, Stewart, "The Legal Froblems of Electronic Speed
Measuring Devices," The Enforcement of Traffic Laws --
Some Current Legal Problems, Highway Safety Research
Institute, The University of Michigan: Ann Arbeor, pp.
1-9, October 19&67.

Puentes, M. A., "Speed Control in Traffic Management,"

Municipal Motorcycle Officers of California, pp. 47,
ER lns 91, no date.

Rashevsky, N., "Man Machine Interaction in Automobile
Driving," Traffic Safety Research Review, Vel. 9,
Ho. 4, pp. = ; Deca r .

REocad Research Laboratory, Research on Road Traffic, Her

Majesty's Staticnery Office: London, Chapters 3 and
10, 19&5.

Schmidt, Robert E., and Earl M. Campbell, Highway Traffic
Estimation, The Eno Foundation for Highway Traffic Con-

trol: Saugatuck, Connecticut, 1956.

Schwender; Harry C., 0. E. HMormann, and James 0. Granum,
"Hew Methods of Capacity Determination for Rural Roads

in Mountainous Terrain," Highway Research Board Bulletin
167, Matiocnal Hesearch Council: Was gton, D.C.; PP.
Iﬁ-J?l 195?1-

Shumate, Robert F., and Richard F. Crowther, "Variability
of Fixed-Point Speed Measurements,” Traffic Safety Re-
search Review, Vel. 4, Mo. 1, pp. 12-15, March IBED.

Smith, Donald, "On a nice, bright, sunny day, Route 214 is

gulng to hnv- radar on it," Sunday Magazine, The Wash-
ington Star, pp. 4, 5, and 12, March 29, 1970.

Southwestern Law Enforcement Institute, Traffic Law Enforce-
ment: A Guide for Patrolmen, Charles C. Thomas, Fublisher:
Springfield, Illinois, 19643.

- 139 =



"Speed Viclations," Traffic Digest and Review, Vol. &,
Wo. B, pp. 19=37, August 1953.

“Spot Speed Survey Devices," Traffic Engineering, Vol. 32,
Mo. B, pp. 45-52, May 1962.

Stack, H. J., "A Survey of the Uses of Radar in Speed Con-
trol Activities," Traffic Quarterly, Vol. 8, No. 4,
PP. 433-447, 1934.

Stewart, Roger G., “"Reported Drivin:) Speeds and Previous
Accidents,;" Traffic Safety Research Review, Vol., 2,
Ha. 2, Pph 15—17' J'LI.I'I.E 19551

Stewart, Roger G., Vern L. Hill, and Edward J. Warmoth,
"Mon=-Collision Fatal Accidents: How Many Can Be Pra-
wvented?” Traffic Safety Research Review, Vol. 3, Ho. 4,
pp. 26-18, December 1959.

*Survey of State-wWide Speed Limits," Traffic Digest and
Review, Vel. 4, WHe. 1; pp. 1-2, January 1956.

Taragin, A., "Effect of Roadway Width on Vehicle Operation,"”
Public Reoads, Vel. 24, He. &, pps 143-160,; October-
NHovember -December 1945.

"The Slowpocke Menace," Traffic Safety, Vol. 51, He. 2; p.
28, August 1957.

Tha State of the Art of Traffic Safety, Arthur D. Little,
Inc., pp. 170=-171, June 1966.

Traadway, T. B., and J. C. Oppenlander, "Statistical Modeling
of Travel Speeds and Delays on a High-volume Highway,"

Reprinted from Highway Research Record 159, Highway Re=
search Board: Washington, D.C., June 1960.
Wwahlgren, Otto, "Use of Speed Limits for Improvement of

Traffic Safety Outside Densely Populated Areas," Road
International;, pp. 30=-32, June 1969.

Warnar, George, "Speed Control =-- The City Probklem." Traffic
Safety, Vol. 52, No. 4, pp. 20-21, April 1958.

- 140 -



	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


